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RESUMO

A espécie Amburana cearensis (Allemd) A.C. Smith é uma planta conhecida na
etnomedicina para o tratamento de dores, picadas por serpentes, inflamacdes e infeccdes. Este
trabalho investigou a composicdo quimica do 6leo essencial das folhas de A. cearensis, e sua
aplicacdo medicinal como antioxidante, antimicrobiano, modulador de antibi6ticos,
analgésico e anti-inflamatorio. O 6leo essencial foi obtido por Hidrodestilacdo (HD) e
Caracterizado por Cromatografia Gasosa Acoplada a Espectrometria de Massa (CG/EM) e
Detector de lonizacdo de Chamas (DIC). A atividade antioxidante foi investigada pelos
métodos dos radicais ABTS, DPPH, O2- e OH-. A atividade antimicrobiana e moduladora foi
realizada pelo teste de microdiluicdo em microplacas utilizando fungos, e bactérias gram
positivas e gram negativas. A toxicidade aguda ndo clinica do éleo essencial foi determinada
pela administracdo do 6leo em quatro doses (5, 50, 300 e 2000 mg/kg/v.0.) em camundongos.
O efeito analgésico (antinociceptivo) foi avaliado utilizando trés doses do 6leo essencial (25,
50 e 100 mg/kg), utilizando os modelos de contor¢des abdominais induzidas por &cido acético
e teste de formalina em camundongos, sendo selecionado a dose mais efetiva (100 mg/kg)
para avaliacdo dos possiveis mecanismos de acdo envolvidos na anti-nocicep¢do. O efeito
anti-inflamatorio agudo foi investigado através dos modelos de edema de pata induzido por
carragenina e histamina, peritonite induzida por carragenina e pirexia induzida por leveduras.
Vinte e cinco constituintes foram identificados no 6leo essencial, estando em maior teor: o
germacrone (46,76+0,15%), germacreno B (17,74+0,06%), (E)-cariofileno (5,55+£0,04%) e
biciclogermacreno (4,13+0,03%). Os ensaios de atividade antioxidante apresentaram valores
de Metade da Concentracdo Inibitéria Maxima (IC50) variando de 183,89 a 324,86 ug/mL.
Em relacdo ao efeito antimicrobiano foi identificada uma que a Concentracdo Inibitoria
Minima (CIM) variou de 64 a 1024 pg/mL. Observou efeito sinérgico do 6leo essencial com
Fluconazol ou Amoxicilina, sobre fungos e bactérias, respectivamente. No teste de toxicidade
aguda, ndo foi observada alteragdes de comportamento ou mortalidade dos animais, indicando
Dose Letal Mediana (DL50) superior a 2.000 mg/kg. No teste de contor¢do abdominal o 6leo
essencial apresentou efeito antinociceptivo estatisticamente igual ao da morfina, reduzindo a
nocicepcdo em 93,87% na dose de 100 mg/kg. No ensaio da formalina, o dleo apresentou
efeito nas fases neurogénica e inflamatoria, tendo como mecanismos de agdo o sistema
colinérgico e adenosinérgico, e canais de potassio sensiveis ao ATP (K-ATP). No ensaio de
peritonite, foi observado uma reducdo dos niveis de TNF-o e IL-1p, além da migracdo de

leucdcitos nos animais tratados com o 6leo essencial, em relacéo ao controle negativo. O



essencial apresentou efeito antipirético estatisticamente similar a dipirona. Nos modelos de
edema de pata induzida por carragenina e histamina, o 6leo essencial teve efeito anti-
inflamatdrio com reducéo do edema de pata, de forma dose-dependente, reduzindo area sob a
curva (AUC) em 98,11% e 94,84% na dose de (100 mg/kg) em relacdo ao grupo veiculo, nos
respectivos modelos. Sendo assim, sugere-se que os resultados encontrados corroboram com
as propriedades medicinais atribuidas A. cearensis, podendo o 6leo essencial ser utilizados
como agente terapéutico para o tratamento de enfermidades relacionadas ao estresse
oxidativo, infec¢des, inflamacdes e dor.

Palavras-chave: dleo essencial; antimicrobiano; modulador; inflamacdo; dor; Amburana

cearensis; Fabaceae.



ABSTRACT

The species Amburana cearensis (Allemado) A.C. Smith is a plant known in ethnomedicine for
the treatment of pain, snakebites, inflammation and infections. This work investigated the
chemical composition of the essential oil from the leaves of A. cearensis, and its medicinal
application as an antioxidant, antimicrobial, antibiotic modulator, analgesic and anti-
inflammatory. The essential oil was obtained by Hydrodistillation (HD) and Characterized by
Gas Chromatography Coupled with Mass Spectrometry (GC/MS) and Flame lonization
Detector (FID). Antioxidant activity was investigated by ABTS, DPPH, O2- and OH- radical
methods. The antimicrobial and modulatory activity was performed by microdilution test in
microplates using fungi, and gram positive and gram negative bacteria. The non-clinical acute
toxicity of the essential oil was determined by administering the oil at four doses (5, 50, 300
and 2000 mg/kg/v.0.) in mice. The analgesic (antinociceptive) effect was evaluated using
three doses of the essential oil (25, 50 and 100 mg/kg), using the models of abdominal
writhing induced by acetic acid and the formalin test in mice, being selected the most
effective dose (100 mg/kg) to evaluate possible mechanisms of action involved in
antinociception. The acute anti-inflammatory effect was investigated using models of
carrageenan and histamine-induced paw edema, carrageenan-induced peritonitis and yeast-
induced pyrexia. Twenty-five constituents were identified in the essential oil, with the highest
content being: germacrone (46.76+0.15%), germacrene B (17.74+0.06%), (E)-caryophyllene
(5.55 £0.04%) and bicyclogermacrene (4.13+0.03%). Antioxidant activity assays showed
Half Maximal Inhibitory Concentration (IC50) values ranging from 183.89 to 324.86 pg/mL.
Regarding the antimicrobial effect, one that the minimum inhibitory concentration (MIC)
ranged from 64 to 1024 pg/mL was identified. It was observed a synergistic effect of the
essential oil with Fluconazole or Amoxicillin, on fungi and bacteria, respectively. In the acute
toxicity test, no changes in behavior or mortality of the animals were observed, indicating a
Median Lethal Dose (LD50) greater than 2,000 mg/kg. In the abdominal writhing test, the
essential oil showed an antinociceptive effect statistically equal to that of morphine, reducing
nociception by 93.87% at the dose of 100 mg/kg. In the formalin assay, the oil had an effect
on the neurogenic and inflammatory phases, having as mechanisms of action the cholinergic
and adenosinergic system, and ATP-sensitive potassium channels (K-ATP). In the peritonitis
assay, a reduction in the levels of TNF-a and IL-1 was observed, in addition to the migration
of leukocytes in animals treated with the essential oil, in relation to the negative control. The
essential oil showed an antipyretic effect statistically similar to dipyrone. In the models of



paw edema induced by carrageenan and histamine, the essential oil had an anti-inflammatory
effect with a dose-dependent reduction in paw edema, reducing the area under the curve
(AUC) by 98.11% and 94.84% in the dose (100 mg/kg) in relation to the vehicle group, in the
respective models. Therefore, it is suggested that the results found corroborate the medicinal
properties attributed to A. cearensis, and the essential oil can be used as a therapeutic agent
for the treatment of diseases related to oxidative stress, infections, inflammation and pain.

Keywords: essential oil; antimicrobial; modulator; inflammation; pain; Amburana cearensis;

Fabaceae.
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1 INTRODUCAO

A natureza vegetal faz parte de um processo agregador de multiplos conhecimentos e
potencialidades, sendo considerada uma matriz para desenvolvimento de bioprodutos que
podera auxiliar na estruturacdo das sociedades e decisdo de grupos, diferentes principalmente
para o planejamento de acGes em escalas de tempo futuro, ligadas as potencialidades do uso
dos recursos naturais. Ao longo da histéria humana, a descoberta, identificacdo e estudos de
compostos biologicamente ativos de plantas medicinais levaram a descoberta de novos meios
terapéuticos que levaram a inovacdo na salde (CAMARGO, 2014; ASTOLFI FILHO;
SILVA; BIGI, 2015; POPOVIC et al., 2016; BORTOLUZZI; SCHMITT; MAZUR, 2020;
SILVA; ALMEIDA, 2022).

Nos ultimos 50 anos, varios medicamentos foram obtidos a partir de plantas, como por
exemplo, 0 agente contraceptivo diosgenina, que deriva de fito-horménio de Dioscorea spp.; a
reserpina um alcaldide anti-hipertensivo produzido originalmente por Rauwolfia spp.; o
alcaldide pilocarpina empregado no tratamento de glaucoma é obtido de Pilocarpus spp.; o
antimalérico quina originalmente isolado de cascas de Cinchona officinalis L.; além do &cido
acetilsalicilico (Aspirina) isolado da planta Filipendula ulmaria (L.) Maxim.,
tradicionalmente utilizado desde 400 a.C. para tratamento de dor e febre (GURIB-FAKIM,
2006; MISRA et al., 2008; RAO; KNAUS, 2008; VAN WYK; WINK, 2017; KHUMALO et
al., 2022). De fato, compostos naturais derivados de plantas constituem uma importante fonte
de novos compostos biologicamente ativos e vém sendo utilizados em muitas partes do
mundo ao longo de décadas, incentivando pesquisas com esta tematica (ASTOLFI FILHO;
SILVA; BIGI, 2015; ALBERGARIA et al., 2019; OLIVEIRA et al., 2019; BORTOLUZZI;
SCHMITT; MAZUR, 2020).

Na busca de compostos naturais bioativos com potencial de aplicagdo no
desenvolvimento de novos medicamentos, uma maior énfase tem sido dada aos Oleos
essenciais produzidos por plantas, tendo em vista sua facilidade de obtenc&o, baixo custo de
extracdo e facilidade de caracterizacdo. Alem disso, estes possuem em sua cCOmposi¢ao uma
mistura de moleculas com propriedades farmacologicas e medicinais que sobrepdem
compostos sintéticos ou semissintéticos, como baixo efeito colateral e toxicidade, alta
bioatividade e interacdo entre os compostos que podem potencializar seus efeitos
(ANTONIO; TESSER; PIRES, 2014; VAN VUUREN; MUHLARHI, 2017; CHEESEMAN
et al., 2018; CAMPOS; ALBUQUERQUE, 2020; SOBRINHO et al., 2021). Dentre as

propriedades farmacoldgicas atribuidas aos Oleos essenciais podemos destacar atividades
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analgesica anti-inflamatoria, antioxidante, fungicida, antitumoral, antibacteriana, sedativas,
relaxantes, antivirais, antidepressivas, digestivas, diuréticas, inseticidas, expectorantes,
anticonvulsionante e gastroprotetora (FERNANDES et al., 2007; BAKKALI et al., 2008;
BASSOLE et al., 2012; COSTA et al., 2009; ALJAAFARI et al., 2021).

Por apresentar uma posic¢éo privilegiada do ponto de vista zoo-botanico, e por possuir
a maior parcela da biodiversidade mundial (15-20%) dividido em seis dominios
fitogeogréaficos: Mata Atlantica, Cerrado, Floresta Amazonica, Caatinga, Pampa e Pantanal, o
Brasil se torna um seleiro de biomoléculas bioativas pouco exploradas. Esse patrimonio
genético possui um alto valor econémico inestimavel, principalmente no campo do
desenvolvimento de novos medicamentos (CARVALHO et al., 2007; MMA 2017; SILVA et
al., 2017).

Vérias espécies vegetais ndo possuem validacdo cientifica quanto a eficacia e
segurangca, 0 que demonstra o pouco conhecimento sobre a biodiversidade, potencial de
aplicacdo e compostos envolvidos nos efeitos bioldgicos isou medicinais obtidos, sendo
necessarios estudos que vem a prospeccdo, validacdo e conhecimento sobre estes
(CARTAXO et al. 2010; JUNIOR et al., 2011; BITU et al., 2015; DE VERAS et al., 2020).

Dentre as inimeras espécies vegetais encontradas na biodiversidade brasileira, com
ampla aplicacdo medicinal esta a Amburana cearensis (sindbnimo de Torresea cearensis Fr.
All), que possui distribuicdo na América do Sul (Argentina, Paraguai, Uruguai, Bolivia e
Peru), com maior ocorréncia na Caatinga e Cerrado brasileiro. No semiarido nordestino, é
popularmente conhecida como "cumaru", "cumaru de cheiro"”, "imburana”, “imburana de
cheiro”, "amburana” ou "amburana de cheiro”, sendo o Gltimo termo o mais utilizado
(GOUVEIA et al., 2016).

Na literatura, hd vérios relatos de utilizacdo de infusdes, chas, decoccbes, banhos,
tinturas e inalagdes utilizando as cascas do caule e da raiz, folhas, frutos e suas sementes para
o0 tratamento de doengas como sinusite, gripe, doencas respiratorias, cdlica intestinal, dor de
estdmago, picada de cobra, infecgdes do trato urinario, desidratacéo, diarreia, dor de cabeca e
articulacdes, vertigem, febre e infeccBes do trato urinario. Embora alguns estudos tenham
demonstrado e validado as atividades bioldgicas, efeitos farmacoldgicos e medicinais da
espécie vegetal, em sua maioria estas analises s@o realizadas utilizando a casca do tronco e
suas sementes (MARINHO, 2004; SILVA et al, 2012; MONTEIRO et al.,, 2014,
BAPTISTEL et al., 2014; BITU et al., 2015; ALBERGARIA et al., 2019; OLIVEIRA et al.,
2019).
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E inexistente estudos que demonstrem essas potencialidades a partir dos compostos
volateis (6leo essencial) de suas folhas, bem como sua composicao quimica (PEREIRA et al.,
2017; MACEDO et al., 2018; VASCONCELOS et al., 2019). Sendo assim, necessarios
estudos que evidenciem as propriedades pouco conhecidas dos compostos volateis (6leo
essencial) presentes nas folhas desta espécie, uma vez que o extrativismo para fins
terapéuticos das folhas tem sido relatado como medicamento alternativo natural.

O presente trabalho investigou a composi¢do quimica dos compostos volateis (6leo
essencial) das folhas de A. cearensis, bem como sua capacidade antioxidante, efeitos
antimicrobiano, modulador, anti-inflamatério, analgésico ou possiveis efeitos toxicos,

relatadas na medicina tradicional popular.
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2 REVISAO DE LITERATURA

2.1 UTILIZACAO DE PLANTAS COMO MEDICAMENTOS

Desde o inicio da humanidade, as plantas tém sido utilizadas como um importante
recurso para sociedade, como fontes de nutrientes e no tratamento de patologias. Seu uso para
o tratamento de enfermidades é datado em 4000 a.C, estando intimamente relacionado a
evolucdo humana. Pode-se afirmar que o habito de recorrer as plantas devido suas
propriedades curativas trata-se de uma das primeiras manifestaces de esforco do homem para
compreender e utilizar a natureza a seu beneficio, com objetivo de sanar uma das mais antigas
preocupacOes na antiguidade, as doencas e as agonias causadas por elas (ELFAND; COWEN,
1990; SA-FILHO et al., 2021).

Os experimentos com ervas aos longos dos séculos resultaram em sucessos e
fracassos, levando em muitos casos a cura de doengas, e em outros a morte das pessoas. A
descoberta das propriedades Uteis ou nocivas das plantas ocorreu por meio empirico ao
observar o comportamento dos animais ap6s a ingestdo destas ervas. Além disso, existe uma
associacdo do conhecimento das plantas com experiéncias religiosas, tendo em vista que
muitas plantas eram e séo utilizadas em rituais religiosos, sendo muitas vezes seus poderes
curativos atribuidos a poderes divinos (OLIVEIRA et al., 2020; SRIVASTAVA,; SINGH,
2020; ALMEIDA, 2022).

Essas valiosas informacdes foram sendo inicialmente transmitidas oralmente as
geragdes seguintes por meio da fala, sendo modificada ap6s o surgimento da escrita. O
conhecimento adquirido sobre a utilizacdo das plantas para fins medicinais foi documentado
de forma sistematica, a fim de facilitar a passagem do conhecimento, com a menor
interferéncia possivel. Um dos principais documentos que relatam e evidenciam estas
experiéncias sdo 0s antigos papiros Egipcios, dentre eles o papiro de Ebers (Figura 1) que é
considerado um dos mais antigos e importantes tratados medicos conhecidos (RAHMAN et
al., 2019 SRIVASTAVA,; SINGH, 2020).

O manuscrito é datado de aproximadamente 1550 a.C. e apresenta cerca de 100
doencas e descreve um grande numero de produtos naturais com aplicacdes terapéuticas,
como a sene (Cassia angustifolia Vahl.), timo (Thymus vulgare L.), losna (Artemisia
absinthium L.), coentro (Coriandrum sativum L.), funcho (Foeniculum vulgare Miller),
genciana (Genciana lutea L.) e zimbro (Juniperus communis L.) (SRIVASTAVA,; SINGH,
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2020). No papiro, ainda é possivel encontrar mais de 800 formulas méagicas de composicoes
consideradas como remédios populares, incluindo extratos de plantas, metais, como chumbo e
cobre, e venenos de animais de varias procedéncias. Além disso, prescreve 0 uso terapéutico
de dleos vegetais (alho, girassol, acafrdo) e o uso de mel ou de cera de abelhas como veiculo
ou ligamento para os Oleos usados, visando a melhoria da absor¢do do medicamento
(ELFAND; COWEN, 1990; SRIVASTAVA,; SINGH, 2020; OLIVEIRA et al., 2020).

Figura 1 — Representacdo do papiro Ebers que revela crencas médico-magicas e tratamentos

benéficos para o tratamento de doencas.

Fonte: https://mysteriesrunsolved.com/pt/2021/08/the-ebers-papyrus-ancient-egypt.html

Os papiros de Ebers incentivaram ao longo da historia a necessidade de descrever e
relatar os potenciais curativos ou seus possiveis efeitos toxicos, como o tratado médico "De
Matéria Médica" escrito entre 50-70 D.C. pelo médico grego Dioscorides, que descreveu e
enumerou em seu tratado mais de 500 plantas e seus usos, apresentando a obra uma grande
importancia para a sua época, sendo considerado como o segundo livro mais copiado durante
a idade média, o qual foi utilizado como base para o desenvolvimento das farmacopeias
modernas (SUROOWAN; PYNEE; MAOMOODLY, 2019; SRIVASTAVA; SINGH, 2020).

2.2 ETNOBOTANICA E FITOTERAPIA

O estudo das plantas e seu potencial econdmico de aplicacdo foi inicialmente mal

compreendida pela sociedade moderna, sendo associado a utilizacdo de plantas para fins
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terapéuticos como praticas realizadas por aborigenes, comunidades tradicionais, curandeiros,
religiosos, dentre outros. No entanto, estudos envolvendo registros de plantas, seus usos e
formas terapéuticas (plantas medicinais) por grupos humanos tém servido de base para
diversos estudos basicos e aplicados, principalmente na area de fitoquimica e farmacologia,
sendo utilizados também como ferramenta para a descoberta de novos farmacos
(SCHULTES; REIS, 1995; RAHMAN et al., 2019; OLIVEIRA et al., 2020; SILVA;
ALMEIDA, 2020).

Com o objetivo de desmistificar a utilizacdo de plantas como algo que muitas vezes
era associado ao sobrenatural, em 1962, Richard Evans Schultes (Figura 2), definiu a
etnobotanica como “o estudo das relagdes que existem entre as pessoas da sociedade primitiva
e seu ambiente vegetal”, hoje sendo considerado como um campo de estudo multidisciplinar,
que envolve areas como antropologia, arqueologia, boténica, ecologia, economia, medicina,
religido e cultura (BRUHN; HOLMSTEDT, 1982; SOEJARTO et al., 2009; SHARMA,
KUMAR, 2013; POPOVIC et al., 2016), atuando principalmente no resgate, registro e
valorizacdo do conhecimento popular (RIBEIRO, 2018; SILVA; ALMEIDA, 2022).

Figura 2 — Registros de Richard Evans Schultes em pesquisas antropoldgicas e etnobotanicas.
Em A é possivel verificar uma de suas viagens pela Amazonia para realizacao dos seus

estudos. Em B, observa-se um dos seus livros sobre Etnobotanica.
‘ %

Fonte: br.pinterest.com/pin/397161260871381124/

Além disso, a etnobotanica promove uma aproximacdo do conhecimento empirico,
com as pesquisas cientificas, estimulando a conservagdo, uso e manejo da biodiversidade
local de forma consistente e sustentdvel (DAVID; PASA, 2015; SUROOWAN; PYNEE;
MAOMOODLY, 2019). A documentacdo dessas praticas tradicionais facilita o acesso e

divulgacdo de informacdes, que sdo a base para descoberta de novas moléculas bioativas,
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assim como a perpetuacdo do conhecimento para as futuras geracbes (RIBEIRO, 2018;
MAOMOODLY, 2019).

Um dos principais topicos de pesquisas etnobotanicas, sdo 0os métodos e critérios
utilizados para a selecdo das plantas com propriedades medicinais. Os critérios podem ser
influenciados por fatores socioculturais, ambientais, epideimioldgicos e cognitivos. Assim, o
conhecimento de uma determinada sociedade sobre plantas medicinais reflete condicoes
particulares do local e do tempo, devido a interacdo e complexidade desses fatores
(ALMEIDA et al., 2005; BERLIN; BERLIM, 2005; JOHNSON, 2006; ALBUQUERQUE,
2010; JUNIOR; LADIO; ALBUQUERQUE, 2011).

Em paises subdesenvolvidos, as plantas sdo utilizadas como Unica alternativa
terapéutica em algumas populacdes mais vulneraveis (ALJAAFARI et al., 2021), tendo a
Ameérica Latina grande destaque nas pesquisas etnobotanicas (ALBUQUERQUE et al., 2013).
Como principais descobertas, tem-se a investigacdo de substancias vegetais com potencial
farmacéutico e industrial, que podem promover a preservacdo de espécies e seus
ecossistemas, além de programas para a conservacdo de recursos naturais e conhecimentos
tradicionais (ALBUQUERQUE, 2005; JUNIOR et al., 2021).

2.3 ESTUDOS DE PLANTAS MEDICINAIS, ETNOBOTANICA E FITOTERAPIA NO
BRASIL

Nas Ultimas décadas, a utilizacdo de vegetais pela populacdo vem se intensificando,
principalmente em regides onde o acesso ao cuidado de saude formal é limitado ou escasso. A
selecdo de plantas para o tratamento das enfermidades depende dos sintomas, da
disponibilidade de espécies na regido, de aspectos culturais e educacionais (AMOROZO,
2002; OLIVEIRA et al., 2007).

No Brasil, a grande miscigenacdo de racas e culturas, permitiu o acumulo de
conhecimento dos povos indigenas locais, africanos e europeus. Muitas vezes, ocorre uma
atribuicdo aos povos indigenas a origem de grande parte do conhecimento fitoterapico
(ROCHA; MARISCO, 2016), entretanto, é evidente a participacdo de crencas e religides na
formagdo do conhecimento, como as contribuicdes das religides de matriz africana, que
utilizam plantas (casca, folhas e raizes) durantes seus rituais (PIRES et al., 2009; SIQUEIRA
et al., 2018) mesmo sem conhecimento cientifico por trds dos mecanismos de acdo da planta

utilizada. Todo este “saber popular” permitiu identificar, por exemplo, quais plantas, ou suas
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partes podem ser mais eficazes no tratamento de enfermidades, e quais suas doses terapéuticas
(NAJEM; IBIJBIJEN; NASSIRI, 2021).

Dentre os diversos paises do mundo, o Brasil tem posicéo privilegiada do ponto de
vista zoo-botanico, por possuir a maior parcela da biodiversidade mundial (15-20%), dividido
em seis dominios fitogeograficos: Mata Atlantica, Cerrado, Floresta Amazénica, Caatinga,
Pampa e Pantanal (Figura 3). Se tratando de um pais de proporcGes continentais, existe grande
interesse econémico pelos recursos naturais. Mesmo com cerca de 55 mil espécies descritas,
grande porcentagem da biodiversidade brasileira permanece ainda inexplorada, existindo uma
escassez de conhecimento, apresentando um vasto campo para pesquisas de bioprospeccao de
compostos bioativos, bem como sua base para o desenvolvimento de novos fitoterapicos
(CARVALHO et al., 2007; MMA 2017; SILVA et al., 2017).

Figura 3 — Demonstracdo dos diversos Biomas encontrados no Brasil e suas riquezas.

. caATINGa

Fonte: https://fundacaoverde.org.br/proteger-biomas-e-defender-a-vida-e-o-tema-da-

campanha-da-fraternidade-2017/

As plantas por ser uma fonte excepcional de produtos naturais bioativos, sdo cruciais
para o desenvolvimento de diversos farmacos comercializados no mundo inteiro, devido a sua
elevada diversidade molecular, sendo maior que os compostos derivados dos processos de
sintese quimica. A complexidade e variedade desses metabolitos sdo resultados da carga
genética, e influencias fisica, quimica, biologica e ambiental (SHER, 2009; SILVA et al.,
2017; NAJEM; IBIJBIJEN; NASSIRI, 2021).

Neste contexto, a Organizacdo Mundial da Saude (OMS) reconheceu a importancia

das plantas medicinais como recursos terapéuticos. H4 um crescente incentivo no resgate do
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conhecimento das plantas tradicionalmente utilizadas por comunidades ou populacGes
tradicionais que fazem a utilizacdo dos recursos vegetais para o tratamento de enfermidades,
conhecimentos estes que podem e sdo utilizados para o desenvolvimento de novos
medicamentos, como os fitoterapicos (RICARDO; GOULART; BRANDAO, 2015; LEITE;
CAMARGOS; CASTILHO, 2021).

No Brasil, politicas publicas elaboradas a partir da criagdo do Sistema Unico de Salde
(SUS), permitiram a associacdo entre as praticas da medicina tradicional e medicina
alternativa (CASTRO; FIGUEIREDO, 2019). Em 2006, o Ministério da Saude (MS) criou 0
programa de Politica Nacional de Praticas Integrativas e Complementares (PNPIC) e a
Politica Nacional de Plantas Medicinais e Fitoterapia (PNPMF), incluindo a fitoterapia como
um servigo prestado no SUS. Avancos importantes foram dados em 2008, como a criagdo da
Relacdo Nacional de Plantas Medicinais e Fitoterapicos (RENAFITO), e no ano seguinte com
a criagdo da Relagdo Nacional de Plantas Medicinais de Interesse do SUS (RENISUS) (Figura
4) (BRASIL, 2006; CAMPOS; ALBUQUERQUE, 2020; SOBRINHO et al., 2021).

Os programas visavam estabelecer diretrizes de seguranca e eficacia de produtos
naturais, e aliados a isso, implementar o desenvolvimento socioecondémico e conservacao
ambiental (BRUNING et al., 2012; ARAUJO et al., 2018). Em 2010, ocorreu a expanséo do
projeto “Farmacias Vivas”, criado na Universidade Federal do Ceara (UFC) a mais de 30
anos. A expansdo permitiu a institucionalizagdo dos servigos relacionados ao cultivo,
processamento, manuseio e dispensacao de fitoterapicos, considerando o acesso limitado da
populacdo nordestina aos servicos de saude (MISTERIO DA SAUDE, 2012).

Figura 4 — Linha do tempo que mostra a criagdo do Programa Nacional de Plantas Medicinais

e Fitoterapicos.

Publicagdo da Politica Nacional de Plantas
Medicinais e Fitoterapicos - Decreto n? 5.813,
e 22 de junho N ’
B Publicacdo da Politica Nacional de Praticas
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Mediante o crescente aumento de problemas associados aos medicamentos alopéticos,
houve nas ultimas décadas um movimento de expansdo em investigacGes de atividades e
potenciais de aplicacOes terapéuticas de compostos bioativos proveniente de plantas, visando
sua utilizacdo em novos medicamentos. Dentre 0s principais motivadores e norteadores das
investigacOes, estdo os altos custo de producdo e venda dos medicamentos industrializados;
inimeros efeitos colaterais muitas vezes toxicos, que em muitos casos sobrepbe sua eficacia
farmacoldgica; ou perda de eficacia (VAN VUUREN; MUHLARHI, 2017; CHEESEMAN et
al., 2018),

Com a érea da fitoterapia ganhando destaque, houve aumento das atividades de
pesquisa na &rea de descoberta, isolamento, implementacdo e estudos da eficacia de
medicamentos fitoterdpicos (POPOVIC et al., 2016). Com isso, o projeto “Farmécia Viva”
tornou-se referéncia para todo o pais, visando a ampliacdo da oferta de fitoterapicos e plantas
medicinais (ONG et al., 2007; RAO; KNAUS, 2008; SA-FILHO et al., 2021). Durante o
projeto, foram constatadas substituicbes de medicamentos sintéticos por fitoterapicos, a
exemplo do Salbutamol (tosse e bronquite) pelo xarope de Mikania glomerata, Diazepam por
Melissa officinalis (hipndtico e sedativo); entre outros. Em 2018, o0 projeto passou a produzir
alimentos funcionais para prevencdo e cura de quadros clinicos acompanhados por
nutricionistas, incluindo diabetes, hipercolesterolemia, hiperlipemia e obesidade. Também em
2018, um repelente fitoterapico composto por 6leos essenciais foi desenvolvido e distribuido
entre as gestantes para a prevencdo contra dengue, Zika e Chikungunya (ANTONIO;
TESSER; PIRES, 2014; LEITE; CAMARGOS; CASTILHO, 2021).

Os estudos consideravam o uso sustentavel de recursos naturais, os efeitos de misturas
de produtos naturais em doencas especificas, sua seguranca e a ligacdo entre usos alimentares
e medicinais (HEINRICH; CASSELMAN, 2018; YEUNG et al., 2018; YEUNG et al., 2020).
No entanto, a maioria das investigacdes concentrava-se na Amazonia brasileira e Cerrado
(JUNIOR et al., 2022).

As areas de Mata Atlantica e Caatinga eram pouco estudadas antes dos anos 2000, e
dentre os dominios fitogeogréficos, a Caatinga ¢ um dos dominios mais ameagados do pais.
Enquanto a Amaz6nia, Mata Atlantica e Pantanal foram reconhecidos como “Patrimonio
Nacional” pela Constituicdo Federal de 1988, a Caatinga perdeu metade de sua cobertura
vegetal original (ALBUQUERQUE; ANDRADE, 2002; SANTOS et al. 2011; MORO et al.
2015; ANTONGIOVANNI et al. 2018; TEIXEIRA et al., 2020) e com esta perda, uma ampla
potencialidade foi perdida.
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2.4 METABOLISMO SECUNDARIO VEGETAL

Pequenas moléculas orgénicas ou metabolitos sdo compostos produzidos pelos
organismos que tem como principal funcdo a manutencdo de funcgdes vitais, sendo estes
metabolitos classificados como primarios e secundarios. Os metabolitos primarios séo
moléculas como aminoacidos, agucares, proteinas, lipideos e acidos nucleicos que participam
de vias metabélicas bésicas como fotossintese ou biossinteses (SIMOES et al., 2017). O
metabolismo primério esta envolvido na producdo de compostos semelhantes para animais,
humanos, microrganismos e plantas, ou seja, tém propositos bioldgicos compartilhados em
todas as espécies. No entanto, sob certas condi¢fes de estresse, 0 metabolismo primario serve
de precursor para 0 metabolismo secundario sintetizar e acumular diferentes tipos de
pequenas moléculas organicas (BHATTACHARYA, 2019; LOU; PICHERSKY; LAST,
2022).

A partir do metabolismo primario, as vias daglicéliseeo Ciclo do Acido
Tricarboxilico (ciclo TCA) conectam o metabolismo dos carboidratos, gorduras e das
proteinas, que produzem substancias para o crescimento e desenvolvimento da planta
(MAHAJANA; KUIRYA; PAL, 2020). Partindo dessas vias-chave, os metabdlitos primérios
sdo modificados por oxidacdes, reducdes e introducdo de grupos funcionais (como carboxila,
aldeido, hidroxila e grupos SH), gerando os metabolitos secundarios. Esses compostos podem
ser classificados em trés grupos principais: fendlicos, terpenos e compostos contendo
nitrogénio (WINK, 2016; RIESEBERG et al., 2020).

Os terpendides sdo derivados do difosfato de isopentenila, sintetizado pela via
mevaldnica e da 1-desoxixilulose. A acetil-CoA € o precursor universal dos terpenoides, e
atuam na producéo de flavonoides, estilbenos, acidos graxos, ceras, policetideos (DAVIES et
al., 2018; YADAV et al., 2021). No caso dos compostos fendlicos, a formacao ocorre pela via
do acido chiquimico, a partir dos aminoacidos fenilalanina e tirosina. Os metabdlitos
nitrogenados tém os aminoacidos lisina, arginina, ornitina, fenilalanina, tirosina e triptofano
como precursores, derivados da via do acido tricarboxilico ou da via do &cido chiquimico
(Figura 5) (ZAYNAB et al., 2018).


https://www.sciencedirect.com/science/article/pii/S0882401018312786#!
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Figura 5 — Esquema das vias de biossintese do metabolismo vegetal priméario (vermelho) e
intermediario (rosa), e suas conexdes com detalhe nos produtos finais dos metabdélitos

primarios (verde) e os secundarios (azul).
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A biossintese, concentracdo e transporte desses compostos dependem fortemente das
condicdes do habitat, pois as plantas evoluiram coletivamente para produzir essas substancias
em resposta as adversidades bidticas e abidticas do ambiente (BALLHORN et al., 2011,
MAHAJANA; KUIRYA; PAL, 2020). Dentre as funcbes dos metabdlitos secundarios estéo a
atracdo de polinizadores, protecdo contra herbivoria e fitopatogenos (SWABHA; TAKSHAK;
AGRAWAL, 2019), atuando também na comunicacdo com outras plantas e microrganismos
benéficos (LOU; PICHERSKY:; LAST, 2022).

Devido a variedade de funcdes, alteracdes na fisiologia metabdlica da planta ndo
podem ser associadas a um fator de estresse especifico. E neste contexto, as plantas
apresentam  sistemas  especificos de  reconhecimento e  sinalizagdio  com
varias interconexdes (THOMMA et al., 1998; KUSNIERCZYK et al., 2007). Por isso, 0s
metabolitos secundarios por muitas vezes sao taxonomicamente restritos, com cada individuo
produzindo um pequeno subconjunto do numero total de tais compostos (PICHERSKY;
LAST, 2022). Os metabdlitos secundarios desempenham um papel fundamental nas plantas,
tendo em vista que as plantas precisaram adaptar-se ao longo de sua evolugéo, influenciando
na sua diversidade quimica, e os metabolitos secundarios deram a capacidade das plantas a se
adaptarem e adquirirem resisténcia nos mais diversos habitats (THOMAS; LACHER, 2020).

Cada metabdlito secundario representa um composto biologicamente ativo Unico que

pode interferir em alvos moleculares em herbivoros, microbios e até mesmo em outras plantas
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(WINK, 2016). Com isso, as plantas servem com verdadeiras fabricas para a biossintese de
metabdlitos secundarios com atividades bioldgicas, que podem melhorar a salde humana.
Esses compostos bioativos sdo a base de medicamentos comerciais e fitoterapicos, alguns
alcaldides, terpenoides e fenilpropanoides sdo alvos de pesquisas para o desenvolvimento de
novas terapias (SANCHITA; SHARMA, 2018).

2.5 COMPOSTOS BIOATIVOS

Os metabolitos secundarios que provocam efeitos farmacologicos ou toxicolégicos no
homem e nos animais sdo definidos como compostos bioativos (ZAYNAB et al., 2018).
Estes, podem atuar ativamente contra doencas com altos efeitos terapéuticos, com menor
toxicidade e efeitos colaterais (Figura 6) (HUYSSTEEN, 2007; KUMAR et al., 2021).

Mais de 100.000 metabdlitos sdo conhecidos por estarem envolvidos no sistema de
defesa da planta e que possuem propriedades farmacoldgicas. Os diferentes compostos sao
tipicamente sintetizados, acumulados e distribuidos em 6rgdos (raizes, caules, folhas, flores,
frutos e sementes), tecidos e em estagios de desenvolvimento especificos (PICHERSKY;
LAST, 2022). As raizes, caules e folhas sdo os principais 6rgdos responsaveis pelo acimulo
de compostos bioativos com valor medicinal (SWABHA; TAKSHAK; AGRAWAL, 2019).

Figura 6 — Representacédo dos efeitos farmacoldgicos mediados por compostos bioativos em

humanos.
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Fonte: Adaptado de Wani et al., 2020.
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Com mais de 80.000 moléculas conhecidas, os terpenos sdo a maior classe quimica,
estrutural e funcional de produtos quimicos em plantas. Sdo amplamente utilizados em
industrias alimenticia, farmacéutica, cosmeética e agricola (PICHERSKY; RAGUSO, 2018;
ZHOU; ERAN; PICHERSKY, 2020). Nos vegetais, estas moléculas fornecem protecdo as
plantas contra estresses térmicos e oxidativos, além de exercer diferentes papeis em sua
manutencdo (MAHAJANA; KUIRYA; PAL, 2020).

Os fenodlicos sdo outra categoria importante de metabolitos secundérios, produzidos
em resposta a estresses abiOticos. Sdo representados pelos acidos fendlicos,
lignina, cumarinas, estilbenos, lignanas, flavonodides e taninos. Possuem  diferentes
propriedades bioldgicas e farmacoldgicas, como anti-inflamatdrias, anticancerigenas,
antimicrobianas, antialérgicas, antivirais, antitrombdticas e antimutagénicas (GUPTA et al.,
2014; KUMAR; GOEL, 2019; GOMEZ-CASATI; BUSI, 2020; KUMAR et al., 2021).

Os taxlis os demais metabdlitos secundarios nitrogenados, possuem propriedades
farmacoldgicas muito especificas e variadas (MAHAJANA; KUIRYA; PAL, 2020). Os
alcaloides, por exemplo, estdo presentes em algumas plantas, mas podem ser toxicos para 0s
humanos e animais. No entanto, alguns alcaloides isolados ou seus derivados sdo amplamente
utilizados em diversos medicamentos com atividades anticolinérgicas, inibidores da
acetilcolinesterase, em estimulantes adrenérgicos, além de possuirem efeito vasoconstritor e
analgésico (SANTQOS, 2020).

Chen et al. (2011), explicam que o principio ativo que proporciona a acao
farmacoldgica atribuida as plantas sdo resultado da mistura dessas substancias. Nos 6leos
essenciais, existem grandes concentracGes de terpenos, terpendides, fenilpropandides,
aldeidos, ésteres, alcoois e cetonas, onde a bioatividade varia dependendo em a estrutural
configuracdo de a molécula (RAUT; KARUPPAYIL, 2014; TOHIDI; RAHIMMALEK;
TRINDADE, 2019; SILVA et al., 2021).

2.5.1 Oleos essenciais

Os oleos essenciais sdo definidos como misturas complexas de baixo peso molecular,
tendo como principais caracteristicas serem lipossollveis, apresentarem alta volatilidade,
coloracdo amarelada ou incolor (raramente coloridos) e por serem insolliveis em &gua,
podendo ser sintetizados por todos os 0rgdos vegetativos das plantas (flores, raizes, caules,
folhas, frutos e sementes) e armazenados em estruturas anatbmicas especializadas. Estes

compostos exercem diferentes funcdes nas plantas, sendo uma das principais a atracdo de
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polinizadores. No entanto, além dessa, existem outras fungdes ecoldgicas, como a inibi¢do da
germinacdo, a protecdo contra predadores e a prote¢do contra a perda de agua e o aumento de
temperatura (SIMOES et al., 2017; SANA et al., 2021).

S&o constituidos quimicamente de terpenos (cerca de 90%), incluindo monoterpenos,
sesquiterpenos, diterpenos e triterpenos, sintetizados a partir do acido mevalénico e de
fenilpropanoides, originados do &cido chiquimico. Estes compostos podem incluir aldeidos
(citral, citronelal, cinamaldeido, benzaldeido, vanilina), alcoois (geraniol, citronelol, mentol,
linalol, terpineol, borneol), ésteres (benzoatos, acetatos, salicilatos, cinamatos), cetonas
(canfora, carvona, mentona, pulegona, tujona), éxidos (cineol), éteres de fenol (anetol, safrol),
fendis (eugenol, timol, carvacrol), hidrocarbonetos (cimeno, mirceno, sabineno, estoreno),
terpenos (limoneno, fleandreno, pineno, canfeno, cedeno) e &cidos (benzoico, cindmico,
miristico, isovalérico), ver figura 7 (BIZZO; HOVELL; REZENDE, 2009; SIMOES et al.,
2017; MORSY, 2017).

Figura 7 — Diferentes constituintes quimicos presentes nos 6leos essenciais.
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As moléculas destas misturas complexas podem apresentar atividade individualmente
ou em associacgdes, que pode culminar na soma dos efeitos individuais, classificados, entéo,
como efeito aditivo (NYCHAS, 1995; BURT, 2004; DELGADO et al., 2004; PEI et al., 2009;
BASSOLE; JULIANI, 2012).

As diferentes interacdes dos compostos que compBem o0s 06leos essenciais
provavelmente é uma estratégia adaptativa de defesa das plantas (reproducdo, inibicdo de
predacdo por herbivoros, atracdo de polinizadores, dentre outros). A planta pode utilizar
varias combinacdes de compostos quimicos com uma maior eficiéncia e em concentracdes
mais baixas, ou através do acumulo de um composto defensivo em altas concentraces.
Efeitos sinérgicos podem surgir pela conversdao de compostos inativos em ativos ap6s sua
interacdo com um determinado alvo, por uma maior disponibilidade de alvos, por transporte
facilitado, etc. (NELSON.; KURSAR, 1999; RYABUSHKINA, 2005).

Diante da extensa aplicacdo na culinaria, perfumaria e cosméticas, seu uso na
medicina tradicional é de grande importancia para a satide humana (RIOS, 2016; FERRAZ et
al., 2022). Muitas vezes, os 6leos essenciais servem como alternativa complementar ou direta
no tratamento de diversas enfermidades, ndo restringindo o uso apenas para a promocgao de
bem-estar mental, fisico e emocional (BAKKALI et al., 2008; GIACOMETTI et al., 2018;
SOUZA et al., 2020), sendo frequente encontrarmos na composi¢do de alguns medicamentos
(Tabela 1).

Tabela 1 — Exemplos de medicamentos que contem Gleos essenciais na sua composicao.

_ Indicac&o Oleo Forma _
Medicamento . ) . Referencias
Terapéutica Essencial | Farmacéutica
Antisséptico e Solucéo para
_ ) ) ) MEDIKAMIO,
Vaporil® descongestionante Tomilho inalacdo ou 2022
nasal vaporizacao
Strepsils InfecOes da boca ) ) MEDIKAMIO,
Eucalipto Pastilhas
Menta fresca e garganta 2022
) Tosse seca e Eucalipto,
Grintuss® ] . ) GRINTTUS,
inflamacGes Anis e Xarope
Adulto o ) 2022
respiratorias Liméo
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Analgésico e anti-

inflamatdrio local ] MEDIKAMIO,
Bucagel® _ Anis Gel oral
da cavidade bucal 2022
e nasal
. Solucéo para
_ Alivio da dor Hortela- ) MEDIKAMIO,
Diclospray® ] _ pulverizacédo
aguda e inchaco pimenta A 2022
cutanea
Azia,
Hortela- _ MEDIKAMIO,
Kompensan® | empachamento e _ Pastilhas
o pimenta 2022
flatuléncia
Inflamacdes e dor Cordia . FERNANDES
Acheflan® ) Creme topico
local verbenacea etal., 2007

Um dos métodos mais conhecidos para obtencdo destes compostos em laboratério € a
técnica de hidrodestilacdo acoplada ao sistema Clevenger modificado, que consiste em
colocar o material vegetal em contato com agua fervente, do qual, entrard em ebulicdo e
possibilitard o arraste dos compostos volateis (6leo essencial) (SADEH et al., 2019). Em
escala comercial, a destilacdo a vapor e a extracdo por solventes sdo mais comuns, no entanto,
0 uso de solventes pode limitar o uso do dleo essencial devido as altas quantidades de
solventes necessarias e a toxicidade do solvente organico utilizado no processo (PAVLI'C et
al., 2015). Algumas técnicas alternativas também sdo aplicadas como micro-ondas, extracdo
assistida por ultra-som e hidrodestilacdo 6hmica (BAMPOULLI et al., 2014; MEGAWATI et
al., 2019; SILVA et al., 2021).

As analises fitoquimicas dos Oleos essenciais visam obter a caracterizagdo e
identificacdo dos seus principais componentes (VENDITTI, 2020). Para isto, s&o empregadas
algumas técnicas de elucidacdo estrutural de compostos organicos, como a Espectrometria de
Massas (EM), Ressonancia Magnética Nuclear (RMN) e Espectroscopia de Ultravioleta (UV),
que geralmente estdo acopladas a Cromatografia Liquida Classica (CLC) com silica gel,
Cromatografia Gasosa (CG), Cromatografia de Liquida de Alta Eficiéncia (CLAE),
Cromatografia de Exclusdao Molecular (CEM) e a Cromatografia em Camada delgada (CCD).
Todas estas técnicas empregadas servem para tracar o perfil quimico de oOleos essenciais,

auxiliando na descoberta de novos compostos bioativos, possibilitando novos potenciais de
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aplicacdes de interesses econdmicos no uso de compostos naturais (BANDEIRA et al., 2002;
QUEIROZ; HOSTETTMANN, 2006; SULEIMAN, 2015).

Em 2020, o mercado global de 6leos essenciais estava avaliado em 18,6 bilhGes de
ddlares, com previsdo de crescimento de 7,4% para 0s proximos anos, sendo em partes,
impulsionado pelas industrias alimeticias e cosméticas, que veem 0s 6leos essenciais como
fortes candidados para aplicagdes em seus processos, em detrimentos as moleculas
convencionais obtidas na sintese ou semi-sintese quimica, que além do custo elevado, podem
apresentar efeitos danasos ao organismo ou ambiente (FERRAZ et al., 2022; NONATO et al.,
2022).

2.6 EFEITOS TERAPEUTICOS DOS OLEOS ESSENCIAIS

2.6.1 Efeito Antioxidante

A molécula do oxigénio é um dos principais limitantes para a manutencdo da vida
devido ao seu potencial redox. Esta capacidade permite que ela funcione como um agente
oxidante recebendo elétrons de substratos reduzidos, como por exemplo, na geracdo
energética da cadeia de transporte de elétrons mitocondrial (DAIBER et al., 2021; FERRAZ
et al., 2021; COOK-MILLS et al., 2011). Entretanto, as moléculas de oxigénio podem servir
de base para producdo de Espécies Reativas de Oxigénio (EROs) que sdo moléculas instaveis
e extremamente reativas capazes de transformar outras moléculas com as quais colidem,
podendo causar diversos danos a niveis celular, progredindo a niveis teciduais e sistémicos
(BARTEKOVA et al., 2021).

Em niveis basais, as EROs atuam como mediadores celulares, induzindo respostas
imunes, diferenciacdo e divisdo celular e apoptose. Entretanto, seu excesso desencadeia uma
série de eventos que podem levar, por exemplo, ativagdo das celulas da glia,
desdobramento/compactacdo de proteinas, disfuncdo mitocondrial e apoptose, além de
oxidacdo de moléculas de DNA, RNA, lipidios e proteinas, levando a danos celulares e ao
desenvolvimento de doengas, como: as doencgas cardiovasculares, neurologicas, distirbios,
cancer, entre outros (BARTEKOVA et al., 2021; DAIBER et al., 2021).

Dentre os diversos ROS formados a partir do oxigénio estdo o Radical Hidroxila (OH
), Peréxido de Hidrogénio (H202), e Superoxido (O%), dentre outros, que podem ser toxicos

para as células em formas de radicais livres (por exemplo, H202, Oz e O3). Apesar destes
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radicais livres causarem efeitos danosos nos organismos, eles desempenham papéis criticos
nas vias de sinalizacdo de eventos, como: desenvolvimento da memdria, plasticidade
sinaptica, interacbes célula-célula, crescimento e proliferacdo celular, autofagia, mecanismos
apoptoticos, dentre outros (TOUYZ et al., 2020; SHEN, 2022).

Estes EROs podem ser formados por vias enddgenas ou exogenas. As enddgenas sao
produzidas como subprodutos em organelas celulares, como 0s peroxissomos e mitocondrias,
e também da atividade em citocromo P-450, Enquanto que as fontes exdgenas incluem
fumaca de cigarro, alcool e metais pesados (Cd, Hg, Pb, Fe, As) no ar e na agua, algumas
drogas quimicas (bleomicina, gentamicina, ciclosporina), radiacdo e assim por diante
(ARANTES et al., 2019; DAIBER et al., 2021; SHEN, 2022).

Desta forma, a demanda por compostos que tem capacidade antioxidante, tem sido
crescente nas ultimas décadas, sendo obtidos e utilizados compostos como o Hidroxitolueno
Butilado (BHT), que possuem a capacidade de neutralizar os efeitos nocivos dos EROs no
organismo. No entanto, apresentam efeitos nocivos a salde, podendo ser tdéxicos ou
cancerigenos (KSOUDA et al., 2018). Os 06leos essenciais vém sendo explorados com vista na
sua aplicacdo como agentes antioxidantes naturais, substituindo os sintéticos, devido a sua
natureza quimica complexa, que possui indmeros constituintes quimicos que podem,
isoladamente ou em combinagéo, ter o efeito de neutralizar os radicais livres (Figura 8)
(ARANTES et al., 2019).

Estudos vem sendo realizados neste sentido demonstrando a efetividade e o potencial
destes 6leos no combate dos maleficios do estresse oxidativo. A exemplo do 6leo essencial de
tomilho (Thymus vulgaris) que em vesiculas fosfolipidicas (glicerossomos e lipossomas)
possuem a capacidade de neutralizar o estresse oxidativo, propiciando o reparo de feridas em
cultura de células como em queratinécitos (MANCONI et al. 2018). O 6leo essencial de Hera-
de-canteiro (Glechoma hederacea L.) possui a capacidade de suprimir respostas inflamatorias
que incluem a producido de Oxido Nitrico (NO), que podem culminar em danos no DNA
(CHOU et al., 2019). O dleo essencial de cominho (Cuminum cyminum L.) em dispositivos
transdermal apresentou uma alta atividade antioxidante e hepatoprotetora sistémica de forma
eficiente e prolongada, podendo ser protetor eficaz no tratamento de varias doengas crénicas
através de uma Unica aplicacdo (MOSTAFA et al., 2018).
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Figura 8 — Possiveis mecanismos de atividade antioxidante dos 6leos essenciais. (a)
Sequestro direto de espécies reativas de oxigénio (ROS); (b) Ativacdo de enzimas
antioxidantes; (c) Ativacao da atividade quelante de metal; (d) Aumento dos niveis de radicais
a-to a-tocoferil; (e) Inibicdo das NAPDH oxidases; (f) Mitigacdo do estresse oxidativo
causado pelo NO; (g) Aumento dos niveis de acido urico; (h) Aumentar as propriedades

antioxidantes de antioxidantes de baixo peso molecular.
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Fonte: Adaptado de Shen, 2022.

De fato, diversos estudos demonstram que 0s 6leos esséncias apresentam um enorme
potencial como uns potenciais antioxidantes naturais, com baixo custo e alta efetividade, no
controle dos maleficios oxidativos, podendo espécies vegetais nunca anteriormente estudas

apresentar em sua composicao, moléculas com alta capacidade antioxidante (SILVA, 2015).
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2.6.2 Efeitos Antimicrobiano e Modulador

Os dleos essenciais vém sendo considerados como fontes de novos antimicrobianos
por apresentar indmeros constituintes fitoquimicos que podem apresentar atividade
isoladamente ou combinados. Além disso, estes compostos quando combinados com
antibidticos ja utilizados na pratica clinica, podem reverter os mecanismos de resisténcia
bacteriana tornando possivel o efeito terapéutico desejado (EZE, 2016; RAI et al., 2017;
TARIQ et al., 2019).

Devido sua composi¢cdo quimica complexa, 0s 6leos essenciais e seus constituintes
apresentam baixo risco ao desenvolvimento de resisténcia microbiana, visto que, sua acdo ndo
é atribuida apenas a um Unico composto especfico, mas pode estar relacionada ao sinergismo
entre eles, conferindo assim diferentes mecanismos de inativagao das células dificultando as
adaptacdes microbianas (BECERRIL; NERIN; GOMEZ-LUS, 2012).

Seus modos de acdo e constituintes nas bactérias podem variar de acordo com as
interacdes que estes podem realizar com as estruturas celulares destes microrganismos,
podendo envolver: disruptura das membranas celulares (levando ao vazamento do contetido
celular); reducdo do potencial de membrana via aumento da permeabilidade das membranas;
reducdo de ATP intracelular via diminuicdo da sintese de ATP e hidrélise aumentada; inibicao
de bombas de efluxo; supressdo de desenvolvimento de biofilme bacteriano; além da inibicéo
de alguns fatores de viruléncia que incluem enzimas e toxinas (Figura 9) (MAHIZAN et al.,
2019).

O ndo surgimento de fendtipos adaptativos resistentes aos 6leos essenciais e terpenos
e/ou outros constituintes quimicos destes éleos tem sido observado em alguns estudos, como
por exemplo, o de Luz et al. (2012) que observaram a ndo aquisicdo de resisténcia por
Salmonella enteritidis exposta ao 6leo essencial obtido de Origanum vulgare e um dos seus
constituintes quimicos (carvacrol). Nostro et al. (2017) observaram o efeito da exposi¢do por
dez dias sob S. aureus com concentracdes inibitdrias sub-minimas de carvacrol, cinamaldeido
e eugenol isoladamente, e combinados com antibidticos eritromicina, linezolida, mupirocina,
netilmicina, norfloxacina, cefazolina e rifampicina. Observando cepas bacterianas os autores
perceberam que estas ndo possuiam a capacidade de adaptacéo e resisténcias aos compostos

carvacrol, cinamaldeido e eugenol (Tabela 2).
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Figura 9 — Possiveis modos de acdo dos 6leos essenciais em bactérias resistentes a
antibidticos.
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Fonte: Adaptado de Ruddaraju et al. 2019.

Ademais, a combinacdo destes compostos com antibi6ticos atenua a capacidade de
Staphylococcus aureus de adquirir resisténcia aos antimicrobianos, inibindo o surgimento de
fenotipos adaptativos. Song et al. (2019) também observaram resultados similares sob cepas
de S. aureus expostas ao 6leo essencial de Cinnamon, ndo observando fendtipos adaptativos
pela exposicdo habitual deste dleo.

Além de apresentar atividade antibacteriana isoladamente e serem ausentes do
surgimento de fen6tipos adaptativos resistentes, 0s 6leos essenciais sdo considerados seguros
toxicologicamente, por apresentarem pouca ou nenhuma toxicidade quando administrados in
vivo. Dahham et al. (2016) avaliaram a toxicidade aguda e cronica do 6leo essencial, com
atividade antitumoral obtido de Aquilaria crassna em ratos machos e fémeas, ndo havendo
mortalidade relacionada ao tratamento da toxicidade aguda e cronica pela administracdo diaria
da dose de 2.000 mg/kg durante o tratamento de 14 dias. Além disso, ndo foram observados
sintomas como apatia, hiperatividade, tontura, vomito, diarreia, salivacdo excessiva, sendo

considerado, portanto, o 6leo como seguro até a concentracao de 2.000 mg/ kg de animal.



Tabela 2 — Atividade antimicrobiana e efeito modulador de 6leos essenciais e compostos

isolados.
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Inibicdo de
S. aureus )
Thymus ] crescimento | SALEHZADEH
_ - resistente a
vulgaris ) ) e bomba de etal., 2018
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Apesar de existirem informacGes sobre as potenciais aplicacbes dos 6leos essenciais e
constituintes isoladamente ou em associa¢do com antibi6ticos ja utilizados na pratica clinica
para combater microrganismos multirresistentes, inimeros éleos essenciais e Seus
constituintes quimicos ndo foram investigados quanto ao seu potencial de aplicacdo no
combate as bactérias multidrogas resistentes, potencial de combinacdo com antibiéticos ja
existentes, seus mecanismos de agéo, e os efeitos da suas exposi¢des sobre o surgimento de
fenotipos adaptativos resistentes. Estas informacdes sdo importantes e podem ser obtidas
através de estudos, que possam resultar além da elucidacdo, na descoberta de novos
antibacterianos (CUNHA; FONSECA; CALADO, 2019; TYERS; WRIGHT, 2019;
MAHIZAN et al., 2019; VYAS et al., 2019; TARIQ et al., 2019; SONG et al. 2019; JANG et
al., 2020).

2.6.3 Efeito Analgésico

O termo “dor” € apropriado para seres humanos, devido a sua forma de apresentacao,
envolvendo ndo s6 o componente sensorial nociceptivo, mas também um componente
emocional. E definido como uma experiéncia sensorial e emocional desagradavel, associada o
potencial dano tecidual, sendo uma experiéncia multidimensional, com varios fatores
envolvidos. Esta sensacdo normalmente acompanha a maioria das doencgas que acometem 0s
seres humanos, indicando ao organismo a presenca de estimulos danosos, com base em
experiéncias prévias (SALIBA; HUBER; PENTER, 2011; AYDEDE et al., 2018;
KUNNUMPURATH et al., 2018). A nocicepcdo é o principal componente fisiologico da dor,
e consiste em varias etapas que compreende 0s processos de transducdo, transmissdo e
modulacdo do estimulo nociceptivo. Uma vez instalado o estimulo nociceptivo, diversas
alteracdes neuroenddcrinas acontecem, promovendo hiperexcitabilidade do sistema nervoso
periférico e central (SAWYNOK et al., 1995; SCHNAKERS et al., 2012; BARAL et al.,
2019).

A dor pode ser classificada como aguda ou crénica. A dor aguda é produzida apos um
estimulo nocivo que desencadeia na ativacdo de nociceptores presentes no local lesionado
sendo, geralmente, limitada a area afetada. Enquanto que a dor crénica é definida como
aquela que persiste por um longo prazo, até que haja a cura da lesdo, sendo também descrita,
como aguela associada a processos patologicos cronicos, que causam dor continua ou
recorrente em intervalos de anos ou meses. De modo geral, o que diferencia ambas, além do

lapso temporal, é a incapacidade do sistema nervoso em restabelecer a atividade neuronal para
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0s niveis homeostaticos normais (GRICHNIK; FERRANTE, 1991; GOLD; GEBHART,
2010; PINHO-RIBEIRO et al., 2017).

Apd6s um evento de estimulacéo da dor ocorre a transducao deste sinal, que se dar pela
liberacdo de neurotransmisssores e neuromoduladores, como: histaminas, Peptideo
Relacionado ao Gene Calcitonina (CGRP), bradicininas, glutamato, serotoninas,
prostaglandinas, substéncia P, Fator de Necrose Tumoral- a (TNF- a), Interleucina-1p (IL-1pB)
e Interleucina-18 (IL-18) que sdo liberadas pelas células lesadas. Estas substancias irdo
estimular uma excitacdo elétrica dos neurdnios a partir de um potencial de acéo.
Posteriormente, ird ocorre a propagacdo destes estimulos pelas fibras nervosas até o sistema
nervoso central, para que ele responda adequadamente a injuria, sendo as fibras AP, Ad e C as
responsaveis pelo processo de transmissdo dos estimulos (GOLD; GEBHART, 2010;
RHUDY etal., 2011; AICH et al., 2015; GOUIN et al., 2017).

Na sequéncia ocorre a percepcdo, que nada mais é do que é uma interpretacdo dos
estimulos mandados pelas células afetadas, onde o cérebro traduz os sinais enviados e emite
uma resposta. Por fim, hd uma modulacdo dos estimulos, sendo possivel amenizar a
percepcdo dolorosa através da liberacdo de opioides enddgenos (encefalinas, endorfinas),
serotonina (5HT) e norepinefrina pela medula espinhal, no entanto, estes mediadores sé
possuem efeitos se os estimulos forem de pequeno porte. No caso de injurias de grandes
magnitudes é indicada a administragdo de produtos exdgenos que diminua a sensa¢do de dor
(Figura 10) (LATREMOLIERE; WOOLF, 2009; GOUIN et al., 2017; SHIELDS et al., 2018).

Figura 10 — Mecanismos de percepcédo da dor pelo cérebro.
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Alguns estudos demonstram o papel dos 6leos essenciais para o tratamento em
diversas doengas que possuem a dor como um dos principais agravantes, incluindo
fibromialgia, osteoartrite e artrite reumatoide (MYUNG-JA et al., 2005; RUTLEDGE;
JONES, 2007; DEMIRBAG; ERCI, 2012).

Vaérios estudos tem demonstrado o potencial de aplicacdo dos 6leos essenciais, como o
estudo realizado por Najaphi et al. (2013), do qual conduziram um estudo clinico com
criancas submetidas a colonoscopia, sendo investigado o efeito analgésico do 6leo essencial
de Mentha spicata L. Neste estudo, os autores observaram que o Oleo essencial reduziu
significativamente a intensidade da dor abdominal durante o procedimento de colonoscopia
em comparagdo com o grupo placebo, sendo portanto considerado como agente analgésico
alternativo natural na colonoscopia de criancas. Olapour et al. (2013), verificaram em estudos
clinicos que a inalacdo do 6leo essencial de lavandula (Lavandula Angustifolia L.) promoveo
alivio da dor p6s cesariana. Em outro estudo, realizado por Marzouk et al. (2015), utilizando
este mesmo Gleo, os autores demonstraram que este em associacdo com o terpeno Timol,
promoveram efeito cicatrizante em feridas de episiotomia com pouco ou nenhum efeito
colateral esperado em comparacdo com o uso de placebo, com reducdo da sensacao da dor.
Por outro lado, Abbasijahromi et al. (2019) analisaram os efeitos dos 6leos essenciais de rosa
damascena e lavandula na aromoterapia por inalagdo em mulheres que passaram por
cesariana, onde observaram uma melhora na sensacdo da dor em ambos os tratamentos com
os Oleos, evidenciando que o de rosa damascena apresentou efeito superior ao de lavanda.
Possivelmente, este efeito esteja associado aos diferentes constituintes quimicos que estes
6leos apresentam. De fato, o efeito analgésico dos 6leos essenciais pode estar relacionado a
diversos fatores, incluindo a via de administragdo, compostos presentes em sua composicao,
dentre outros.

Com base nos efeitos analgésicos que os 0leos essenciais vém apresentando, diversos
estudos vém sendo realizados em modelos animais experimentais, buscando possiveis agentes
terapéuticos, com boa eficacia, ndo toxicidade, e diversos mecanismos de acdo (Tabela 3)
(BAKKALI et al., 2008; CAMPELO et al., 2011; DAHHAM et al., 2016; DE VERAS et al.,
2020; ALJAAFARI et al., 2021).
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Tabela 3 — Efeitos antinociceptivos de 6leos essenciais e possiveis mecanismo de agao.

o Modelo Compostos Modo de o
Espécies ) L Referéncia
Experimental Majoritarios Acéo
Ocimum Camundongos Eugenol e Sistema VENANCIO et
gratissimum L. (Placa Quente) Mirceno opioide al., 2011
Ratos o
y p-cariofileno e )
_ _ (Contorgao - Sistema RAYMUNDO,
Hyptis pectinata L. _ Oxido de o
abdominal e o colinergico etal., 2010
] cariofileno
formalina)
Camundongos
Cymbopogon (Contorcéo Geraniol e Acéo LEITE etal.,
winterianus Jowitt abdominal e Citroanelal periférica 2010
formalina)
Acéo no
_ _ ) Camundongos _
Senecio rufinervis 3 Germacreno D e sistema MISHRA et al.,
(Contorcéo )
D.C ] B-pineno Nervoso 2010
abdominal)
central
Vanillosmopsis Camundongos ) Sistema LEITE etal.,
) a-bisabolol _ _
arborea Baker (formalina) colinérgico 2011
Camundongos Acéo no
Croton ) ]
) (Contorcéo Metil-eugenol e sistema XIMENES et
adamantinus Mull. _ )
A abdominal e 1,8-cineol Nervoso al., 2011
rg.
: formalina) central
Hymenaea Camundongos | P-cariofileno, a-
cangaceira Pinto, (Contorcéo humuleno, a- Sistema DE VERAS et
Mansano & abdominal e guaieno e opioide al., 2020
Azevedo formalina) germacrene D
Camundongos
Artemisia (Contorcéo Z-ligustilida e Z- JUAREZ-
dracunculus linn. abdominal e 3butilideneftalida REYES et al.,
formalina) 2011
Citrus limon L. Camundongos limoneno Sistema CAMPELO et
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(Contorcao opioide al., 2011
abdominal e
formalina)

) | Camundongos

Valeriana wallichii ) Acao
(Contorcéo patchoulol . SAH et al., 2010
L. _ periférica

abdominal)

Embora haja um vasto conhecimento sobre 0s mecanismos que causam a dor, pouco se
evoluiu em estratégias terapéuticas eficazes. Os medicamentos hoje utilizados na pratica
clinica sdo principalmente limitados ao controle dos sintomas, sendo 0s mesmos ha décadas.
Entre os disponiveis para o tratamento da dor estdo os Anti-inflamatorios Ndo Esteroides
(AINEs), opioides, antidepressivos e antiepilépticos, que embora sejam eficazes para a maior
parte das condi¢Bes dolorosas, apresentam efeitos adversos como: dermatites, distdrbios
gastrointestinais e endocrinos, danos neurologicos, hepaticos, renais, cardiovascular,
oftdlmico, psiquiatrico e respiratério, e em alguns casos, dependéncia quimica, 0 que vem
tornando o tratamento clinico limitado (HEFTI et al., 2006; BERGER; WHISTLER, 2010;
CARTER et al., 2014).

Dessa forma, observa-se a necessidade de buscar outras medidas para o
desenvolvimento de medicamentos no combate a dor. O conhecimento popular das
propriedades terapéuticas das plantas com propriedades analgésicas, ha séculos, é transmitido
de geracdo em geracdo e constitui forte indicador do potencial terapéutico de varias espécies,
servindo como instrumento para criacdo de novos farmacos. Nessa perspectiva, 0s produtos
naturais encaixam-se como uma fonte promissora na pesquisa de moléculas com potencial
atividade analgésica (VENANCIO et al., 2011; CAMARGO et al., 2014; KHUMALO et al.,
2022; LOU et al., 2022).

Embora haja varios estudos in vivo, in vitro e ensaios clinicos que comprovem a
eficiéncia dos Oleos essenciais e seus principios ativos utilizados como remédios para o
tratamento da dor, com niveis de seguranga e mecanismos estabelecidos, estudos futuros sdo
necessarios para desvendar fontes vegetais nunca anteriormente inexploradas com efeitos
analgesicos, pois podem apresentar compostos ainda mais promissores (BITU et al., 2015;
FERNANDES et al., 2007; FONSECA et al., 2017; DE VERAS et al., 2020; FERNANDES et
al., 2020).
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2.6.4 Efeito Anti-inflamatorio

Os distarbios cronicos sao considerados a principal causa de morte em todo o mundo,
sendo 60% dessas mortes devido a doencas inflamatdrias cronicas (PAHWA et al., 2018;
2005; FULLERTON; GILROY, 2016). A inflamagdo é um processo fisiologico de defesa
protetora do sistema imunoldgico do corpo contra lesdes nos tecidos, patdgenos ou
substancias estranhas indesejadas, além de certas patologias (MEDZHITOV et al., 2010;
RIBALDONE et al., 2018). Envolvem interacdes complexas de mediadores soltveis, células
residentes, como células infiltrantes e moléculas pertencentes a matriz extracelular, podendo
este processo ser segregado em dois estagios: o agudo e o crénico (FULLERTON; GILROY,
2016; CHEN et al., 2018).

Durante a fase aguda da inflamacdo, ocorrem alteracbes na microvasculatura,
infiltracdo de neutrofilos, seguida por mondcitos e diferenciacdo em macréfagos, e finalmente
os fibroblastos que se proliferam podendo restabelecer a estrutura do tecido lesado, durando
este evento um curto periodo de tempo, que é capaz de erradicar o estimulo inicial. O
processo cronico estd associado a um evento de longa duracdo, sendo intenso e presente
linfocitos e macréfagos, proliferacdo de vasos sanguineos, fibrose e necrose tecidual (CHEN
et al., 2018; RIBALDONE et al., 2018).

Normalmente, as respostas inflamatdrias sdo caracterizadas por uma sequéncia de
eventos complexos, mas altamente coordenadas, envolvendo alteracdes moleculares, celulares
e fisiologicas, iniciando com mediadores sollveis (quimiocinas, sistema complemento,
citocinas, aminas vasoativas, peptideos vasoativos, radicais livres e mediadores lipidicos),
celulas residentes, como macréfagos teciduais, Células Dendriticas (DCs), linfdcitos, células
endoteliais, fibroblastos e mastdcitos, nos tecidos infectados ou lesionados (Figura 11)
(MEDZHITOV et al., 2010; PAHWA et al., 2018).

Além disso, as moléculas de adeséo celular séo reguladas positivamente em leucocitos
circulantes e células endoteliais, promovendo a exsudacdo de proteinas e influxo de
granulécitos do sangue. Associado a isto, 0s mondcitos, quando ativados iniciam varias
cascatas e vias de sinalizagdo pro-inflamatorias, que culminam na regulacdo de fatores como
Fator Regulador de Interferon 1 (IRF-1) e Fator Nuclear kappa B (NF-kB). Esses fatores
induzirdo a expressdo de citocinas pro-inflamatorias, como o fator de necrose tumoral-a
(TNF-a) e as interleucinas (IL), incluindo IL-1, IL-1p, IL-6. Esses mediadores inflamatorios
estdo envolvidos na patogénese de varias doencas incluindo doenca de Alzheimer (DA),

Artrite Reumatoide (AR), Colite Ulcerativa (CU), doencas cardiovasculares, infeccoes
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bacterianas, depressdo, obesidade, diabetes tipo 2, Doenca de Parkinson (DP), sindrome
nefrética, cancer e diabetes (PAHWA et al., 2018; RIBALDONE et al., 2018).

Figura 11 — Representacdo esquematica das principais vias de alteracdes relacionadas a

inflamacao.

Sfa
Macréfago Eliminacao de micrébios,

tecido morto
Fonte Resposta o > Fonte de mediadores
+ de mediadores imune (citocinas, outros)

(histamina, outros) ‘P, Papel na resposta
imune

Mastécito (&

Musculo == = — — ¥ — T o —
liso S Tt —————— — — = =

VASOS ! @ " J;O g o O ‘
N
‘ %Qe® Ry 245"

Leucocito Proteinas
polimorfonudiear  plasmaticas

Fonte de mediadores
(6xido nitrico,
citocinas, outros)

Linfocito Monécito
Endotélio .

Membrana— e
basal

da infl extracelular

m""::fmwvo""
d—.‘ i Shi Compl diadores da infl ca Células
® microbios, eliminagd@o de micrébios. =Y e proteinas
tecido morto Fatores da lagdo e cininogéni da matriz —bj‘eparo

¢

Fibroblastos
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Vérias abordagens terapéuticas foram desenvolvidas para o tratamento de patologias
relacionadas as inflamacdes, terapias estas que incluem os Anti-Inflamatorios N&o Esteroides
(AINEs), glicocorticoides, agentes modificadores da doenca e bioldgicos. Entretanto, sua
utilizacdo a longo prazo é frequentemente acompanhada de efeitos colaterais prejudiciais e
toxicos (WALLACE et al., 2008; NEMMANI et al., 2009; GULYAS et al., 2018), sendo
necessario medicamentos ou compostos anti-inflamatérios eficazes que possam superar 0S
efeitos colaterais debilitantes dos medicamentos atualmente disponiveis (BYUN et al., 2018;
ZHU et al., 2018).

Estima-se que cerca de 80% dos povos de paises em desenvolvimento dependem das
drogas de origem natural para o tratamento de doengas como as inflamatdrias, sendo relatado
um grande ndmero de compostos de origem vegetal como os OEs para o tratamento destas
enfermidades, demonstrando o potencial de aplicacdo destas misturas (WALLACE et al.,
2008; ZHU et al., 2018; PAHWA et al., 2018). Estudos com 6leos essenciais com potencial
anti-inflamatorio desempenha um papel fundamental para a identificacdo de compostos
fitoquimicos e sua analise farmacologica que pode levar a descoberta de compostos bioativos

promissores. Na literatura, varios séo os relados de 6leos essenciais ou compostos isolados a
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partir deles, que demonstram seu papel na supressdo da inflamacéo, in vitro ou in vivo (LI et
al., 2011; PERINI et al., 2015; SALDANHA et al., 2019).

O dleo essencial da Houttuynia cordata possui efeito anti-inflamatorio, com inibicao
da sintese de PGE: induzida por LPS de macrofagos peritoneais de camundongos, além de
causar uma inibicdo de COX-2 de maneira dose-dependente, sem comprometer a producdo de
COX-1 (LI et al., 2011). O terpeno a-Cyperone isolado do 6leo essencial de rizomas de
Cyperus rotundus ndo apresentou efeitos toxicos para células normais, e possui efeito anti-
inflamatorio com supressdo da produgédo de PGE: induzida por LPS. Este, regula a expresséo
de COX-2 a niveis de proteina e mMRNA, reduza expressao da citocina IL-6 e inibiu a ativacdo
de NF-kB em cultura de celulas (JUNG et al., 2013). O composto siringato de metila isolado
do 6leo essencial de Betula alba mostrou supressdo significativa da proteina COX-2 induzida
por hipdxia, bem como a invasdo e secrecdo do fator de crescimento endotelial vascular pela
via TRPALl (Jermnak et al., 2013). Makabe et al., (2006) relataram que 0 composto
germacrone isolado de Curcuma zedoaria apresenta atividade anti-inflamatdria in vivo, no
modelo de inflamacdo induzida por 12-O-tetradecanoilforbol-13-acetato (TPA) nas orelhas de
camundongos. O sesquiterpeno biciclico (E)-cariofileno € um dos principais constituintes do
6leo essencial de Cordia verbenacea, e possui efeito anti-inflamatério, sendo ja explorado na
fitomedicina conhecido como o medicamento tdpico Acheflan® utilizado para tratar traumas,
tendinopatias e dores miofasciais (FERNANDES et al., 2007; GISELLE et al., 2007; PERINI
et al., 2015). Saldanha et al. (2018) descobriram que o 6leo essencial de Duguetia furfuracea
tem efeito anti-inflamatorio in vivo, apresentando dose-dependéncia em modelo animal edema
de pata. Este efeito se da pela inibi¢do da producdo do Fator de Necrose Tumoral alfa (TNF-
o), Recrutamento de Leucdcitos Polimorfonucleares (PMN) e Oxido Nitrico Sintase Induzivel
(iNOS). Além destes estudos, diversos outros vem demonstrando o potencial anti-inflamatorio

de espécies até entdo nunca anteriormente investigadas (Tabela 4).

Tabela 4 — Oleos essenciais com atividade anti-inflamatéria, com énfase em seus

constituintes majoritarios e mecanismos de acao.

o Compostos . . o
Espécies o Mecanismos de Acéo Referéncia
Responsaveis

Reducéo do estresse
Glechoma ) o o CHOU et al.,
Trans-3-pinanone oxidativo e citocinas
hederacea ) . 2018
inflamatodrias
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Citrus medica L.

Limonene

Supressdo das vias NF-«kB,
JNK e ERK.

KIM et al., 2013

Verbesina Germacrene D, o
Reducéo de citocinas
macrophylla Germacrene D-4-ol, | . De Veras et al.,
] inflamatorias TNF-o e 1L-
(Cass.) S.F. Bicyclogermacrene, B 2021
Blake (E)-Caryophyllene
_ _ Inibiu a liberacdo de IL-1B
Nigella Damascenine e B- ) SIENIAWSKA
e IL-8, reducéo da
damascena L. Elemene 3 etal., 2019
producdo de MMP-9
Copaifera o ) Inibicdo da producéo de
) B-Cariofileno e Acido VEIGA JUNIOR
cearensis Huber . NO e reduz TNF-a e IL-1p
Caurendico et al. 2007
ex Ducke elL-6
Bisabolol, a-Cadinol,
Vanillosmopsis Elemicin, B-
_ SANTOS et al.
arborea Bisabolene, -
_ 2015
(Gardner) Baker | Guaiene, Cubebene e
Estragole
Psidium Atividade de eliminacdo | NASCIMENTO
_ Spathulenol
guineense Sw de EROS et al. 2018
Inibigdo da expressédo de
citocinas pré-inflamatorias
Artemisia Eucaliptol e a- (IL-1 B, IL-6, TNF-a), TRINH et al.,
princeps Pamp. Terpineol COX-2,iINOS, e a 2011
ativacdo de NF-xB e
aumento de IL-10.
) Borneol, B- Reducao de citocinas
Cinnamomum o ) ) XIAO et al.,
Cariofileno, Camphor | inflamatérias TNF-a e IL-
camphora L. ) 2021
e Limoneno 1B
Reduziu
significativamente a
o ) ] CHEN et al.,
Artemisia argyi Borneol producdo de mediadores 2017

inflamatoérios induzidos
por LPS (TNF-a, IL-6,
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IFN-B ¢ MCP-1)

Conyza Limoneno e B-

bonariensis L. Myrcene

Inibicdo da producdo de
NO

SOUZA et al.
2003

De fato, a inflamacdo tornou-se um dos principais problemas da sociedade atual

devido ao aumento da poluicdo ambiental, aumento no numero emergente de doengas

infecciosas e exposicdo a produtos quimicos perigosos. A invencdo de terapias seguras e

eficientes para combater a inflamacdo € de extrema importancia, sendo os 6leos essenciais,

uma das fontes mais promissoras. Entretanto, estudos sdo necessarios para descobrir novos

compostos anti-inflamatorios, para que em um futuro proximo, estes possam ser utilizados na

prética clinica medica.

2.7 ACAATINGA

A Caatinga ¢ um dominio fitogeogréafico exclusivamente brasileiro, com 900 mil Km?2

de érea, representando 60% da regido Nordeste e 11% do territério do Brasil que abrange os

estados do Piaui, Ceard, Rio Grande do Norte, Paraiba, Pernambuco, Alagoas, Sergipe, Bahia
e Minas Gerais (Figura 12) (CORREIA et al., 2019).

Figura 12 — Mapa do Brasil, com destaque para o Bioma Caatinga.

Bioma Caatinga

Fonte: Adaptado de Giongo, 2011.
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E uma regifo composta por florestas, matas tropicais sazonalmente secas, matas de
galeria, areas Umidas, florestas tropicais Umidas, savanas e campos rupestres. Essa
heterogeneidade ambiental da Caatinga €& consequéncia da interacdo de fatores
geomorfoldgicos, pedoldgicos e climaticos (ANDRADE-LIMA, 1981; QUEIROZ et al.,
2018; THOMAS; LACHER, 2020).

O Bioma possui a vegetagdo mais heterogénea dentre os biomas encontrados no
Brasil, tendo como principal caracteristica o potencial hidrico reduzido no solo, que se
acentua em periodos de estacdo seca, que pode perdurar de sete a dez meses. Além disso, sua
flora nativa apresenta entdo caracteres morfoldgicos, anatdmicos e funcionais especializados
para a sobrevivéncia destas plantas as condi¢des adversas de clima e solo (SAMPAIO et al.,
2002).

A negligéncia sofrida pelo dominio fitogeografico provém da caracterizacdo
equivocada de um ambiente com pouca diversidade e endemismo. O impacto foi direto nas
politicas de conservacao, ja que apenas aproximadamente 7% da Caatinga é coberta por areas
protegidas, e 1% do seu territdrio é protegido por unidades de conservacdo (FONSECA et al.,
2017, SILVA et al., 2017; CORREIA et al., 2019). A Bahia, Piaui e Ceara sdo os estados que
mais possuem dareas protegidas, sendo o Piaui o Unico estado com mais de 10% de area
protegida. O Rio Grande do Norte, Sergipe, Paraiba e Alagoas possuem menos de 1% do
territorio destinado a conservacdo (OLIVEIRA; SILVA; MOURA, 2019).

Associados ao baixo nivel de protecdo, a Caatinga € uma regido altamente impactada
pela atividade humana. Praticas ligadas a agropecuéarias e extrativismo, como queimadas,
desmatamento, pastagem, crescimento populacional e introducdo de espécies exdticas
ameacam cada vez mais este dominio (MELO, 2017, SILVA; BARBOSA, 2017,
ANTONGIOVANNI et al., 2018). Mudancas climaticas também estdo levando a um aumento
da temperatura e mudangas na frequéncia e intensidade das secas. Como consequéncia, ja é
observando aceleracdo no processo de desertificacdo (MAKSIC et al., 2022). As implicacGes
ecologicas e conservacionistas serdo devastadoras, no qual o domino podera sofrer perda geral
da biodiversidade (MARENGO et al., 2017; SILVA Et al., 2019; CORREIA et al., 2019).

Diversas espécies de animais e plantas endémicas apenas recentemente foram descritas
para a regido (LEITE; CAMARGOS; CASTILHO, 2021). Em levantamento floristico
realizado por Fernandes, Cardoso & Queiroz (2020), foram identificados pelo menos 3.347
espécies, 962 géneros e 153 familias de plantas com flores. Ervas, subarbustos e trepadeiras
herbaceas representam 56,3% da diversidade de espécies, enquanto arvores, arbustos e

trepadeiras lenhosas representaram 43,7%. Os autores constataram que em comparagdo com
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outras regides neotropicais, a Caatinga continha a maior diversidade em relacéo espécie/area.
Estudos de Cardoso et al. (2017) identificaram a existéncias de 2,5 x 10—3 espécies/km? na
Amazonia, enquanto Fernandes, Cardoso & Queiroz (2020) constataram 4,0 x 10-3
espécies/km? na Caatinga, ou seja, superior ao bioma Amazonia.

Além de apresentar uma vasta dimensao territorial, a Caatinga apresenta grande
variedade de plantas utilizadas na medicina popular pelas comunidades tradicionais (ALVES
et al., 2019), constituindo-se como importante fonte de novos compostos bioativos para o
tratamento de doencas (MALAFAIA et al., 2017; SILVA; ALMEIDA, 2020) sendo
considerado o segundo dominio com mais estudos etnoboténicos no Brasil, contribuindo para
que o Nordeste seja a regido com o maior nimero de pesquisas no ramo (SGANZERLA et al.,
2021).

A conservacdo ndo é importante apenas do ponto de vista ecolégico, mas também
socio-econdmico. E fundamental que pesquisas futuras identifiquem as principais ameacas a
essas espécies por meio de estudos etnobotanicos e percep¢des ambientais (SILVA et al.,
2017; CAMPOS et al., 2018, SILVA et al., 2020; CAMPOS; ALBUQUERQUE, 2020).
Cerca de 10 espécies vegetais encontradas na caatinga possuem a maior necessidade de
conservacao, sendo elas: Handroanthus impetiginosus (Mart. Ex DC.) Mattos (pau d'arco
roxo), Anacardium occidentale L. (caju), Copaifera langsdorffii Desf. (copaiba),
Myracrodruon urundeuva (aroeira), Libidibia ferrea (juca), Hymenaea courbaril L. (jatobd),
Anadenanthera colubrina (angico), Bowdichia virgilioides Kunth (sucupira), Schinus
terebinthifolius Raddi (aroeira-vermelha), e Amburana cearensis (Allemdo) AC Sm.
(umburana) (Figura 13) (CAMPOS; ALBUQUERQUE, 2020).

Estudos realizados em comunidades do Nordeste contribuiram para o conhecimento e
desenvolvimento de conceitos sobre plantas, ajudando na preservacdo da cultura local e
obtencdo de informagdes sobre o potencial medicinal e fitoquimico das espécies utilizadas
(ALBUQUERQUE; ANDRADE 2002; SANTOS et al., 2018), sendo por isso necessario
pesquisa com levantamento de dados fitoquimicos e farmacoldgicos (CARTAXO et al., 2010;
SONAGLIO et al., 2010; SA-FILHO et al., 2021).
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Figura 13 — Imagens de remog&o de cascas de espécies de plantas medicinais da Caatinga. A:
Anadenanthera colubrina (Vell.) Brenan; B: Myracrodruon urundeuva Allemao; C:

Maytenus rigida Mart.; D: Schinopsis brasiliensis Engl.; E: Poincianella piramidalis (Tul.)

L.P Queiroz; F: Amburana cearensis (Alleméo) A.C.Sm.

Fonte: Campos e Albuquerque, 2020.
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2.8 Amburana cearensis

O género Amburana é um do mais importantes da familia Fabaceae, e atualmente
possui trés representantes (Amburana acreana, Amburana erythrosperm e Amburana
cearensis), sendo a A. acreana (Ducke) A.C. Smith a que possui ocorréncia nas regides Norte
e Centro-Oeste do Brasil, com ocorréncia no dominio fitogeografico Amazénico. A A.
erythrosperma Seleme C.H. Stirt. & Mansano é endémica no sul da Chapada Diamantina, no
estado da Bahia; e a A. cearensis (Allemdo) AC Smith, possui ampla distribuicdo na América
do Sul (Argentina, Paraguai, Uruguai, Bolivia e Peru), sendo sua maior disseminacdo na
Caatinga e Cerrado brasileiro (SELEME et al., 2015; LIMA, 2015).

Amburana cearensis (syn. Torresea cearensis Fr. All) possui porte arbéreo, podendo
atingir de 10-20 metros de altura (Figura 14A). Seu tronco possui casca lisa, coloragdo
castanho-avermelhada, que soltam laminas finas e irregulares (Figura 14B). As vagens sdo
curtas, achatadas, escura, contendo uma semente alada e rugosa e oleaginosas (Figura 7C). As
folhas sdo compostas, alternas, imparipenadas, com 7-11 foliolos, peciolados, ovados,
arredondados no apice e na base (Figura 14D). Suas inflorescéncias sdo esbranquigadas ou
branco-amareladas, pequenas e dispostas em racimos axilares. No Nordeste, o periodo de
floracdo ocorre entre maio e julho (CANUTO; SILVEIRA; BEZERRA, 2010; ARAUJO et
al., 2018).

No semiarido nordestino (Caatinga) a espécie é popularmente conhecida como
"cumaru”, "cumaru de cheiro”, "imburana”, "imburana de cheiro", "amburana” ou "amburana
de cheiro", sendo o ultimo o termo mais utilizado (GOUVEIA et al., 2016). Possui grande
importancia econdmica, onde sua madeira possui alto valor comercial por ser utilizada para a
construgdo de mobilia, fonte de combustivel (carvéo), forragem e alimentacdo (OLIVEIRA et
al., 2020). Além disso, possui importancia econémica medicinal por ser utilizada para o
tratamento de varias enfermidades (MACEDO et al., 2018).

E comum o uso de prepara¢des como infusdes, chas, decocgdes, banhos, tinturas e
inalagdes utilizando as cascas do caule e da raiz, folhas, frutos e suas sementes para o
tratamento de doengas como sinusite, gripe, doencas respiratérias, colica intestinal, dor de
estdbmago, picada de cobra, infec¢bes do trato urinario, desidratacdo, diarreia, dor de cabeca e
articulacdes, vertigem, febre e infec¢des do trato urinario (MARINHO, 2004; SILVA et al.,
2012; MONTEIRO et al., 2014; BAPTISTEL et al., 2014; BITU et al., 2015; PEREIRA et al.,
2017; MACEDO et al., 2018; ALBERGARIA et al., 2019; OLIVEIRA et al., 2019).



56

Figura 14 — Registro da Amburana cearensis (in situ) (A), com destaque em suas diversas
partes: cascas (B), sementes (C) e folhas (D).

Fonte: Proprio Autor, 2022.

O uso versatil da planta é devido diversidade de metabdlitos secundarios, incluindo
cumarinas, flavonoides, polifendis e terpenos (PEREIRA et al., 2017; VASCONCELOS et
al., 2019). Diversos estudos foram e vem sendo realizados com objetivo de investigar e
elucidars os fitoconstituintes presentes na espécie vegetal, além das suas bioatividades
(Tabela 5). Eentretanto, pouco se conhece sobre os seus potenciais de aplicagdo, como por

exemplo, os compostos volateis presentes em suas folhas (6leo essencial).



Tabela 5 — Efeito bioldgico e modos de preparacfes de extratos utilizando casca, folhas e sementes de Amburana cearensis.
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Partes da ) o Preparacdo dos o
Efeitos Biologico Resultados Referéncias
Planta Extratos
. Atividade antitumoral contra HL-60 (células de FORTIER et al.,
Etandlico ) .
leucemia promielocitica humana) 2003
Antitumoral Atividade antiproliferativa em linhagens celulares de

) . _ LATALIZA et al.,

Hidroalcoolico adenocarcinoma de mama humano MDA-MB-231 e 2019

MDA-MCF7
) o ) . Né&o apresenta citotoxicidade sobre L929 (Fibroblasto de | LATALIZA etal.,
Citotoxicidade Hidroalcoolico o

camundongo) e HaCaT (queratindcitos) 2019

Casca Anti-Inflamatoria e . ) _ ) . SILVEIRA et al.,
o Etandlico Supressao da dor e inflamacao no teste de formalina
Analgésica 2022
Atividade contra Staphylococcus epidermidis, S. aureus,
S. intermedius, Klebsiella spp., Salmonella spp.,
o ) Etandlico e Pseudomonas aeruginosa, Escherichia coli, ;
Antimicrobiana o ) o SAetal., 2014
Cloroférmio Enterococcus faecalis, Rhodococcus equi, Listeria spp.,
Corynebacterium spp., Nocardia spp., Vibrio spp.,
Micrococcus spp. e Edwadisiella spp. e P. aeruginosa

Anti-inflamatéria e Hidroalcoolico Reduz a nocicepgdo por acido acético e formalina, e ALMEIDA et al.,
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Antinociceptiva

edema de pata induzido por carregenina

2010

Aquoso, Fracdo

PIERDONA et al.,

Atividade . . ) ) .
fendlicae Neuroprotecgdo sobre células microgliais
Neuroprotetora ] 2014
Amburosideo
o _ . Atividade contra S. aureus SA-ATCC 25923 e efeito
Folha Antimicrobiana Etandlico o o o
sinérgico com gentamicina e amicacina
Antioxidante Etandlico Atividade antioxidante com baixo valor de ICso
SILVEIRA et al.,
Antioxidante Etandlico Atividade antioxidante com baixo valor de ICso 2022
Etanolico, Hexano, Apresentaram um potencial neuroprotetor sobre células
Neuroprotetora Diclorometano e neurais PC12 expostas a dano neuronal induzido por
Acetato de Etila glutamato (1 mM) em concentracdes de 0,1-1000 pg/mL
Semente Reducéo do edema de pata induzido pela carragenina,

Antiedematogénica

Aquoso

com efeito estatisticamente semelhante a do AAS

LIMA etal., 2013

Antimicrobiana

Hidroalcdlico e

Aquoso

Atividade contra E. coli, P. aeruginosa, S. flexneri, L.
monocytogenes e S. aureus L. monocytogenes e S.

flexneri

AGUIAR et al., 2017
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Apesar da importancia e potencialidades da espécie vegetal em varios ambitos,
desde ambiental até fins medicinais, sua exploracdo vem sendo feita de maneira
desordenada e extrativista, diminuindo o nimero de exemplares dessa espécie vegetal,
do qual, motivou sua insercdo na lista vermelha das espécies em risco de extincdo da
Unido Internacional para a Conservacdo da Natureza e dos Recursos Naturais - IUCN
(RAMOS et al., 2004; CAMPOS et al., 2013). Tais problemas ocorrem devido a falta de
estudos e pesquisas que promovam a conservacao e manutencao da espécie, bem como

seu potencial de aplicacdo medicinal.
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3 OBJETIVOS
3.1 OBJETIVO GERAL

Realizar estudo fitoquimico, farmacoldgico e avaliar a aplicagdo medicinal do
0leo essencial do oleo essencial de Amburana cearensis (Allemdo) A.C. obtida do

dominio Caatinga.

3.2 OBJETIVOS ESPECIFICOS

e Obter dleo essencial a partir das folhas de A. cearensis;
e Caracterizar quimicamente o 6leo essencial;
e Investigar a atividade antioxidante do 6leo essencial;

e Investigar o potencial antimicrobiano do o6leo essencial sobre isolados de
bactérias gram positivas, gram negativas e fungos;

e Determinar as Concentracdes Inibitérias Minimas (CIMs), Bactericidas (CBMs)
e fungicidas (CFMs) do 6leo essencial;

e Investigar o efeito modulador da Amoxicilina pelo 6leo essencial em bactérias e
Fluconazol pelo 6leo essencial em fungos;

e Investigar a toxicidade aguda nao clinica do 6leo essencial;

¢ Investigar o potencial antinociceptivo (analgesia) do 6leo essencial;

e Investigar os possiveis mecanismos farmacoldgicos envolvidos no efeito

antinociceptivo (analgesia) do 6leo essencial;

e Investigar o potencial anti-inflamatério do dleo essencial.
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4 MATERIAL E METODOS
4.1 OBTENCAO DO MATERIAL VEGETAL

As partes aéreas (folhas) de A. cearensis (Allem&o) A.C. Smith foram coletadas
no municipio de Lagoa Grande, no estado de Pernambuco, PE (coordenadas geograficas
de 08° 59" 49" Se 40° 16' 19" W) em novembro de 2019 (Figura 15). Uma exsicata foi
depositada no Herbario Professor Vasconcelos Sobrinho (UFRPE) da Universidade
Federal Rural do Pernambuco (UFRPE) sob nimero 55.150.

Figura 15 — Coleta das folhas de A. cearensis (Allemao) A.C. Smith no municipio de

Lagoa Grande — PE.

Fonte: Proprio Autor, 2022.
4.1.1 Extracao de 6leo essencial

Neste processo, foram utilizados 600 g de folhas frescas. O material foi limpo,
higienizado e posteriormente triturado em moinho de facas (Tecnal TE-625), com
posterior segregacdo em trés por¢des contendo 200 g de material, onde cada particao foi
submetida a Hidrodestilagdo (HD) por 3 horas em aparelho tipo Clevenger (Figura 16).
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Apds a hidrodestilacdo, o excesso de agua foi removido com sulfato de sodio
anidro (Na2S04), e o célculo do rendimento foi obtido com base na quantidade de
material utilizado no processo e na massa obtida % (m/m). O 6leo essencial obtido foi

armazenado sob refrigeracdo a -4°C protegido da luz para posterior analise.

Figura 16 — Esquema explicativo demonstrando o processo de extra¢do do 6leo

essencial.

\, d Ve >IN A
) B-pin N )
; — ‘ AZLENO
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) |
/ \ U / : ;
Limonene 0-pinene . ’\Uruw/ Oleo Essencial

Fonte: Proprio Autor, 2022.

4.1.2 Andlise quimica do 6leo essencial

A composicdo do 6leo essencial foi analisada no Cromatografo a Gas Agilent
Technologies (Palo Alto, CA, EUA) série 5975C, com sistema de deteccdo de
quadrupolo equipado com coluna apolar DB-5 Agilent J&W, (60 m x 250 m i.d. x 0,25
m de espessura do filme). A partir da analise dos Tempos de Retencdo (TR) dos
compostos presentes na amostra de 6leo essencial, dos padrbes de hidrocarbonetos e da
combinagdo do dleo essencial com a mistura padrdo, foram calculados os indices de
Retencéo (IR) para cada componente. Os compostos foram identificados comparando
seus espectros de massa (MassFinder 4, NIST08 e Wiley Registry™ 9th Edition,
integrado ao software Agilent MSD Productivity ChemStation (Agilent Technologies,
Palo Alto, EUA) e indice de Retencdo com os padrdes auténticos disponiveis no Adams

(2017). A amostra de oleo foi quantificada em Cromatografia Gasosa com Detector de
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lonizagdo de Chama (GC-FID), nas mesmas condicdes de CG-EM, em triplicata para
calculo do desvio padrdo da porcentagem da area de pico de cada composto no
cromatograma. Este foi usado para determinar a propor¢cdo dos compostos no 6leo

essencial (De Veras et al., 2020).

4.2 ATIVIDADE ANTIOXIDANTE
4.2.1 Ensaio de eliminagdo de radicais ABTS

A atividade antioxidante do ABTS (Acido 2,2'-Azino-Bis-3-etilbenzotiazolino-
6-Sulfonico) foi avaliada conforme descrito por De Veras et al. (2020) com
modificagdes. Inicialmente, o radical ABTS foi formado a partir da reacdo da solucao
estoque 7 mM de ABTS com persulfato de potassio 140 mM. Diluicbes de Oleo
essencial foram misturadas com solucdo etanolica de ABTS. O anélogo da vitamina E
(Trolox®) e Hidroxitolueno Butilado (BHT) foram usados como controles positivos e
etanol com branco. A porcentagem de inibicdo (1%) foi calculada usando a seguinte
equacdo: 1% = [(Arzab -A734s) / (A73sb)] x 100, onde A7asb é a absorbancia do branco e
A7345 € a absorbancia das amostras. Todos o0s ensaios foram realizados em triplicata. As
concentracdes das amostras responsaveis por 50% de diminuicdo da atividade inicial do

radical livre ABTS (ICso) foram calculadas por meio de regresséo linear.

4.2.2 Ensaio de eliminacdo de radicais DPPH

A avaliacdo da atividade antioxidante pelo método de radicais livres DPPH (2,2-
Difenil-1-PicrilHidrazil) foi realizada conforme descrito por De Veras et al. (2020).
Diluigdes de oOleo essencial foram misturadas com solucdo metandlica 0.2 mM de
DPPH. Um anélogo da vitamina E (Trolox®) e Hidroxitolueno Butilado (BHT) foram
usados como controles positivos e metanol com branco. As misturas foram incubadas
no escuro por um periodo de 30 min a 25°C, entdo a absorbancia foi medida a 517 nm.
A porcentagem de inibicdo (1%) foi calculada usando a seguinte equacéo: 1% = [(As17b -
As178) 1 (As17b)] x 100, onde Asi7b é a absorbancia do branco e Asi7s é a absorbancia
das amostras. Todos os ensaios foram realizados em triplicado. As concentragdes das
amostras responsaveis por 50% de diminuicdo da atividade inicial do radical livre

DPPH (ICso) foram calculadas por meio de regresséo linear.
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4.2.3 Atividade de eliminacdo de radical hidroxila (OH-)

A atividade sequestradora de radicais hidroxila foi investigada usando a reagao
de Fenton com base na metodologia de Costa et al. (2009) com modificagdes, ou a
geracdo de radicais hidroxila em tampéo fosfato de sédio 150 mM (pH 7,4) utilizando
salicilato de sodio 2 mM, H20, 30%, EDTA 10 mM e FeSO47H20 10 mM. Diluigdes
de 6leo essencial foram adicionadas a mistura. A quercetina foi utilizada como controle
positivo e o etanol com branco. As amostras foram misturadas e incubadas a 37 °C por
1 h, e entdo lidas a 510 nm. A porcentagem de inibicdo (1%) foi calculada usando a
seguinte equacao: 1% = [(Asiob -As10S) / (As10b)] X 100, onde Asiob é a absorbancia do
branco e Asios é a absorbancia das amostras. Todos os ensaios foram realizados em
triplicado. As concentragdes das amostras responsaveis por 50% de diminui¢do da
atividade inicial do radical hidroxila (ICso) foram calculadas por meio de regresséo

linear.

4.2.4 Ensaio de eliminacéo de radical superéxido (O2-)

A avaliacdo foi realizada com base na metodologia de Costa et al. (2009) com
modifica¢des, utilizando uma mistura contendo 0,5 mM de riboflavina, 0,375 mM de
nitroazul cloreto de tetrazélio (NBT), 0,5 mM de EDTA e 65 mM de metionina, em 50
mM de tampéo fosfato pH 7,4. A mistura incubada foi exposta a luz fluorescente (15w)
por 15 min e a absorbancia lida em 560 nm. A quercetina foi utilizada como controle
positivo e o etanol com branco. A porcentagem de inibicdo (1%) foi calculada usando a
seguinte equacéo: 1% = [(Aseob -Aseos) / (Assob)] x 100, onde Assob € a absorbancia do
branco e Aseos € a absorbancia das amostras. Todos os ensaios foram realizados em
triplicado. As concentragbes das amostras responsaveis por 50% de diminui¢do da
atividade inicial do radical superoxido (ICso) foram calculadas por meio de regresséo

linear.
4.3 AVALIACAO DO EFEITO ANTIMICROBIANO E MODULADOR
4.3.1 Cepas microbianas e condigdes de cultivo

Foram utilizadas cepas de Staphylococcus aureus ATCC 6538, Pseudomonas
aeruginosa ATCC 9027, Escherichia coli ATCC 8739, Klebsiella pneumoniae ATCC
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700603, Candida albicans ATCC 10231 e C. albicans ATCC 10261, obtidas da
American Type Culture Collection (ATTC). Cepas de S. aureus UFPEDA-709, P.
aeruginosa UFPEDA-39, E. coli UFPEDA 224, K. pneumoniae UFPEDA 396, com
diferentes perfis de resisténcia, obtidas da colecdo de microrganismos do Departamento
de Antibidticos da Universidade Federal de Pernambuco (UFPE). Também foram
utilizadas cepas de fungos da espécie Candida albicans (URM-6366, URM-6542 e
URM-5788) com diferentes perfis de resisténcias fornecidas pelo Departamento de
Micologia da UFPE. Caldo e Agar Mueller-Hinton padrdo (MHB e MHA) foram usados
como meios de cultura bacterianos, e RPM-1640 e Agar Sabouraud Dextrose (SDA)

como meios de cultura fungicos.

4.3.2 Avaliacdo do efeito antimicrobiano

A Concentracdo Inibitéria Minima (CIM), concentracdo bactericida minima
(CBM) e concentracdo fungicida minima (CFM) foram determinadas frente as cepas
microbianas testadas de acordo com os protocolos M100 (2017) e M27 (2008) do CLSI.

As CIM foram determinadas com indculos iniciais de 1,0x10® UFC/mL para
bactérias e fungos. Aliquotas do meio apropriado, solucdes de déleo essencial e indculo
foram dispensadas em uma placa de 96 pocgos. As placas foram incubadas por 24 e 48
horas para bactérias e fungos, respectivamente. A CIM foi detectada usando um método
colorimétrico adicionando 10 pL de solucdo aquosa de resazurina a 0,01% (m/v) em
cada poco no final do periodo de incubacdo. Para determinacdo de CBM e CFM,
aliquotas de 10 pL de cada pogo foram transferidas para placas de Petri contendo MHA
ou SDA para bactérias e fungos, respectivamente (Da Silva et al., 2020). Como controle
positivo, utilizou-se o farmaco padrdo Amoxicilina (Aldrich-Sigma) e Fluconazol
(Aldrich-Sigma). O meio de cultura e 0 DMSO (solvente usado para dissolver o 6leo
essencial) foi usado como controle negativo. Todos os experimentos foram realizados

em triplicata.

4.3.3 Avaliacéo do efeito modulador

A interacdo antimicrobiana entre Amoxicilina, fluconazol e o 6leo essencial de
A. cearensis foi realizado pelo método checkerboard segundo metodologia de Brandt et

al. (2010). Aliquotas de 50 pL de 6leo essencial foram adicionadas aos pogos da placa
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na orientacdo horizontal e aliquotas de 50 uL das diluicbes da Amoxicilina ou
Fluconazol adicionadas na orientacdo vertical de modo que a placa continha varias
combinagOes de concentracdo dos dois compostos (Figura 17). Em seguida, em cada
pogco foi adicionado 10 uL de indculos bacterianos e as placas foram incubadas a 37 °C
por 24 horas. Ao final do crescimento, foi adicionado 10 pL de uma solugdo de
resazurina (0,01%) para verificar a presenca e/ou auséncia de crescimento bacteriano.
Todos os ensaios foram realizados em triplicata. Apos a incubagdo, 20uL de rezasurina
foi adicionado em todos os pogos e novamente foi mantida a 37 °C por 2h. O
crescimento no meio € indicado pela mudanca de cor de azul para rosa.

A anélise da combinacdo foi obtida calculando o Indice de Concentracdo
Inibitéria da Fracdo (ICIF) usando a seguinte formula (Van vuuren et al., 2009): CIF do
0leo essencial = CIM do 6leo essencial em combinacdo Amoxicilina ou Fluconazol /
CIM de oleo essencial isolado; CIF da Amoxicilina/ Fluconazol = CIM da
Amoxicilina ou Fluconazol em combinagdo com 6leo essencial/CIM da Amoxicilina ou
Fluconazol isolada; ICIF=CIF do 6leo essencial + CIF da Amoxicilina ou Fluconazol.
Os tipos de efeitos foram classificados da seguinte forma: ICIFs<0.5, sinergismo;

ICIFs 0.5<1, efeito aditivo; ICIFs >1-4, efeito indiferente e ICIFs >4, antagonismo.

Figura 17 — Esquema representativo demonstrando a montagem das combinagdes do

6leo essencial com a Amoxicilina pela técnica de Checker board.
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Fonte: Proprio Autor, 2022.

4.4 MODELO EXPERIMENTAL IN VIVO E PROCEDIMENTOS ETICOS

Camundongos machos e fémeas (30-32 g) de Swiss albino (Mus musculus)
foram obtidos do biotério central do Laboratorio de Imunopatologia Keizo Asami-
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Lika/UFPE. Os animais foram aclimatados em gaiolas com fundo sélido de
polipropileno (tamanho: 18 cm x 34 cm x 41 cm) com cama de maravalha, sob
condi¢Bes ambientais padréo (22+3 °C, ciclo claro-escuro 12/12 horas) e alimentados
com racdo padréo recomendada e dgua potavel ad libitum. O protocolo experimental em
animais foi realizado seguindo as recomendacdes do Conselho Nacional de Controle de
Experimentagdo Animal do Brasil (CONCEA) e do Conselho de OrganizacOes
Internacionais de Ciéncias Médicas (CIOMS). Todos os experimentos foram aprovados
pela Comissdo de Etica no Uso de Animais (CEUA) da UFPE, sob o n° 30/2020.

4.5 |NVEST|GACAO DA TOXICIDADE AGUDA E DOSE LETAL MEDIANA
(DLso)

A fim de avaliar a seguranca toxicologica aguda ndo clinica do dleo essencial, 0s
ensaios foram realizados utilizando o protocolo 423 da Organizacdo para Cooperacdo e
Desenvolvimento Econdmico (OECD, 2002). Os camundongos (fémeas) foram
divididos aleatoriamente em quatro grupos (n = 3), e tratados por via oral (v.0.) com
100 pL das seguintes doses de o6leo essencial: 5, 50, 300 e 2.000 mg/kg. Os animais
foram observados aos 30, 60, 120, 180 e 240 minutos ap6s o tratamento oral, e
diariamente por 14 dias. Possiveis sinais de alteragdo, como tremores, convulsdes,
salivacdo, piloerecdo, hiperatividade, sangramento, entre outros indicadores de
toxicidade foram avaliados (Figura 18). A mortalidade também foi avaliada por 14 dias

e a DLso também foi calculada.

Figura 18 — Esquema representativo demonstrando a investigagao da toxicidade aguda

do 6leo essencial.
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Fonte: Proprio Autor, 2022.
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4.6 AVALIACAO DO EFEITO ANTINOCICEPTIVO (ANALGESICO)
4.6.1 Contor¢des abdominais induzidas por acido acético

A avaliacgdo foi realizada pelo teste de contor¢do induzida por &cido acético de
acordo com Radulovi¢ et al. 2015. Foram utilizados seis grupos (n = 6) experimentais
de camundongos machos, sendo tratados por via oral (v.0.) com 0s seguintes
tratamentos: veiculo (solucgdo salina 0,9%, p/v; v.0.), 6leo essencial de A. cearensis (25,
50 e 100 mg/kg; v.0.) e indometacina (20 mg/kg; v.0.); o grupo morfina (10 mg/kg; i.p.)
recebeu tratamento via intraperitoneal (i.p.). Apds 30 min (para morfina) ou 60 minutos
(para os demais grupos) foi injetado 4&cido acético (0,8%, v/v) (10 mL/kg)
intraperitonealmente (i.p.) para estimular a nocicepcdo. Apds o estimulo, os animais
foram colocados dentro de uma camara de observacao (15 cm de diametro e 20 cm de
altura) equipada com um espelho inclinado a 45° abaixo da cdmara e aguardou-se 5
minutos para avaliacdo da intensidade da nocicepgdo, que foi quantificada pelo numero
de contorcbes durante 15 min de observacdo, sendo expressa em relagdo ao nimero de
contorgdes abdominais (Figura 19). Todo o experimento foi gravado através de um
circuito de cdmera-computador para posterior analise do comportamento e analise da

resposta nociceptiva.

Figura 19 — Esquema representativo demonstrando a investigagéo do efeito

antinociceptivo do dleo essencial no modelo de nocicepcdo induzido por acido acético

(0,8%).
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Fonte: Proprio Autor, 2022.

4.6.2 Teste de formalina

A avaliacgéo foi realizada de acordo com a metodologia de Tjglsen et al. (1992).

Foram utilizados seis grupos experimentais (n = 6) de camundongos machos, sendo
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tratados por via oral (v.0.) com o0s seguintes tratamentos: veiculo (solucdo salina 0,9%,
p/v; v.0.), Oleo essencial de A. cearensis (25, 50 e 100 mg/kg; v.0.) e indometacina (20
mg/kg; v.0.); o grupo morfina (10 mg/kg) recebeu tratamento via intraperitoneal (i.p.).
Apds 30 min (para morfina) ou 60 minutos (para 0s demais grupos), a nocicepcao foi
induzida por injecédo subplantar (i.pl.) de formalina a 2,5% (v/v) (20 uL) na pata traseira
esquerda (Figura 20).

ApoGs a injecdo de formalina, os animais foram transferidos para cAmara de
observacao (15 cm de didmetro e 20 cm de altura) equipada com um espelho inclinado a
45° abaixo da camara, e observados de 0 a 5 min (primeira fase, fase neurogénica) e 15
a 30 min (segunda fase, fase inflamatoria) em relacdo ao tempo gasto em segundos (S)
lambendo ou mordendo a pata que recebeu o agente nociceptor. Todo o experimento foi
gravado através de um circuito de camera-computador para posterior analise do

comportamento e analise da resposta nociceptiva.

Figura 19 — Esquema representativo demonstrando a investigagao do efeito

antinociceptivo do dleo essencial no modelo de nocicepcéo induzido por formalina

(2,5%).
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Fonte: Proprio Autor, 2022.

4.6.2.1 Investigacdo de mecanismos farmacoldgicos
4.6.2.1.1 Participacdo da via opioide

Para investigacdo de uma possivel participacdo de receptores opioides no efeito
antinociceptivo do 6leo essencial, foi utilizado o antagonista Naloxona (um antagonista
nédo seletivo de receptores opioides) e o agonista a Morfina (um agonista de receptores

opioides), segundo a metodologia de De Veras et al. (2020).
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Foram utilizados trés grupos experimentais (n=6) sendo: Oleo essencial de A.
cearensis (100 mg/kg) + Naloxona (5 mg/kg, i.p.), Naloxona (5 mg/kg, i.p.) e Morfina
(10 mg/kg; i.p) + Naloxona (5 mg/kg, i.p.). Os animais foram pré-tratados com a
Naloxona trinta minutos antes do tratamento com o 6leo essencial ou Morfina. Sessenta
minutos apds os tratamentos (apenas 30 min para Morfina), a nocicepcdo foi induzida
por injecdo subplantar (i.pl.) de formalina a 2,5% (v/v), e as respostas nociceptivas
promovidas foram observadas, conforme descrito no item 4.8.2. (Figura 21).

Figura 20 — Esquema representativo demonstrando a investigacdo da participacdo da

via opioide no efeito antinociceptivo do 6leo essencial.
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Fonte: Proprio Autor, 2022.

4.6.2.1.2 Participacao do sistema colinérgico

Para investigacdo de uma possivel participacdo do sistema colinérgico no efeito
antinociceptivo do dleo essencial, foi utilizado o antagonista Atropina (antagonista
colinérgico muscarinico ndo seletivo) e agonista a Acetilcolina (um agonista
colinérgico), segundo a metodologia de De Lavor et al. (2018).

Foram utilizados quatro grupos experimentais (n=6) sendo: 6éleo essencial de A.
cearensis (100 mg/kg) + Atropina (5 mg/kg, i.p.), Acetilcolina (1 mg/kg; i.p.), Atropina
(5 mg/kg, i.p.) e Acetilcolina (1 mg/kg; i.p.) + Atropina (5 mg/kg; i.p). Os animais
foram pré-tratados com a Atropina trinta minutos antes do tratamento com o 0leo
essencial ou Acetilcolina. Sessenta minutos apds os tratamentos (apenas 30 min para
acetilcolina), a nocicepcdo foi induzida por injecdo subplantar (i.pl.) de formalina a
2,5% (v/v), e as respostas nociceptivas promovidas foram observadas, conforme

descrito no item 4.8.2. (Figura 22).
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Figura 21 — Esquema representativo demonstrando a investigacao da participacdo do

sistema colinérgico no efeito antinociceptivo do 6leo essencial.
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Fonte: Proprio Autor, 2022.

4.6.2.1.3 Participacao do sistema adenosinérgico

Para investigacdo de uma possivel participacdo do sistema adenosinérgico no
efeito antinociceptivo do 6leo essencial, foi utilizado o antagonista Cafeina (antagonista
de receptores adenosinérgico) e agonista a Adenosina (agonistas dos receptores de
adenosinérgicos), segundo a metodologia de De Lavor et al. (2018).

Foram utilizados quatro grupos experimentais (n=6) sendo: déleo essencial de A.
cearensis (100 mg/kg) + Cafeina (10 mg/kg, i.p.); Adenosina (100 mg/kg; i.p.), Cafeina
(10 mg/kg, i.p.) e Adenosina (100 mg/kg; i.p.) + Cafeina (10 mg/kg; i.p). Os animais
foram pre-tratados com a Cafeina trinta minutos antes do tratamento com o o6leo
essencial ou Adenosina. Sessenta minutos ap0s os tratamentos (apenas 30 min para
Adenosina), a nocicepc¢ao foi induzida por injecdo subplantar (i.pl.) de formalina a 2,5%
(v/v), e as respostas nociceptivas promovidas foram observadas, conforme descrito no
item 4.8.2. (Figura 23).

Figura 22 — Esquema representativo demonstrando a investigacdo da participagdo do

sistema adenosinérgico no efeito antinociceptivo do 6leo essencial.
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Fonte: Proprio Autor, 2022.



72

4.6.2.1.4 Participacao do sistema dopaminérgico

Para investigacdo de uma possivel participacdo do sistema dopaminérgico no
efeito antinociceptivo do 0leo essencial, foi utilizado o antagonista Haloperidol
(antagonista de receptores dopaminergicos) e agonista a Apomorfina (agonista
dopaminérgico), segundo a metodologia de De Lavor et al. (2018). Foram utilizados
quatro grupos experimentais (n=6) sendo: 6leo essencial de A. cearensis (100 mg/kg) +
Haloperidol (1 mg/kg, i.p.); Apomorfina (8 mg/kg; i.p.), Haloperidol (1 mg/kg, i.p.) e
Apomorfina (8 mg/kg; i.p.) + Haloperidol (1 mg/kg; i.p). Os animais foram pré-tratados
com a Haloperidol trinta minutos antes do tratamento com o Oleo essencial ou
Apomorfina. Sessenta minutos apds os tratamentos (apenas 30 min para Apomorfina), a
nocicepc¢do foi induzida por injecdo subplantar (i.pl.) de formalina a 2,5% (v/v), e as

respostas nociceptivas promovidas foram observadas (Figura 24).

Figura 23 — Esquema representativo demonstrando a investigacao da participacao do

sistema dopaminérgico no efeito antinociceptivo do 6leo essencial.
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Fonte: Proprio Autor, 2022.

4.6.2.1.5 Participacdo dos Canais de potassio sensiveis a ATP (K-
ATP)

Para investigacdo de uma possivel participacdo dos canais de potassio sensiveis
a ATP (K-ATP) no efeito antinociceptivo do 6leo essencial, foi utilizado o antagonista
Glibenclamida (bloqueador seletivo de canais de potassio sensiveis a ATP) e agonista a
Diazoxido (agonista do canal de potassio sensivel ao ATP), segundo a metodologia de
De Lavor et al. (2018). Foram utilizados quatro grupos experimentais (n=6) sendo: 6leo
essencial de A. cearensis (100 mg/kg) + Glibenclamida (10 mg/kg, i.p.); Diazdxido (3
mg/kg; i.p.), Glibenclamida (10 mg/kg, i.p.) e Diazéxido (3 mg/kg; i.p.) +

Glibenclamida (10 mg/kg; i.p). Os animais foram pré-tratados com a Cafeina trinta



73

minutos antes do tratamento com o 6leo essencial ou Diazdxido. Sessenta minutos apds
os tratamentos (apenas 30 min para Diazoxido), a nocicepgdo foi induzida por injecao
subplantar (i.pl.) de formalina a 2,5% (v/v), e as respostas nociceptivas promovidas

foram observadas, conforme descrito no item 4.8.2. (Figura 25).

Figura 24 — Esquema representativo demonstrando a investigagéo da participacéo dos

canais de potassio sensiveis a ATP (K-ATP) no efeito antinociceptivo do 6leo essencial.
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Fonte: Proprio Autor, 2022.

4.7 AVALIACAO DO EFEITO ANTI-INFLAMATORIO
4.7.1 Edema de pata induzida por carragenina

A avaliacédo foi realizada de acordo com a metodologia de Ou et al. 2019. Os
camundongos machos foram divididos em cinco grupos (n = 6), sendo tratados por via
oral (v.0.) com 100 pL de veiculo (solucdo salina, 0,9% (p/v)), 6leo essencial de A.
cearensis (25, 50 e 100 mg/kg) ou indometacina (20 mg/kg). Apés 60 minutos, 0s
animais receberam carragenina 1% (p/v) (20 pL/pata) na pata traseira direita e soro
fisiologico (0,9%, p/v), (20 uL/pata) na pata esquerda. O volume da pata traseira direita
e esquerda de cada animal foi registrado com o auxilio de um paquimetro apos 1, 2, 3, 4
e 5 horas apos a injecdo de carragenina e soro fisiolégico 0,9%. A inibicdo do edema foi

calculada por (pata direita - pata esquerda) e expressa em mm.

4.7.2 Edema de pata induzida por histamina

A avaliagéo foi realizada de acordo com a metodologia de Cavalher-Machado et
al. 2008. Os camundongos machos foram divididos em cinco grupos (n = 6), sendo
tratados por via oral (v.0.) com 100 uL de veiculo (solucdo salina, 0,9% (p/v)), 6leo

essencial de A. cearensis (25, 50 e 100 mg/kg) ou prometazina (6 mg/kg). Apds 60
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minutos, os animais receberam 1% de histamina (p/v) (20 pL/pata) na pata traseira
direita e soro fisiologico (0,9%, p/v), (20 pL/pata) na pata esquerda. A inibicdo do
edema foi calculada por (pata direita - pata esquerda) e expressa em mm.

4.7.3 Peritonite induzida por carragenina

A avaliacdo foi realizada de acordo com a metodologia de Longhi-Balbinot et al.
(2012). Os camundongos (machos) foram distribuidos aleatoriamente em seis grupos
(n=6), sendo: sham (ndo recebeu tratamento), veiculo (solucdo salina, 0,9% (p/v)), 6leo
essencial de A. cearensis (25, 50 e 100 mg/kg) e indometacina (20 mg/kg). Os
compostos foram administrados 60 minutos antes da inducdo da peritonite. Apds este
periodo, 2% de carragenina (p/v) (750 pg/cavidade) foi injetado na cavidade
intraperitoneal (i.p.). Quatro horas apds a administracdo da carragenina, 0S animais
foram eutanasiados, sendo injetado 3 ml de PBS heparinizado gelado (10 Ul/mL) na
cavidade peritoneal. Ap6s 30 s de massagem manual, o exsudato foi retirado.

Para contagem total de leucdécitos, 1 mL do liquido peritoneal foi misturado com
0,2 mL de solucdo de Turk (30 mL de &cido acético, 100 mL de agua destilada e 100
mL de azul de metileno) e uma aliquota foi colocada na camara de Neubauer (com
profundidade de 0,100 mm e area de 0,0025 mm2) e a migracdo leucocitéaria foi
quantificada. Aliquotas de fluido peritoneal também foram utilizadas para quantificacao
de TNF-a e IL-1B usando citocinas de camundongo ELISA Kit, High Sensitivity in
ELISA, Thermo Fisher (Waltham, EUA) de acordo com as instruc6es do fabricante.

4.7.4 Pirexia induzida por levedura

A atividade foi realizada de acordo com a metodologia modificada de Sobeh et
al. 2019. Os camundongos machos foram distribuidos em cinco grupos (n = 6).
Inicialmente, a temperatura retal foi registrada antes da suspensdo de levedura de
cerveja (20%, p/v) por via subcutanea s.c. (20 mL/kg). Apds 18 h, foram selecionados
para 0 estudo os animais que apresentaram aumento da temperatura retal basal média
entre 38,0 e 39,0 °C. Os grupos foram tratados por via oral (v.0.) com 100 pL de
veiculo (solugéo salina 0,9%, p/v), 0leo essencial de A. cearensis (25, 50 e 100 mg/kg)
ou dipirona (100 mg/kg). A temperatura retal foi aferida em intervalos de 1, 2, 3 e 4

horas apds a administragdo das amostras, utilizando-se termémetro digital lubrificado.
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4.8 ANALISES ESTATISTICAS

Os dados foram analisados por meio do software GraphPad Prism® (versédo
8.4.3; San Diego California EUA). A anélise estatistica foi feita usando ANOVA de
uma via seguida pelo teste post hoc de Bonferroni. Os dados foram expressos em
médiat Desvio Padrdo (D.P.). Valores de P< 0,05 foram considerados estatisticamente

significantes.
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5 RESULTADOS E DISCUSSAO

ARTIGO 1: Atividades antioxidante, antimicrobiana e moduladora do 6leo essencial de

folhas de Amburana cearensis (Alleméo) A.C. Smith do nordeste do Brasil

1. Introducéo

As plantas produzem 6leos essenciais para executar diversas fungdes, incluindo
protecdo contra herbivoros, defesa contra patdgenos, atracdo de polinizadores e protecdo
contra estresse oxidativo (Ahmed et al., 2017; Sharifi-Rad et al., 2017). Os 0leos
essenciais e alguns de seus constituintes possuem alto valor econdmico, tendo
aplicacdes na agricultura como conservantes e aditivos para uso humano ou animal, em
cosméticos e perfumes, e em outros campos industriais (Jamshidi-Kia et al., 2018). A
diversidade de compostos que compdem o0s 0Oleos essenciais permite a existéncia de
diferentes respostas bioldgicas (Tariq et al., 2019).

O uso de fitoterapicos pode promover efeitos benéficos a salde humana, sendo
utilizados de forma indireta, abrangendo mais de 80% da populacdo mundial que utiliza
plantas ou produtos oriundos delas para prevenir diversas doencas. Na fitoterapia, 0s
Oleos essenciais sdo aplicados na medicina para a promoc¢do da saude e bem-estar. A
diversidade estrutural dos compostos € um contribuinte positivo para a existéncia de
diferentes propriedades medicinais (Ahmed et al., 2017; Jamshidi-Kia et al., 2018;
Veras et al., 2020).

Amburana cearensis (Allemdo) A.C. Smith (Fabaceae) é uma planta com
distribuicdo na América do Sul (Argentina, Bolivia, Brasil e Paraguai). No Brasil,
possui ampla distribuicdo no semiarido, conhecido principalmente como "cumaru”,
"cumaru de cheiro”, "imburana”, "imburana de cheiro"”, "amburana"”, "amburana de

"

cheiro" ou " cerejeira”, sendo explorada comercialmente por sua madeira nobre,
utilizada na fabricacdo de modveis de luxo (Macedo et al.,, 2018). A. cearensis €
considerada uma importante planta medicinal em estudos etnobotanicos, pois possui
poderes curativos para diversas doengas (Canuto et al., 2014; Macedo et al., 2018). As
cascas do caule sdo amplamente utilizadas na medicina tradicional para o tratamento de
resfriados, bronquites, gripes, asma, contra dores, analgésicos e espasmoliticos (Oliveira

etal., 2021).
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Nesse contexto, este trabalho teve como objetivo investigar o primeiro relato da
composicdo quimica do o6leo essencial de folhas de Amburana cearensis, e avaliar sua
atividade antioxidante, antimicrobiana e moduladora com antibidticos convencionais
(Amoxicilina e Fluconazol).

2. Resultados e Discusséo
2.1. Composicgdo quimica

As folhas de A. cearensis (Allemdo) A.C. Smith foram coletadas no interior da
cidade de Lagoa Grande, no estado de Pernambuco-PE, Brasil. O 0leo essencial foi
obtido por hidrodestilacdo (HD), e posteriormente analisado quanto a composicdo
quimica em Cromatografia Acoplada a Espectrometria de Massa (CG-EM) e Detector
de lonizagcdo de Chama (CG-DIC) (Veras et al., 2020). A Hidrodestilacdo (HD) das
folhas de A. cearensis resultou no 6leo essencial com rendimento de 0,42+0,03%
(m/m%) com identificacdo de 95,21% de seus constituintes quimicos. Os componentes
majoritarios quantificados foram germacrone (45,76+0,15%), germacreno B
(17,74£0,06%), (E)-cariofileno (5,55+0,04%) e biciclogermacreno (4,13+0,03%)
(Tabela 1).

O dleo essencial de A. cearensis possui compostos bioativos em sua composicéo,
entre eles 0 germacreno, que possui acdo antiviral (Liao et al., 2013), inseticida (Benelli
et al., 2017), antitumoral (Ye et al., 2017), antioxidante e neuroprotetor (Wu et al.,
2019), anti-inflamatério, antibacteriano e antitumoral (Zhang et al., 2017).

2.2. Atividade antioxidante

O oleo essencial apresentou efeito antioxidante em todas as técnicas utilizadas,
apresentando valores de ICso de 298,23+0,11 pg/mL e 183,89+0,12 nas técnicas ABTS
e DPPH, respectivamente, e testes de sequestro dos radicais superoxido (0?%) e hidroxila
(OH) mostraram valores de I1Cso de 234,38+0,12 e 324,86+0,49 pg/mL,
respectivamente (Tabela 2). Representando quase metade da composi¢do quimica do
oleo essencial de A. cearensis, 0 germacrone é um sesquitepernoide oxigenado que teve
seu papel antioxidante relacionado principalmente a cetona ciclica germacrona
(Zeljkovi¢ et al., 2017). Embora o OE A. cearensis seja uma mistura quimica complexa,
pode se tornar uma fonte alternativa de antioxidante natural com base em seu potencial
e utilizacdo de sua forma bruta em alimentos, produtos alimenticios e farmacéuticos,
entre outros, que visam combater danos decorrentes do estresse oxidativo, e que

promovam a melhoria da qualidade de vida das pessoas (Figueiredo et al., 2019).
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2.3. Atividade antimicrobiana

O dleo essencial apresentou atividade antibacteriana efetiva contra cepas de
Staphylococcus aureus ATCC 6538, S. aureus UFPEDA-709, Pseudomonas aeruginosa
ATCC 9027, P. aeruginosa UFPEDA-39, Escherichia coli ATCC 8739, E. coli
UFPEDA- 224, Klebsiella pneumoniae ATCC 700603, K. pneumoniae UFPEDA-396,
Candida albicans ATCC 10231, C. albicans ATCC 10261, C. albicans URM-UFPE
6366, C. albicans URM-UFPE 6542 e C. albicans URM-UFPE 5788 com valores de
CIM variando de 64 a 1024 ug/mL (Tabela 3). Como observado acima, a diferenca
entre as atividades antimicrobianas do 6leo essencial é explicada pela diversidade na
composicdo e pela interacdo de cada componente no microrganismo alvo, conforme
observado por Khoury et al. (2019).

2.4. Avaliacao do efeito modulador

O oleo essencial foi investigado para possivel efeito modulador combinado com
amoxicilina ou fluconazol. Observou-se que o 6leo essencial apresentou potencial efeito
sinérgico quando combinado com a amoxicilina (Tabela 4) promovendo uma reducéao
de 8 vezes nos valores de CIMs em S. aureus ATCC 6538, e uma reducdo de 4 vezes
em S. aureus UFPEDA-709 e P. aeruginosa ATCC 9027. Foi possivel verificar a
diminuicdo de 4 vezes nos valores de CIMs do fluconazol quando combinado com 6leo
essencial na cepa de C. albicans URM-UFPE 5788 (Tabela 4). A resisténcia aos
antibidticos utilizados na prética clinica tounou-se um grande desafio para o tratamento
de infeccBes bacterianas e fungicas. Varios estudos tém sido realizados para investigar o
potencial dos Oleos essenciais para atuar como adjuvantes na préatica clinica com
antibioticos ja disponiveis (Tariq et al., 2019). Os dados obtidos do 6éleo essencial de A.
cearensis indicam que ele tem potencial de aplicagdo, porém, mais estudos sao
necessarios para entender seus possiveis mecanismos de acdo, bem como sua eficacia
em outros organismos.

3. Concluséo

Este trabalho valoriza a A. cearensis como uma espécie ameacada de extin¢éo
gue pouco é explorada do ponto de vista bioldgico e farmacoldgico. O 6leo essencial
apresentou como constituintes majoritarios germacrone (45,76+0,15%), germacreno B
(17,74£0,06%), (E)-cariofileno (5,55+0,04%) e biciclogermacreno (4,13+0,03%),
apresentando efeitos antimicrobiano, antioxidante e modulador de antibioticos. O dleo

essencial pode ser utilizado como fonte natural de agentes antioxidantes e
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antimicrobianos para evitar perdas econdémicas, reduzindo os riscos a saude de
patégenos microbianos, como bactérias resistentes a diversos antibiéticos, tornando-se

um candidato para o desenvolvimento de novos farmacos.
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MATERIAL SUPLEMENTAR
1. Metodologia
1.1.Material vegetal
As amostras (folhas) de A. cearensis (Alleméo) A.C. Smith foram coletadas no
municipio de Lagoa Grande, no estado de Pernambuco-PE (coordenadas geogréficas de
08° 59' 49" S e 40° 16" 19" W) em novembro de 2019. O material vegetal teve sua
identidade boténica confirmada e uma exsicata do material vegetal depositada sob o
namero 55.150, no Herbario Professor VVasconcelos Sobrinho da Universidade Federal
Rural de Pernambuco (UFRPE).
1.2.Extr¢do do 6leo essencial
Neste processo, foram utilizados 600 g de folhas frescas. O material foi limpo e
triturado em moinho de facas (Tecnal TE-625), posteriormente dividido em trés por¢des
contendo 200 g de material, sendo cada particdo submetida a Hidrodestilacdo (HD) por
3 horas em aparelho tipo Clevenger. Apo6s a hidrodestilacdo, o excesso de agua foi
removido com sulfato de sodio anidro (Na2SOa), e o célculo do rendimento foi obtido
com base na quantidade de material utilizado no processo e na massa obtida % (m/m). O
6leo essencial obtido foi armazenado sob refrigeracdo a -4°C protegido da luz para
posterior analise.
1.3.Analise quimica do 6leo essencial
A caracterizacdo dos compostos foi realizada de acordo com De Veras et al.,
(2020) analisados no Cromatografo a Gas Agilent Technologies (Palo Alto, CA, EUA)
série 5975C, com sistema de deteccdo de quadrupolo equipado com coluna apolar DB-5
Agilent J&W, (60 m x 250 m de diametro interno x 0,25 m de espessura de filme).
Aliquotas de 1 pL. em modo split (1:50) do 6leo essencial na concentragdo de 3000 ppm
foram injetadas no Cromatdgrafo Gasoso acoplado a Espectrometria de Massa (CG-
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EM). Posteriormente, 1 puL em split (1:50) da mistura de padrdes de hidrocarbonetos:
C9-C30 foi injetado. A mistura de Oleo essencial e a mistura de padrbes de
hidrocarbonetos, 1 uL (0,2 uL de alcanos ¢ 0,8 puL de 6leo) foram entdo injetados sob o
modo splitless. A temperatura do CG foi mantida a 60°C por 3 min, depois aumentando
de 2,5°C.min-1 até 240°C e mantida por 10 min nessa temperatura. O fluxo de hélio foi
mantido a uma pressdo constante de 100 kPa. A interface EM foi ajustada a 200°C e o
injetor a 250°C e os espectros de massa registrados a 70 eV (no modo EI) com uma taxa
de varredura de 0,5 varredura s-1 de 20-350 m/z. A partir da analise dos Tempos de
Retencdo (TR) dos compostos presentes na amostra de 0leo essencial, dos padrbes de
hidrocarbonetos e da combinacdo do 6leo essencial com a mistura padrdo, foram
calculados os Indices de Retencdo (IR) para cada componente do 6leo. Os compostos
foram identificados comparando seus espectros de massa (MassFinder 4, NISTO8 e
Wiley Registry™ 9th Edition, integrado ao software Agilent MSD Productivity
ChemStation (Agilent Technologies, Palo Alto, EUA) e Indice de Retengdo com os
padrBes auténticos disponiveis no Adams (2017). A amostra de 6leo foi quantificada em
Cromatografia Gasosa com Detector de lonizacdo de Chama (CG-DIC), sob as mesmas
condicdes de CG-EM, em triplicata para calculo do desvio padrdo da porcentagem da
area de pico de cada composto no cromatograma. Isso foi usado para determinar a
proporcao dos compostos no 6leo essencial.
1.4.Atividades antioxidante
1.4.1. Ensaio de eliminacdo de radicais ABTS

A atividade antioxidante do ABTS (acido 2,2'-azino-bis 3-etilbenzotiazolino-6-
sulfénico) foi avaliada conforme descrito por De Veras et al. (2020) com modificages.
Inicialmente, o radical ABTS foi formado a partir da reacdo da solucdo estoque 7 mM
de ABTS com persulfato de potassio 140 mM. Dilui¢cGes de 6leo essencial foram
misturadas com solucdo etandlica de ABTS. O analogo da vitamina E (Trolox®) e
Hidroxitolueno Butilado (BHT) foram utilizados como controles positivos e etanol com
branco. A porcentagem de inibicéo (1%) foi calculada usando a seguinte equagéo: 1% =
[(A73a0 -A734a) | (A73a0)] X 100, onde A7aap € a absorbancia do branco e A7z é a
absorbancia das amostras. Todos os ensaios foram realizados em triplicado. As
concentracdes das amostras responsaveis por 50% de diminuicdo da atividade inicial do
radical livre ABTS (ICso) foram calculadas por meio de regresséo linear.

1.4.2. Ensaio de eliminag&o de radicais DPPH



82

A avaliacdo da atividade antioxidante pelo método de radicais livres DPPH (2,2-
Difenil-1-PicrilHidrazil) foi realizada conforme descrito por De Veras et al. (2020).
DiluicBes de 0Oleo essencial foram misturadas com solu¢do metandlica 0.2 mM de
DPPH. Um anélogo da vitamina E (Trolox®) e Hidroxitolueno Butilado (BHT) foram
usados como controles positivos e metanol com branco. As misturas foram incubadas
no escuro por um periodo de 30 min a 25°C, entdo a absorbancia foi medida a 517 nm.
A porcentagem de inibicdo (1%) foi calculada usando a seguinte equacao: 1% = [(Asi7b -
Asi7a) / (As17b)] x 100, onde Asi7b é a absorbancia do branco e Asiza é a absorbancia
das amostras. Todos os ensaios foram realizados em triplicado. As concentracdes das
amostras responsaveis por 50% de diminuicdo da atividade inicial do radical livre
DPPH (ICso) foram calculadas por meio de regresséo linear.

1.4.3. Atividade de eliminacdo de radical hidroxila (OH-)

A atividade sequestradora de radicais hidroxila foi investigada usando a reagédo
de Fenton com base na metodologia de Costa et al. (2009) com modificacdes, ou a
geracdo de radicais hidroxila em tampéo fosfato de sodio 150 mM (pH 7,4) utilizando
salicilato de sodio 2 mM, H202 30%, EDTA 10 mM e FeSO47H20 10 mM. Diluigdes
de 6leo essencial foram adicionadas a mistura. A quercetina foi utilizada como controle
positivo e o etanol com branco. As amostras foram misturadas e incubadas a 37 °C por
1 h, e entdo lidas a 510 nm. A porcentagem de inibicdo (1%) foi calculada usando a
seguinte equacéo: 1% = [(As1ob -Asioa) / (As0b)] x 100, onde Asiob é a absorbancia do
branco e Asioa é a absorbancia das amostras. Todos os ensaios foram realizados em
triplicado. As concentragdes das amostras responsaveis por 50% de diminui¢do da
atividade inicial do radical hidroxila (ICsg) foram calculadas por meio de regressédo
linear.

1.4.4. Ensaio de eliminagdo de radical superéxido (O?)

A avaliacdo foi realizada com base na metodologia de Costa et al. (2009) com
modificagdes, utilizando uma mistura contendo 0,5 mM de riboflavina, 0,375 mM de
nitroazul cloreto de tetrazélio (NBT), 0,5 mM de EDTA e 65 mM de metionina, em 50
mM de tampéo fosfato pH 7,4. A mistura incubada foi exposta a luz fluorescente (15w)
por 15 min e a absorbancia lida em 560 nm. A quercetina foi utilizada como controle
positivo e o etanol com branco. A porcentagem de inibicao (1%) foi calculada usando a
seguinte equacao: 1% = [(Aseob -Asgoa) / (Aseob)] x 100, onde Asgob € a absorbancia do
branco e Asgoa é a absorbancia das amostras. Todos os ensaios foram realizados em
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triplicado. As concentragdes das amostras responsaveis por 50% de diminuicdo da
atividade inicial do radical superoxido (ICso) foram calculadas por meio de regressao
linear.

1.5.Atividade antimicrobiana

1.5.1. Cepas microbianas e meios de cultura

As cepas de Staphylococcus aureus ATCC 6538, Pseudomonas aeruginosa

ATCC 9027, Escherichia coli ATCC 8739, Klebsiella pneumoniae ATCC 700603,
Candida albicans ATCC 10231 e C. albicans ATCC 10261 foram obtidas da American
Type Culture Collection. As cepas de S. aureus UFPEDA-709, P. aeruginosa
UFPEDA-39, E. coli UFPEDA 224, K. pneumoniae UFPEDA 396 com diferentes perfis
de resisténcia foram obtidas da colecdo de microrganismos do Departamento de
Antibioticos da Universidade Federal de Pernambuco. As cepas de C. albicans (URM-
6366, URM-6542 e URM-5788) com diferentes perfis de resisténcia foram fornecidas
pelo Departamento de Micologia da Universidade Federal de Pernambuco. Caldo e
Agar Mueller-Hinton padrdo (MHB e MHA) foram usados como meios de cultura
bacterianos, e RPM-1640 e Agar Sabouraud Dextrose (SDA) foram usados como meios
de cultura fangicos.

1.5.2. Determinagdo da CIM e CBM

A Concentragdo Inibitéria Minima (CIM), Concentracdo Bactericida Minima

(MBC) e Concentracdo Fungicida Minima (MFC) foram determinadas contra cepas
microbianas testadas de acordo com os protocolos CLSI M100 (2017) e M27 (2008). A
CIM foi determinada com indculos iniciais de 1,0x108 UFC/mL para bactérias e fungos.
Aliquotas do meio apropriado, solucdes de 6leo essencial e indculo foram dispensadas
em uma placa de 96 pocos. As placas foram incubadas por 24 e 48 horas para bactérias
e fungos, respectivamente. A CIM foi detectada usando um método colorimétrico
adicionando 10 pL de solucédo aquosa de resazurina a 0,01% (m/v) em cada po¢o no
final do periodo de incubacédo. Para determinacdo de MBC e MFC, aliquotas de 10 pL
de cada poco foram transferidas para placas de Petri contendo MHA ou SDA para
bactérias e fungos, respectivamente (Da Silva et al., 2020). Como controle positivo,
utilizou-se a droga padrdo Amoxicilina (Aldrich-Sigma) e Fluconazol (Aldrich-Sigma).
O meio de cultura e 0 DMSO (solvente usado para dissolver o oOleo essencial) foram
usados como controle negativo. Todos 0s experimentos foram realizados em triplicata.

1.5.3. Avaliagdo do efeito modulador



84

A interacdo antimicrobiana entre Amoxicilina ou Fluconazol e dleo essencial de
A. cearensis foi estudada pelo método do tabuleiro de xadrez segundo a metodologia de
Brandt et al. (2010). O éleo essencial foi testado nas concentragdes de 1, 1/2, 1/4, 1/8,
1/16, 1/32 e 1/64 das CIMs obtidas. Diluicdes de Amoxicilina ou Fluconazol também
foram obtidas correspondendo a 1, 1/2, 1/4, 1/8, 1/16, 1/32, 1/64, 1/128, 1/256, 1/512 e
1/ 1024 dos MICs obtidos. Aliquotas de 50 puL de dleo essencial foram adicionadas aos
pogos da placa na orientagdo horizontal e aliquotas de 50 pL das diluicdes de
Amoxicilina ou Fluconazol foram adicionadas na orientacdo vertical para que a placa
contivesse varias combinacdes de concentracdo dos dois compostos. Controles de
crescimento positivos (para avaliar a presenca de turbidez) foram realizados em pocos
que ndo continham antimicrobiano. Além disso, o controle de crescimento negativo foi
aplicado em uma placa de 96 pogos. Em seguida, cada pogo foi adicionado 10 pL de
indculo bacteriano aos pocos e as placas incubadas a 37°C por 24 horas. Ao final do
crescimento, foram adicionados 10 pL de uma solugdo de resazurina (0,01%) para
verificar a presenca e/ou auséncia de crescimento bacteriano. Todos os testes serdo
realizados em triplicata. Apds a incubagao, 10uL de resazurina foi adicionado a todos os
pocos e novamente cultivado a 37°C por 2h. O crescimento no meio é indicado pela
mudanga de cor de azul para rosa. A andlise de combinacdo foi obtida calculando o
Indice de Concentracdo Inibitéria Fracionada (ICIF) usando a seguinte formula (Van
vuuren et al., 2009):

CIF de 6leo essencial = CIM do 6leo essencial em combinacdo Amoxicilina ou
Fluconazol / CIM do 6leo essencial sozinho;

CIF da Amoxicilina ou Fluconazol = CIM de Amoxicilina ou Combinacdo de
Fluconazol com 6leo essencial / CIM de Amoxicilina ou Fluconazol isolado;

ICIF=CIF do 6leo essencial + CIF de Amoxicilina ou Fluconazol.

Os tipos de efeito foram classificados da seguinte forma: ICIFs<0,5, sinergismo;

ICIFs 0,5<1, efeito aditivo; ICIFs >1-4, efeito indiferente e ICIFs >4, antagonismo.
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Table 1 — Composi¢do quimica do 6leo essencial de Amburana cearensis (OE A.

cearensis) por CG-EM e CG-DIC, destacando em negrito 0s componentes majoritarios.

Indices de retencéo

Pico Composto % D.P.
Cal Lit
1 d-elemene 1335 1339 0.27 0.03
2 Trans-B-elemene 1389 1393 1.07 0.02
3 a-gurjunene 1409 1411 141 0.05
4 (E)-caryophyllene 1417 1421 5.55 0.04
5 y-elemene 1434 1435 1.18 0.02
6 a-humulene 1452 1455 1.22 0.03
7 alloaromadendrene 1460 1463 0.64 0.01
8 germacrene D 1480 1483 1.95 0.02
9 [-selinene 1489 1488 2.26 0.02
10 bicyclogermacrene 1500 1499 4.13 0.03
11 germacrene A 1508 1507 0.75 0.01
12 cubebol 1514 1518 0.16 0.01
13 7-epi-a-selinene 1522 1520 0.22 0.01
14 d-cadinene 1522 1526 0.30 0.01
15 a-cadinene 1537 1541 0.62 0.01
16 elemol 1548 1552 0.89 0.02
17 germacrene B 1559 1561 17.74  0.06
18 palustrol 1567 1570 0.37 0.03
19 spathulenol 1577 1580 0.47 0.01
20 viridiflorol 1592 1594 0.23 0.01
21 trans-p-elemenone 1602 1606 3.13 0.02
22 y-eudesmol 1630 1635 0.39 0.01
23 a-muurolol 1644 1645 1.48 0.02
24 a-cadinol 1652 1658 2.02 0.01
25 germacrone 1693 1702 46.76  0.15
Monoterpenos de hidrocarbonetos (MH) -
Monoterpenos oxigenados (MO) -
Hidrocarbonetos sesquiterpenos (HS) 39.31
Oxygenated sesquiterpenes (SO) 55.90
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TOTAL 95.21

Cal- Indices de retencdo calculados; Lit- Indices de retencdo Literatura; (%) - Conteudo

percentual; D.P. Desvio padréo.

Table 2 — Atividade antioxidante do 0leo essencial de Amburana cearensis (OE A.
cearensis) expressa em ICsp (ug/mL).

Metodos (1Cso)

Amostras
ABTS* DPPH* OH- Or
Trolox® 129,49+0,22* 63,71+0,12% N.T. N.T.
BHT 336,82+0,15¢ 228,20+0,21° N.T. N.T.
Quercetina N.T. N.T. 33,61+0,23* 28,29+0,23?

OE A. cearensis 298,23+0,11° 183,89+0,12° 324,86+0,49° 234,38+0,12°

abc Diferentes letras mindsculas sobrescritas significam diferenca estatistica, ANOVA

unidirecional seguida de Teste de Bonferroni. ABTS: 2',2-Azino-bis (3-
etilbenzotiazolina-6-sulfonato); DPPH:  2,2-Difenil-1-picrilhidrazil;  OH-:radical
hidroxilo; O2-: radical superdxido; BHT: Hidroxitolueno Butilado; N.T. - N&o testado.
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Table 3 — Concentracdo Inibitéria Minima (CIM), Concentracdo Bactericida Minima (CBM) e Concentracdo Fungicida Minima (MFC) em

(ug/mL) do oleo essencial de Amburana cearensis (OE A. cearensis). N.T. - No testado.

Fluconazol Amoxicilina OE A. cearensis

Cepas CIM CFM CIM CcBM CIM CBM/CFM
S. aureus ATCC 6538 N.T. N.T. 16 32 256 512
S. aureus UFPEDA-709 N.T. N.T. 128 256 512 1024
P. aeruginosa ATCC 9027 N.T. N.T. 256 512 128 256
P. aeruginosa UFPEDA-39 N.T. N.T. 512 1024 128 256
E. coli ATCC 8739 N.T. N.T. 128 256 64 128
E. coli UFPEDA- 224 N.T. N.T. 512 1024 128 256
K. pneumoniae ATCC 700603 N.T. N.T. 128 256 256 512
K. pneumoniae UFPEDA-396 N.T. N.T. 128 256 512 1024
C. albicans ATCC 10231 16 32 N.T. N.T. 128 256
C. albicans ATCC 10261 8 16 N.T. N.T. 128 256
C. albicans URM-UFPE 6366 128 256 N.T. N.T. 512 1024
C. albicans URM-UFPE 6542 64 128 N.T. N.T. 256 512

C. albicans URM-UFPE 5788 256 512 N.T. N.T. 1024 512




Table 4 — Efeitos combinados do 6leo essencial de Amburana cearensis (OE A. cearensis), fluconazol e amoxicilina.
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Fluconazol Amoxicilina OE A. cearensis Resultado
Cepas CIMi CIMu CIF | CIMi CIMn  CIF | CIM;  CIMn CIF ICIF Classificagao
S. aureus ATCC 6538 N.T. N.-T. N.A. 16 2 0.125 | 256 64 0.25 0.375 Sinergico
S. aureus UFPEDA-709 N.T. N.T. N.A. 128 32 0.25 512 32 0.0625 | 0.3125 Sinergico
P. aeruginosa ATCC 9027 N.T. N.T. N.A. 256 64 0.25 128 16 0.125 0.375 Sinergico
P. aeruginosa UFPEDA-39 N.T. N.T. N.A. 512 512 1 128 32 0.25 1.25 Indiferente
E. coli ATCC 8739 N.T. N.T. N.A. 128 32 0.25 64 32 0.5 0.75 Aditivo
E. coli UFPEDA- 224 N.T. N.T. N.A. 512 512 1 128 32 0.25 1.25 Indiferente
K. pneumoniae ATCC 700603 N.T. N.T. N.A. 128 64 0.5 256 128 0.5 1 Aditivo
K. pneumoniae UFPEDA-396 N.T. N.T. N.A. 128 128 1 512 512 1 2 Indiferente
C. albicans ATCC 10231 16 8 0.5 N.T. N.T. N.A. 128 64 0.5 1 Aditivo
C. albicans ATCC 10261 8 8 1 N.T. N.T. N.A. 128 32 0.25 1.25 Indiferente
C. albicans URM-UFPE 6366 128 32 0.25 N.T. N.T. N.A. 512 128 0.5 0.75 Aditivo
C. albicans URM-UFPE 6542 64 64 1 N.T. N.T. N.A. 256 64 0.25 1.25 Indiferente
C. albicans URM-UFPE 5788 256 32 0.125 | N.T. N.-T. NA. | 1024 256 0.25 0.375 Sinergico

N.T. - N&o testado; N.A. — Nao Aplicavel; CIM: CIM do 6leo essencial ou antibidtico isolado (ug/ml); CIMu: CIM do antibidtico ou 0leo
essencial em combinagdo (ug/ml); CIF: concentracdo inibitoria fracionada; ICIF: Indice de Concentracdo Inibitdria da Fracéo.
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ARTIGO 2: Atividades antinociceptiva e anti-inflamatoria do 6leo essencial das folhas

de Amburana cearensis (Alleméao) A.C. Smith. em camundongos

1. Introducéo

Os medicamentos fitoterapicos podem promover efeitos benéficos a saude
humana, sendo utilizados de forma indireta, abrangendo mais de 80% da populacdo
mundial que utiliza plantas ou produtos provenientes delas para prevenir diversas
doencas (Jamshidi-Kia et al., 2018). Pesquisas recentes voltadas ao uso de plantas
terapéuticas fazem parte do estudo da etnobotanica e permitiram o acesso a um amplo
conhecimento vinculado ao uso de plantas na medicina popular no Brasil (De Veras et
al., 2021; De Veras et al., 2020; Coelho-De-Souza et al., 2018; Ribeiro et al., 2014;
Cartaxo et al., 2010).

O Brasil é conhecido pela maior biodiversidade do mundo, abrigando
aproximadamente 20% do total de espécies existentes com alto grau de endemismo
(Ribeiro et al., 2014). Esse patriménio esta dividido entre os biomas brasileiros e um
deles, o bioma Caatinga (regido semiarida) abrange um amplo territério na regido
nordeste do Brasil e abriga muitas plantas utilizadas na medicina tradicional e também
na fabricacdo comercial de produtos fitoterapicos (Silva et al., 2012; De Albuquerque et
al., 2007). Dentre os estudos etnobotanicos no semiérido brasileiro, a familia Fabaceae
se destaca pela alta representatividade de suas espécies e diversidade na maioria dos
estudos envolvendo plantas medicinais (Macedo et al., 2018; Cartaxo et al., 2010; De
Albuquerque et al., 2007).

Amburana cearensis (Alleméo) B.C. Smith (Fabaceae) (sin. Torresea cearensis
Fr. All) é uma espécie vegetal com ampla distribuicdo na América do Sul (Argentina,
Paraguai, Uruguai, Bolivia e Peru), com maior distribuicdo na Caatinga e Cerrado do
Brasil. No semiéarido é popularmente conhecida como “cumaru”, "cumaru de cheiro",
"imburana”, "imburana de cheiro”, "amburana” ou "amburana de cheiro”, considerada
uma espécie ameacgada devido a alta exploracdo de sua madeira que apresenta alta
resisténcia e durabilidade (Oliveira et al., 2019; Seleme et al., 2015; Figueredo et al.,
2013; Canuto et al., 2010).

E considerada uma importante planta medicinal em estudos etnobotanicos, pois
possui poderes curativos para diversas doengas (Canuto et al., 2014; Lima et al., 2013;

Albuquerque e Oliveira, 2007). E comum o uso de preparagdes como infusdes, chas,
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decoccdes, banhos, tinturas e inalagdes utilizando as cascas do caule e da raiz, folhas,
frutos e sementes (Macedo et al., 2018; Bitu et al., 2015; Costa e Marinho, 2016;
Oliveira et al., 2010), para o tratamento de doengas como sinusite, gripe, doengas
respiratorias, inflamacdes, dores generalizadas, dor de cabeca, problemas géstricos e
intestinais, cicatrizacdo de feridas, infeccdo do trato urinario, hipertensdo, febre picada
de cobra, dores musculares , tranquilizante, dor de dente, ndusea, dor articular,
depurativo, infeccdo renal, inflamacg&o da pele, inflamacg&do ginecoldgica, dor nas costas
e febre, entre outros (Albergaria et al., 2019; Oliveira et al., 2019; Macedo et al., 2018;
Pereira et al., 2017; Bitu et al., 2015; Baptistel et al., 2014; Monteiro et al., 2014; Silva
et al., 2012; Marinho, 2004).

Vérias atividades desta espécie foram avaliadas, como antioxidante e
antitumoral do extrato hidroalcodlico do caule (Lataliza et al.,, 2019), efeito
antimicrobiano da casca do caule (Ferreira et al., 2020; Sa et al., 2011), antimicrobiano
e modulador do efeito antibidtico dos extratos de sementes e folhas (Figueredo et al.,
2013), anti-inflamatorio do extrato hidroalco6lico da casca do caule (Leal et al., 2003),
neuroprotetor dos extratos hexano, etanol, diclorometano e acetato de etila , de sementes
(Pereira et al., 2017), atividades antiedematogénicas, antimicrobianas e mutagénicas do
extrato aquoso de sementes (Lima et al., 2013), atividades antioxidantes de extratos
etandlicos e metanodlicos de folhas (Dos Santos et al., 2009 ). No entanto, ndo hé relatos
de atividades utilizando o 6leo essencial de A. cearensis.

O objetivo desse estudo foi validar as atividades etnofarmacoldgicas atribuidas a
espécie e suas diferentes formas de uso, utilizando os compostos volateis obtidos de
suas folhas (6leo essencial), para investigar as atividades anti-inflamatorias,
antinociceptivas e a seguranga toxicologica.

2. Material e métodos
2.1.Modelo experimental in vivo e procedimentos éticos

Machos e fémeas (30-32 g) de camundongos Swiss albino (Mus musculus)
foram obtidos do biotério central do Laboratério de Imunopatologia Keizo Asami-
Lika/UFPE. Os animais foram aclimatados em gaiolas com fundo sélido de
polipropileno (tamanho: 18 cm x 34 cm x 41 cm) com cama de madeira, sob condigOes
ambientais padrdo de 22 + 3°C, ciclo claro-escuro 12/12, e alimentados com a ragéo
padrdo e agua potavel ad libitum. O protocolo de experimentacdo animal foi realizado

seguindo as recomendacgdes do Conselho Nacional de Controle de Experimentagéo
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Animal do Brasil (CONCEA) e Conselho de OrganizacGes Internacionais de Ciéncias
Médicas (CIOMS). Todos os experimentos foram aprovados pela Comissio de Etica no
Uso de Animais (CEUA) da Universidade Federal de Pernambuco, sob o n° 30/2020.
2.1.1. Teste de toxicidade aguda e dose letal mediana
Estudos de toxicidade aguda para avaliar a seguranga foram realizados usando a
Organizacdo para Cooperacdo e Desenvolvimento Econémico (OCDE, 2002).
Primeiramente, albinos suicos (fémea) foram divididos em quatro grupos (n = 3), e
tratados por via oral (v.0.) por gavagem com 100 pL das seguintes doses de o6leo
essencial: 5, 50, 300 e 2.000 mg/kg. Os animais foram observados aos 30, 60, 120, 180
e 240 minutos ap06s o tratamento oral e diariamente por 14 dias. Seu peso e alimentos
ingeridos foram registrados diariamente, bem como possiveis sinais de alteragdo, como
tremores, convulsdes, salivacdo, piloerecdo, hiperatividade, sangramento, entre outros
indicadores de toxicidade. A mortalidade também foi avaliada por 14 dias e a DL50
também foi calculada.
2.1.2. Avaliagéo do efeito antinociceptivo
2.1.2.1.Contorcdes abdominais induzidas por acido acético
A avaliagdo foi realizada de acordo com a metodologia de Radulovi¢ et al. 2015.
Foram utilizados seis grupos experimentais (n = 6) de camundongos machos, com 0s
seguintes tratamentos: veiculo (solugdo salina 0,9%, m/v; v.0.), 6leo essencial de A.
cearensis (25, 50 e 100 mg/kg; v.0.) e indometacina (20 mg/kg; v.0.); grupo morfina (10
mg/kg) recebeu tratamento via intraperitoneal (i.p.). Ap6s 30 min (para morfina) ou 60
minutos (para 0s outros grupos) acido acético (0,8%, v/v) (10 mL/kg) foi injetado
intraperitonealmente (i.p.) para estimular a nocicepgdo. Apds a estimulacdo, os animais
foram colocados dentro de uma camara de observacdo (15 cm de didmetro e 20 cm de
altura) equipada com um espelho inclinado a 45° abaixo da camara e aguardaram 5
minutos para avaliar a intensidade da nocicepcao, que foi quantificada pelo numero de
contorgBes durante 15 min de observacdo, sendo expressa em relacdo ao numero de
contorgdes abdominais.
2.1.2.2.Teste de formalina
A avaliagéo foi realizada de acordo com a metodologia de Tjglsen et al. (1992).
Foram utilizados seis grupos experimentais (n = 6) de camundongos machos, com 0s
seguintes tratamentos: veiculo (solucdo salina 0,9%, m/v; v.0.), 6leo essencial de A.

cearensis (25, 50 e 100 mg/kg; v.0.) e indometacina (20 mg/kg; v.0.); grupo morfina (10
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mg/kg) recebeu tratamento via intraperitoneal (i.p.). Ap6s 30 minutos (para morfina) ou
60 minutos (para os demais grupos), a nocicepcao foi induzida por injecdo subplantar
(i.pl.) de formalina 2,5% (v/v) (20 uL) na pata traseira esquerda. Apos a injegdo de
formalina, os animais foram transferidos para uma camara de observacdo (15 cm de
diametro e 20 cm de altura) equipada com um espelho inclinado a 45° abaixo da
camara, e observados de 0 a 5 min (primeira fase, fase neurogénica) e 15 a 30 min
(segunda fase, fase inflamatdria) em relacdo ao tempo gasto em segundos(s) lambendo
ou mordendo a pata que recebeu o agente nociceptor.

Para verificar a acdo antinociceptiva do OE A. cearensis sobre os sistemas de
canais de potassio opidides, colinérgicos, adenosinérgicos, dopaminérgicos e ATP-
sensiveis (K-ATP), os antagonistas farmacoldgicos Naloxona (5 mg/kg, i.p), Atropina
(5 mg/ kg, i.p.), Cafeina (10 mg/kg, i.p.), Haloperidol (1 mg/kg, i.p.) e Glibenclamida
(10 mg/kg, i.p.), respectivamente, foram injetados 30 min antes do tratamento dos
grupos com 6leo essencial (100 mg/kg, v.0.) ou os agonistas farmacoldgicos Morfina
(10 mg/kg; i.p.), Acetilcolina (1 mg/kg; i.p.), Adenosina (100 mg/kg; i.p.), Apomorfina
(8 mg/kg ; i.p.) e Diazdxido (3 mg/kg; i.p.) (De (De Lavor et al., 2018). Apds o0s
tratamentos, formalina a 2,5% (20 pL/pata) foi injetada na pata traseira direita dos
camundongos. Tempo de lambida da pata foi registrado, em segundos, de 0 a 5 min
(fase neurogénica) e de 15 a 30 min (fase inflamatéria) ap6s a administragdo da
formalina.

2.1.3. Atividade anti-inflamatoria
2.1.3.1.Edema de pata induzido por carragenina

A avaliagdo foi realizada de acordo com a metodologia de Ou et al. 2019. Os
camundongos machos foram divididos em cinco grupos (n = 6), sendo tratados por via
oral (p.o.) por gavagem com 100 pL de veiculo (solucdo salina 0,9%, m/v; v.0.), 6leo
essencial de A. cearensis (25, 50 e 100 mg/kg; v.0.) ou indometacina (20 mg/kg; v.0.).
Apbs 1 hora, 0s animais receberam carragenina 1% (p/v) (20 uL/pata) na pata traseira
direita e soro fisioldgico (0,9%, p/v), (20 uL/pata) na pata esquerda. O volume da pata
traseira direita e esquerda de cada animal foi registrado com o auxilio de um paquimetro
apos 1, 2, 3, 4 e 5 horas ap6s a injecdo de carragenina. A inibicdo do edema foi
calculada por (pata direita - pata esquerda) e expressa em mm.

2.1.3.2.Edema de pata induzido por histamina
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A avaliacdo foi realizada de acordo com a metodologia de Cavalher-Machado et
al. 2008. Os camundongos machos foram divididos em cinco grupos (n = 6), sendo
tratados por via oral (p.0.) com 100 pL de veiculo (solucdo salina, 0,9% (m/v)), dleo
essencial de A. cearensis (25, 50 e 100 mg/kg; v.0.) ou prometazina (6 mg/kg; v.o.).
Apds 60 minutos, os animais receberam histamina 1% (p/v) (20 pL/pata) na pata
traseira direita e soro fisioldgico (0,9%, m/v) (20 uL/pata) na pata esquerda. A inibi¢do
do edema foi calculada por (pata direita - pata esquerda) e expressa em mm.

2.1.3.3.Peritonite induzida por carragenina

A avaliacdo foi realizada de acordo com a metodologia de Longhi-Balbinot et al.
(2012). Os camundongos (machos) foram distribuidos aleatoriamente em seis grupos
(n=6), sendo: sham (n&o recebeu tratamento), veiculo (solucdo salina, 0,9% (m/v)), éleo
essencial de A. cearensis (25, 50 e 100 mg/kg; v.0.) e indometacina (20 mg/kg; v.0.).
Ap6s 60 minutos, carragenina a 2% (p/v) (750 pg/poco) foi injetada na cavidade
intraperitoneal (i.p.), para indugdo de peritonite. Quatro horas apds a administragdo de
carragenina, os animais foram eutanasiados e 3 mL de PBS heparinizado gelado (10
Ul/ml) foram injetados na cavidade peritoneal. Apds 30 s de massagem manual, 0
exsudato foi recuperado. Para a contagem total de leucdcitos, 1 mL de liquido peritoneal
foi misturado com 0,2 mL de solugdo de Turk (30 mL de &cido acético, 100 mL de agua
destilada e 100 mL de azul de metileno) e uma aliquota foi colocada no Neubauer e a
migracao leucocitaria foi realizada com o auxilio de um microscopio binocular.

Aliquotas do liquido peritoneal também foram utilizadas para quantificacdo de
TNF-a e IL-1p utilizando o Kit Mouse Cytokines ELISA, High Sensitivity in ELISA,
Thermo Fisher (Waltham, EUA) de acordo com as instrucdes do fabricante.

2.1.3.4.Pirexia induzida por levedura

A atividade foi realizada de acordo com a metodologia modificada de Sobeh et
al. 2019. Os camundongos machos foram distribuidos em cinco grupos (n = 6).
Inicialmente, a temperatura retal foi registrada antes da suspensdo de levedura de
cerveja (20% m/v) por via subcutanea s.c. (20 mL/kg). Apds 18 h, foram selecionados
para 0 estudo os animais que apresentaram aumento da temperatura retal basal média
entre 38,0 e 39,0 °C. Os grupos foram tratados por via oral (v.0.) por gavagem com 100
pL de veiculo (solucéo salina, 0,9% (m/v)), 6leo essencial de A. cearensis (25, 50 e 100

mg/kg; v.0.) ou dipirona (100 mg/kg; v.0.). A temperatura retal foi aferida em intervalos
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de 1, 2, 3 e 4 horas apds a administracdo das amostras, utilizando-se termémetro digital
lubrificado.
2.2. Andlise estatistica

Os dados foram analisados por meio do software GraphPad Prism® (versao
8.4.3; San Diego Califérnia EUA). A analise estatistica foi feita usando ANOVA de
uma via seguida pelo teste post hoc de Bonferroni. Os dados foram expressos em
médiatDP. Valores de P< 0,05 foram considerados estatisticamente significantes.

3. Resultados e discussao
3.1.Teste de toxicidade aguda e dose letal mediana

Segundo a FDA, muitos Gleos essenciais sdo conhecidos como substancias
GRAS (Generally Recognized Safe), porém, como muitas espécies medicinais podem
apresentar efeitos toxicos, € importante que sejam realizados estudos para avaliar sua
seguranga antes de avaliar seu potencial terap€utico (Stojanovié¢ e outros, 2019).

Neste estudo, o Oleo essencial de A. cearensis foi investigado quanto a
toxicidade aguda por meio da determinacdo da dose letal mediana (DLso) e mudancas
no comportamento em camundongos. Esses resultados estdo resumidos na Tabela 1.
Observou-se que 0 Oleo essencial ndo apresenta dose letal mediana (DLso) até a
concentracdo de 2.000 mg/kg administrado por via oral, pois ndo causa mortalidade em
camundongos, bem como alteracdes significativas no comportamento animal, aparéncia
geral ou quaisquer sinais de toxicidade, podendo este dleo ser classificado como néo
toxico segundo a OCDE (2002).

Aqui, os resultados relacionados a mortalidade e alteragdes comportamentais
pelo 6leo essencial de A. cearensis sdo comparaveis aos registros encontrados na
literatura em que seus constituintes sdo considerados seguros (Oliveira et al., 2017,
Kong et al., 2017). Oleos essenciais contendo compostos quimicos importantes em
comum com EO A. cearensis foram descritos como seguros. O OE Hyptis fruticosa tem
como compostos majoritarios o biciclogermacreno (12,32%), cariofileno (8,82%),
germacreno (3,26%) e ndo apresenta toxicidade em concentracdes até 5.000 mg/kg,
administrado por via oral, fato que pode viabilizar sua aplicagdo como potencial
antinociceptivo (Menezes et al., 2007). O OE Verbesina macrophylla possui atividades
anti-inflamatoria e antipirética, apresentando entre seus constituintes cariofileno
(9,88%) e biciclogermacreno (11,33%) e o Oleo essencial ndo apresentou toxicidade

aguda até a dose de 5.000mg/kg, p.o. (De Veras et al., 2021). O 6leo essencial de
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Ageratum fastigiatum, com germacreno como composto majoritario (24,15%),
apresentou DLsg de 2.500 mg/kg (Del-Velchio-Vieira et al., 2009).

3.2.Avaliagéo do efeito antinociceptivo

3.2.1. Contorcdes abdominais induzidas por acido acético

A dor é relatada como o sintoma mais comum nas doengas, e apesar da
existéncia de medicamentos analgésicos, hd grande preocupacdo com o controle
inadequado da dor, além das inimeras reacdes adversas que esses compostos podem
trazer, como a dependéncia quimica e isso requer o desenvolvimento de novos
medicamentos, com eficacia e seguranca (Volkow e McLellan, 2016; Rathmell e Fields,
2015). Estudos recentes mostraram que produtos naturais, como 6leos essenciais, sdo
algumas das fontes mais importantes de descoberta de medicamentos para o controle da
dor, pois possuem compostos quimicos que podem bloquear ou ativar receptores
nociceptivos, entre outros mecanismos (Jamshidi-Kia et al., 2018; Arulselvan et al.,
2016; Barreto et al., 2016).

O teste de contorg¢des induzidas por &cido acético tem sido amplamente utilizado
como ferramenta de triagem para avaliar as propriedades analgésicas de diversos
produtos. E um modelo de nocicepcéo inespecifica, causando sensibilizacdo periférica
em animais por liberacdo indireta de mediadores nociceptivos endogenos, sendo
amplamente utilizado para detectar a antinocicepgdo de anormalidades centrais, como
opioides e periféricas, como AINEs (Barreto et al., 2016; Hossain et al., 2015;
Ramezani et al., 2001).

Os resultados sobre a atividade antinociceptiva do OE A. cearensis apresentados
na Figura 1, mostram que o Oleo essencial inibiu significativamente a nocicepg¢do
induzida pelo acido acético de forma dose-dependente. Observou-se que nas doses de
25, 50 e 100 mg/kg o oleo essencial reduziu significativamente as contor¢des
abdominais em 69,38%, 82,04% e 93,87%, nas doses de 50 e 100 mg/kg, o efeito foi
estatisticamente superior ao de referéncia farmaco indometacina (20 mg/kg), que
promoveu 60,03% de inibi¢cdo quando comparado ao grupo controle.

Os compostos presentes no OE A. cearensis podem ser encontrados em outra
espécie de planta, que também apresentou efeito antinociceptivo. Hossain et al. (2015)
verificaram que a germacrona € o principio ativo da atividade antinociceptiva do rizoma
de Curcuma aeruginosa, com inibicdo de 22,66%, 34,77% e 51,17% em relacdo ao

namero de contor¢des induzidas pelo acido acético nas doses de 10, 20 e 40 mg/kg,
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respectivamente. O OE Hymenaea cangaceira tem atividade antinociceptiva, reduzindo
as contorgcOes em 76% na dose de 100 mg/kg, com cariofileno (23,38%) e germacreno
(14,46%) em comum com OE A. cearensis (De Veras et al., 2020). O OE de Pterodon
polygalaefloru apresenta cariofileno em sua composicéo (19,51%), e reduziu o numero
de contor¢bes em mais ou menos 50% (Coelho-De-Souza et al., 2018). O OE de A.
fastigiatum, com germacreno (24,15%) como composto majoritario, reduziu a
nocicepgdo em 7,32%, 12,19% e 30,29% nas concentracdes de 50, 100 e 200 mg/kg,
respectivamente. (Del-Velchio-Vieira et al., 2009). O OE de Hyptis fruticosa presente
reduz em 27,3%, 26,6% e 35,7% a nocicep¢do na contor¢do abdominal induzida pelo
acido acético nas doses de 100, 200 e 400 mg/kg, tendo como principios ativos
biciclogermacreno (12,32%) e cariofileno (8,82%) (Menezes et al., 2007).
3.2.2. Teste de formalina

O tratamento com OE A. cearensis nas doses de 25, 50 e 100 mg/kg reduziu
significativamente o tempo de lambida na primeira fase (neurogénica) em 29,558%,
53,45% e 72,95%, respectivamente. Na segunda fase (inflamatoria), o essencial também
promoveu inibicdo significativa da nocicep¢do induzida pela formalina em 61,68%,
74,49% e 86,95%, respectivamente. Em ambas as fases o OE A. cearensis apresentou
atividade dose-dependente. A morfina (10 mg/kg) reduziu a resposta nociceptiva tanto
na primeira (81,76%) quanto na segunda fase (96,20%), enquanto a indometacina (20
mg/kg) produziu um baixo efeito antinociceptivo na primeira fase (10,06%). e reducao
significativa na segunda fase (69,63%) (Figura 2).

O teste da formalina € um dos experimentos mais utilizados para avaliar 0s
efeitos antinociceptivos de drogas, sendo dividido em duas fases. A primeira fase
(neurogénica) consiste na nocicep¢do neurogénica ndo relacionada a inflamagdo, na
qual os sinais de dor sdo transmitidos por estimulacdo direta de nociceptores via fibras
C para o corno dorsal da medula espinhal apés a substancia P ser secretada e atuar como
neurotransmissor. Na segunda fase (inflamatoria), a dor € gerada como resultado de
reacOes inflamatdrias no tecido lesado pela formalina, a partir da qual estimula a
liberacdo de histamina, serotonina, bradicinina e prostaglandinas (PGs) e provoca o
processo doloroso (Li et al.., 2018; Rosland et al., 1990; Shibata et al., 1989).

Drogas de agéo central, como analgésicos opioides, inibem ambas as fases do
teste de formalina, porém drogas de acdo periférica, como anti-inflamatorios, s6 sao

eficazes na segunda fase (Mohammadifard e Alimohammadi, 2018; Somchit et al.,
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2004; Shibata et al., 1989). Nossos resultados mostraram que 0 OE A. cearensis reduziu
a resposta dolorosa de ambas as fases do teste de formalina de forma dose-dependente,
mostrando um efeito antinociceptivo nos niveis central e periférico, o que também
implica que o Oleo essencial tem ndo apenas antinociceptivo, mas também anti-
inflamatorio.

Os possiveis mecanismos pelos quais 0 OE A. cearensis produz um efeito
antinociceptivo foram investigados. O antagonista Naloxona (5 mg/kg, i.p) néo alterou
o efeito antinociceptivo do OE A. cearensis (100 mg/kg) em ambas as fases do teste,
porém reverteu o efeito da morfina (10 mg/kg, i.p) (Figura 3A e B). O efeito reverso foi
verificado com atropina (5 mg/kg, i.p.) que inibiu o efeito antinociceptivo do OE A.
cearensis (100 mg/kg) e do agonista Acetilcolina (1 mg/kg) em ambas as fases (Figura
4A e B). A cafeina (10 mg/kg, i.p.) também reverteu o efeito antinociceptivo do OE A.
cearensis e do agonista Adenosina (100 mg/kg) em ambas as fases (Figura 5A e B). O
antagonista Haloperidol (1 mg/kg) inibiu o efeito antinociceptivo do agonista
apomorfina (8 mg/kg), porém ndo alterou o efeito do OE A. cearensis (Figura 6A e B).
Glibenclamida (10 mg/kg) mostrou ter a capacidade de inibir significativamente o efeito
antinociceptivo do dleo essencial e do agonista Diazoxido (3 mg/kg) (Figura 7A e B).
Com base nos resultados obtidos, é possivel afirmar que o 6leo essencial de A. cearensis
possui efeito antinociceptivo em nivel central e periférico, tendo como mecanismos de
acao os sistemas colinérgicos, adenosinérgicos e canais de potassio sensiveis a ATP (K-
ATP).

Do ponto de vista mecanicista, a atividade antinociceptiva do OE A. cearensis
pode ser atribuida aos inUmeros constituintes quimicos presentes em sua composicao, 0s
quais sdo capazes de exercer efeitos antinociceptivos por meio de diversos mecanismos.
Santos et al. (2005) verificaram que o 6leo essencial de Croton sonderianus possui em
sua composicdo biciclogermacreno e (E)-cariofileno, e tem efeito antinociceptivo com
mecanismo de agdo relacionado a canais de potassio sensiveis a ATP (K+ATP).
Saldanha et al. (2019) investigaram a composi¢do quimica do Oleo essencial de
Duguetia furfuracea e efeito antinociceptivo, sendo observados efeitos antinociceptivos
em ambas as fases no teste de formalina, tendo como mecanismo de agéo os sistemas
adenosinérgico e opioidérgico, tendo o 6leo os compostos biciclogermacreno e E-
cariofileno em comum com EO A. cearensis. O cariofileno, que tem efeitos potentes

contra a dor aguda e neuropética, pode atuar nos canais de K+, ou como agonista



99

seletivo dos receptores CB2, induzindo a liberacdo de precursores de queratindcitos
peptidicos enddgenos B-endorfinas, levando a ativagdo de receptores p-opidides nos
queratindcitos. neurdnios aferentes primarios e, consequentemente, analgesia (Paula-
Freire et al., 2014).

Outros estudos foram realizados a fim de verificar os possiveis mecanismos de
acdo dos componentes isolados do 6leo essencial de Amburana cearensis, bem como
verificar se ha efeitos cumulativos aos antagonistas desses compostos tanto no efeito
antinocicetipo, quanto como nos mecanismos de acdo (Mohammadifard e
Alimohammadi, 2018; Hossain et al., 2015; Paula-Freire et al., 2014).

3.2.3. Atividade anti-inflamatoria
3.2.3.1.Edema de pata induzido por carragenina

Os resultados relacionados a atividade anti-inflamatéria sdo mostrados na Figura
8. Na figura 8A é possivel observar que o OE A. cearensis teve efeito anti-inflamatdrio
com reducdo do edema de pata em todas as doses testadas, de forma dose-dependente
maneira, mostrando um efeito superior a indometacina mesmo no intervalo de 1, 2 e 3, e
estatisticamente igual no intervalo de 4 e 5 horas do teste. A resposta inflamatoria total
medida como area sob a curva (AUC) foi significativamente reduzida em camundongos
tratados como EO A. cerarensis em dose dependente, reduzindo a AUC em 77,09%,
93,12 e 98,11% nas doses de 25, 50 e 100 mg /kg, respectivamente, em relacdo ao grupo
controle, enquanto a droga indometacina reduziu a AUC em 64,38%, também em
relacdo ao grupo controle (Figura 8B)

A resposta inflamatéria induzida pela injecdo de carragenina pode ser
caracterizada em duas fases, na primeira ocorre a liberagcdo de varios marcadores pro-
inflamatorios e inicialmente ocorre a liberacdo de histamina, serotonina e bradicinina,
seguida pela segunda fase onde ocorre uma maior atividade de COX e As atividades da
sintase do Oxido nitrico aumentam, o pico de liberagdo de moléculas pré-inflamatorias
ocorre 2 horas apds a injecdo, esse processo resultard em exsudacdo plasmatica e
migracdo celular (Mckim et al., 2016; Seibert et al. 1994). Como nossos resultados
mostraram que o EO A. cearensis reduziu a formacdo de edema durante 5 horas
seguidas, isso sugere que as moléculas do 6leo essencial podem inibir mais de uma via
de sinalizagéo celular.

O efeito antioxidante de produtos naturais como 0s Oleos essenciais esta

associado a uma marcada atividade anti-inflamatdria, como a inibi¢do da producéo de
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diferentes citocinas, como fator de necrose tumoral-a (TNF-a) e interleucinas IL-6, IL -
1B e IL-13, metaloproteinases (ex: MMP-9), enzimas inflamatorias (ex: COX-2, iNOS,
5-LOX), moléculas de adesdo de diapedese (ex: ICAM-1, VCAM-1), quimiocinas ( ex:
MIP-1, MIP-2) supressdo da expressdo do receptor-4 toll-like (TLR4) e ativacdo do
fator nuclear do fator de transcricdo-kB (NF«kB), entre outros (Borges et al., 2018;
Arulselvan et al. , 2016).

A composicdo do 6leo essencial reflete nas atividades bioldgicas que eles podem
induzir e espera-se que as concentragdes dos compostos majoritarios sejam
proporcionais a amplitude da atividade bioldgica induzida. No entanto, a atividade dos
compostos principais pode ser modulada pelos outros compostos menores (Mancianti e
Ebani, 2020). O efeito anti-inflamatdrio do OE A. cearensis pode ser atribuido ao efeito
sinérgico de todos os constituintes quimicos do Oleo essencial, principalmente os
compostos principais. No presente estudo, a alta concentracdo de sesquiterpenos pode
explicar a alta atividade anti-inflamatéria (S& et al., 2015). Makabe et al., (2006)
relataram que a germacrona apresenta potente atividade anti-inflamatoéria in vivo,
mesmo em baixa concentragdo. O cariofileno é um dos principios ativos do anti-
inflamatério Acheflan® utilizado para processos inflamatdrios agudos e crénicos,
apresentando notoria atividade isolada ou combinada como no 6leo essencial de Cordia
verbenacea (Passos et al.,, 2007). Saldanha et al. (2019) descobriram que EO D.
furfuracea tem efeito anti-inflamatorio dose-dependente no edema de pata, além de
promover a inibicdo da producdo do fator de necrose tumoral alfa (TNF-a),
recrutamento de leucdcitos polimorfonucleares (PMN) e éxido nitrico sintase induzivel
(INOS), apresentando em comum com o OE A. cearensis a presenga dos constituintes
majoritarios biciclogermacreno (16,7%) e cariofileno (4,6%).

3.2.3.2.Edema de pata induzido por histamina

Os resultados relacionados ao teste de edema de pata induzido por histamina sao
mostrados na Figura 9. Na Figura 9A observa-se que o OE A. cearensis apresentou
atividade anti-inflamatoria com reducdo do edema de pata em todas as doses testadas,
de forma dose-dependente. Nas concentracOes de 50 e 100 mg/kg, o EO A. cearensis
apresentou efeito estatisticamente superior em relagdo a prometazina padrdo em
intervalos de tempo de 1, 2, 3 e 4 horas. A conversdo dos valores em area sob a curva
(AUC) mostrou que o 6leo essencial foi eficaz no combate ao processo inflamatorio ao
longo do tratamento, reduzindo a AUC em 66,67%, 80,60 e 94,84% nas doses de 25, 50
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e 100 mg/kg, respectivamente, em relacdo ao grupo controle. A administracdo oral de
prometazina, antagonista do receptor de histamina 1 (H1), preveniu significativamente a
formacdo de edema de pata com AUC em 63,08%, também em relacdo ao grupo
controle (Figura 9B). Foi demonstrado que o0 Oleo essencial apresentou atividade
superior ao farmaco padrdo nas doses de 50 e 100 mg/kg, e estatisticamente igual na
dose de 25 mg/kg.

A histamina é uma amina vasoativa originada da descarboxilacdo do aminoécido
histidina pela enzima histidina descarboxilase. E produzida por mastécitos adjacentes
aos vasos e placas adjacentes a eles, estando entre as primeiras moléculas liberadas apds
a inducéo do processo inflamatorio (Toriyabe et al., 2004; MacGlashan, 2003; Buske,
1996). Sua liberacdo ocorre pelo processo de exocitose durante reaces alérgicas ou
inflamatdrias por meio da interacdo de antigenos com IgE nos mastocitos e fatores do
sistema complemento (C3a e Cb5a). Apds lesdo tecidual ou em resposta ao estresse, a
histamina armazenada em granulos basofilicos e plaquetas é liberada na corrente
sanguinea, concomitantemente a degranulacdo dos mastocitos (Criado et al., 2010;
Maintz et al., 2007; Feitosa et al., 2002).

A administracdo intraplantar de histamina induz edema principalmente por sua
acao nos receptores H1 no tecido vascular, resultando em aumento da vasodilatacéo e
permeabilidade vascular, permitindo o extravasamento de fluidos e proteinas do sangue
para 0s espacos entre os tecidos, resultando na formacdo de edema (Ghosh et al., 2015;
Criado et al., 2010; Toriyabe et al., 2004). De fato, o OE A. cearensis reduz
significativamente a formacdo de edema induzido pela administracdo intraplantar de
histamina, suprimindo a liberacdo de histamina de mastocitos, baséfilos ou plaquetas
durante a fase aguda, possivelmente por antagonismo dos receptores de histamina.

Oleos essenciais com atividade anti-histaminica observada pelo EO A. cearensis
tém sido relatados. Santos e Rao (1997) mostraram que o 1,8-cineol, um composto
muito presente em diversos 0Oleos essenciais, foi capaz de reduzir o edema de pata
causado pela histamina, tendo como mecanismos de agéo a redugdo da degranulagéo
dos mastocitos e a reducdo da acdo da histamina. Oliveira-Tintino et al. (2018)
mostraram que o Gleo essencial de Croton campestris possui constituintes quimicos em
comum com o OE A. cearensis, como [-cariofileno e germacreno-D, e tem efeito anti-
histaminico no modelo de edema de pata induzido por histamina, como observado em

este estudo. Martins et al. (2017) observaram que o 6leo essencial de Croton



102

rhamnifolioides possui efeito anti-histaminico, sendo o p-cariofileno um dos
constituintes do Oleo essencial. De Oliveira et al. (2021) investigaram o efeito
antiedematogénico do dleo essencial obtido das folhas de Lantana montevidensis,
observando alta atividade nos modelos de edema de pata induzido por carragenina,
dextrana, histamina ou acido araquiddnico, com efeito anti-histaminico. A composi¢édo
quimica do Oleo essencial mostrou a presenca de biciclogermacreno (16,35%), (E)-
cariofileno (12,84%) e germacreno D (12,18%) como constituintes majoritarios do 6leo
essencial, comuns ao OE A. cearensis.

Embora existam dados na literatura que demonstrem o potencial anti-histaminico
de Oleos essenciais que possuem constituintes quimicos em comum com o OE A.
cearensis, ndo ha dados que indiquem essa atividade pela germacrona, sendo
necessarios mais estudos para elucidar os mecanismos de acao.

3.2.3.3.Peritonite induzida por carragenina

Os resultados da infiltracdo de leucocitos e neutrofilos sdo apresentados na
tabela 2. Ao analisar o exsudato peritoneal, é possivel observar que o tratamento com
OE A. cearensis inibiu significativamente a infiltracdo de leucdcitos e neutréfilos nas
doses de 25, 50 e 100 mg/ kg de forma dose-dependente em comparacdo com 0 grupo
controle. No tratamento com o 6leo essencial na dose de 100 mg/kg, os niveis de
leucdcitos e neutrofilos foram estatisticamente iguais aos do grupo sham. Os animais
tratados com o antiinflamatério ndo esteroidal indometacina também apresentaram
reducdo nos niveis de infiltrado celular, em relacdo ao grupo controle. No entanto, a
atividade foi inferior a do OE A. cearensis.

Na dosagem de citocinas no lavado peritoneal, observou-se reducéo significativa
nos niveis de TNF-a e IL-1p nos grupos tratados como OE A. cearensis, onde nas doses
de 25, 50 e 100 mg/kg o 6leo reduziu os niveis de TNF-a em 55,22%, 70,60% e 81,84%
em relacdo ao grupo veiculo. Os niveis de IL-1p também foram reduzidos em 59,26%,
68,93% e 76,35% em relacdo ao grupo veiculo, nas respectivas doses (Figura 10A e B).
O padrdo de indometacina também reduziu estatisticamente os niveis de TNF-a e IL-13
em 30,25% e 67,24%, respectivamente, em relacdo ao grupo controle (Figura 10A e B).
Observou-se que na dose de 50 mg/kg, o OE A. cearensis apresentou estatisticamente a
mesma reducdo que o farmaco padrdo indometacina, porém, na dose de 100 mg/kg, a
atividade foi superior ao farmaco, apresentando estatisticamente valores significativos

de citocinas. igual ao grupo sham.
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O modelo de peritonite induzida por carragenina tem sido amplamente utilizado
para investigar o efeito anti-inflamatorio de compostos. Nesse modelo, hd aumento da
permeabilidade vascular peritoneal, migracdo celular representada principalmente pelo
influxo de leucdcitos e neutrofilos e alteragdes na producao de citocinas (Martins et al.,
2017; Campos e Calixto, 2000). Os neutrofilos estdo disponiveis nos leucocitos
circulantes e proporcionam um mecanismo de defesa de primeira linha contra agentes
infecciosos ou nocivos, desempenhando um papel importante na defesa do hospedeiro
contra todas as classes de agentes infecciosos, além de estarem envolvidos em indmeras
patologias de condi¢des inflamatorias (De Veras et al., 2021; Barreto et al., 2016; Laveti
et al., 2013; Kolaczkowska e Kubes, 2013). Quando recrutados, os neutréfilos séo
capazes de produzir citocinas que estdo associadas na patologia da inflamacdo, expondo
o tecido do hospedeiro a causar efeitos deletérios (Kolaczkowska e Kubes, 2013;
Campos e Calixto, 2000).

O recrutamento de leucdcitos é um passo essencial no desenvolvimento da
inflamagdo. Em resposta a estimulos nocivos, as células residentes liberam citocinas
(TNF-a, IL-1B e IL-6), quimiocinas (CXCL8 (KC) e CCL2 (MCP-1)) e mediadores
lipidicos (Leucotrieno B4 (LTB4) e PGE2), que iniciam alteracdes locais envolvidas na
migracdo de leucdcitos (Oliveira-Tintino et al., 2018; Barreto et al., 2016;
Kolaczkowska e Kubes, 2013).

Neste trabalho, demonstramos que um pré-tratamento oral com OE A. cearensis
inibiu significativamente o nimero de leucdcitos totais e neutrofilos, além de reduzir os
niveis de TNF-a e IL-1B na cavidade abdominal de animais estimulados com
carragenina, demonstrando a eficdcia durante uma resposta inflamatéria aguda.
Corroborando esses dados, 6leos essenciais contendo constituintes quimicos em comum
com OE A. cearensis tém sido descritos como tendo efeitos anti-inflamatorios mediando
citocinas inflamatorias e infiltracdo celular. De Veras et al. (2021) verificaram que 0
oleo essencial de Verbesina macrophylla tem efeito anti-inflamatorio por reduzir os
niveis de TNF-a e IL-1pB, tendo o 6leo essencial em sua composi¢do 0s compostos
germacreno D, biciclogermacreno e (E)-cariofileno. Oliveira-Tintino et al. (2018)
observaram que o 6leo essencial de Croton campestres e um de seus principais
constituintes, B-cariofileno, reduzem a infiltracdo de linfécitos no modelo de peritonite
induzida por carragenina. Valer et al. (2016) verificaram que o 0leo essencial de Croton

zehntneri reduz a migracao intrapleural de leucdcitos induzida pela carragenina, e essa
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redugdo estd associada ao B-cariofileno na composicdo quimica do 6leo essencial. O

6leo essencial de Croton argyrophyllus reduziu significativamente o numero de

leucdcitos em relacdo ao controle na peritonite induzida por carragenina, apresentando

este 6leo o biciclogermacreno como constituinte quimico (Ramos et al., 2013).
3.2.3.4.Atividade antipirética

Conforme mostrado na Tabela 3, camundongos injetados com suspensdo de
levedura de cerveja (20%, 20 mL/kg, s.c.) apresentaram temperatura corporal retal
elevada quando medida 18 h apos a injecao de levedura. Os camundongos tratados com
OE A. cearensis nas doses de 25, 50 e 100 mg/kg apresentaram reducdo da temperatura
logo ap6s 1 h de tratamento oral, restabelecendo a temperatura basal dos animais. 1sso
foi comparavel a resposta apresentada pela dipirona (100 mg/kg), tanto em termos de
inicio quanto de resposta (Tabela 3).

A febre é uma resposta fisioldgica complexa coordenada pelo sistema nervoso
central, que induz a ativacdo de mecanismos endocrinos e imunoldgicos, entre outros
sistemas do corpo, desencadeados por agentes infecciosos ou tecidos lesados (Walter et
al., 2016). O aumento da temperatura corporal ocorre por meio da sintese e liberacao de
citocinas pro-inflamatorias, como interleucinas (por exemplo, IL-1p, IL-6) e fator de
necrose tumoral-a (TNF-a), que posteriormente causara a produgdo de prostaglandinas
E2 (PGE2) que sinaliza ao hipotadlamo para aumentar a temperatura corporal (Evans et
al., 2015).

A partir dos resultados aqui obtidos, o 6leo essencial teve um efeito antipirético
dose-dependente significativo, comparavel a dipirona e é possivel afirmar que o 6leo
essencial de A. cearensis tem impactos no sistema nervoso central, considerando que
seus constituintes quimicos (ex. cariofileno) exercem algum efeito inibitério sobre a
COX-3, o que diminui a quantidade de prostaglandina PGE2 na regido hipotalamica do
cérebro e, portanto, reduz a hipertermia (De Veras et al., 2021; Paula-Freire et al., 2014;
Park e outros, 2011). No entanto, € possivel que haja interacdo entre 0s componentes
ativos do 6leo essencial, de modo que possa resultar em alguns efeitos sinérgicos ou
antagbnicos que possam interferir nas atividades farmacocinéticas e farmacodinamicas
dos principios ativos. Portanto, é necessario avaliar os mecanismos que podem estar
envolvidos na atividade do OE A. cearensis.

4. Conclusoes
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Os dados obtidos confirmaram as propriedades etnofarmacoldgica do uso de A.
cearensis na medicina tradicional para dor, inflamacdo e febre. O teste de toxicidade
aguda e a determinacéo da DLso do dleo essencial de A. cearensis demonstraram que
ndo apresenta mortalidade até a concentracdo de 2.000 mg/kg; p.o. 0 que comprova a
relativa seguranca do 6leo essencial em exposi¢do aguda. Portanto, concluimos que esta
planta se apresenta como uma fonte promissora de metabdlitos secundarios com

potencial uso no tratamento da dor e inflamagé&o.
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Tabelas

Tabela 1 — Efeito do 6leo essencial de Amburana cearensis (EO A. cearensis) em teste

de toxicidade aguda.

Dose Alteracdes de N° de animais Mortalidade
Tratamento
(mg/kg) comportamento mortos (M/T) (%)
5 Nenhum 0/3 0.00
OE A. 50 Nenhum 0/3 0.00
cearensis 300 Nenhum 0/3 0.00
2.000 Nenhum 0/3 0.00

M/T: nimero de camundongos mortos/nimero de camundongos tratados. Nenhum:

nenhum sintoma de toxicidade observado durante o periodo de observacéo.

Tabela 2 — Efeito do 6leo essencial de Amburana cearensis (OE A. cearensis) e
Indometacina (20 mg/kg) na migracédo de leucdcitos totais e neutrofilos quantificados na

lavagem peritoneal de camundongos com peritonite induzida por carragenina.

Tratamento Dose Leucocitos Neutrofilos
(mg/kg)  (10°mL/ Cavidade) (106 mL/ Cavidade)

Sham - 2,000,70° 0,800,442

Veiculo - 11,60+0,14¢ 7,80+0,83¢

Indometacina 20 5,20+0,83" 2,40+0,89°

25 7,20+0,83° 4,60+0,89°

OE A. cearensis 50 4,40+0,54° 2,60+0,54°

100 2,60+0,542 1,000,702

Todos os resultados foram expressos como média + desvio padrdo (DP) (n=6).
abed) etras diferentes significam diferenca estatistica, ANOVA unidirecional seguida de

Teste de Bonferroni.



Tabela 3 — Atividade antipirética do 6leo essencial de Amburana cearensis (OE A. cearensis) e Dipirona (100 mg/kg) sobre pirexia induzida por

levedura de cerveja em diferentes tempos (h).

Temperatura real (°C) em diferentes tempos em horas (h)

Dose
Tratamento Antes do tratamento Depois do tratamento
(mg/kg)
18 h Oh 1h 2h 3h 4h
Veiculo - 36,47+0,16 38,64+0,20 38,71+0,06° 38,81+0,08° 38,82+0,04° 38,93+0,07"
Dipirona 100 36,45+0,11 38,88+0,24 36,60+0,15% 36,68+0,13% 36,71+0,16% 36,43+0,09%
25 36,62+0,22 38,66+0,32 37,31+0,13° 37,30+0,14° 36,68+0,15% 36,50+0,11°
OE A. cearensis 50 36,52+0,17 38,73+0,34 36,85+0,18? 36,95+0,11° 36,46+0,16% 36,41+0,13?
100 36,55+0,19 38,82+0,12 36,61+0,10% 36,53+0,12% 36,51+0,15% 36,31+0,172

Todos os resultados foram expressos como média + desvio padrdo (DP) (n=6). ®“Letras diferentes significam diferenca estatistica, ANOVA

unidirecional seguida de Teste de Bonferroni.
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Figuras
Figura 1 - Efeito do 6leo essencial de Amburana cearensis (OE A. cearensis), Morfina (10 mg/kg) e Indometacina (20 mg/kg) nas contorc¢des

induzidas por &cido acético intraperitoneal em camundongos.
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Todos os resultados foram expressos como média + desvio padrdo (DP) (n=6). ®%Letras diferentes significam diferenca estatistica, ANOVA

unidirecional seguida de Teste de Bonferroni.
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Figura 2 — Efeitos do 06leo essencial de Amburana cearensis (OE A. cearensis), Indometacina (20 mg/kg) e Morfina (10 mg/kg) na primeira (0-5

min) e segunda (15-30 min) fase em formalina- nocicepgédo induzida (2,5% v/v; i.p.l.).
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Todos os resultados foram expressos como média + desvio padrdo (DP) (n=6). ®“Letras diferentes significam diferenca estatistica, ANOVA

unidirecional seguida de Teste de Bonferroni.



120

Figura 3 — Efeitos do 0leo essencial de Amburana cearensis (OEAc 100 mg/kg) em receptores opiodides na primeira (0-5 min) e segunda (15-30
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Todos os resultados foram expressos como média + desvio padrio (DP) (n=6). ®“Letras diferentes significam diferenca estatistica, ANOVA

unidirecional seguida de Teste de Bonferroni.
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Figura 4 — Efeitos do 6leo essencial de Amburana cearensis (OEAc 100 mg/kg) sobre o sistema colinérgico na primeira (0-5 min) e segunda

(15-30 min) fases na nocicepgéo induzida por formalina (2,5% v/v; i.p.l.).
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Todos os resultados foram expressos como média + desvio padrdo (DP) (n=6). ®“Letras diferentes significam diferenca estatistica, ANOVA

unidirecional seguida de Teste de Bonferroni.
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Figura 5 — Efeitos do 6leo essencial de Amburana cearensis (OEAc 100 mg/kg) no sistema adenosinérgico na primeira (0-5 min) e na segunda
(15-30 min) fases na nocicepcdo induzida por formalina (2,5% v/v; i.p.lL.).
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Todos os resultados foram expressos como média + desvio padrdo (DP) (n=6). ®“Letras diferentes significam diferenca estatistica, ANOVA

unidirecional seguida de Teste de Bonferroni.
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Figura 6 — Efeitos do 6leo essencial de Amburana cearensis (OEAc 100 mg/kg) sobre o sistema dopaminérgico na primeira (0-5 min) e segunda
(15-30 min) fases na nocicep¢ao induzida por formalina (2,5% v/v; i.p.l.).
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Todos os resultados foram expressos como média + desvio padrio (DP) (n=6). ®“Letras diferentes significam diferenca estatistica, ANOVA

unidirecional seguida de Teste de Bonferroni.
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Figura 7 — Efeitos do 6leo essencial de Amburana cearensis (OEAc 100 mg/kg) em canais de potassio sensiveis a ATP (K-ATP) na primeira (0-
5 min) e segunda (15-30 min) fase na nocicepgdo induzida por formalina (2,5 % v/v; i.p.L.).
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Todos os resultados foram expressos como média + desvio padrdo (DP) (n=6). ®“Letras diferentes significam diferenca estatistica, ANOVA

unidirecional seguida de Teste de Bonferroni.
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Figura 8 — Efeito do 6leo essencial de Amburana cearensis (EO A. cearensis) e
Indometacina (20 mg/kg) no edema de pata induzido por carragenina em camundongos.
A) Os resultados expressam a diferenca entre o volume da pata (mm) ao longo do
tratamento e e (B) as respostas totais de edema, medidas como Area sob a curva (AUC)

dos grupos tratados.
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Todos os resultados foram expressos como média + desvio padrdo (DP) (n=6).
abed) etras diferentes significam diferenca estatistica, ANOVA unidirecional seguida de

Teste de Bonferroni.



126

Figura 9 — Efeito do 6leo essencial de Amburana cearensis (OE A. cearensis) e
Prometazina (6 mg/kg) no edema de pata induzido por histamina em camundongos. A)
Os resultados expressam a diferenca entre o volume da pata (mm) ao longo do
tratamento e (B) as respostas totais de edema, medidas como Area sob a curva (AUC)
dos grupos tratados.
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Todos os resultados foram expressos como média + desvio padrdo (DP) (n=6).
abed) etras diferentes significam diferenca estatistica, ANOVA unidirecional seguida de

Teste de Bonferroni.
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Figura 10 — Efeito do 06leo essencial de Amburana cearensis (OE A. cearensis) e
Indometacina (20 mg/kg) sobre os niveis de TNF-a e IL-1f na peritonite induzida por

carragenina em camundongos.
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Todos os resultados foram expressos como média + desvio padrdo (DP) (n=6).
abed) etras diferentes significam diferenca estatistica, ANOVA unidirecional seguida de

Teste de Bonferroni.
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6 CONCLUSOES

v A metodologia empregada possibilitou a obtencdo do O6leo essencial,
proporcionando um rendimento de 0,42+0,03%, tendo o 6leo uma composicéo
quimica heterogénea, contendo aproximadamente 25 constituintes quimicos,
com maior teor dos compostos germacrone (46,76+0,15%), germacreno B
(17,74+0,06%), (E)-cariofileno  (5,55+0,04 %) e biciclogermacreno
(4,13+0,03%).

v" Os dados revelam que o 6leo essencial apresenta atividade antioxidante nos
métodos dos radicais DPPH, ABTS, OH e O%, podendo essa mistura ser
utilizada em alimentos, medicamentos ou suplementos, mediante seus possiveis
efeitos benéficos, entretanto, estudos mais aprofundados devem ser realizados a
fim de comprovar essas atividades em sistemas biolégicos in vivo.

v Os dados demostram que Oleo essencial de folhas de A. cearensis apresenta
atividade antibacteriana e antifingica, apresentando efeitos sob bactérias gram
positivas e gram negativas, além de fungos de importancia clinica. No entanto,
estudos mais aprofundados devem ser realizados para verificar os possiveis
mecanismos da atividade antimicrobiana do 6leo essencial.

v 0 6leo essencial possui efeito modulador sinérgico dos antibiéticos amoxicilina
e do fluconazol, podendo a mistura quimica ser utilizada na pratica clinica como
adjuvante para combater patdgenos aos quais 0os farmacos disponiveis nédo
apresentam mais efeitos terapéuticos. No entanto, estudos devem ser realizados
para averiguar sua eficécia clinica in vivo.

v' Os resultados aqui apresentados revelam a utilizacdo segura do OE de A.
cearensis, o qual ndo produziu nenum sinal de toxicidade até a concentracdo de
2.000 mg/kg.

v' Os dados obtidos indicam que o 6leo essencial possui efeito analgésico
(antinociceptivo), atuando a niveis central e periférico da dor, com efeito dose-
dependente, e tendo como mecanismos farmacoldgicos os sistemas colinérgicos,
adenosinérgicos e canais de potassio sensiveis a ATP (K-ATP). No entanto,
estudos devem ser realizados para investigar possiveis efeitos colaterais, ou

potencializacdo dos seus efeitos com analgésicos ja utilizados na pratica clinica.
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v" Os dados obtidos revelam que o 6leo essencial possui efeito inflamatério em
todas as doses testadas, atuando sobre diferentes vias, como exemplo, a reducéo
de citocinas inflamatorias e migracao de leucdcitos e neutrofilos.

v Os resultados sugerem que o 6leo essencial apresenta efeitos anti-histaminico e
antipirético. No entanto, estudos devem ser realizados para investigar seus
possiveis mecanismos farmacol6gicos.

v' Os resultados obtidos corroboram as propriedades terapéutica medicinal
associada a Amburana cearensis, e fornecem elementos para o desenvolvimento
de novos agentes antioxidante, antimicrobiano, modulador, anti-inflamatdrio,

antinociceptivo e antipirético.
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Antioxidant, antimicrobial and modulatory activity of essential oil from leaves of

Amburana cearensis (Alleméo) A.C. Smith from northeast Brazil

Amburana cearensis is a medicinal plant with wide distribution in South America. The
aim of this study was to investigate chemical composition and biological (antioxidant,
antimicrobial and modulatory activity) activities of essential oil of A. cearensis. The
chemical components were analyzed by Chromatography Coupled to Mass
Spectrometry (GC-MS) and Flame lonization Detector (CG-FID). Twenty-five
constituents were identified in the essential oil, germacrone (45.76+0.15%), germacrene
B (17.74x0.06%), (E)-caryophyllene (5.55+0.04%) and bicyclogermacrene
(4.13£0.03%) being the ones with the highest levels. The essential oil showed an
antioxidant effect with 1Csg values ranging from 183.89 to 324.86 pug/mL. Antimicrobial
activity with MIC ranging from 64 to 1024 pg/mL. It observed synergistic effect with
Fluconazole and Amoxicillin, on fungi and bacteria, respectively. The data obtained
suggest that the essential oil can be used as a therapeutic tool for the treatment of

infections alone or in combination with conventional antibiotics.

Keywords: Infections, germacrone, antimicrobial, synergistic potential, natural product.

1. INTRODUCTION

Plants produce essential oils to execute several functions, including protection
against herbivores, defense against pathogens, attraction of pollinators, and protection
against oxidative stress (Ahmed et al., 2017; Sharifi-Rad et al., 2017). Essential oils and
some of their constituents have high economic value, having applications in agriculture
as preservers and additives for human or animal use, in cosmetics and perfumes, and in
other industrial fields (Jamshidi-Kia et al., 2018). The diversity of compounds that
compose essential oils permits the existence of different biological responses (Tariq et
al., 2019).

The use of herbal medicines can promote beneficial effects on human health,
being used indirectly, covering more than 80% of the world population that use plants
or products that come from them to prevent various diseases. In phytotherapy, essential
oils are applied in medicine for the promotion of health and welfare. The structural
diversity of the compounds, is a positive contributor to the existence of different
medicinal properties (Ahmed et al., 2017; Jamshidi-Kia et al., 2018; Veras et al., 2020).
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Amburana cearensis (Allemdo) A.C. Smith (Fabaceae) is a plant with
distribution in South America (Argentina, Bolivia, Brazil and Paraguay). In Brazil, it
has a wide distribution in the semi-arid region, known in particular as "cumaru",
"cumaru de cheiro”, "imburana”, “imburana de cheiro”, "amburana”, “"amburana de
cheiro" or “cerejeira”, being exploited commercially for its noble wood, used in the
manufacture of luxury furniture (Macedo et al., 2018). A. cearensis is considered an
important medicinal plant in ethnobotanical studies, as it possesses curative powers for
several diseases (Canuto et al., 2014; Macedo et al., 2018). The stem barks are
extensively used in traditional medicine for the treatment of colds, bronchitis, flu,
asthma, against pain, analgesic, and spasmolytic (Oliveira et al., 2021).

In this context, this study aimed to investigate the first report of the chemical
composition of essential oil of leaves from Amburana cearensis, and evaluate its
antioxidant, antimicrobial activity, and modulatory effect with conventional antibiotics
(Amoxicillin and Fluconazole).

2. RESULTS AND DISCUSSIONS
2.1.Chemical composition

The leaves of A. cearensis (Allemao) A.C. Smith were collected in countryside
of Lagoa Grande, in the state of Pernambuco-PE Brazil. The essential oil was obtained
by hydrodistillation (HD), and subsequently analyzed regarding chemical composition
in Chromatography Coupled to Mass Spectrometry (GC-MS) and Flame lonization
Detector (CG-FID) (Veras et al., 2020). The Hydrodistillation (HD) of leaves of A.
cearensis resulted in the essential oil with a yield of 0.42+0.03% (w/w) with
identification of 95.21% of its chemical constituents. The majoritarian quantified
components were germacrone (45.76+0.15%), germacrene B (17.74+0.06%), (E)-
caryophyllene (5.55+£0.04%) and bicyclogermacrene (4.13+0.03%) (Table S1).

The essential oil has bioactive compounds in its composition, including
germacrene, which has antiviral (Liao et al., 2013), insecticide (Benelli et al., 2017),
antitumor (Ye et al., 2017), antioxidant and neuroprotective (Wu et al., 2019), anti-
inflammatory, antibacterial and antitumor (Zhang et al., 2017).

2.2.Antioxidant activities

The essential oil showed an antioxidant effect in all the techniques used,
presenting ICso values of 298.23+0.11 pg/mL and 183.89+0.12 in the ABTS and DPPH
and techniques, respectively, and sequestration tests for the superoxide (0%) and
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hydroxyl (OH") radicals showed ICso values of 234.38+£0.12 and 324.86+0.49 pg/mL,
respectively (Table S2). Representing almost half of the chemical composition of the
essential oil of A. cearensis, the germacrone is an oxygenated sesquitepernoide which
had its antioxidant role mainly related to cyclic ketone germacrone (Zeljkovi¢ et al.,
2017). Although EO A. cearensis is a complex chemical mixture, it may become an
alternative source of natural antioxidant based on its potential and use of its raw form in
food, edible and pharmaceutical products, among others, which aim to counteract
damages arising from oxidative stress, and that promote an improvement in people's
quality of life (Figueiredo et al., 2019).
2.3.Antimicrobial activity

The essential oil presented effective antibacterial activity against strains of
Staphylococcus aureus ATCC 6538, S. aureus UFPEDA-709, Pseudomonas aeruginosa
ATCC 9027, P. aeruginosa UFPEDA-39, Escherichia coli ATCC 8739, E. coli
UFPEDA- 224, Klebsiella pneumoniae ATCC 700603, K. pneumoniae UFPEDA-396,
Candida albicans ATCC 10231, C. albicans ATCC 10261, C. albicans URM-UFPE
6366, C. albicans URM-UFPE 6542 and C. albicans URM-UFPE 5788 with MIC
values ranging from 64 to 1024 ug/mL (Table S3). As noted above, the difference
between the antimicrobial activities by the essential oil is explained by the diversity in
composition, and the interaction of each component in the target microorganism, as
observed by Khoury et al. (2019).

2.4.Evaluation of the modulating effect

The essential oil was investigated for possible synergistic effect combined with
amoxicillin and fluconazole. It was observed that the essential oil showed a potential
synergistic effect when combined with amoxicillin (Table S4) promoting an 8-fold
reduction in MICs values in S. aureus ATCC 6538, and a 4-fold reduction in S. aureus
UFPEDA-709 and P. aeruginosa ATCC 9027. It was possible to verify the 4-fold
decrease in MICs values of fluconazole when combined with essential oil in the strain
of C. albicans URM-UFPE 5788 (Table S4). Resistance to antibiotics used in clinical
practice has become a major challenge for the treatment of bacterial and fungal
infections. Several studies have been carried out to investigate the potential of essential
oils to act as adjuvants in clinical practice with antibiotics already available (Tariq et al.,

2019). The data obtained from the essential oil of A. cearensis indicate that it has
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potential for application, however, further studies are needed to understand its possible
mechanisms of action, as well as its effectiveness on other organisms.
3. CONCLUSION

This work values A. cearensis as an endangered species that is little explored
from a biological and pharmacological point of view. The essential oil presented as
major constituents germacrone (45.76+0.15%), germacrene B (17.74+0.06%), (E)-
caryophyllene (5.55+0.04%) and bicyclogermacrene ( 4.13+0.03%), with antimicrobial,
antioxidant and antibiotic modulating effects. Essential oil can be used as a natural
source of antioxidant and antimicrobial agents to avoid economic losses, reducing the
health risks of microbial pathogens, such as bacteria resistant to several antibiotics,
making it a candidate for the development of new drugs.
SUPPLEMENTARY MATERIAL

Experimental related to this article are available online.
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Abstract:

Amburana cearensis is a medicinal plant with wide distribution in South America. The
aim of this study was to investigate chemical composition and biological (antioxidant,
antimicrobial and modulatory activity) activities of essential oil of A. cearensis. The
chemical components were analyzed by Chromatography Coupled to Mass
Spectrometry (GC-MS) and Flame lonization Detector (CG-FID). Twenty-five
constituents were identified in the essential oil, germacrone (45.76+£0.15%), germacrene
B (17.74+0.06%), (E)-caryophyllene (5.55+£0.04%) and bicyclogermacrene
(4.13+0.03%) being the ones with the highest levels. The essential oil showed an
antioxidant effect with 1Csg values ranging from 183.89 to 324.86 pug/mL. Antimicrobial
activity with MIC ranging from 64 to 1024 pg/mL. It observed synergistic effect with
Fluconazole and Amoxicillin, on fungi and bacteria, respectively. The data obtained
suggest that the essential oil can be used as a therapeutic tool for the treatment of

infections alone or in combination with conventional antibiotics.

Keywords: Infections, germacrone, antimicrobial, synergistic potential, natural product.

1. Methodology
1.1.Plant material
The samples (leaves) of A. cearensis (Alleméo) A.C. Smith were collected in the
municipality of Lagoa Grande, in the state of Pernambuco-PE (geographic coordinates
of 08° 59' 49" S and 40° 16' 19" W) in November of 2019. The plant material had its
botanical identity confirmed, and an exsiccate of the plant material deposited under
number 55.150, at the Herbario Professor Vasconcelos Sobrinho of the Federal Rural
University of Pernambuco (UFRPE).
1.2.Essential oil extraction
In this process, 600 g of fresh leaves were used. The material were cleaned and
crushed in a knife mill (Tecnal TE-625), later partitioned into three portions containing
200 g of material, each partition being subjected to Hydrodistillation (HD) for 3 hours
in a Clevenger type apparatus. After hydrodistillation, the water excess was removed
with anhydrous sodium sulfate (Na2SOs), and the calculation of the yield was obtained

based on the amount of material used in the process and the mass obtained % (w/w).
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The essential oil obtained was stored under refrigeration at -4 °C protected from light
for further analysis.

1.3.Chemical analysis of the essential oil

The characterization of the compounds was carried out according to De Veras et

al., (2020) analyzed on Agilent Technologies Gas Chromatograph (Palo Alto, CA,
USA) 5975C series, with quadrupole detection system equipped with apolar column
DB-5 Agilent J&W, (60 m x 250 m i.d. x 0.25 m film thickness). Aliquots of 1 pL in
split mode (1:50) of the essential oil in the concentration of 3000 ppm were injected in
the Gas Chromatograph coupled to Mass Spectrometry (CG-MS). Subsequently, 1 pL in
split (1:50) of the mixture of hydrocarbon standards: C9-C30 was injected. The essential
oil mixture and the mixture of hydrocarbon standards, 1 puL (0.2 uL of alkanes and 0.8
uL of the oil) were then injected under the splitless mode. The GC temperature was
maintained at 60 °C for 3 min, then increasing at 2.5 °C.min* to 240 °C and held for 10
min at this temperature. The helium flow was maintained at a constant pressure of 100
kPa. The MS interface was set at 200 °C and injector at 250 °C and the mass spectra
recorded at 70 eV (in EI mode) with a scan rate of 0.5 scan s of 20-350 m/z. From the
analysis of the retention times (RT) of the compounds present in the essential oil
sample, the hydrocarbon standards and the combination of the essential oil with the
pattern mixture, the Retention Indexes (RI) for each component of the oil were
calculated. Compounds were identified by comparing their mass spectra (MassFinder 4,
NISTO08 and Wiley Registry ™ 9th Edition, integrated into the software Agilent MSD
Productivity ChemStation (Agilent Technologies, Palo Alto, EUA) and Retention Index
to those of authentic standards available in the Adams (2017). The oil sample were
quantified in Gas Chromatography with Flame lonization Detector (GC-FID), under the
same GC-MS conditions, in triplicate for calculation of standard deviation of peak area
percentage of each compound in the chromatogram. This was used to determine the
proportion of the compounds in the essential oil.

1.4.Antioxidant activities

1.4.1. ABTS Radical-Scavenging Assay

Antioxidant activity by the ABTS (2,2'-azino-bis 3-ethylbenzothiazoline-6-

sulphonic acid) was evaluated as described by De Veras et al. (2020) with
modifications. Initially, the ABTS radical was formed from the reaction of the 7 mM

stock solution of ABTS with 140 mM potassium persulfate. Dilutions of essential oil
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were mixed with ethanolic ABTS solution. The vitamin E analogue (Trolox®) and
Butylated Hydroxytoluene (BHT) were used as a positive controls, and ethanol with
blank. The percent inhibition (1%) was calculated using the following equation: 1% =
[(A734b -Az34s) / (A734b)] X 100, where Arzsb is the absorbance of blank, and A7ass is the
absorbance of the samples. All assays were carried out in triplicate. The concentrations
of the samples responsible for 50% of decrease of the initial activity of ABTS free
radical (1Cso) was calculated through linear regression.
1.4.2. DPPH Radical-Scavenging Assay

The assessment of the antioxidant activity using the DPPH (2.2-diphenyl-1-
picrylhydrazyl) free radical method was evaluated as described by De Veras et al.
(2020). Dilutions of essential oil were mixed with 0.2 mM methanolic DPPH solution.
A vitamin E analogue (Trolox®) and Butylated Hydroxytoluene (BHT) were used as a
positive controls, and methanol with blank. The mixtures were incubated in the dark for
a period of 30 min at 25 °C, then the absorbance was measured at 517 nm.The percent
inhibition (1%) was calculated using the following equation: 1% = [(Asi7b -As17S) /
(As17b)] x 100, where Asizb is the absorbance of blank, and Asi7s is the absorbance of
the samples. All assays were carried out in triplicate. The concentrations of the samples
responsible for 50% of decrease of the initial activity of DPPH free radical (ICso0) was
calculated through linear regression.

1.4.3. Hydroxyl radical scavenging activity (OH")

The activity by hydroxyl radical scavenging activity was investigated using the
Fenton reaction based on the methodology of Costa et al. (2009) with modifications, or
the generation of hydroxyl radicals in 150 mM sodium phosphate buffer (pH 7.4) using
2 mM sodium salicylate, 30% H202, 10 mM EDTA e 10 mM FeSO4 7H20. Dilutions of
essential oil were added to the mix. Quercetin was used as a positive control, and
ethanol with blank. Samples were mixed and incubated at 37 °C for 1 h, and then read at
510 nm. The percent inhibition (1%) was calculated using the following equation: 1% =
[(As10b -As108) / (As10b)] x 100, where Asiob is the absorbance of blank and Asios is the
absorbance of the samples. All assays were carried out in triplicate. The concentrations
of the samples responsible for 50% of decrease of the initial activity of hydroxyl radical
(ICs0) were calculated through linear regression.

1.4.4. Superoxide radical scavenging assay (O2)
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The evaluation was carried out based on the methodology of Costa et al. (2009)
with modifications, using a mixture containing 0.5 mM riboflavin, 0.375 mM nitroblue
tetrazolium chloride (NBT), 0.5 mM EDTA and 65 mM methionine, in 50 mM
phosphate buffer pH 7.4. The mixture was incubated under fluorescent light (15w) for
15 min and the absorbance read at 560 nm. Quercetin was used as a positive control,
and ethanol with blank. The percent inhibition (1%) was calculated using the following
equation: 1% = [(Aseob -AseoS) / (Aseob)] X 100, where Asgob is the absorbance of blank
and Aseos is the absorbance of the samples. All assays were carried out in triplicate. The
concentrations of the samples responsible for 50% of decrease of the initial activity of
superoxide radical (ICso) were calculated through linear regression.

1.5.Antimicrobial activity
1.5.1. Microbial strains and cultural medium

Strains of Staphylococcus aureus ATCC 6538, Pseudomonas aeruginosa ATCC
9027, Escherichia coli ATCC 8739, Klebsiella pneumoniae ATCC 700603, Candida
albicans ATCC 10231 and C. albicans ATCC 10261 were obtained of American Type
Culture Collection. Strains of S. aureus UFPEDA-709, P. aeruginosa UFPEDA-39, E.
coli UFPEDA 224, K. pneumoniae UFPEDA 396 with different resistance profiles were
obtained from the collection of microorganisms from the Department of Antibiotics of
the Federal University of Pernambuco. Strains of fungi C. albicans (URM-6366, URM-
6542 and URM-5788) with different resistance profiles were provided by the
Department of Mycology of the Federal University of Pernambuco. Standard Mueller—
Hinton Broth and Agar (MHB and MHA) were used as the bacterial culture media, and
RPM-1640 and Sabouraud Dextrose Agar (SDA) were used as the fungal culture media.

1.5.2. Determination of MIC and MBC

The Minimum Inhibitory Concentration (MIC), Minimum Bactericidal
Concentration (MBC) and Minimum Fungicidal Concentration (MFC) were determined
against tested microbial strains according to CLSI protocols M100 (2017) and M27
(2008). The MIC were both determined with starting inoculums of 1.0x108 CFU/mL for
bacteria and fungi. Aliquots of the appropriate medium, solutions of essential oil and
inoculum were dispensed in a 96-well plate. The plates were incubated for 24 and 48
hours for bacteria and fungi, respectively. The MIC was detected using a colorimetric
method by adding 10 pL of 0.01% resazurin (w/v) aqueous solution in each well at the

end of the incubation period. For determining MBC and MFC, aliquots of 10 pL of each
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well were transferred to petri dishes containing MHA or SDA for bacteria and fungi,
respectively (Da Silva et al., 2020). As a positive control, it was used standard drug
Amoxicillin (Aldrich- Sigma) and Fluconazole (Aldrich- Sigma). The culture medium
and DMSO (solvent used for dissolving essential oil) were used as a negative control.
All experiments were performed in triplicate.
1.5.3. Evaluation of the modulating effect

The antimicrobial interaction between Amoxicillin, Fluconazole and essential oil
of A. cearensis was studied by the checkerboard method according to the methodology
of Brandt et al. (2010). The essential oil was tested at concentrations of 1, 1/2, 1/4, 1/8,
1/16, 1/32 and 1/64 of the MICs obtained. Dilutions of Amoxicillin or Fluconazole were
also obtained corresponding to 1, 1/2, 1/4, 1/8, 1/16, 1/32, 1/64, 1/128, 1/256, 1/512 and
1/1024 of the MICs obtained. Aliquots of 50 uL of essential oil were added to the plate
wells in horizontal orientation and 50 pL aliquots of the Amoxicillin or Fluconazole
dilutions were added in vertical orientation so that the plate contained various
combinations of concentration of the two compounds. Positive growth controls (to
assess the presence of turbidity) were performed in wells that did not contain
antimicrobial. In addition, negative growth control was applied in a 96-well plate. Then,
each well was added 10 pL of bacterial inoculum to the wells and the plates incubated at
37 °C for 24 hours. At the end of growth, 10 pL of a resazurin solution (0.01%) was
added to verify the presence and/or absence of bacterial growth. All tests will be
performed in triplicate. After incubation, 10uL of resazurin was added to all wells and
again cultured at 37°C for 2h. Growth in the medium is indicated by the color change
from blue to pink. Combination analysis was obtained by calculating the fraction
inhibitory concentration index (FICI) using the following formula (Van vuuren et al.,
2009):

FIC of Essential oil = MIC of essential oil in combination Amoxicillin or
Fluconazole / MIC of essential oil alone;

FIC of Amoxicillin or Fluconazole = MIC of Amoxicillin or Fluconazole
combination with essential oil / MIC of Amoxicillin or Fluconazole alone;

FICI=FIC of essential oil + FIC of Amoxicillin or Fluconazole.

Effect types were classified as follows: FICIs<0.5, synergism; FICIs 0.5<1,
additive effect; FICIs >1-4, indifferent effect and FICIs>4, antagonism.
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Table 1 — The composition chemical of essential oil of Amburana cearensis (EO A.

cearensis) by GC-MS and GC-FID, highlighting in bold the major components.

Retention indexes

Peak Compound % S.D.
Cal Lit
1 d-elemene 1335 1339 0.27 0.03
2 Trans-B-elemene 1389 1393 1.07 0.02
3 a-gurjunene 1409 1411 1.41 0.05
4 (E)-caryophyllene 1417 1421 5.55 0.04
5 y-elemene 1434 1435 1.18 0.02
6 a-humulene 1452 1455 1.22 0.03
7 alloaromadendrene 1460 1463 0.64 0.01
8 germacrene D 1480 1483 1.95 0.02
9 B-selinene 1489 1488 2.26 0.02
10 bicyclogermacrene 1500 1499 4.13 0.03
11 germacrene A 1508 1507 0.75 0.01
12 cubebol 1514 1518 0.16 0.01
13 7-epi-a-selinene 1522 1520 0.22 0.01
14 d-cadinene 1522 1526 0.30 0.01
15 a-cadinene 1537 1541 0.62 0.01
16 elemol 1548 1552 0.89 0.02
17 germacrene B 1559 1561 17.74  0.06
18 palustrol 1567 1570 0.37 0.03
19 spathulenol 1577 1580 0.47 0.01
20 viridiflorol 1592 1594 0.23 0.01
21 trans-B-elemenone 1602 1606 3.13 0.02
22 y-eudesmol 1630 1635 0.39 0.01
23 a-muurolol 1644 1645 1.48 0.02
24 a-cadinol 1652 1658 2.02 0.01
25 germacrone 1693 1702 46.76  0.15
Hydrocarbon monoterpenes (MH) -
Oxygenated monoterpenes (MO) -
Hydrocarbon sesquiterpenes (SH) 39.31
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Oxygenated sesquiterpenes (SO) 55.90
TOTAL 95.21

Cal- Experimental retention indexes relative and Lit- Literature retention indexes; (%)-

Percentage content; S.D. Standard Deviation.

Table 2 — Antioxidant activity of essential oil of Amburana cearensis (EO A. cearensis)
as expressed in ICso (ug/mL).

Methods (ICso)

Sample
ABTS* DPPH* OH- Or
Trolox® 129.49+0.22* 63.71+0.12% N.T. N.T.
BHT 336.82+0.15° 228.20+0.21° N.T. N.T.
Quercetin N.T. N.T. 33.61+0.23* 28.29+0.23%

EO A. cearensis 208.23+0.11° 183.89+0.12° 324.86+0.49° 234.38+0.12°

abe Different lowercase supercript letters mean statistical difference, one-way ANOVA
followed by Bonferroni Test. ABTS: 2°,2-Azino-bis (3-etilbenzotiazolina-6-sulfonato);
DPPH: 2,2-Diphenyl-1-picrylhydrazyl; OH:Hydroxyl radical; O.: Superoxide radical;
BHT: Butylated Hydroxytoluene; N.T. — Not Tested.



Table 3 — Minimum Inhibitory Concentration (MIC), Minimum Bactericidal Concentration (MBC) and Minimum Fungicidal Concentration

(MFC) in (ug/mL) essential oil of Amburana cearensis (EO A. cearensis). N.T. — Not Tested.

Strains Fluconazole Amoxicillin EO A. cearensis

MIC MFC MIC MBC MIC MBC/MFC
S. aureus ATCC 6538 N.T. N.T. 16 32 256 512
S. aureus UFPEDA-709 N.T. N.T. 128 256 512 1024
P. aeruginosa ATCC 9027 N.T. N.T. 256 512 128 256
P. aeruginosa UFPEDA-39 N.T. N.T. 512 1024 128 256
E. coli ATCC 8739 N.T. N.T. 128 256 64 128
E. coli UFPEDA- 224 N.T. N.T. 512 1024 128 256
K. pneumoniae ATCC 700603 N.T. N.T. 128 256 256 512
K. pneumoniae UFPEDA-396 N.T. N.T. 128 256 512 1024
C. albicans ATCC 10231 16 32 N.T. N.T. 128 256
C. albicans ATCC 10261 8 16 N.T. N.T. 128 256
C. albicans URM-UFPE 6366 128 256 N.T. N.T. 512 1024
C. albicans URM-UFPE 6542 64 128 N.T. N.T. 256 512

C. albicans URM-UFPE 5788 256 512 N.T. N.T. 1024 512
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Table 4 — Combined effects of essential oil of Amburana cearensis (EO A. cearensis), fluconazole and amoxicillin.
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_ Fluconazole Amoxicillin EO A. cearensis Outcome
Strains MIC; MICu  FIC | MIC; MIChn  FIC | MICI MICin  FIC FICI  Classification
S. aureus ATCC 6538 N.T. N.T. N.A. 16 2 0.125 | 256 64 0.25 0.375 Synergic
S. aureus UFPEDA-709 NT. NT. NA | 128 32 025 | 512 32 0.0625 | 0.3125 Synergic
P. aeruginosa ATCC 9027 N.T. N.T. N.A. 256 64 0.25 128 16 0.125 0.375 Synergic
P. aeruginosa UFPEDA-39 N.T. N.T. N.A. 512 512 1 128 32 0.25 1.25 Indifferent
E. coli ATCC 8739 N.T. N.T. N.A. 128 32 0.25 64 32 0.5 0.75 Additive
E. coli UFPEDA- 224 N.T. N.-T. NA. | 512 512 1 128 32 0.25 1.25 Indifferent
K. pneumoniae ATCC 700603 N.T. N.T. NA. | 128 64 0.5 256 128 0.5 1 Additive
K. pneumoniae UFPEDA-396 N.T. N.T. N.A. 128 128 1 512 512 1 2 Indifferent
C. albicans ATCC 10231 16 8 0.5 N.T. N.T. N.A. 128 64 0.5 1 Additive
C. albicans ATCC 10261 8 8 1 N.T. N.T. NA. | 128 32 0.25 1.25 Indifferent
C. albicans URM-UFPE 6366 128 32 0.25 | N.T. N.-T. NA. | 512 128 0.5 0.75 Additive
C. albicans URM-UFPE 6542 64 64 1 N.T. N.T. N.A. 256 64 0.25 1.25 Indifferent
C. albicans URM-UFPE 5788 256 32 0.125 | N.T. N.T. N.A. | 1024 256 0.25 0.375 Synergic

N.T. — Not Tested; N.A. — Not Applicable; MIC;: MIC of the essential oil or antibiotic alone (ug/ml); MICy;:

combination (ug/ml); FIC: fractional inhibitory concentration; FICI: fraction inhibitory concentration index.

MIC of antibiotic or essential oil in
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Abstract

Ethnopharmacological relevance: Amburana cearensis (Allem&o) A.C. Smith is a
medicinal plant with wide distribution in South America, popularly known in Brazil as
"cumaru” or "amburana de cheiro"”. Is a medicinal plant used for its curative powers for
the treatment of infections, besides the treatment of flu, diarrhea, fever, rheumatic,
inflammations and pain, through infusions, teas, decoctions, baths, tinctures and
inhalations of stem and root barks, leaves, fruits and seeds. However, none of the
ethnopharmacological properties have been scientifically evaluated using volatile
compounds obtained from its leaves (essential oil).

Aim of the study: This study investigated for the first time the toxicological safety,
antinociceptive and anti-inflammatory activities of the essential oil from the leaves of A.
cearensis

Material and methods: The acute toxicity of the essential oil was investigated in mice.
The antinociceptive effect was evaluated using the models of abdominal writhing
induced by acetic acid and the formalin test, being investigated the possible mechanisms
of action involved in antinociception (opioid, cholinergic, adenosinergic, dopaminergic
and ATP-sensitive potassium channels (K-ATP)). The acute anti-inflammatory effect
was investigated through models of carrageenan-induced peritonitis, yeast-induced
pyrexia and carrageenan- and histamine -induced paw inflammation.

Results: No acute toxicity were observed at doses up to 2,000 mg/kg; p.o.. The
antinociceptive effect was statistically equal to morphine. In the formalin assay, the oil
showed analgesic activity in the neurogenic and inflammatory phases, having as
mechanisms the cholinergic, adenosinergic system and ATP-sensitive potassium
channels (K-ATP). In peritonitis, a reduction in TNF-a and IL-1p levels was observed,
in addition to leukocyte migration. The antipyretic effect was statistically superior to
dipyrone. The reduction in paw edema was statistically superior to the standard in both
models.

Conclusion: This is the first report on the biological activity of essential oil of A.
cearensis. The results obtained not only support the traditional use of the species in
inflammatory conditions and pain in folk medicine, but also demonstrate that this is a
rich source of phytocomponents such as germacrone, which can be used as a natural and

sustainable therapeutic agent with industrial applications.
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PGE: : Prostaglandin E;

RI: Retention index
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1. Introduction

Herbal medicines can promote beneficial effects on human health, being used
indirectly, covering more than 80% of the world population that use plants or products
that come from them to prevent various diseases (Jamshidi-Kia et al., 2018). Recent
researches focused on the use of therapeutic plants are part of the study of ethnobotany
and allowed access to a wide knowledge linked to the use of plants in popular medicine
in Brazil (De Veras et al., 2021; De Veras et al., 2020; Coelho-De-Souza et al., 2018;
Ribeiro et al., 2014; Cartaxo et al., 2010).

Brazil is known for the greatest biodiversity in the world, housing approximately
20% of the total number of existing species with a high degree of endemism (Ribeiro et
al., 2014). This patrimony is divided among the Brazilian biomes and one of them, the
Caatinga biome (semi-arid region) covers a wide territory in the northeast region of
Brazil and is home to many plants used in traditional medicine and also commercial
manufacturing of phytotherapeutic products (Silva et al., 2012; De Albuquerque et al.,
2007). Among the ethnobotanical studies in semi-arid region of Brazil, the Fabaceae
family stands out due to the high representativeness of its species and diversity in most
studies involving medicinal plants (Macedo et al., 2018; Cartaxo et al., 2010; De
Albuquerque et al., 2007).

Amburana cearensis (Allemé&o) B.C. Smith (Fabaceae) (syn. Torresea cearensis
Fr. All) is a plant species with wide distribution in South America (Argentina,
Paraguay, Uruguay, Bolivia and Peru), with greater distribution in the Caatinga and
Cerrado of Brazil. In semi-arid region it is popularly known as "cumaru”, "cumaru de
cheiro”, "imburana”, "imburana de cheiro”, "amburana" or "amburana de cheiro",
considered as a threatened species due to the high exploitation of its wood that presents
high strength and durability (Oliveira et al., 2019; Seleme et al., 2015; Figueredo et al.,
2013; Canuto et al., 2010).

It is considered an important medicinal plant in ethnobotanical studies, as it has
healing powers for several diseases (Canuto et al., 2014; Lima et al., 2013; Albuquerque
and Oliveira, 2007). It is common to use preparations such as infusions, teas,
decoctions, baths, tinctures and inhalations using the stem and root barks, leaves, fruits
and seeds (Macedo et al., 2018; Bitu et al., 2015; Costa and Marinho, 2016; Oliveira et
al., 2010), for the treatment of diseases such as sinusitis, flu, respiratory diseases,
inflammation, generalized pain, headache, gastric and intestinal problems, wound
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healing, urinary tract infection, hypertension, snakebite fever, muscle pain, tranquilizer,
toothache, nausea, joint pain, depurative, Kkidney infection, skin inflammation,
gynecological inflammation, back pain and fever, among others (Albergaria et al., 2019;
Oliveira et al., 2019; Macedo et al., 2018; Pereira et al., 2017; Bitu et al., 2015;
Baptistel et al., 2014; Monteiro et al., 2014; Silva et al., 2012; Marinho, 2004).

Various activities of this species were evaluated, as antioxidant and antitumor of
the hydroalcoholic extract of the stem (Lataliza et al., 2019), antimicrobial effect of the
stem bark (Ferreira et al., 2020; Sa et al., 2011), antimicrobial and modulation of the
antibiotic effect of seeds and leaves extracts (Figueredo et al., 2013), anti-inflammatory
of the hydroalcoholic extract stem bark (Leal et al., 2003), neuroprotective of extracts
hexane, ethanol, dichloromethane and ethyl acetate, from seeds (Pereira et al., 2017),
antiedematogenic, antimicrobial and mutagenic activities of the aqueous extract of seeds
(Lima et al., 2013), antioxidant activities of ethanolic and methanolic extracts from
leaves (Dos Santos et al., 2009). However, there are no reports of activities using the
essential oil of A. cearensis.

The objective of this study was to validate the ethnopharmacological activities
attributed to the species and its different forms of use, using the volatile compounds
obtained from its leaves (essential oil), to investigate the anti-inflammatory,
antinociceptive activities and toxicological safety.

2. Material and Methods
2.1.  Experimental model in vivo and ethical procedures

Male and female (30-32 g) of mice Swiss albino (Mus musculus) were obtained
of central bioterium of the Laboratory of Immunopathology Keizo Asami- Lika/UFPE.
The animals were acclimated in cages a solid polypropylene bottom (size: 18 cm x 34
cm x 41 cm) with wooden bed, under standard environmental conditions of 22 + 3 °C,
12/12 dark-light cycle, and fed with the recommended standard ration and drinking
water ad libitum. The experimental animal protocol was carried out following the
recommendations of Conselho Nacional de Controle de Experimentacdo Animal do
Brasil (CONCEA) and Council of International Organizations of Medical Sciences
(CIOMS). All experiments were approved by the Ethics Commission for Animal Use
(CEUA) of Federal University of Pernambuco, under n° 30/2020.
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2.1.1. Acute toxicity test and median lethal dose

Acute toxicity studies to assess the safety have been carried out using the
Organization for Economic Cooperation and Development (OECD, 2002). First, Swiss
albino (female) were divided four groups (n = 3), and treated orally (p.0.) by gavage
with 100 pL of the following doses of essential oil: 5, 50, 300 and 2,000 mg/kg. The
animals were observed at 30, 60, 120, 180 and 240 min after oral treatment and daily for
14 days. Their weight and ingested food were recorded daily, as well as possible signs
of alteration, such as tremors, convulsions, salivation, piloerection, hyperactivity,
bleeding, among other indicators of toxicity. Mortality was also assessed for 14 days
and of the LDsp was also calculated.

2.1.2. Evaluation of the antinociceptive effect

2.1.2.1.  Acetic acid-induced abdominal contortions

The evaluation was performed according to the methodology of Radulovi¢ et al.
2015. Six experimental groups (n = 6) of male mice were used, with the following
treatments: vehicle (saline solution 0.9%, w/v; p.o.), essential oil of A. cearensis (25, 50
and 100 mg/kg; p.o.) and indomethacin (20 mg/kg; p.o.); morphine group (10 mg/kg)
received treatment via intraperitoneal (i.p.). After 30 min (for morphine) or 60 minutes
(for the other groups) acetic acid (0.8%, v/v) (10 mL/kg) was injected intraperitoneally
(i.p.) to stimulate nociception. After stimulation, the animals were placed inside an
observation chamber (15 cm in diameter and 20 cm in height) equipped with a mirror
inclined at 45° below the chamber and waited 5 minutes to assess the intensity of
nociception, which was quantified by the number of writhes during 15 min of
observation, being expressed in relation to the number of abdominal contortions.

2.1.2.2.  Formalin test

The evaluation was performed according to the methodology of Tjglsen et al.
(1992). Six experimental groups (n = 6) of male mice were used, with the following
treatments: vehicle (saline solution 0.9%, w/v; p.o.), essential oil of A. cearensis ( 25,
50 and 100 mg/kg; p.o.) and indomethacin (20 mg/kg; p.o.); morphine group (10 mg/kg)
received treatment via intraperitoneal (i.p.). After 30 min (for morphine) or 60 minutes
(for the other groups), nociception was induced by subplantar injection (i.pl.) of 2.5%
(v/v) formalin (20 pL) in the left hind paw. After the formalin injection, the animals
were transferred to an observation chamber (15 cm in diameter and 20 cm in height)

equipped with a mirror inclined at 45° below the chamber, and observed from 0 to 5
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min (first phase, neurogenic phase) and 15 to 30 min (second phase, inflammatory
phase) in relation to the time spent in seconds (s) licking or biting the paw that received
the nociceptor agent.

To verify the antinociceptive action of EO A. cearensis on the opioid,
cholinergic, adenosinergic, dopaminergic and ATP-sensitive potassium channels (K-
ATP) systems, the pharmacological antagonists Naloxone (5 mg/kg, i.p), Atropine (5
mg /kg, i.p.), Caffeine (10 mg/kg, i.p.), Haloperidol (1 mg/kg, i.p.) and Glibenclamide
(10 mg/kg, i.p.), respectily, were used, being injected 30 min before treatment of the
groups with essential oil (100 mg/kg , p.o.) or the pharmacological agonists Morphine
(10 mg/kg; i.p.), Acetylcholine (1 mg/kg; i.p.), Adenosine (100 mg/kg; i.p.),
Apomorphine (8 mg/kg; i.p.) and Diazoxide (3 mg/kg; i.p.) (De (De Lavor et al., 2018).
After treatments, 2.5% formalin (20 uL/paw) was injected into the right hind paw of
mice. Paw licking time was recorded, in seconds, from 0 to 5 min (neurogenic phase)
and from 15 to 30 min (inflammatory phase) after formalin administration.

2.1.3. Anti-inflammatory activity

2.1.3.1.  Carrageenan-induced paw edema

The evaluation was carried out according to the methodology of Ou et al. 2019.
The male mice were divided into five groups (n = 6), being treated orally (p.o0.) by
gavage with 100 pL of vehicle (saline solution 0.9%, w/v; p.o.), essential oil of A.
cearensis (25, 50 and 100 mg/kg; p.o.) or indomethacin (20 mg/kg; p.o.). After 1 hour,
the animals received 1% carrageenan (w/v) (20 uL/paw) in the right hind paw and saline
solution (0.9%, w/v), (20 uL/paw) in the left paw. The volume of the right and left rear
paw of each animal was recorded with the aid of a caliper after 1, 2, 3, 4 and 5 hours
after injection of carrageenan. Inhibition of edema was calculated by (right paw - left
paw) and expressed in mm.

2.1.3.2.  Histamine-induced paw edema

The evaluation was performed according to the methodology of Cavalher-
Machado et al. 2008. The male mice were divided into five groups (n = 6), being treated
orally (p.o.) with 100 pL of vehicle (saline solution, 0.9% (w/v)), essential oil of A.
cearensis (25, 50 and 100 mg/kg; p.o.) or promethazine (6 mg/kg; p.o.). After 60
minutes, the animals received 1% histamine (w/v) (20 pL/paw) in the right hind paw
and saline solution (0.9%, w/v) (20 uL/paw) in the left paw. Edema inhibition was

calculated by (right paw - left paw) and expressed in mm.
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2.1.3.3.  Carrageenan-induced peritonitis

The evaluation was performed according to the methodology of Longhi-Balbinot
et al. (2012). The mice (males) were randomly distributed into six groups (n=6), being:
sham (did not receive treatment), vehicle (saline solution, 0.9% (w/v)), essential oil of
A. cearensis (25, 50 and 100 mg/kg; p.o.) and indomethacin (20 mg/kg; p.o.). After 60
minutes, 2% carrageenan (w/v) (750 pg/well) was injected into the intraperitoneal
cavity (i.p.), for induction of peritonitis. Four hours after the administration of
carrageenan, the animals were euthanized, and 3 mL of ice-cold heparinized PBS (10
IU/ml) were injected into the peritoneal cavity. After 30 s of manual massage, the
exudate was recovered. For total leukocyte counts, 1 mL of peritoneal fluid was mixed
with 0.2 mL of Turk's solution (30 mL of acetic acid, 100 mL of distilled water and 100
mL of methylene blue) and an aliquot was placed in the Neubauer and leukocyte
migration was performed with the aid of a binocular microscope.

Peritoneal fluid aliquots were also used for quantification of TNF-a and IL-1f3
using Mouse Cytokines ELISA Kit, High Sensitivity in ELISA, Thermo Fisher
(Waltham, USA) according to the manufacturer's instructions.

2.1.3.4.  Yeast induced pyrexia

The activity was carried out according to the modified methodology of Sobeh et
al. 2019. The mice male was distributed into five groups (n = 6). Initially, rectal
temperature was recorded before beer yeast suspension (20 % w/v) subcutaneously s.c.
(20 mL/kg). After 18 h, animals that showed an increase of displaying mean basal rectal
temperatures between 38.0 and 39.0 °C were selected for the study. The groups were
treated orally (p.0.) by gavage with 100 pL of vehicle (saline solution, 0.9% (w/v)),
essential oil of A. cearensis (25, 50 and 100 mg/kg; p.o.) or dipyrone (100 mg/kg; p.o.).
The rectal temperature was measured at intervals of 1, 2, 3 and 4 hours after the
administration of the samples, using a lubricated digital thermometer.

2.2.  Statistical analysis

The data were analyzed using the GraphPad Prism® software (version 8.4.3; San
Diego California USA). Statistical analysis was done using one-way ANOVA followed
by Bonferroni post hoc test. The data were expressed in means £ SD. P—values < 0.05

were considered statistically significant.
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3. Results and discussion
3.1.  Acute toxicity test and median lethal dose

According to the FDA, many essential oils are known as GRAS substances
(Generally Recognized as Safe), however, as many medicinal species can have toxic
effects, it is important that studies are carried out to assess their safety before evaluating
their therapeutic potential (Stojanovi¢ et al., 2019).

In this study, essential oil the of A. cearensis was investigated for acute toxicity
by determining the median lethal dose (LDso) and changes in behavior in mice. These
results are summarized in Table 1. It was observed that the essential oil does not present
a median lethal dose (LDso) up to the concentration of 2,000 mg/kg administered orally,
since it does not cause mortality in mice as well as significant changes in animal
behavior, general appearance or any signs of toxicity, and this oil can be classified as
non-toxic according to the OECD (2002).

Here, the results related to mortality and behavioral changes by the essential oil
of A. cearensis are comparable to the records found in the literature in which their
constituents are considered safe (Oliveira et al., 2017; Kong et al., 2017). Essential oils
containing major chemical compounds in common with EO A. cearensis have been
described as safe. The EO Hyptis fruticosa has as major compounds the
bicyclogermacrene (12.32%), caryophyllene (8.82%), germacrene (3.26%) and does not
present toxicity in concentrations up to 5,000 mg/kg, administered orally, a fact that
may enable its application as potential antinociceptive (Menezes et al., 2007). The EO
Verbesina macrophylla has anti-inflammatory and antipyretic activities, presenting
among its constituents caryophyllene (9.88%) and bicyclogermacrene (11.33%) and the
essential oil showed no acute toxicity up to the dose of 5,000mg/kg, p.o. (De Veras et
al., 2021). The essential oil from Ageratum fastigiatum, with germacrene as major
compound (24.15%) showed an LDso of 2,500 mg/kg (Del-Velchio-Vieira et al., 2009).

3.2.  Evaluation of the antinociceptive effect

3.2.1. Acetic acid-induced abdominal contortions

Pain is reported as the most common symptom in diseases, and despite the
existence of analgesic medicines, there is great concern about inadequate pain control,
in addition to the numerous adverse reactions that these compounds can bring, such as
chemical dependency and this requires the development of new medicines, with efficacy
and safety (Volkow and McLellan, 2016; Rathmell and Fields, 2015). Recent studies
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have shown that natural products such as essential oils are some of the most important
sources of drug discovery to control pain because they have chemical compounds that
can block or activate nociceptive receptors, among other mechanisms (Jamshidi-Kia et
al., 2018; Arulselvan et al., 2016; Barreto et al., 2016).

The acetic acid-induced writhing test has been widely used as a screening tool to
evaluate the analgesic properties of various products. It is a nonspecific nociception
model, causing peripheral sensitization in animals by indirect release of endogenous
nociceptive mediators, being widely used to detect the antinociceptive of central
abnormalities, such as opioids and peripheral ones, such as NSAIDs (Barreto et al.,
2016; Hossain et al., 2015; Ramezani et al., 2001).

The results on the antinociceptive activity of the EO A. cearensis presented in
Fig. 1, show that the essential oil significantly inhibited nociception induced by acetic
acid in a dose-dependent manner. It was observed that at doses of 25, 50 and 100 mg/kg
the essential oil significantly reduced abdominal contortions by 69.38%, 82.04% and
93.87%, at doses of 50 and 100 mg/kg, the effect was statistically superior to the
reference drug indomethacin (20 mg/kg), which promoted 60.03% inhibition when
compared to the control group.

The compounds present in EO A. cearensis can be found in another species of
plant, which also had an antinociceptive effect. Hossain et al. (2015) found that
germacrone is the active principle of the antinociceptive activity of the rhizome of C.
aeruginosa, with an inhibition of 22.66%, 34.77% and 51.17% regarding the number of
contortions induced by acetic acid in doses of 10, 20 and 40 mg/kg, respectively. The
EO Hymenaea cangaceira has antinociceptive activity, reducing contortions by 76% at
a dose of 100 mg/kg, with caryophyllene (23.38%) and germacrene (14.46%) in
common with EO A. cearensis (De Veras et al.,, 2020). The EO of Pterodon
polygalaefloru present caryophyllene on its composition (19.51%), and reduced the
whrithing number in more or less than 50% (Coelho-De-Souza et al., 2018). The EO of
A. fastigiatum, with germacrene (24.15%) as the major compound, reduced nociception
by 7.32%, 12.19% and 30.29% at concentrations of 50, 100 and 200 mg/kg,
respectively. (Del-Velchio-Vieira et al., 2009). The EO of Hyptis fruticosa present
reduces by 27.3%, 26.6% and 35.7% the nociception in abdominal contortion induced
by acetic acid at doses of 100, 200, and 400 mg/kg, having as active ingredients
bicyclogermacrene (12.32%) and caryophyllene (8.82%) (Menezes et al., 2007).
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3.2.2. Formalin Test

Treatment with EO A. cearensis at doses of 25, 50 and 100 mg/kg significantly
reduced licking time in the first (neurogenic) phase by 29.558%, 53.45% and 72.95%,
respectively. In the second phase (inflammatory), the essential also promoted significant
inhibition of formalin-induced nociception in 61.68%, 74.49% and 86.95%,
respectively. In both phases the EO A. cearensis showed activity in a dose-dependent
manner. Morphine (10 mg/kg) reduced the nociceptive response in both the first
(81.76%) and second phases (96.20%), while indomethacin (20 mg/kg) produced a low
antinociceptive effect in the first phase (10.06%). and significant reduction in the
second phase (69.63%) (Figure 2).

The formalin test is one of the most used experiments to evaluate the
antinociceptive effects of drugs, being divided into two phases. The first (neurogenic)
phase consists of neurogenic nociception unrelated to inflammation, in which pain
signals are transmitted by direct stimulation of nociceptors via C fibers to the dorsal
horn of the spinal cord after substance P is secreted and acts as a neurotransmitter. In
the second (inflammatory) phase, pain is generated as a result of inflammatory reactions
in the tissue injured by formalin, from which it stimulates the release of histamine,
serotonin, bradykinin and prostaglandins (PGs) and causes the pain process (Li et al.,
2018; Rosland et al., 1990; Shibata et al., 1989).

Centrally acting drugs such as opioid analgesics inhibit both phases of the
formalin test, however peripherally acting drugs such as anti-inflammatories are only
effective in the second phase (Mohammadifard and Alimohammadi, 2018; Somchit et
al., 2004; Shibata et al., 1989). Our results showed that EO A. cearensis reduced the
pain response of both phases of the formalin test in a dose-dependent manner, showing
an antinociceptive effect at the central and peripheral levels, which also implies that the
essential oil has not only antinociceptive, but also anti-inflammatory.

The possible mechanisms by which EO A. cearensis produces an antinociceptive
effect were investigated. The antagonist Naloxone (5 mg/kg, i.p) did not change the
antinociceptive effect of EO A. cearensis (100 mg/kg) in both phases of the test,
however, it reversed the effect of morphine (10 mg/kg, i.p) (Figure 3A and B). Reversal
effect was verified with atropine (5 mg/kg, i.p.) which inhibited the antinociceptive
effect of EO A. cearensis (100 mg/kg) and the agonist Acetylcholine (1 mg/kg) in both
phases (Figure 4A and B). Caffeine (10 mg/kg, i.p.) also reversed the antinociceptive
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effect of EO A. cearensis and the agonist Adenosine (100 mg/kg) in both phases (Figure
5A and B). The antagonist Haloperidol (1 mg/kg) inhibited the antinociceptive effect of
the agonist apomorphine (8 mg/kg), however, it did not alter the effect of EO A.
cearensis (Figure 6A and B). Glibenclamide (10 mg/kg) was found to have the ability to
significantly inhibit the antinociceptive effect of the essential oil and the agonist
Diazoxide (3 mg/kg) (Figure 7A and B). Based on the results obtained, it is possible to
affirm that the essential oil of A. cearensis has an antinociceptive effect at the central
and peripheral level, having as mechanisms of action the cholinergic, adenosinergic
systems and ATP-sensitive potassium channels (K-ATP).

From a mechanistic point of view, the antinociceptive activity of EO A.
cearensis can be attributed to the numerous chemical constituents present in its
composition, which are capable of exerting antinociceptive effects through several
mechanisms. Santos et al. (2005) verified that the essential oil of Croton sonderianus
has in its composition bicyclogermacrene and (E)-caryophyllene, and has an
antinociceptive effect with a mechanism of action related to ATP-sensitive potassium
channels (K+ATP). Saldanha et al. (2019) investigated the chemical composition of
Duguetia furfuracea essential oil and antinociceptive effect, with antinociceptive effects
being observed in both phases in the formalin test, with the adenosinergic and
opioidergic systems as the mechanism of action, with the oil having the compounds
bicyclogermacrene and (E)-caryophyllene in common with EO A. cearensis.
Caryophyllene, which has potent effects against acute and neuropathic pain, can act on
K+ channels, or as a selective agonist of CB2 receptors, inducing the release of
endogenous peptide B-endorphin keratinocyte precursors, leading to the activation of p-
opioid receptors in keratinocytes. primary afferent neurons and, consequently, analgesia
(Paula-Freire et al., 2014).

Further studies were carried out in order to verify the possible mechanisms of
action of the isolated components of the essential oil of Amburana cearensis, as well as
to verify if there are cumulative effects to the antagonists of these compounds both in
the antinocicetype effect, as well as in the mechanisms of action (Mohammadifard and
Alimohammadi, 2018; Hossain et al., 2015; Paula-Freire et al., 2014).

3.3.  Anti-inflammatory activity

3.3.1. Carrageenan-induced paw edema
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The results related to anti-inflammatory activity are shown in Figure 8. In figure
8A it is possible to observe that the EO A. cearensis had an anti-inflammatory effect
with a reduction in paw edema at all doses tested, in a dose-dependent manner, showing
a superior effect to indomethacin even in the interval of 1, 2 and 3, and statistically
equal in the interval of 4 and 5 hours of the test. The total inflammatory response
measured as area under the curve (AUC) was significantly reduced in mice treated as
EO A. cerarensis in a dose-dependent, reducing the AUC by 77.09%, 93.12 and 98.11%
at doses of 25, 50 and 100 mg/kg, respectively, compared to to the control group, while
the drug indomethacin reduced the AUC by 64.38%, also in relation to the control
group (Figure 8B)

The inflamatory response induced by carragenan injecction can be characterized
in two phases, during the first one occurs the release of several pro inflamatory markers
and innitially occurs the release of histamine, serotonin and bradykinin, followed by the
second phase where an enhanced activity of COX and nitric oxide synthase activities
increase, the peak of pro-inflamatory molecules realease ocurs 2 hours after the
injection, those process will result in plasma exudantion and cell migration (Mckim et
al., 2016; Seibert et al. 1994). Since our results showed that EO A. cearensis reduced
the edema formation during 5 hours straight, it suggests that the molecules from
essential oil can inhibit more than one celular signaling pathways.

The antioxidant effect of natural products such as essential oils is associated
with a marked anti-inflammatory activity, such as the inhibition of the production of
different cytokines, such as tumor necrosis factor-a. (TNF-a) and interleukins IL-6, IL-
1B and IL-13, metalloproteinases (ex: MMP-9), inflammatory enzymes (ex: COX-2,
INOS, 5-LOX), adhesion molecules of diapedesis (ex: ICAM-1, VCAM-1), chemokines
(ex: MIP-1, MIP-2) suppression of toll-like receptor-4 expression (TLR4) and activation
of the transcription factor-kB (NFkB) nuclear factor, among others (Borges et al., 2018;
Arulselvan et al., 2016).

Essential oil composition reflects on the biological activities they can induce and
it is expected that the concentrations of the major compounds is proportional to the
amplitude of the induced biological activity. However, the activity of major compounds
may be modulated by the other minor compounds (Mancianti and Ebani, 2020). The
anti-inflammatory effect of EO A. cearensis can be attributed to the synergistic effect of

all chemical constituents of essential oil, especially the main compounds. In the present
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study, the high concentration of sesquiterpenes may explain the high anti-inflammatory
activity (Sa et al., 2015). Makabe et al., (2006) reported that the germacrone exhibits
potent anti-inflammatory activity in vivo, even at low concentration. Caryophyllene is
one of the active ingredients of the anti-inflammatory Acheflan® used for acute and
chronic inflammatory processes, presenting notorious activity alone or combined as in
the essential oil of Cordia verbenacea (Passos et al., 2007). Saldanha et al. (2019) found
that EO D. furfuracea has dose-dependent anti-inflammatory effect on paw edema, as
well as promoting inhibition of tumor necrosis factor alpha (TNF-a) production,
recruitment of polymorphonuclear (PMN) leukocytes and inducible nitric oxide
synthase (iNOS), presenting in common with EO A. cearensis the presence of major
constituents bicyclogermacrene (16.7%) and caryophyllene (4.6%).

3.3.2. Histamine-induced paw edema

The results related to the histamine-induced paw edema test are shown in Figure
9. In Figure 9A it is observed that the OE A. cearensis showed anti-inflammatory
activity with reduced paw edema at all doses tested, so dose-dependent manner. At
concentrations of 50 and 100 mg/kg, EO A. cearensis showed a statistically superior
effect compared to standard promethazine at time intervals of 1, 2, 3, and 4 hours. The
conversion of values into area under the curve (AUC) showed that the essential oil was
effective in combating the inflammatory process throughout the treatment, reducing
AUC by 66.67%, 80.60 and 94.84% at doses of 25, 50 and 100 mg/kg, respectively, in
relation to the control group. Oral administration of promethazine, a histamine 1 (H1)
receptor antagonist, significantly prevented the formation of paw edema with AUC by
63.08%, also in relation to the control group (Figure 9B). It was shown that the
essential oil showed an activity superior to the standard drug at the doses of 50 and 100
mg/kg, and statistically equal at the dose of 25 mg/kg.

Histamine is a vasoactive amine originated from the decarboxylation of the
amino acid histidine by the enzyme histidine decarboxylase. It is produced by mast cells
adjacent to vessels, and plaques adjacent to them, being among the first molecules
released after induction of the inflammatory process (Toriyabe et al., 2004,
MacGlashan, 2003; Buske, 1996). Its release occurs by the process of exocytosis during
allergic or inflammatory reactions through the interaction of antigens with IgE on mast
cells and factors of the complement system (C3a and Cb5a). After tissue injury or in

response to stress, histamine stored in basophilic granules and platelets is released into
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the blood stream, concomitantly with mast cell degranulation (Criado et al., 2010;
Maintz et al., 2007; Feitosa et al., 2002).

Intraplantar administration of histamine induces edema mainly through its action
on H1 receptors in vascular tissue, resulting in increased vasodilation and vascular
permeability, allowing the extravasation of fluid and proteins from the blood into the
spaces between the tissues, resulting in the formation of edema (Ghosh et al., 2015;
Criado et al., 2010; Toriyabe et al., 2004). In fact, EO A. cearensis significantly reduces
the formation of edema induced by intraplantar administration of histamine, suppressing
histamine release from mast cells, basophils or platelets during the acute phase, possibly
through antagonism of histamine receptors.

Essential oils with antihistamine activity as observed by EO A. cearensis have
been reported. Santos and Rao (1997) showed that 1,8-cineole, a compound very
present in several essential oils, was able to reduce paw edema caused by histamine,
having as mechanisms of action the reduction of mast cell degranulation and reduction
of histamine action. Oliveira-Tintino et al. (2018) showed that the essential oil of
Croton campestris has chemical constituents in common with the EO A. cearensis, such
as B-caryophyllene and germacrene-D, and has an antihistaminic effect in the histamine-
induced paw edema model, as observed in this study. Martins et al. (2017) observed that
the essential oil of Croton rhamnifolioides has an antihistamine effect, with B-
caryophyllene as one of the constituents of the essential oil. De Oliveira et al. (2021)
investigated the antiedematogenic effect of the essential oil obtained from the leaves of
Lantana montevidensis, observing high activity in the models of paw edema induced by
carrageenan, dextran, histamine, or arachidonic acid, with an antihistaminic effect. The
chemical composition of the essential oil showed the presence of bicyclogermacrene
(16.35%), (E)-caryophyllene (12.84%) and germacrene D (12.18%) as major
constituents of the essential oil, which are common to EO A. cearensis.

Although there are data in the literature that demonstrate the antihistaminic
potential of essential oils that have chemical constituents in common with EO A.
cearensis, there is no data that indicate this activity by germacrone, and further studies
are needed in order to elucidate the mechanisms of action.

3.3.3. Carrageenan-induced peritonitis

The results of the infiltration of leukocytes and neutrophils are presented in table

2. When analyzing the peritoneal exudate, it is possible to observe that the treatment
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with EO A. cearensis significantly inhibited the infiltration of leukocytes and
neutrophils at 25, 50 and 100 mg/kg in the dose dependent manner compared to the
control group. In the treatment with the essential oil at a dose of 100 mg/kg, the levels
of leukocytes and neutrophils were statistically equal to the sham group. The animals
treated with the non-steroidal anti-inflammatory drug indomethacin also showed a
reduction in the levels of cellular infiltrate, in relation to the control group. However,
the activity was lower than that of EO A. cearensis.

In the dosage of cytokines in the peritoneal lavage, a significant reduction in the
levels of TNF-a and IL-1p was observed in the groups treated as the EO A. cearensis,
where in the doses of 25, 50 and 100 mg/kg the oil reduced the levels of TNF-a in
55.22%, 70.60% and 81.84% in relation to the vehicle group. IL-1P levels were also
reduced by 59.26%, 68.93% and 76.35% in relation to the vehicle group, in the
respective doses (Figure 10A and B). The indomethacin pattern also statistically
reduced the levels of TNF-a and IL-1p by 30.25% and 67.24%, respectively, compared
to the control group (Figure 10A and B). It was observed that at the dose of 50 mg/kg,
the EO A. cearensis statistically presented the same reduction as the standard drug
indomethacin, however, at the dose of 100 mg/kg, the activity was superior to the drug,
presenting statistically significant cytokine values. same as the sham group.

The carrageenan-induced peritonitis model has been widely used to investigate
the anti-inflammatory effect of compounds. In this model, there is an increase in
peritoneal vascular permeability, cell migration represented mainly by the influx of
leukocytes and neutrophils and changes in the production of cytokines (Martins et al.,
2017; Campos and Calixto, 2000). Neutrophils are available in circulating leukocytes
and provide a first-line defense mechanism against infectious or harmful agents, playing
an important role in host defense against all classes of infectious agents, in addition to
being involved in numerous pathologies of inflammatory conditions (De Veras et al.,
2021; Barreto et al., 2016; Laveti et al., 2013; Kolaczkowska and Kubes, 2013). When
recruited, neutrophils are able to produce cytokines that are associated in the pathology
of inflammation, thus exposing host tissue to cause deleterious effects (Kolaczkowska
and Kubes, 2013; Campos and Calixto, 2000).

Leukocyte recruitment is an essential step in the development of inflammation.
In response to noxious stimuli, resident cells release cytokines (TNF-a, IL-1p and IL-6),
chemokines (CXCL8 (KC) and CCL2 (MCP-1)) and lipid mediators (Leukotriene B4
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(LTB4) and PGE2), which initiate local changes involved in leukocyte migration
(Oliveira-Tintino et al., 2018; Barreto et al., 2016; Kolaczkowska and Kubes, 2013).

In this work, we demonstrated that an oral pretreatment with EO A. cearensis
significantly inhibited the number of total leukocytes and neutrophils, in addition to
reducing the levels of TNF-a and IL-1p in the abdominal cavity of animals stimulated
with carrageenan, demonstrating the efficacy during an acute inflammatory response.

Corroborating these data, essential oils containing chemical constituents in
common with EO A. cearensis have been described to have anti-inflammatory effects
mediating inflammatory cytokines and cellular infiltration. De Veras et al. (2021)
verified that the essential oil of Verbesina macrophylla has an anti-inflammatory effect
by reducing the levels of TNF-a and IL-1p, having the essential oil in its composition
the compounds germacrene D, bicyclogermacrene and (E)-caryophyllene. Oliveira-
Tintino et al. (2018) observed that the essential oil of Croton campestres and one of its
major constituents, 3-caryophyllene, reduce lymphocyte infiltration in the carrageenan-
induced peritonitis model. Valer et al. (2016) found that the essential oil of Croton
zehntneri reduces the intrapleural migration of leukocytes induced by carrageenan, and
this reduction is associated with B-caryophyllene in the chemical composition of the
essential oil. The essential oil of Croton argyrophyllus significantly reduced the number
of leukocytes in relation to the control in carrageenan-induced peritonitis, this oil
presenting bicyclogermacrene as a chemical constituent (Ramos et al., 2013).

3.4.  Antipyretic activity

As shown in Table 3, mice injected with Brewer’s yeast suspension (20%, 20
mL/kg, s.c.) showed elevated rectal body temperature when measured 18 h after yeast
injection. The mice treated with EO A. cearenses at doses of 25, 50 and 100 mg/kg
showed a reduction in temperature shortly after 1 h of oral treatment, restoring the
animals' baseline temperature. This was comparable to the response shown by dipyrone
(100 mg/kg), both in terms of onset and response (Table 3).

Fever is a complex physiological response coordinated by the central nervous
system, which induces the activation of endocrine and immunological mechanisms,
among other body systems, triggered by infectious agents or damaged tissues (Walter et
al., 2016). The increase in body temperature occurs through the synthesis and release of

pro-inflammatory cytokines, such as interleukins (e.g. IL-1, IL-6) and tumor necrosis
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factor-o. (TNF-a), which will later cause a production of prostaglandin E2 (PGE2) that
signals to the hypothalamus to raise body temperature (Evans et al., 2015).

From the results obtained here, the essential oil had a significant dose-dependent
antipyretic effect, comparable to dipyrone and it is possible to state that the essential oil
of A. cearensis has impacts on the central nervous system, considering that its chemical
constituents (e.g. caryophyllene) exert some inhibitory effect on COX-3, which
decreases the amount of prostaglandin PGE2 in the hypothalamic region of the brain
and, therefore, reduces hyperthermia (De Veras et al., 2021; Paula-Freire et al., 2014;
Park et al., 2011). However, it is possible that there is interaction between the active
components of the essential oil, so that it may result in some synergistic or antagonistic
effects that may impose interference on the pharmacokinetic and pharmacodynamic
activities of the active ingredients. Therefore, it is necessary to evaluate the mechanisms

that may be involved in the activity of EO A. cearensis.

4. Conclusions

The data obtained confirmed the ethnopharmacological properties of the use of
A. cearensis in traditional medicine for pain, inflammation and fever. The acute toxicity
test and determination of LDso of the essential oil of A. cearensis demonstrated that it
does not present any mortality until the concentration of 2,000 mg/kg; p.o. which proves
the relative safety of essential oil in acute exposure. Therefore, we concluded that this
plant presents itself as a promising source of secondary metabolites with potential use in

the treatment of pain and inflammation.
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Tables

Table 1 — Effect essential oil of Amburana cearensis (EO A. cearensis) in acute toxicity

test.
Dose Gross No. of animal Mortality
Treatment ) )
(mg/kg) behaviour effect died (D/T) (%)
5 None 0/3 0.00
50 No ne 0/3 0.00
EO A. cearensis 300 None 0/3 0.00
2,000 None 0/3 0.00

D/T: number of dead mice/numbers of treated mice. None: no toxicity symptoms

observed during the observation period.

Table 2 — Effect essential oil of Amburana cearensis (EO A. cearensis) and
Indomethacin (20 mg/kg) on migration of the total leukocyte and neutrophils quantified

in the peritoneal lavage of mice with carrageen-induced peritonitis

Treatment Dose Leukocytes Neutrophils

(mg/kg) (108 mL/ cavity) (108 mL/ cavity)

Sham - 2.00+0.70? 0.80+0.442

Vehicle - 11.60+0.14¢ 7.80+0.83¢

Indomethacin 20 5.20+0.83° 2.40+0.89°

25 7.20+0.83¢ 4.60+0.89°

EO A. cearensis 50 4.40+0.54 2.60+0.54°

100 2.60+0.542 1.00+0.702

All results were expressed as the mean * standard deviation (SD) (n=6). Different

letters mean statistical difference, one-way ANOVA followed by Bonferroni’s Test.



Table 3 — Antipyretic activity essential oil of Amburana cearensis (EO A. cearensis) and Dipyrone (100 mg/kg) on brewer’s yeast-induced

pyrexia at different times (h).
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Rectal temperature (°C) at hours (h)

Dose
Treatment Before treatment After treatment
(mg/kg)
18 h 0Oh 1h 2h 3h 4h
Vehicle - 36.47+0.16 38.64+0.20 38.71+0.06° 38.81+0.08¢ 38.82+0.04° 38.93+0.07°
Dipyrone 100 36.45+0.11 38.88+0.24 36.60+0.152 36.68+0.13¢ 36.71+0.16° 36.43+0.09°
25 36.62+0.22 38.66+0.32 37.31+0.13° 37.30+0.14° 36.68+0.152 36.50+0.118
EO A. cearensis 50 36.52+0.17 38.73+0.34 36.85+0.182 36.95+0.118 36.46+0.162 36.41+0.13%
100 36.55+0.19 38.82+0.12 36.61+0.108 36.53+0.12¢ 36.51+0.158 36.31+0.178

All results were expressed as the mean =+ standard deviation (SD) (n=6). 2*°Different letters mean statistical difference, one-way ANOVA

followed by Bonferroni’s Test.
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Figures
Figure 1 — Effect of the essential oil of Amburana cearensis (EO A. cearensis),
Morphine (10 mg/kg) and Indomethacin (20 mg/kg) on writhing induced by

intraperitoneal acetic acid in mice.
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All results were expressed as the mean =+ standard deviation (SD) (n=6). 2°°d Different
lowercase letters mean statistical difference, one-way ANOVA followed by

Bonferroni’s Test.

Figure 2 — Effects of essential oil of Amburana cearensis (EO A. cearensis),
Indomethacin (20 mg/kg) and Morphine (10 mg/kg) in the first (0-5 min) and second

(15-30 min) phase in formalin-induced nociception (2.5% v/v; i.p.L.).
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All results were expressed as the mean =+ standard deviation (SD) (n=6). 2°°d Different
lowercase letters mean statistical difference, one-way ANOVA followed by

Bonferroni’s Test.
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Figure 3 — Effects of essential oil of Amburana cearensis (EOAc 100 mg/kg) on opioid

receptors in the first (0-5 min) and second (15-30 min) phase in formalin-induced

nociception (2.5% v/v; i.p.l.).
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All results were expressed as the mean =+ standard deviation (SD) (n=6). 2°°d Different

lowercase letters mean statistical difference, one-way ANOVA followed by

Bonferroni’s Test.

Figure 4 — Effects of essential oil of Amburana cearensis (EOAc 100 mg/kg)

on

cholinergic system in the first (0-5 min) and second (15-30 min) phase in formalin-

induced nociception (2.5% v/v; i.p.lL.).
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All results were expressed as the mean + standard deviation (SD) (n=6). 2% Different

lowercase letters mean statistical difference, one-way ANOVA followed by

Bonferroni’s Test.
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Figure 5 — Effects of essential oil of Amburana cearensis (EOAc 100 mg/kg) on
adenosinergic system in the first (0-5 min) and second (15-30 min) phase in formalin-
induced nociception (2.5% v/v; i.p.L.).
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All results were expressed as the mean =+ standard deviation (SD) (n=6). 2°“ Different
lowercase letters mean statistical difference, one-way ANOVA followed by

Bonferroni’s Test.

Figure 6 — Effects of essential oil of Amburana cearensis (EOAc 100 mg/kg) on
dopaminergic system in the first (0-5 min) and second (15-30 min) phase in formalin-

induced nociception (2.5% v/v; i.p.lL.).
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All results were expressed as the mean =+ standard deviation (SD) (n=6). 2°“d Different
lowercase letters mean statistical difference, one-way ANOVA followed by

Bonferroni’s Test.
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Figure 7 — Effects of essential oil of Amburana cearensis (EOAc 100 mg/kg) on ATP-
sensitive potassium (K-ATP) channels in the first (0-5 min) and second (15-30 min)

phase in formalin-induced nociception (2.5% v/v; i.p.l.).
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All results were expressed as the mean =+ standard deviation (SD) (n=6). 2°°d Different
lowercase letters mean statistical difference, one-way ANOVA followed by

Bonferroni’s Test.

Figure 8 — Effect of essential oil of Amburana cearensis (EO A. cearensis) and

Indomethacin (20 mg/kg) in carrageenan-induced paw edema in mice. A) Results are
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expressed difference between paw volume (mm) throughout treatment and (B) Total

edema responses, measured as Area Under Curve (AUC) of treated groups.

A) EO A. cearensis

- Vehicle = Indomethacin (20 mg/kg) 25 mg/kg = 50 mg/kg = 100 mg/kg
1.5

-
(=}

Difference between Paws (mm)

0.5 "I
3 I
A i
i T g
—— ai ii ai s'»I'-
0 1 2 3 a 5

Period of Test (hours)

B) -
=
x
£ 4
E
=
o
o
O 24 d
s | —
< c
b
| :
0' T T T
Vehicle Indomethacin 25 50 100
(20 mg/kg)

EO A. cearensis (mg/kg)

All results were expressed as the mean + standard deviation (SD) (n=6). 2% Different
lowercase letters mean statistical difference, one-way ANOVA followed by

Bonferroni’s Test.

Figure 9 — Effect of essential oil of Amburana cearensis (EO A. cearensis) and

Promethazine (6 mg/kg) in histamine-induced paw edema in mice. A) Results are
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expressed difference between paw volume (mm) throughout treatment and (B) Total

edema responses, measured as Area Under Curve (AUC) of treated groups.
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All results were expressed as the mean =+ standard deviation (SD) (n=6). 2°“d Different
lowercase letters mean statistical difference, one-way ANOVA followed by

Bonferroni’s Test.
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Figure 10 — Effect of of essential oil of Amburana cearensis (EO A. cearensis) and

Indomethacin (20 mg/kg) on TNF-a and IL-1p levels in carrageenan-induced peritonitis

in mice.
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All results were expressed as the mean =+ standard deviation (SD) (n=6). 2°“d Different
lowercase letters mean statistical difference, one-way ANOVA followed by

Bonferroni’s Test.
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1. Introduction

Myrtaceae is one of the most important angiosperm families being distributed
in all Brazilian biomes, predominantly in the Atlantic Forest. It is believed
that approximately 1.000 species can occur in Brazil (Proenca et al. 2006). The
Caatinga Biome, an ecosystem of the Brazilian northeastern with great extension,
presents a semiarid climate, hot and with low rainfall indices, low relative air
humidity with high and intense solar incidence and high temperatures during
almost all the year (Reis et al. 2015). Due to the extreme environmental conditions
to which the vegetation is exposed, the plants of this biome present interesting
chemical characteristics that stimulate the investigation of their biotechnological
and bioactive potential.

Several studies have pointed out that the essential oils produced by species of
the Myrtaceae family as potential candidates for the development of drugs, with
interesting activities, as antifungal (Hamini-Kadar et al. 2014), antibacterial (Dos
Santos et al. 2018), antiparasitic (Rodrigues et al. 2015), antioxidant (Victoria et al.
2013) and antinociceptive (Amorim et al. 2009).

A new species of the genus Algrizea (Myrtaceae) was recently described by Sobral,
Faria and Proenca. Algrizea minor is an endemic species to the eastern portion of the
Brazilian state of Bahia, and is distinguished from A. macrochlamys (DC.) Proenca &
NicLugh. by its smaller leaves and smaller calyx lobes (Sobral et al. 2010). Little is
known about the pharmacological properties of this species, and to date no records
of biological activity studies with A. minor have been found in the scientific litera-
ture consulted.

In this context, this work aimed to investigate the chemical composition, antimicro-
bial, antinociceptive, acute toxicity and antioxidant activity of the essential oil of
Algrizea minor Sobral, Faria & Proenca (Myrteae, Myrtaceae).
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2. Results and discussions
2.1. Activity antinociceptive and acute toxicity

The antinociceptive activity, performed by induction of abdominal pain, showed a sig-
nificant reduction in the number of writhes, 65.84% less contortions than control
group (Figure S1). In the formalin test, the essential oil similarly reduced pain by
59.17% (Figure S2). When the pathways were evaluated, the analgesic potential was
blocked only by naloxone, indicating that the mechanism of action of the essential oil
in pain reduction is opioid, similar to morphine. The essential oil did not cause mortal-
ity, neither changes in behavior, in concentrations up to 5000 mg/kg v.o. Studies show
that antinociceptive activity is a property in essential oils of Myrtaceae family, as
reported for Eugenia uniflora and Callistemon citrinus, demonstrating effectiveness in
pain control and the pharmacological potential of Myrtaceae family (Amorim et al.
2009; Radulovic et al. 2015). This is the first report of the biological activity of Algrizea
minor, evidencing the novelty of this work.

2.2. Activity antimicrobial

The essential oil of Algrizea minor presented antimicrobial activity against Staphylococcus
aureus ATCC 6538 (32.5ug/mL), Vibrio parahaemolyticus ATCC 17802 (128 pg/mL),
Salmonella typhimurium ATCC 14028 (64.0 ug/mL), Escherichia coli ATCC 8739 (64.0 ng/mL)
(Table S1) and Candida albicans ATCC 10231 (500 pg/mL) and Candida glabrata ATCC
15126 (1000 pg/mL) (Table S2). Other studies demonstrated the antimicrobial activity of
Myrtaceae species. Leaves of Eugenia uniflora was found to be antimicrobial against
Paracoccidioides brasiliensis (Costa et al. 2010). Dos Santos et al. (2018) obtained antifungal
activity against strains of Candida spp. from the essential oil of Eugenia uniflora.

2.3. Activity antioxidant and photoprotective

The essential oil of Algrizea minor showed antioxidant activity, with 1Cso 114.25 pg/mL for
DPPH method, value corresponding to approximately 2.3 times the value obtained by
Trolox. For ABTS method, the oil showed 1Cso 163.75 ig/mL, and Total Antioxidant Capacity
(TAQ) was determined by phosphomolybdenum method, with ICsy 626.1 ug/mL, and the
Reducing Power (RP) showed ICs, 2738.0 ug/mL, thus demonstrating the relevant antioxi-
dant activity of the essential oil of Algrizea minor (Table S3). Studies have associated antioxi-
dant activity to terpenes, such as a-Pinene, B-Pinene and Limonene as well as obtained in
the essential oil of Algrizea minor (Martins et al. 2014; Salem et al. 2018). No previous
reports with the antioxidant activity was found with the species from the Algrizea, demon-
strating the cosmetic, food and pharmacological bioactive potential from this genus.

2.4. Chemical composition

The leaves of Algrizea minor were collected in the city of Brejo da Madre de Deus, in
the state of Pernambuco, Brazil. The essential oil was extracted by hydrodistillation
and subsequently analyzed in gas chromatography-mass spectrometry (GC-MS) and
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chromatography-flame ionization detector (GC-FID) (Oliva et al. 2019). Fifteen compo-
nents were identified, with the following constituents: B-Pinene (56.99%), o-Pinene
(16.57%), Germacrene D (4.67%), Bicyclogermacrene (4.66%), (E)-Caryophyllene (3.76%)
and Limonene (1.71%) (Table S4). The constituents found in Algrizea minor were
described as major constituents in other species of the Myrtaceae family, being con-
sidered as a phytochemical signature of the family (Amorim et al. 2009; Salem et al.
2018; Dos Santos et al. 2018).

3. Conclusion

According to the results of this study, the essential oil of Algrizea minor is rich in
B-Pinene and o-Pinene, showed important antioxidant, antimicrobial activity, empha-
sizing the industrial and pharmacological potential. The results for the antinociceptive
activity indicated that the mechanism of action of the essential oil was similar to mor-
phine. Therefore, these results demonstrate adequate values for the future develop-
ment of pharmaceutical products with the essential oil of Algrizea minor.
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ARTICLE INFO ABSTRACT
Keywords: h h logical rel : H ira Pinto, M: & A do (Fabaceae) is a Brazilian
Fabaceae medicinal plant wxdely known as “Jatoba”. In folk medxcme, it is used to treat infections, respiratory problems,
E“?“‘fal °i'| » rheumatism, antitumoral, i ion and pain, t , no activity has been scientifically validated.
Antimicroblal setolty Aim of the study: This study investigated chemical composition of ial oil from H ira
Antioxidant activity (EOHc), antimicrobial, antinociceptive and antioxidant activities besides protection against DNA damage and

Antinociceptive :
P hemolysis.

Material and methods: The essential oil was obtained by hydrodistillation, and characterized by GC-MS and GC-
FID. The evaluation of antimicrobial activity was performed by microdilution method. The evaluation of the
antioxidant activity was performed using the radicals DPPH, ABTS, O, and OH, and the protection of DNA
damage using plasmid pBR322. Different experimental models were used to evaluate the antinociceptive effect
(acetic acid and formalin), and evaluate the mechanisms of action involved with pharmacological antagonists
(nal pine and gibenclamide) in mice. The essential oil was evaluated for hemolysis on human ery-
throcytes.

Results: The extraction of EOHc showed a yield of 0.18% on a dry basis, presenting high content of hydrocarbon
sesquiterpenes (79.04%), high antioxidant activity and protect DNA from damage, besides presenting antifungal
and antibacterial activity against Gram-positive and Gram-negative bacteria in vitro. It was found that the es-
sential oil had no acute toxicity in mice up to 5000 mg/kg oral administration (0.a.), in addition to no hemolysis
on human erythrocytes. The reduction of antinociceptive activity was 75%, with the opioid system as the me-
chanism of action.

Conclusion: Our results validate the main activities by the traditional use attributed to H. cangaceira for
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the oil has a potent antioxidant activity, protecting the body

against oxidative stress damage, adding new value to an endemic species not known to the industry.

1. Introduction

Plants are fund: al to the 1ce of the ecological dy-
namics in terrestrial ecosystems. They also provide various chemicals
with potential therapeutic properties (Sultan et al., 2014). Since most of
the plant species used as medicine in traditional health practices are
characterized by its own taste and aromatic smell, the study of essential
oils (EOs) is one of the best strategies to find new phytochemical
bioactive molecules with best profile to match biodiversity and medi-
cine (Rodrigues et al., 2015a; Donald et al., 2016; Salen et al., 2018;
Singulani et al., 2018).

Many researches aimed to study the species of Hymenaea around the
world due to the traditional use of these plants as a therapeutic alter-
native (Oliveira et al., 2016; Veggi et al., 2014). Being a genus of the
family Fabaceae, highly distributed from Central America to South
America, mainly in the Amazon basin, this genus comprises about 25
described species in America (Boniface et al., 2017).

The Caatinga region in Brazil is very rich and is considered a source
of varied species with high Brazilian consumption, either for food or for
treatment of diseases. Species from Hymenaea are known in Brazil as
“jatobd”, “jetai”, “jatai-uva”, “jetaiba” (Oliveira et al., 2016), and have
traditionally been used as food, and in traditional medicine used to
treat infections, respiratory problems, rheumatism, antitumoral, in-
flammation and pain (Almeida et al., 2012; Veggi et al., 2014; Lacerda
etal., 2014). The activities of the oils and extracts of leaves and roots of
this species are performed in the presence of several chemical con-
stituents, such as terpenes, phenolic compounds, flavonoids, steroids,
tannins, alkaloids, amino acids, fatty acids, carbohydrates and cou-
marins (Fernandes et al., 2005; Veggi et al., 2014; Oliveira et al., 2016).

Species of Hymenaea are consumed by traditional communities
without species distinction, however, recently, some new species of this
genus have been described in northeastern Brazil (Pinto et al., 2017).
The specie H. cangaceira has been described as morphologically similar
to the H. martiana and H. longifolia and their geographical distribution
is superimposed on them. It differs, however, in the combination of
glabrous, ovate to broad-elliptical leaflets, glabrous ovaries and a re-
latively small and cylindrical fruit and to date no records of biological
activity studies related to these species have been found in the scientific
literature consulted.

In this context, this study aimed to investigate the chemical com-
position of essential oil from H. cangaceira, as well as antimicrobial,
antinociceptive and antioxidant activities and protection against DNA
damage and hemolysis.

2. Material and methods
2.1. Plant material

The aerial parts (leaves) of H. cangaceira (Pinto, Mansano &
Azevedo) were collected in Catimbidu National Park, Pernambuco,
Brazil, Coordinates: 8°36’35"(S) and 37°14’40"(W). The sample was
obtained on March 2018 by the team consisting of researchers from
Federal University of Pernambuco. A voucher specimen used in this
work was deposited in the herbarium of the Agronomic Institute of
Pernambuco IPA under the number 84888.

2.2. Essential oil extraction

The essential oil was extracted from fresh leaves (500 g) by hydro-
distillation in Clevenger type apparatus for 4h. Anhydrous sodium

sulfate was used to remove all the water from the oil and stored in
amber containers sealed at 4 °C. The yield % (w/w) of the oil was
calculated based on the weight of the fresh material.

2.3. Chemical composition

The essential oil was analyzed on Agilent Technologies Gas
Chromatograph (Palo Alto, CA, USA) 5975C series, with triple quad-
rupole detection system equipped with DB-5MS column Agilent
Technologies (30m x 0.25mm x 0.25um). Aliquots of 1pL in split
1:50 of the essential oil were injected in the gas chromatography cou-
pled to CG-MS mass spectrometry. Compounds were identified by
comparing their mass spectra using MassFinder software 4, NIST08 and
Wiley Registry™ 9th Edition, integrated into the software Agilent MSD
Productivity ChemStation (Agilent Technologies, Palo Alto, EUA) and
Retention Index to those of authentic standards available in the Adams
(Adams, 2007). The sample were quantified in gas chromatography
with flame ionization detector (GC-FID), under the same GC-MS con-
ditions, in triplicate for calculation of standard deviation of peak area
percentage for each compound in the chromatogram.

2.4. Antioxidant activities

2.4.1. DPPH scavenging activity

The evaluation of the antioxidant activity of essential oil by the free
radical sequestration method was measured by means of hydrogen
donation using the stable radical DPPH (Kose et al., 2010). Measure-
ments were performed in triplicate and inhibition activities were cal-
culated based on the percentage of DPPH removed. An analogue of
vitamin E (Trolox®) and Butylated Hydroxytoluene-(BHT) were used as
standards. The percent inhibition (1%) was calculated using the fol-
lowing equation: 1% = [(Ac -As)/(Ac)] x 100, where Ac is the absor-
bance of the control and As is the absorbance of the sample. IC5, of
DPPH activity was calculated based on the linear regression of the
percentage of remaining DPPH against the sample concentration. All
assays were carried out in triplicate.

2.4.2. ABTS scavenging activity

Antioxidant activity of the essential oil by the ABTS (2,2’-azino-bis
3-ethylbenzothiazoline-6-sulphonic acid) assay was based on the gen-
eration of the cationic chromophore radical obtained from the oxida-
tion of ABTS by potassium persulfate (Re et al., 1999). Measurements
were performed in triplicate and inhibition activities were calculated
based on the percentage of ABTS removed. An analogue of vitamin E
(Trolox®) and Butylated Hydroxytoluene-(BHT) were used as standards.
The percent inhibition (1%) was calculated using the following equa-
tion: 1% = [(Ac -As)/(Ac)] x 100, where Ac is the absorbance of the
control and As is the absorbance of the sample. ICsq of ABTS activity
was calculated based on the linear regression of the percentage of re-
maining ABTS against the sample concentration.

2.4.3. Hydroxyl radical scavenging activity (OH’)

The activity was investigated using the Fenton reaction based on the
methodology of Costa et al., 2011, with some modifications. Hydroxyl
radicals were generated using 150 mM sodium phosphate buffer (pH
7.4) containing 10mM FeSO, X 7H,0, 10mM EDTA, 2mM sodium
salicylate, 30% H,0,. Samples were mixtures is incubated at 37 °C for
1h, and then read at 510nm. ICs, of Hydroxyl radical scavenging ac-
tivity was calculated based on the linear regression of the percentage of
Hydroxyl radical reduced against the sample concentration. All assays
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were carried out in triplicate.

2.4.4. Superoxide radical scavenging assay (05)

It was evaluated according to a modified procedure-based Costa
etal., 2011, with some modifications. An aliquot of 200 pL of sample
was mixed with 200 pL of phosphate buffer (50 mM, pH 7.4), 200 pL of
metionin 65 mM, 200 pL of EDTA solution 0.5 mM, 200 pL of 0.375 mM
Nitrotetrazolium Blue chloride (NBT) and 200 pL of riboflavin 0.5mM.
Control samples were prepared by substituting 200 L of sample for
200 L of phosphate buffer (50 mM, pH 7.4). The mixture was in-
cubated under fluorescent light for 15min and the absorbance read at
560 nm against a blank. A Quercetin (Sigma-Aldrich, Germany) was
used as standard. The radical scavenging activity (1%) was calculated
using the following equation: 1% = [(Ac -As)/(Ac)] x 100, where Ac is
the absorbance of the control and As is the absorbance of the sample.
All assays were carried out in triplicate. ICso of superoxide scavenging
activity was calculated based on the linear regression of the percentage
of radical O, reduced against the sample concentration.

2.4.5. DNA damage protective effect

Induction of DNA scission by Fenton reagent was measured on
plasmid pBR322 (Sigma-Aldrich, Germany) according to the procedure
described by Lee et al. (2002). In addition, intact plasmid pBR322
(0.5mg) was mixed with essential oil in different concentrations (12.5,
25, 50 and 100 pg/mL) in TE buffer (10 mM Tris-HCl and 1 mM EDTA),
pH 7.2, and incubated for 10 min at 37 °C, followed by the addition of
the Fenton reagent (30mM H,0,, 50 uM ascorbic acid and 80uM
FeCl;), the mixture was incubated for 30 minat 37 °C. Samples were
then subjected to 0.8% agarose gel electrophoresis containing 0.5 pg/
mL ethidium bromide and photos of the DNA bands were collected
under the Gel Analyzer®. All assays were carried out in triplicate.

2.4.6. Hemolytic assay

The hemolytic activity was measured by the determination of
human erythrocyte lysis (hRBCs), ceded by the Hospital of the Federal
University of Rio Grande do Norte (UFRN). The hemolytic activity was
assayed by incubating the essential oil (5mg/mL) with of 2% ery-
throcytes group O" washed three times with PBS (phosphate buffer
saline), pH 7.2. The saline (NaCl 0.9%) was used as a negative control,
and Triton X-100 (1%) as a positive control. The samples were in-
cubated for 4, 8 and 12 hat 37 °C and then centrifuged at 2500 rpm for
5 min. Hemolysis was measured by spectrophotometry at a wavelength
of 540nm in 96-well using 200 pL of samples. All experiments were
performed in triplicate and expressed as percentage (Ahmad et al.,
2010).

2.4.7. Antimicrobial activity

2.4.7.1. Microbial strains. The antimicrobial activity was evaluated in
Staphylococcus aureus ATCC 43300 (MRSA), Staphylococcus aureus ATCC
29213 (MSSA), Pseudomonas aeruginosa ATCC 27853, Klebsiella
pneumoniae ATCC 700603, Candida tropicalis ATCC 750 and Candida
krusei ATCC 6258 provided by the Lab y of Envi ital and
Clinical Microbiology at the Institute of Tropical Medicine of Federal
University of Rio Grande do Norte.

2.4.7.2. Inoculum preparation. The bacteria and fungi were cultivated
on the Mueller Hinton Agar and Sabouraud Dextrose Agar, respectively.
After the incubation period, colonies of each lineage were aseptically
transferred to sterile saline solution (0.8% NaCl). The turbidity of the
solutions was standardized with 0.5 Mac Farland standard (10° CFU/
mL).

2.4.7.3. Mini inhibitory ~ concentration ~ (MIC). The  broth
microdilution susceptibility assay to identify the minimum inhibitory
concentration (MIC) followed CLSI protocol M100 (CLSI, 2017) and
M60 (CLSI, 2018). It was used 96-well flat bottom plates to carry this
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assay out, being the essential oil diluted in medium Mueller Hinton
(bacteria) and RPM-1640 (fungi) (Bessa et al., 2016), then added the
microbial inoculum containing approximately 10® CFU/mL. The cells
were incubated on a rotary shaker at 150 rpmat 37°C for 24h.
Subsequently, 10 pL of 0.001% resazurin was added and the plates
were incubated for 4 h. Growth was indicated by color changes from
purple to pink (or colorless) and the lowest concentration at which the
color change occurred was taken as the MIC. The antibiotics
vancomycin, cefepime and fluconazole were used as a positive
control. Each trial in this experiment was performed in triplicate.

2.4.7.4. Minimum bactericidal and fungicidal concentration (MBC/
MFC). For the determination, followed CLSI protocol M100 (CLSI,
2017) and M60 (CLSI, 2018). Aliquots of 10 uL from the wells before
the MIC were transferred to Petri dishes containing Mueller Hinton
Agar (MHA) and Sabouraud Dextrose Agar (SDA), incubated at 37 °C for
24h. MBC/MFC were considered to be the lowest concentration from
which no microbial growth was observed after culturing. The
antibiotics vancomycin, cefepime and fluconazole were used as a
positive control. Each trial in this experiment was performed in
triplicate.

2.4.8. Toxicity acute and antinociceptive activity

2.4.8.1. Animals. The assessment of acute toxicity and antinociceptive
activity was previously approved by the Animal's Use Ethics Committee
(CEUA) of Federal University of Pernambuco, under process
23076.036381/2018-14. For evaluation, were used Swiss albino (Mus
musculus) male mice 10-12 weeks old, weighing between 30 and 35g,
maintained in standard laboratory conditions (22 = 1°C and 12h
light/dark cycle). Mice were fed with standard rodent pellet food and
water ad libitum. After a week of adaptation, the animals were randomly
divided according to the evaluations to be performed (acute toxicity,
antinociceptive activity and mechanisms of action involved in
antinociception).

2.4.8.2. Acute toxicity. Acute toxicity was assessed as described by
Chinedu et al. (2013). Firstly, the essential oil was orally administered
(0.a.) in three groups, containing nine adult mice were equally divided:
10mg/kg, 100 mg/kg and 1000 mg/kg. After administration, animals
were housed and monitored during 24 h for changes in behavior and
deaths. If no alteration was observed, the essential oil would be assessed
in a second phase: nine animals was divided and received 1600 mg/kg,
2900 mg/kg and 5000mg/kg (o.a.) and then was observed for
alterations and mortality. The LDso was calculated by the formula:
LD, = /(D0xD100). DO is the highest dose without mortality, and
D100 is the lowest dose with deaths.

2.4.8.3. Nociceptive against acetic acid. The antinociceptive activity was
performed by induction of pain with acetic acid 0.8% administered by
intraperitoneal route (i.p.) (Radulovi¢ et al.,, 2015), then the animals
were treated with vehicle (saline, 0.a.), Indomethacin (20 mg/kg, v.0.)
and essential oil (100mg/kg, v.0.), and the number of abdominal
writhing recorded between 5 - 15 min after injection was measured.

2.4.8.4. Nociception against formalin and mechanisms of action. In this
model, it was used an experimental protocol similar to that described
by Hunskaar et al. (1985). The nociceptive activity was also performed
by pain induction by intraplantar administration (i.pl.) of formalin
2.5%. Vehicle (saline), morphine (10 mg/kg), indomethacin (20 mg/kg)
and essential oil (100mg/kg) were was orally administered (o.a.),
30min before the formalin injection. The animals were observed to
record the total time and number of paw licks, and nociception was
considered based on the number of times the mouse licked the paw that
received the chemical agent for 0-5min (neurogenic phase) and
15-30 min (inflammatory phase).

Participation of the different pathways involved in nociception was
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assessed by administering the following drugs (15 min prior to treat-
ment): naloxone (5mg/kg, o.a.) a non-selective opioid antagonist;
atropine (5 mg/kg, o0.a.) a non-selective muscarinic receptor antagonist
and glibenclamide (5 mg/kg, o.a.) a ATP-sensitive K* channel blocker.
The tests were performed with oral administration of EOHc (100 mg/
kg, o.a.), vehicle (0.9% saline) and morphine (10mg/kg, o.a.) as
standard group, after 30 min the animals were submitted to the for-
malin test (as described) and the licking time recorded and computed
for analysis (Tjolsen et al., 1992).

2.5. Statistical analysis

All assays were performed in triplicate. Values were considered
significantly different at p < 0.05. The data were analyzed using the
GraphPad Prism® version 5.0 and expressed as mean * SD.
Statistically significant differences were calculated by the application of
one-way analysis of variance (ANOVA) followed by Turkey post-hoc
test.

3. Results and discussion
3.1. Chemical composition of EOHc

Aerial parts of H. cangaceira were hydrodistilled and produced a
yellow essential oil with characteristic odor, with yield of 0.18% (w/w).
Fifteen compounds were detected, which represented 85.38% of the
total composition (Table 1).

The essential oil was characterized by a high percentage of hydro-
carbon sesquiterpenes (79.04%). The quantification showed that oil has
as main components (E)-Caryophyllene (23.38 + 0.51%), Germacrene
D (1466 = 0.14%), a-Guaiene (9.75 = 0.07%), [-Elemene
(7.05 + 0.02%), a-Copaene (6.34 = 0.15%) and a-Humulene
(4.65 = 0.12%). There are few studies that evaluate the composition
of essential oils from species of the genus Hymenaea. Aguiar et al.
(2010) reported that the essential oil of H. courbaril var. corbaril have
a-copaene, spatulenol and (-selinene as constituents, being present in
small concentrations in the leaf oil (0.41-1.99%).

The major components present in the essential oil of H. cangaceira
(EOHc) are considered biologically active. Several activities are
escribed to them. Anti-inflammatory, antibacterial, antifungal, anti-
rheumatic, antioxidant, antitumor, analgesic and antiviral activities
were reported for caryophyllene (Astani et al., 2011; Singh et al., 2014;
Hammami et al., 2015). Germacrene is reported as antitumoral, an-
algesic, anti-inflammatory and antioxidant activities as well as a-
amylase and acetylcholinesterase inhibitory activity (Setzer et al.,
2006; Del-Vechio-Vieira et al., 2009). Guaiene is reported as an in-
hibitor of cyclooxygenase, 5-lipoxygenase and acetylcholinesterase,
besides presenting antioxidant and anti-inflammatory activity (Wei and
Shibamoto, 2007; Mendes et al., 2013; Ibrahim et al., 2016). Elemene is
reported as potent antimicrobial, antioxidant and anaesthetic (Benovit
et al., 2015; Chen et al., 2017; Sieniawska et al., 2018). Copaene is
reported as antimicrobial, antileishmanial, antigenotoxic and anti-
oxidant (Costa et al., 2009; Turkez et al., 2014; Rodrigues et al., 2018).
Humulene is reported as a potent anti-inflammatory, analgesic and anti-
allergic agent (Rogerio et al., 2009).

Compounds of natural origin that perform pharmacological activ-
ities of medical importance, has driven several researches, culminating
in pharmaceuticals. Acheflan® is an example of medicine derived from
natural products of successful traditional knowledge, with anti-in-
flammatory and analgesic activity from essential oil of Cordia verbe-
nacea (Rodrigues et al., 2012; Perini et al., 2015; Gomes et al., 2019).
CalmAid® is a potent anxiolytic agent obtained from the essential oil of
Lavandula angustifolia (Cardia et al., 2018). These products present as
main constituents responsible for its activity caryophyllene and hu-
mulene, which are some of the major compounds found in the essential
oil of H. cangaceira, indicating the medicinal potential of this species.
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3.2. Antioxidant activity

Antioxidant and radical scavenging compounds are precious dietary
supplements due to protection of the human health against various
disorders since they play a crucial role by restoring physiological oxi-
dative balance and modulating biological pathways and membrane
function (Lee et al., 2002; Wei et al, 2007; Almeida et al., 2012;
Hammami et al., 2015). Studies indicates that there is no single method
capable of quantitatively and accurately evaluate the antioxidant
properties of a particular compound, being necessary to use different
techniques (Ornano et al., 2013).

In the present study, different kinds of assays were employed to
evaluate the antioxidant potential of the essential oil from H. cangaceira
(EOHc). The results on the free radicals scavenging inhibition in terms
of ICs, values are given in Table 2. The result of the scavenging activity
of the DPPH" radical presented an ICsq value of 127.51 =+ 0.01 ug/mL.
The scavenging of the ABTS* radical by the oil was found to be higher
than that of DPPH® radical presenting an IC;, value of
257.03 * 0.11pg/mL. The sequestration of superoxide and hydroxyl
radicals showed ICs, values of 328.28 + 0.11 and 467.29 + 0.12pg/
mL, respectively.

While analyzing the antioxidant capacity of essential oils, factors
like stereoselectivity of the radicals or the extracts solubility at different
testing systems have been reported to affect the capacity of extracts to
react and quench different radicals. Some compounds which have
ABTS™ scavenging activity did not show DPPH " scavenging activity
(Almeida et al., 2014; Borah et al., 2019).

According to the results obtained, it is possible to state that the
essential oil of H. cangaceria (EOHc) has a huge antioxidant potential in
all the methodologies analyzed. Its antioxidant activity is superior to
other essential oils considered as potent antioxidants, such as
Amygdalus pedunculata, analyzed by Lu et al., 2018 of which presented
1G5, values for elimination of DPPH, O* and OH' radicals of 2.32, 2.65
and 2.42 mg/mL, for these methods, respectively.

The variation in the chemical profiles of the oils in both assays could
have accounted for their varied antioxidant activities. Previous in vitro
and in vivo studies have reported caryophyllene (Thirugnanasampandan
and David, 2014), Germacrene (Del-Vechio-Vieira et al., 2009),
Guaiene (Ibrahim et al, 2016), Elemen (Chen et al., 2017), Copaene
(Turkez et al, 2014), Humulene (Hammami et al, 2015), these

Table 1
Chemical composition of the ial oil from H) 1g

highlighting in bold the major components.

ira (EOHc),

Peak Compound RI Cal RILit Percentage (%) S.D.
1 §-Elemene 1341 1335 221 0.06
2 a-Copaene 1380 1374 6.34 0.17
3 B-Elemene 1396 1389 7.05 0.12
4 Cyperene 1403 1398 2.68 0.06
5 (E)-Caryophyllene 1424 1417 23.38 0.58
6 v-Elemene 1438 1434 218 0.13
7 a-Guaiene 1443 1437 975 0.07
8 a-Humulene 1458 1452 4.65 0.12
9 y-Muurolene 1481 1478 116 0.10
10 Germacrene D 1486 1480 14.66 0.14
11 8-Selinene 1496 1492 114 0.04
12 Bicyclogermacrene 1501 1500 4.59 0.02
13 a-Bulnesene 1511 1509 2.84 0.04
14 8-Cadinene 1529 1522 221 0.06
15 Germacrene B 1563 1559 0.53 0.02
TOTAL (%) 85.38

Hydrocarbon monoterpenes (MH) 6.34

Oxygenated monoterpenes (MO) 0.0

Hydrocarbon sesquiterpenes (SH) 79.04

Oxygenated sesquiterpenes (SO) 0.0

TOTAL (%) 85.38

RICal-Experimental retention indices relative and RILit- Literature retention
indices; S.D. Standard Deviation.
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Table 2
Antioxidant activity of ial oil from H: ira (EOHc).
Sample 1Cs (g/mL)
DPPH ABTS 02 OH
EOHc 127.51 + 0.01" 257.03 + 0.04" 328.28 + 0.11" 467.29 + 0.12"
Trolox® 49.14 * 0.03* 113.27 + 0.02° NT. N.T.
BHT 212.30 * 0.02¢ 438.12 + 0.10° NT. 47.19 + 0.23"
Quercetin N.T. N.T. 19.27 + 0.13* N.T.

DPPH: Radical 2,2-Diphenyl-1-picrylhydrazyl; ABTS: Radical 2’,2-Azino-bis (3-etilbenzotiazolina-6-sulfonato); O, : Superoxide radical; OH': Hydroxyl radical; EOHc:
Essential oil from Hymenaea cangaceira; BHT: Butylated Hydroxytoluene; N.T. — Not Tested.

components are present in the essential oil of H. cangaceira.

3.3. DNA damage protective effect

Excessive amounts of reactive oxygen species (ROS) and reactive
nitrogen species (RNS) can lead to DNA damage and other changes in
cellular organelles (Beri¢ et al., 2008; Erdogan and Ozkan, 2013). The
protection effects of the essential oil of H. cangaceira on DNA oxidative
damage induced were evaluated. Supercoiled plasmid DNA was prone
to oxidation by hydroxyl radicals or peroxyl radicals generated which
resulted in the formation of open circular (Fig. 1).

The essential oil showed to be effective and concentration depen-
dent in the reduction of nicked DNA formation whereas increased super
coiled form of DNA. The protective effects of the essential oil against
DNA damage induced by Fenton reagent was observed in concentra-
tions ranging from 12.5 to 100 pg/mL. These findings showed that the
EOHc presents potential to prevent DNA damage.

Studies demonstrates the effectiveness of essential oils in DNA
protection. Bouaziz and Sayadi (2015) demonstrated that essential oil
of Pelargonium graveolens L'Hér. acts as the protector against DNA da-
mage induced by the Fenton reaction, in a dose-dependent activity. Hu
et al. (2017) found that the essential oil of Cyperus rotundus prevents
induced oxidative DNA damage, protecting the integrity of the genetic
material.

The molecular mechanism of cancer development involves the in-
duction of three to seven mutations in the tumour suppressor gene and
oncogenes (Utsumi et al., 2011). The main mutagenic source for these
mutations is the free radicals that are produced during normal body
metabolism and due to chronic oxidative stress and inflammation. Due
to its antioxidant effect, the essential oil of H. cangaceira has demon-
strated effectiveness on reducing DNA damage rates, acting indirectly
in the prevention of cancer.

3.4. Hemolytic assay

Studies have shown that lipophilic substances can frequently induce
hemolysis by lysis of erythrocytes and increase plasma hemoglobin le-
vels, culminating in various complications such as hemolytic anaemia
(Barros et al., 2016). The toxicity of any compound that has the purpose
of pharmacological applications, including hemolytic parameters, is
very important to provide informations on the interactions between
molecules and biological entities at the cellular level, being considered
as an indicator of general cytotoxicity for normal cells (Ghosh et al.,
2018).

The essential oil of H. cangaceira demonstrated almost negligible
hemolytic rates on hRBCs after incubation with blood cells for 12 h. The
hemolytic rate of the essential oil was less than 5% and below the
concentration of 5000 ug/mL (Fig. 2). The absence of this side effect
favours some further studies on isolated constitutive of this essential oil
with potential endovenous administration according to its concentra-
tion.

Several drugs used in therapeutics that have been reported as pro-
moters of haemolysis at a rate of up to 5%, have been considered as

clinically safe (Yang et al, 2014). The hemolysis assay suggested the
safety of EOHc to human, affirming its potential application as a safe
food biopreservative and possible drugs.

Essential oils described as antimicrobial, antiparasitic, anti-
flammatory and antioxidants are not suitable for use due to hemolysis,
indicating interactions between the components present in the mem-
brane and oil, as verified by Amber et al. (2010) evaluating the he-
molytic activity of Ocimum sanctum antifungal oil, with increasing rates
of hemolysis by this oil. Rodrigues et al. (2015a,b) evaluated anti-
Leishmania activity of the essential oil of Syzygium cumini, which pre-
sented potential for leishmaniasis control, however, causes hemolysis.
Sobrinho et al. (2016) found that the essential oil of Baccharis trinervis
had potential antioxidant and antifungal activity, however, the oil has
increased dose-dependent hemolysis rate.

The essential oil of H. cangaceira (EOHc) does not have hemolysis
rate up to the concentration of 5000 mg/mL and can be considered safe
for use in various therapies, according to its biological activities.

3.5. Antimicrobial activity

The emergence of microbial resistance to antibiotics has driven re-
search on the prospection of new antimicrobial drugs with essential oils
being one of the target sources (De Veras et al., 2019). Studies indicate
that the antimicrobial activity of essential oils is consistent with the
action of monoterpene constituents and sesquiterpenes on the cell
membrane, causing lesions that lead to the destruction of microorgan-
isms (Oliveira et al., 2016).
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Fig. 1. Protective effect of against pBR322 plasmid DNA damage by essential
oil from Hymenaea cangaceira (EOHc) in different concentrations, induced by
photochemical reaction Fenton. (***) P < 0.001 vs. control; (**)P < 0.01 vs.
control; and (*) P < 0.05 vs. control. Lane 1 = DNA without treatment
(Control Positive); Lane 2 = DNA + Fenton reagent (Control Negative); Lane
3 = DNA + Fenton reagent + EOHc 12,5 pg/mL; Lane 4 = DNA + Fenton
reagent + EOHc 25 pg/mL; Lane 5 = DNA + Fenton reagent + EOHc 50 pg/
mL; Lane 6 = DNA + Fenton reagent + EOHc 100 pg/mL.
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Fig. 2. Hemolytic activity of ial oil from F ira (EOHc) in

human erythrocytes. (***) P < 0.001 vs. positive control.

The antimicrobial activities of the EOHc were shown in Table 3. The
essential oil was effective against S. aureus ATCC 43300 (MRSA), S.
aureus ATCC 29213 (MSSA), P. aeruginosa ATCC 27853, K. pneumoniae
ATCC 700603, C. tropicalis ATCC 750 and C. krusei ATCC 6258 with
MIC values ranging from 4 -1024 pug/mL, being its most effective anti-
microbial activity in the fight against Gram-negative bacteria (P. aer-
uginosa and K. pneumoniae), being superior to the antibiotic cefepime.
The difference in antimicrobial activity between species of the same
genus may be due to action at specific sites on the microorganisms by
the major components (Ali et al., 2017).

The antimicrobial activities of the essential oil from H. cangaceira
could be attributed to its main components. Among the essential oils
that present compounds with antimicrobial activity, such as car-
yophyllene, copaene and germacrene, we find Araucaria cunninghamii
(Verma et al., 2014). Sieniawska et al. (2018) associated the anti-
microbial activity against Gram-positive, Gram-negative and fungi by
the essential oil of Nigella damascena to the majoritarian compost ele-
mene. The terpenes guaiene and humulene were associated with anti-
microbial activity in Gram-positive bacteria in essential oil of Psidium
guajava (Silva et al., 2018).

3.6. Acute toxicity

Being a key tool for the use of a substance, acute toxicity provides
information on the doses capable of causing toxic effects in a preclinical
study (Chinedu et al., 2013; Radulovi¢ et al., 2015; Donald et al., 2016).
The acute toxicity of the essential oil H. cangaceira was evaluated in two
phases. In the first phase of the assessment, there was no death evi-
denced for 10mg/kg, 100 mg/kg and 1000 mg/kg (o.a.) concentra-
tions. In the second phase of the assessment, there was no death evi-
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One of the major problems with the use of natural products such as
essential oils is the presence of toxicity. On this basis, several studies
aimed the toxicological safety of oils, such as the study by De Veras
et al. (2019) evaluated the acute toxicity of the antinociceptive essen-
tial oil of Algrizea minor, being verified that it does not present toxicity
in the same concentrations analyzed of essential oil of H. cangaceira,
presenting as one of the major components the germacrene D.

Although essential oils have promising biological activities, how-
ever, they have toxicity, such as the essential oil of Pimpinella saxifraga
which presents toxicity in rats with LD, of 976.2 mg/kg (0.a.) (Ksouda
et al., 2019). The essential oil of Pterodon polygalaeflorus is described
with antinociceptive activity presenting as main component [(-elemene
and a-humulene, with reduction of the number of writhes in 51.9%,
however, presents toxicity with LDs, of 3380 mg/kg (0.a.) (Coelho-de-
Souza et al., 2018).

It is possible to state that the essential oil of H. cangaceira presents
toxicological safety when administered orally, through absence of side
effects or mortality in the analyzed mice, being able to be used in the
treatment of several diseases.

3.7. Antinociceptive activity and mechanisms of action

The management of pain is probably one of the most common and
yet most difficult aspects in medical practice. A significant number of
the world's population is affected by some kind of pain, culminating in
the loss of life quality. Therefore, the demand for potent analgesics with
low toxicity is increasing (Radulovi¢ et al., 2015; Donald et al., 2016;
Ksouda et al., 2019).

It was verified in the test of abdominal writhings induced by 0.8%
acetic acid via intraperitoneal, that the essential oil presented sig-
nificant antinociceptive activity, with reduction of the number of
writhes and pain in 76% being similar to indomethacin (Fig. 3). Dif-
ferent essential oils that present majoritarian components present in
EOHc were described as the essential oil of A. minor, which reduces the
number of writhes in the same concentration as the EOHc in 65.84%,
with the constituents of germacrene D (De Veras et al., 2019). Essential
oils which have other components than EOHc are described as potent
analgesics such as Nepeta pogonosperma essential oil, which reduced the
number of abdominal writhes by approximately 30% at the con-
centration of 100 mg/kg (o.a.) (Ali et al., 2012).

Formalin test evidenced that EOHc provokes analgesic effects
through central and peripheral pathways. Fig. 4 shows that EOHc re-
duced central pain in more than 50% (20% less than morphine). In
addition, central effect of EOHc was confirmed to be through opioid
pathways, since naloxone could block its effect. This inhibition of EOHc
was not detected via muscarinic, nor K* ATPase mechanisms. More-
over, phase 2 of formalin test indicated that EOHc not only reduced
pain through central activation, but also via anti-inflammatory routes
(Fig. 5). Mice that received naloxone, and had their analgesic effect

denced for 1600mg/kg, 2900mg/kg and 5000mg/kg (o.a.) blocked, still had reduction of pain stimuli in this phase.
concentrations. The formalin test is one of the appropriate methods to produce and
Table 3
Antimicrobial activity of the essential oil from H. cangaceira.

Strains EOHc VAN CEF FLU

MIC MBC/MFC MIC MBC MIC MBC MIC MFC

S. aureus ATCC 43300 (MRSA) 1024 2048 16 64

S. aureus ATCC 29213 (MSSA) 512 1024 2 -

P. aeruginosa ATCC 27853 4 16 - 8 16

K. pneumoniae ATCC 700603 8 16 2 4 -

C. tropicalis ATCC 750 256 512 8 16

C. krusei ATCC 6258 512 1024 32 64
EOHc: ial oil of H ira; VAN: Vancomycin; CEF: Cef FLU: Fluc le; MIC: Inhibitory C (pg/mL); MBC: Minimum

Bactericidal Concentration (ug/mL); MFC: Minimum Fungicidal Concentration (ug/mL).
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Fig. 3. Antinociceptive activity of essential oil from Hymenaea cangaceira
(EOHc) induced abdominal pain by intraperi 1 acetic acid. (***)
P < 0.001 vs. control.
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Fig. 4. Antinociceptive activity of essential oil from Hymenaea cangaceira
(EOHc) by intraplantar induction with 2.5% formalin, neurological phase.
(****) P < 0.0001 vs. control; (***) P < 0.001 vs. control.
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Fig. 5. Antinociceptive activity of essential oil from Hymenaea cangaceira
(EOHc) by intraplantar induction with 2.5% formalin, inflammatory phase.
(*¥***) P < 0.0001 vs. control; (***) P < 0.001 vs. control.

quantify chemical pain in the mouse model, whereby the intensity is
converted to numerical values. Similar to the previous report, Queiroz
et al. (2014) evaluated antinociceptive activity of Xylopia laevigata,
which has a-copaene as its main constituent, and its activity in the
formalin test presented a significant reduction in pain sensation at
central and peripheral levels - mechanism of action of the opioid
system.

Based on the data obtained, essential oil of H. cangaceira has anti-
nociceptive activity at the central and peripheral levels, being absent of
toxicity up to the concentration of 5000mg/kg (0.a.), validating the
popular knowledge about the species.

4. Conclusions

The essential oil obtained from the aerial parts of H. cangaceira
presents as major constituents the (E) -Caryophyllene, Germacrene D,
a-Guaiene, B-Elemene, a-Copaene and a-Humulene, presenting a high
antioxidant, antimicrobial and analgesic activities, and does not present
toxicity, making this oil an actual medicinal product. Additionally, the
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results described in this study support the popular use of the species for
the treatment of pain disorders, infections and prevention of cancer
development. besides becoming a candidate for herbal medicine.
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ABSTRACT

Keywords:
Medicinal plant
Safety of use
Antimicrobial
Inflammation
Fever

hnoph logical rel Verbesil phylla (Cass.) S.F.Blake is a medicinal plant from South America,
popularly known as "asa de peixe", "asa de peixe branco", "cambard branco" or "cambara guagu', being used by
traditional communities for its healing powers in the form of teas, infusions, liqueurs and extracts, for the
treatment of bacterial and fungal infections of the urinary and respiratory tracts, such as kidney problems,
bronchitis, inflammation and fever. However, none of the ethnopharmacological properties has been scientifi-
cally evaluated.
Aim of the study: Based on the ethnopharmacological use of the species, this study investigated the chemical
composition, and for the first time acute toxicity, hemolytic, antimicrobial, anti-inflammatory and antipyretic
activities of the essential oil from leaves of V. macrophylla.
Material and methods: The ial oil was obtained from the leaves by hydrodistillation (HD), being charac-
terized by gas chromatography coupled to mass spectrometry (GC-MS) and gas chromatography coupled to flame
ionization detection (GC-FID). The antimicrobial activity was evaluated by the broth microdilution technique in
bacteria and fungi that cause infections of the respiratory and urinary tract, and toxicological safety regarding
hemolytic activity on human red blood cells (hRBCs), and acute toxicity in mice. The anti-inflammatory activity
was evaluated by the model carrageenan-induced peritonitis with quantification of the levels of TNF-at and IL-1p
in the intraperitoneal fluid, and ear edema induced by croton oil. The antipyretic activity evaluated in mice with
pyrexia induced by yeast.
Results: The extraction of essential oil by hydrodistillation (HD) showed a yield of 0.33+0.04%, with its
composition constituted mainly by sesquiterpenes of hydrocarbons (94.00%). The essential oil demonstrated
antibacterial and antifungal activity, with a low rate of hemolysis in human red blood cells (hRBCs) and no
clinical signs of toxicity were observed in animals after acute treatment, which suggested that the LDso is greater
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than 5000 mg/kg; p.o. The essential oil d ated anti-infl

Journal of Ethnopharmacology 265 (2021) 113248

y activity reducing levels of pro-

inflammatory cytokines TNF-u (38.83%, 72.42% and 73.52%) and IL-1p (37.70%, 75.92% and 87.71%), and
ear edema by 49.53%, 85.04% and 94.39% at concentrations of 4, 40 and 400 mg/kg, respectively. The anti-
pyretic activity presented by the essential oil is statistically similar to dipyrone.

Conclusion: The set of results obtained, validates the main activities attributed to the traditional use of Verbesina
macrophylla (Cass.) S.F.Blake. These data add industrial value to the species, considering that the antimicrobial,
anti-inflammatory and antipyretic activities present results similar to the drugs already used also presenting
safety. The results suggest that essential oil from V. macrophylla may be used by industry for the development of
drugs with natural antimicrobial, anti-inflammatory and antipyretic effect.

Abbreviations:

GC-MS  Gas Chromatography/Mass Spectrometry
GC-FID Gas Chromatography/Flame lonization Detector
ANOVA Analysis of variance

CLsI Clinical and Laboratory Standards Institute

MIC Minimum inhibitory concentration
MBC Minimum bactericidal concentration
MFC Minimum fungicidal concentration
IL-1p Interleukin 1p

TNF-¢  Tumor necrosis alpha
LDso Median lethal dose

p.o. Oral administration
HD Hydrodistillation
hRBCs  Human red blood cells

MOPS  3-(N-Morpholino) propane sulfonic acid

1. Introduction

According to the United Nations Conference on Trade and Devel-
opment, more than 30% of medicines produced and marketed in the
world come from plants considered medicinal, being used for the
treatment of various diseases, such as inflammation, spasms, pain, dia-
betes, cancer, neurological diseases, parasitic diseases, infections,
among others (Anand et al., 2019; Vyas et al., 2019; Sd etal., 2014).

Medicinal plants have proved to be a rich source for the discovery of
molecules that can be therapeutically exploited. However, studies are
needed to validate their therapeutic properties and their toxicological
safety, in order to ensure their safe use by those who use them for
therapeutic purposes, as well as to provide information necessary for the
development of new medicines (De Veras et al., 2020; Da Silva et al.,
2020; Branquinho et al., 2017). Based on this premise, several species
used in traditional medicine have been evaluated and validated for their
potential in the treatment of bacterial and fungal infections, action
against inflammation (multifactorial disease that culminates in the
establishment of cardiovascular diseases, arthritis and neurodegenera-
tive diseases and reduced mobility of people) and pyrexia (fever caused
by bacterial, fungal and/or viral infections, in addition to auto immune
system responses) (Brandenburg et al., 2020; Postu et al., 2019; Sd etal.,
2014).

The genus Verbesina (Asteracea family) and the tribe Heliantheae
(subtribe Verbesininae) presents around 300 species distributed
throughout the Americas, with most occurring in Mexico, Brazil and the
Andes, with economic importance due to their chemical properties
(Bezerra et al., 2018; Panero and Crozier, 2016). Species of this genus
have been used by communities in the preparation of drinks, teas, in-
fusions and extracts as popular medicines for the treatment of diabetes,
hypertension, infections and inflammation (Mora et al., 2013), with
some activities already validated, such as antibacterial and
anti-inflammatory activities of V. turbacensis (Gualteri et al., 2005;
Lobitz et al, 1998), antiparasitic and antitumor activities of V.

encelioides (Ezzat et al., 2016; Al-Oqail et al., 2016), antibacterial ac-
tivity of V. negrensis (Mora et al., 2015) and anti-hypertensive activity of
V. caracasana (Botta et al., 2003).

Among the species of Verbesina spp. that presents medicinal use there
is V. macrophylla (Cass.) S.F.Blake (synonym Ditrichum macrophyllum),
popularly known as "asa de peixe", "asa de peixe branco", "cambara
branco" or "cambara guagu" with wide distribution in South America.
This species is known by traditional communities for its healing powers
in the form of teas, infusions and liquors, for the treatment of bacterial
and fungal infections of the urinary and respiratory tract, bronchitis,
kidney problems, inflammations and fever. However, none of these
properties has been scientifically evaluated (Bezemra et al., 2018;
Almeida et al., 2014; De Albuquerque et al., 2007; Moreira et al., 2002).

In this context, the objective of the present study was to evaluate the
chemical composition and report for the first time the toxicity, antimi-
crobial, anti-inflammatory and antipyretic activities of the essential oil

of V. macrophylla.

2. Material and methods
2.1. Plant material

The plant material (leaves) of V. macrophylla was collected in the
Montana Rainforest, located in the Mesoregion of Agreste Pernambu-
cano in the municipality of Camocim de Sao Félix (geographic co-
ordinates of 08°21'31” S and 35 °45'43” W). An exsiccate from the plant
material was deposited at the Herbario Professor Vasconcelos Sobrinho
(PEUFR), of the Federal Rural University of Pernambuco (UFRPE), under
number 55.081.

2.2. Essential oil extraction

The essential oil of leaves of V. macrophylla was obtained by
hydrodistillation (HD) in Clevenger apparatus for 3 h. The entire process
was carried out in triplicate, using 500 g of leaves V. macrophylla in each
extraction. After extraction, anhydrous sodium sulfate was used to dry
the essential oil, which was then stored at 4 °C in amber flasks protected
from light for further analysis.

2.3. Analysis of chemical composition of essential oil

The essential oil was characterized by a combination of gas chro-
matography coupled to mass spectrometry (GC-MS) and gas chroma-
tography with flame ionization detector (GC-FID) according to De Veras
et al., (2020). For qualitative analysis of the composition of the essential
oil it was used a Gas Chromatograph 5975C series (Agilent Technolo-
gies, Palo Alto, CA, USA) with triple quadrupole detection system
equipped with DB-5MS column Agilent Technologies (30 m x 0.25mmx
0.25pum) was used. An aliquot of 1 uL was injected in split 1:50 of the
essential oil. The identification of compounds was performed comparing
their mass spectra using MassFinder software 4, NISTO8 and Wiley
Registry™ 9th Edition, integrated into the software Agilent MSD Pro-
ductivity ChemStation (Agilent Technologies, Palo Alto, EUA) and
Retention Index to those of authentic standards available in the Adams
(2017). For quantitative analysis of essential oil, gas chromatography
was used with flame ionization detector (GC-FID), under the same
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GC-MS running conditions, in triplicate for calculation of standard de-
viation of peak area percentage for each compound in the
chromatogram.

2.4. Hemolytic assay

The hemolytic activity of the essential oil was measured by the
determination of human red blood cells (hRBCs) provided by the Federal
University of Rio Grande do Norte (UFRN), using the methodology
adapted from Ghosh et al. (2018). The fresh blood O- was centrifuged at
1000 x g for 10minat 4°C to remove the plasma and the sediment
containing the red blood cells (RBCs) was washed consecutively with
PBS and then resuspended in PBS to obtain red blood cell suspension at
8% (v/v). Then 100 L of this suspension was added in microtubules
containing 100 pL containing dilutions of the essential oil, the mixtures
being homogenized and incubated for 2, 4 and 8 h at 37°C. After in-
cubation, the samples were centrifuged for 2minat 1000 x g, with
subsequent transfer of 200 pL of the mixtures to 96-well plates and
measurement of absorbance at 540 nm. Triton X-100 and PBS were used
as positive (PC) and negative (NC) controls, respectively. All experi-
ments were carried out in triplicate.

2.5. Antimicrobial activity

2.5.1. Microbial strains

The essential oil was tested against seven microbial strains that cause
respiratory and urinary tract infections. Strains of Gram-positive bac-
teria (Staphylococcus aureus ATCC 6538) and Gram-negative bacteria
(Pseudomonas aeruginosa ATCC 9027, Escherichia coli ATCC 8739 and
Klebsiella pneumoniae ATCC 700603) were obtained from American Type
Culture Collection. Strains of clinical fungal isolates of Candida albicans
URM-6366, C. albicans URM-6542 and C. albicans URM-5788 were ceded
by the Department of Mycology of the Federal University of Pernambuco
(UFPE).

2.5.2. Antibacterial and antifungal assay

The antibacterial activity was performed by microdilution in broth
according to CLSI protocol M100 (CLSI, 2017) for determination of
minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC). Initially, the dilution of the essential oil was ob-
tained according to De Veras et al. (2020). Two-fold serial dilutions of
each solution containing the essential oil (0.5- 1024 pg/mL) were pre-
pared in Mueller-Hinton broth and 10pL of bacterial suspension
(1 x 10° CFU/mL) was added. Samples were incubated at 37 °C for 24 h.
A resazurin solution (0.01% w/v) was used as an indicator of growth,
being taken as the lowest concentration, in which there was no color
change. Subsequently, 10 L of the cultures were seeded on plates con-
taining Muller Hinton Agar and incubated for 24 hat 37 °C to determine
the minimum bactericidal concentration (MBC). As a positive control, it
was used standard drug Amikacin (Sigma Aldrich, St. Louis, MO, USA).
Each trial in this experiment was performed in triplicate.

Antifungal activity was performed according to CLSI protocol M27
(CLSIL, 2008). Initially, the dilution of the essential oil was obtained
according to Da Silva et al. (2020). Serial dilutions of solutions con-
taining essential oil were performed in 96-well plates in RPM-1640
medium (buffered with MOPS) by adding 10 pL of the yeast suspen-
sion (1 x 10° CFU/mL). The samples were incubated at 30 °C for 48 h.
The MIC was determined by inhibiting 50% growth compared to the
control well (medium and inoculum only). Subsequently, 10 pL of each
well were seeded on plates containing Sabouraud Dextrose Agar me-
dium and incubated for 48hat 30°C to determine the minimum
fungicidal concentration (MFC). As a positive control, it was used
standard drug Fluconazole (Sigma Aldrich). Each trial in this experiment
was performed in triplicate.
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2.6. Acute toxicity, anti-inflammatory and antipyretic activities

2.6.1. Animals

The experiments were carried out using 108 mice Swiss albino (Mus
musculus), male and female (10-12 weeks old, 25-20g), kept in cages
with a solid polypropylene bottom (size: 18 em x 34 cm x 41 em) with
softwood shavings bed. They were kept under environmental conditions
of temperature (23 + 2°C), relative humidity (60-70%), 12 h light/dark
cycle, with access to food and water ad libitum. The animals were
randomly divided according to the evaluations to perform. All ethical
procedures were carried out in accordance with the recommendations of
the Council of International Organizations of Medical Sciences (CIOMS)
and Conselho Nacional de Controle de Experimentagao Animal do Brasil
(CONCEA), being previously approved by the Animal Use Ethics Com-
mittee (CEUA) of Federal University of Pernambuco, under n° 24/2020
CEUA/UFPE.

2.6.2. Acute toxicity and median lethal dose (LDso)

The oral acute toxicity of essential oil was assessed according to the
Test Guideline 425 of the Organization for Economic Cooperation and
Development (OECD, 2008). First, mice female was divided into six
groups (n = 3), and pre-treated orally (p.o.) by gavage with 100 uL of the
essential oil diluted in saline (0.9% w/v) in the following doses: 10; 100;
1000; 1600; 2900 and 5000 mg/kg. The animals were observed for 24 h
after oral treatment and daily for 14 days. Their weight and ingested
food were recorded daily, as well as possible signs of alteration, such as
tremors, convulsions, salivation, piloerection, hyperactivity, bleeding
and symptoms of toxicity. The mortality was also assessed for 14 days
and the LDs, was calculated according to Ahmed and Azmat (2014).

2.6.3. Anti-inflammatory activities

2.6.3.1. Carrageenan-induced peritonitis. In this model, it was used an
experimental protocol similar to that described by Zadeh-Ardabili and
Rad (2019). The mice (male) was randomly distributed in five groups
(n=6), being deprived of food for 12h. The orally treated (p.o.) by
gavage with 100 pL with the following doses of essential oil diluted in
saline (4, 40 and 400 mg/kg), control (saline 0.9% w/v) and dexa-
methasone in saline (20 mg/kg) were administered 1h prior to the in-
duction of peritonitis. After this period, 2% carrageenan (w/v) (750
ng/well) was injected into the intraperitoneal cavity (i.pl.). Three hours
after carrageenan-induced peritonitis, the animals were killed by cer-
vical dislocation and peritoneal fluid was collected under aseptic con-
ditions. The contents were centrifuged at 12,000 x g for 15 minat 4 °C,
the supernatant was stored at —70 °C until further analysis. Peritoneal
fluid aliquots of 100 uL were used to measure TNF-« and IL-1p using
mouse cytokines ELISA Kit, High Sensitivity in ELISA, Thermo Fisher
(Waltham, EUA) according to manufactures instruction.

2.6.3.2. Ear edema induced by croton oil. To assess topical anti-
inflammatory activity, Swiss albino (male) was randomly distributed in
five groups (n=6). Briefly, the mice had their right ears pre-treated
topically (v.t.) with control (saline 0.9% w/v), dexamethasone (4 mg/
mL) or essential oil (4, 40 and 400 mg/mL) in a volume of 20 pL (10 pL
on each side of the ear). One hour after the treatments, the edema was
induced by topical application of 20 uL of croton oil (Sigma-Aldrich)
(5% v/v, diluted in acetone) in the right ear, and 20 uL of the vehicle
(acetone) in the left ear, under the same conditions as the treatments.
Ear edema was evaluated at 2, 4 and 6 h intervals after the application of
croton oil, with the aid of a digital micrometer (Digimess), and the ac-
tivity measured according to the methodology adapted of Martins et al.
(2017).

2.6.4. Antipyretic activity
The antipyretic activity of the essential oil was carried out by the
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yeast-induced pyrexia method according to the adapted methodology of
Siddiqui et al. (2018). The mice (male) were used, randomly distributed
into five groups (n = 6). Initially, the mice had their initial rectal tem-
perature measured with the aid of a digital clinical thermometer, before
the administration of beer yeast suspension subcutaneously 20 mL/kg
(20% w/v). After 18h, from the yeast administration, the rectal tem-
perature was measured again and the animals that had an average basal
rectal temperature between 37.2 and 39.5 °C were selected for the tests.
The groups were pre-treated orally (p.o.) by gavage with 100 pL with the
following doses of control (saline 0.9% w/v), essential oil diluted in
saline (4, 40 and 400 mg/kg), or dipyrone in saline (100 mg/kg). The
rectal temperatures were measured at intervals of 1, 2, 3 and 4 h after
the administration of the samples, using a lubricated digital
thermometer.

2.7. Statistical analysis

GraphPad Prism® Version 7.0 was used for data analyses. Data are
presented as mean + standard deviation (mean + SD). All assays were
performed in triplicate. Statistically significant differences were calcu-
lated by the application of one-way analysis of variance (ANOVA) fol-
lowed by Tukey post-hoc test after meeting the premises of normality
and variance homogeneity. Values were considered significantly
different at p < 0.05.

3. Results and discussion

3.1. Andlysis of chemical ition of ial oil

P

The essential oil of the leaves of V. macrophylla extracted by hydro-
distillation (HD) obtained a yield of 0.33 +0.04% (w/w), with the
presence of 31 components representing 94% of its total composition
(Table 1), this being mainly composed by sesquiterpenes (93.57%) with
the major components being germacrene D (25.5 + 0.18%), germacrene
D-4-ol (18.84 +0.12%), bicyclogermacrene (11.33 +0.28%), (E)-car-
yophyllene (9.88 4 0.04%) and 5-cadinene (4.27 = 0.09%).

The essential oil of V. macrophylla was obtained for the first time by
hydrodistillation (HD) by Bezerra et al. (2018). They identified germa-
crene D (37.3%), germacrene D-4-ol (17%), (E)-caryophyllene (5.9%),
S-cadinene (5.7%) and bicyclogermacrene (5.3%) as major components,
the same components obtained in this study, however, in different
levels. This fluctuation in the content of the components may be linked
to environmental factors such as irradiation, soil and atmospheric pre-
cipitation to which the specimens may be subjected to, regardless of
genetic load. However, these modifications should be evaluated by
studies that verify the influence of environmental conditions, climatic
variables, ecological conditions, seasonality, altitude, geographical
distribution, water availability and genetic factors on the production of
these compounds in this species (Marques et al., 2019; Fanouriou et al.,
2018).

Although the hydrodistillation (HD) technique is the most used to
obtain essential oils due to its simplicity and low cost (Ogunwande et al.,
2018), it has been observed that the use of this methodology influences
the chemical composition and oil yield, considering that some molecules
may be decomposed at high temperatures (Damyeh et al., 2015).
Although it was possible to obtain the essential oil of V. macrophylla by
the technique of hydrodistillation (HD), different extraction techniques
should be investigated aiming at a better oil yield, as well as checking
possible changes in the chemical composition that may alter or influence
on possible biological activities and applications of the obtained oil
(Tung and Koca, 2019).

Among the compounds found in the essential oil of V. macrophylla,
which have several biological activities are the sesquiterpenes bicyclo-
germacrene and germacrene-D. These sesquiterpenes have been found
in the oils of several species of Verbesina spp., such as V. turbacensi
(Gualteri et al., 2005), V. diversifolia (Albuquerque et al., 2006) and V.
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Table 1
Chemical composition of the essential oil of the leaves from Verbesina macro-
phylla, highlighting in bold the major components.

Peak Compound RI Cal RILit (%) S.D.
1 aPinene 932 931 0.03 0.06
2 Camphene 945 945 0.01 0.17
3 f-Pinene 974 974 0.02 0.12
4 Myrcene 988 991 0.01 0.06
5 p-Phellandrene 1025 1028 0.02 0.58
6 (E)-p-Ocimene 1044 1049 0.12 0.13
7 Isobornyl formate 1235 1229 0.03 0.07
8 «Cubebene 1348 1352 017 0.12
9 a-Copaene 1374 1379 2.33 0.10
10 p-Bourbonene 1387 1387 0.31 0.14
1 p-Elemene 1389 1394 2.94 0.04
12 a-Gurjunene 1409 1413 0.47 0.02
13 (E)-Caryophyllene 1417 1424 9.88 0.04
14 f-Copaene 1430 1432 0.57 0.06
15 cis-Muurola-3,5-diene 1448 1448 0.10 0.02
16 «Humulene 1452 1457 2.56 0.01
17 allo-Aromadendrene 1458 1464 0.63 0.03
18 Germacrene D 1480 1489 25.50 0.18
19 Bicyclogermacrene 1500 1503 11.33 0.28
20 Germacrene A 1508 1511 0.85 0.12
21 y-Cadinene 1513 1519 1.46 0.04
22 5-Cadinene 1522 1528 4.27 0.09
23 Trans-Cadina-1,4-diene 1533 1535 0.25 0.07
24 aCadinene 1537 1542 0.27 0.01
25 Germacrene B 1559 1561 0.67 0.04
26 Caryolan-8-ol 1571 1571 0.45 0.09
27 Germacrene D-4-ol 1574 1583 18.84 0.12
28 Ledol 1602 1608 0.37 0.02
29 epi-t-Muurolol 1640 1647 2.94 0.08
30 aCadinol 1652 1660 3.70 0.05
31 Shyobunol 1688 1696 2.90 0.02
Hydrocarbon monoterpenes (MH) 0.21

Oxygenated monoterpenes (MO) 0.03
Hydrocarbon sesquiterpenes (SH) 64.56
Oxygenated sesquiterpenes (SO) 29.20

TOTAL 94.00

RICal- Experimental retention indexes relative and RILit- Literature retention
indexes; S.D. Standard Deviation; (%)- Percentage content.

negrensis (Mora et al., 2015), pointing to a possible phytochemical
signature of the genus, however, studies are needed to correlate the
production of these compounds between species of the genus, regardless
of their environmental condition. This hypothesis must be proven by the
cultivation of Verbersina species under different environmental condi-
tions (Danielli et al., 2019; Elshafie et al., 2019; Tadic et al., 2017).

Considered as one of the most common terpenes in plants and a
precursor to several others, such as cadinenes, selinenes, muurolenes
and bicyclogermacrenes, the germacrene has a significant share in the
global market for flavors and fragrances that was valued at US$ 20.75
billion in 2018 and presents annual growth rates of 4.7% (Grand View
Research, 2019; Noge and Becerra, 2009; Biilow and Konig, 2000).

The potential for industrial application of essential oils that present
germacrene D as a major constituent is related to the various biological
activities that they may present, such as the essential oil of Kundmannia
sicula, which contains 81.2% of germacrene D which showed potential
for application against cancer as it exerts cytotoxic effect on various
tumor cell types (Casiglia et al., 2017). The essential oil of Achillea
millefolium has 12% germacrene D and has antioxidant and antimicro-
bial potential in the control of food spoilage microorganisms (El-Kala-
mouni et al., 2017). The essential oils of Solidago canadensis and
Artemisia annua have antimicrobial activity against bacteria and fungi in
the respiratory and urinary tract, containing values of 34.9 and 18.9% of
this terpene, respectively (Elshafie et al., 2019; Bilia et al., 2014). In
addition, the essential oil of Santolina africana (Asteraceae) presents
germacrene D as the major compounds and has anti-inflammatory and
antimicrobial activity (Malti et al., 2019).

Derived from germacrene dehydrogenation, bicyclogermacrene is

232



B.O. de Veras et al

the sesquiterpene predominant in essential oil from the leaves of Sideritis
romana (23.8%) and is reported to show antimicrobial activity (Tadic
et al, 2017). Essential oils containing bicyclogermacrene at rates
slightly higher than those found in the essential oil of V. macrophylla
have been described as potent anti-inflammatories, as the essential oil of
Croton argyrophyllus, which contains 14.6% of this compound in its
composition (Ramos et al., 2013). The 8-cadinene which have various
applications, such as combating tumour cells, inflammation and para-
sites (Hui et al., 2015). Essential oils that present 8-cadinene as major
components have anti-inflammatory activity (Lorenconi et al., 2020),
antitumor and antiparasitic activities such as the essential oil of Cedre-
lopsis grevei (Afoulous et al., 2013) as well as antipyretic activity, such as
the essential oil of Mikania cordata (Siddiqui et al., 2018).

As the main compounds of the essential oil of Nectandra mega-
potamica  bicyclogermacrene (22.0-36.7%) and germacrene D
(10.9-19.2%) were reported as antichemotatic, antioxidant and anti-
fungal activities (Danielli et al., 2019). Germacrene D-4-ol is predomi-
nantly present in the essential oil of Varronia curassavica (42%) and
presents antiprotozoal activity (De Castro Nizio et al., 2018). Among the
molecules found in this work, the isolated (E)-caryophyllene molecule is
the most explored due to its heterologous activities reported as
anti-leishmanial (Do Carmo et al., 2012), antibacterial (Freires et al.,
2015), anticancer and analgesic properties (Fidyt et al., 2016). (E)-car-
yophyllene is found in approximately 6.47% of essential oil from Lippia
gracilis leaves capable to have antinociceptive and anti-inflammatory
effects (Mendes et al., 2010). Being more prevalent, the essential oil of
Cordia africana has 32% of (E)-caryophyllene which had its cytotoxicty
action reported against human breast cancer cell line (Ashmawy et al.,
2020).

The compounds found in the essential oil of the leaves of V. macro-
phylla are related to biological activities, indicating that it has numerous
applications against several diseases such as cancer, inflammation,
fever, bacterial, fungal and parasitic infections, demonstrating the me-
dicinal potential of this species, which may become the basis for the
development of drugs for these purposes through the evaluation and
confirmation of these properties.

3.2. Hemolytic assay

The essential oil of V. macrophylla showed a low rate of hemolysis at
all concentrations evaluated in hRBCs after incubation with blood cells
for 2, 4 and 8 h, with the highest rate of hemolysis (2.14 +0.10%) at a
concentration of 5000 pg/mL in the incubation time (8h) (Table 2).

Hemolysis is known as the erythrocyte rupture process through the
destabilization of the cell membrane promoting the release of hemo-
globin impairing the functioning of vital organs such as the kidneys,
liver and heart (Rezende et al., 2017). Lipophilic molecules like those
present in essential oils can interact with the red cell membrane
increasing its fluidity. This kind of interaction can disrupt the membrane

Table 2
Haemolytic activity of essential oil of V. macrophylla on human red blood cells
(hRBCs) at different concentrations and times.

Samples (jg/mL) Time (h)

2 4 8

Hemolysis (%)

Negative control - 0.00=0.01 0.00 =0.01 0.00=0.01
Positive control - 100 = 0.01 100 = 0.01 100 =0.01
Essential Oil of V. 125 1.41=0.08 1.44£0.02 1.48£0.01
macrophylla 250 1.43+0.12 1.50 =0.03
500 1.48 £0.05 1.51 £0.06

1000 1.52+0.06 1.61 £0.01

2500 1.68 =0.09 . . 1.89+0.07

5000 1.81£0.11 1.94=0.07 2.14=0.10

Values represent mean +S.D. (n= 3).
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resulting in a disorderly influx of ions and water causing the lysis of
erythrocyte (Silva et al., 2017). The importance of determining the he-
molytic activity of essential oil of V. macrophylla is related to the phar-
macological potential, because it informs how the studied component
interacts with human biological entities at the cellular level (erythro-
cytes) acting as an indicator of cytotoxicity. The use of potential bio-
logical activities of such compounds cannot fail to take into account
their toxicologic effects, which is a principle that has prevented the
application of many drugs in therapeutics (Ghosh et al., 2018; Silva
et al., 2017).

Chemical compounds or mixtures have their applications unfeasible
due to their toxicity, such as the essential oil of Eupatorium ballotifolium
which has anti-cancer and antifungal activities in low concentrations,
however, in these low concentrations there is also a 12.5% hemolysis
rate (Antonio et al., 2016). Rodrigues et al. (2013) found that the
essential oil Eugenia uniflora has a potential application in the control of
leishmaniasis (Leishmani is), h r, it presents high rates
of hemolysis reaching 50% of destruction of red blood cells in concen-
trations of 50pL/mL. The essential oil of Lippia microphylla has
anti-cancer activity in low concentrations, however, it promotes he-
molysis rates that can reach 100% in low concentrations (Xavier et al.,
2015).

All of these studies demonstrate the importance that toxicological
safety must overcome potential biological or pharmacological applica-
tions, with hemolytic activity being a potential indicator of the impos-
sibility of its application. In all tested concentrations of essential oil of V.
macrophylla, hemolysis was less than 5%, a favoring safety indicator for
its use as drugs (Ni et al., 2019).

3.3. Antimicrobial activity

The antimicrobial activities of essential oil of V. macrophylla are
being represented in Table 3. In the antibacterial activity, the essential
oil showed MICs varying from 8 to 512 pg/mL, under S. aureus ATCC
6538, E. coli ATCC 8739, P. aeruginosa ATCC 9027 and K. pneumoniae
ATCC 700603, and in the antifungal activity with MICs ranging from 2
to 16 pg/mlL, under different strains of C. albicans.

Notably, it was observed in the antibacterial activity that the
essential oil of V. macrophylla showed lower MIC values for gram-
negative bacteria, being superior to the antibiotic used as standard
(amikacin) in K p Differences between MIC values of essen-
tial oils have been observed in different studies, such as that observed in
the essential oil of Ocimum gratissimum that showed antibacterial ac-
tivity against E coli, P. aeruginosa and S. aureus, with MIC values of 6,
>24 and 0.75 pg/mL, respectively and these differences occurred even
in bacteria with the same structural classification, such as gram-negative
E. coli and P. aeruginosa. Such variations are related to intrinsic factors of
the microorganisms, as well as their interactions with the compounds
present in the essential oil (Hyldgaard et al., 2012).

Table 3
Antibacterial and antifungal activity of the essential oil of Verbesina macrophylla.
Strains Essential Oil of V. AMI FLU
macrophylla
MIC MBC/ MIC MBC MIC MFC
MFC
§S. aureus ATCC 6538 512 1024 32 64 - -
P. aeruginosa ATCC 9027 64 128 16 32 - -
E. coli ATCC 8739 128 256 4 8 - -
K. pneumoniae ATCC 700603 8 16 16 32 - -
C. albicans URM-UFPE 6366 16 32 - - 32 64
C. albicans URM-UFPE 6542 4 8 - - 8 16
C. albicans URM-UFPE 5788 2 4 - B 8 16
AMI: Amikacin; FLU: Fl le; MIC: Mini hibitory Concentration (jig/

mL); MBC: Minimum Bactericidal Concentration (jg/mL); MFC: Minimum
Fungicidal Concentration (jg/mL).
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Essential oils containing caryophyllene and germacrene D as the
essential oil of the leaves of Juniperus rigida and Hymenaea rubriflora also
have significant antibacterial activity against K. pneumoniae by
damaging the cell wall and membrane morphology (Da Silva et al.,
2020; Meng et al,, 2016). Liolios et al. (2007) stated that p-car-
yophyllene alone did not show antibacterial activity for K. pneumoniae,
unlike germacrene D isolated, which has already been reported with
antibacterial potential for K. pneumoniae (Rather et al., 2012). As
essential oils have several chemical constituents, it is possible that
compounds such as p-caryophyllene and germacrene D act in synergism
in antimicrobial activity, however, and should be evaluated together on
strains such as K. pneumoniae, among others (Oladeji et al., 2020; Tariq
et al., 2019; Chouhan et al., 2017).

The antifungal effect on C. albicans of essential oils containing ger-
macrene D, bicyclogermacrene and caryophyllene (as in essential oil of
V. macrophylla) has been reported, as the essential oils of Santolina
Africana and Artemisia annua (Malti et al., 2019; Bilia et al., 2014). The
essential oil of Myrcianthes fragrans had a MIC ranging from 62.5 to
250 pg/mL (Armijos et al., 2018) whereas the essential oils of Pinus
eldarica and Zanthoxylum myriacanthum showed activity with MIC of 125
and 128 pg/ml, respectively (Ghaffari et al., 2019; Li et al., 2014).
Variations in MICs values against C. albicans observed in essential oil of
V. macrophylla, were also observed by Jafri and Ahmad (2019) which
found that the essential oil of Thymus vulgaris has antifungal activity,
with MICs ranging from 1.56 to 25 pg/mL. This variation may be related
to the sensitivity profile of the strains evaluated.

One of the main factors affecting the antimicrobial activity of
essential oils is the cellular nature of microorganisms as in the case of
Gram-positive bacteria, which are more resistant to essential oils and
isolated compounds compared to Gram-negative bacteria, due to the fact
that they present a thick peptidoglycan cell wall that makes it difficult
for small molecules to penetrate and diffuse inside the cell, making it
more resistant (Yu et al., 2020). In fact, the differences found in the MICs
values of the essential oil of V. macrophylla in the different strains
evaluated can be explained by the possible interactions that the com-
pounds which compose the essential oil may have with the different
microorganisms. It is known that the functional groups that make up
essential oils can interact independently or synergistically between each
other within microorganisms, and triggering antimicrobial activity with
different intensities (Mahizan et al., 2019; Chouhan et al., 2017; Nazzaro
etal., 2017).

Due to the antimicrobial activity in low concentrations, the essential
oil of V. macrophylla may become a new strategic tool for microbial
control and should be investigated in further studies on the mechanism
of action of this activity (disruption of cell membranes, reduction of
membrane potential via increased membrane permeability, reduction of
intracellular ATP via decreased ATP synthesis and increased hydrolysis,
inhibition of efflux pumps, suppression of bacterial biofilm development
or inhibition of some virulence factors) (Mahizan et al., 2019; Vyas
etal., 2019), as well as their possible synergistic effect with conventional
antibiotics already used in clinical practice (Tariq et al., 2019).

3.4. Acute toxicity and median lethal dose (LDso)

The animals treated orally with essential oil of V. macrophylla
increasing doses (10; 100; 1000; 1600; 2900 and 5000 mg/kg of body
weight) did not present opposite effects in the behavioral responses after
14 days of observation, with no mortality and other alterations being
verified, indicating that the oil has an estimated LDs, value greater than
5000 mg/kg and, being considered as a compound with low toxicity
(Strickland et al., 2018; OECD, 2008).

Whenever an investigator administers a chemical into a biological
system, different types of interactions can occur and result in a series of
dose-related responses. In most cases, these responses are desired and
useful, but there are several other effects that are not advantageous,
effects that are harmful to individuals, with acute toxicity being away of
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measuring this casualty, being closely linked to the LDs, estimate (dose
lethal to 50% of the test group), thus determining ranges considered safe
for chemical compounds (Strickland et al., 2018; Ahmed and Azmat,
2014).

The absence of toxicity found in the essential oil of V. macrophylla is
premised on the absence of toxicity in its isolated chemical components
(Oliveira et al., 2018; Ouyang et al., 2014; Belsito et al., 2008). Essential
oils that have major chemical constituents compatible with essential oil
of V. macrophylla have also been reported as toxicologically safe, such as
the antinociceptive essential oil obtained from Hyptis fruticosa that has
toxicological safety when administered up to 5000 mg/kg, with the
major component bicyclogermacrene (Menezes et al., 2007). Nya-
lambisa et al. (2017) found that several species of Echinacea spp. have
analgesic activity and are considered toxicologically safe up to
5000 mg/kg, with germacrene D and (E) -caryophyllene as major com-
ponents in oils. De Veras et al. (2020) evaluated the acute toxicity of the
essential oil of Hymenaea cangaceira which showed antimicrobial ac-
tivity in low rations, verifying ab of acute toxicity up to the
concentration of 5000 mg/kg when administered orally, presenting
germacrene D and (E) -caryophyllene as major constituents.

3.5. Anti-inflammatory activities

3.5.1. Carrageenan-induced peritonitis

The essential oil of V. macrophylla administered orally (p.o.) reduces
the levels of pro-inflammatory cytokines TNF-a in 38.83%, 72.42% and
73.52% and IL-1 in 37.70%, 75.92% and 87.71% at concentrations of 4,
40 and 400 mg/kg, respectively, compared to control, showing the same
statistical difference in the doses of 40 and 400 mg/kg of dexamethasone
(Fig. 1A and B).

The Inflammation is characterized by a set of reactions of vascular-
ized tissue in defense of the organism against harmful endogenous or
exogenous stimuli, accompanied by various vascular events, such as
vasodilation, accumulation of leukocytes in interstitial fluids, sensiti-
zation of nociceptive terminals, in addition to cellular events, such as
synthesis and release of pro-inflammatory mediators that activate
adaptive immunity, such as reactive oxygen species (ROS), tumor ne-
crosis factor-a (TNF-a), interferons (INF-), interleukins (IL-), prosta-
glandins (PGE), vasoactive amines (histamine and serotonin), among
other factors (Iulkarni et al., 2016; S et al., 2014). These factors can be
induced by compounds such as carrageenan that induces the migration
of neutrophils and leukocytes to inflammatory exudate, cell prolifera-
tion and differentiation, release of prostaglandins, production of medi-
ators of TNF-o, IL-1, IL- 8 and nitric oxide (NO) and expression of
adhesion molecules in endothelial cells, among others, causing fever,
hyperalgesia, edema, among others (Chen et al., 2018; Branquinho
et al., 2017; Barreto et al., 2016).

The essential oils or their constituents can act as immune-modulating
of the inflammatory process under macrophages, natural killer cells
(NK) and T and B lymphocytes, production of cytokines, chemokines and
interleukins, among other mechanisms, becoming potential sources of
new compounds treatments for regulation of persistent stimuli that can
lead to autoimmune diseases, allergies, arthritis, cancers and athero-
sclerosis (Gandhi et al., 2019; Anastasiou and Buchbauer, 2017; Han
et al., 2017).

Effects of anti-inflammatory potential with immune-modulation of
the process can be observed in investigations such as a study with
essential oil of Nigella damascena which presented anti-inflammatory
activity by modulating the release of pro-inflammatory levels of TNF-
a, IL-1p, IL-8 (Sieniawska et al., 2019). The essential oil of Artemisia
princeps and its main constituents eucalyptol and o-terpineol inhibit the
expression of pro-inflammatory cytokines (TNF-a, IL-1p and IL-6),
inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2) and
the nuclear transcription factor kappa B (NF-kB), in addition to
increasing the expression of the anti-inflammatory cytokine IL-10 (Trinh
et al., 2011). The compounds 1,8-cineol, a-humulene and terpinen-4-ol
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Fig. 1. Effects of ial oil of V. phylla and d h on TNF-a (A) and IL-1p (B) levels. All results were expressed as the mean + standard deviation

(SD) (n = 6), analyzed by ANOVA followed by Tukey's multiple comparisons test. **p < 0.05 and *

inhibit the production of TNF-«t and IL-1p in human lymphocytes and
monocytes (Hirota et al., 2010). Bae et al. (2012) observed that the
administration of a-pinene in rats with cerulein-induced acute pancre-
atitis reduces inflammation edema, as mechanisms for reducing the
production of cytokines TNF-«t and IL-1f.

The results found in this study are in agreement with others that
d rate the anti-infl ry and i odulating potential
of essential oils constituted by the same components found in the
composition of the essential oil of V. macrophylla The sesquiterpene
B-caryophyllene has been shown to be a potent inhibitor of nitric oxide
synthesis and expression of IL-1p and TNF-« in murine cells and mice
(Oliveira-Tintino et al., 2018; Dahham et al.,, 2015). The sesquiterpenes
germacrene D and (E) - caryophyllene constitute the main compounds of
the essential oil of Leonurus sibiricus which anti-inflammatory activity
reduces the production of IL-1p and TNF-u (Sitarek et al., 2017). The
essential oil of Stachys lavandulifolia presents as major constituents
bicyclogermacrene and §-cadinene showing anti-inflammatory activity
and reduction in the levels of TNF-«t and IL-1p in the model of pleurisy
induction by carrageenan injection (Baireto et al., 2016).

3.5.2. Ear edema induced by croton oil

In the assessment of the topical anti-inflammatory activity of
essential oil of V. macrophylla, a reduction in acute edema induced by
croton oil (5%) was observed in all groups compared to the control in all
evaluated time intervals (2, 4 and 6h), with an average reduction of
49.53%, 85.04% and 94.39%, in concentrations of 4, 40 and 400 mg/kg
of essential oil, respectively, with a statistical difference equal to the
dexamethasone group (4 mg/kg) which reduced edema by an average of
87.85% (Table 4).

Considered as the largest organ in the body, the skin plays a crucial
role in the immune defences of individuals, where an inappropriate or
poorly targeted immune activity is implicated in the pathogenesis of
various inflammatory diseases (Kupper and Fuhlbrigge, 2004). The
croton oil is a phlogistic agent that, when applied to the epidermis,
triggers an inflammatory response by actions of phorbol esters com-
pounds such as TPA (12-O-tetracanoylforbol 13-acetate) that releases
several mediators such as vasoactive amines (histamine and serotonin)
and cyclooxygenase products acting by activating the arachidonic acid

p < 0.001 versus control.

cascade, via cyclooxygenase and lipoxygenase, resulting in the activa-
tion of pathways such as MAPK via protein kinase C, and activation of
transcription factors, such as NF-kB and AP-1, which play a central role
in the regulation of several pro-inflammatory proteins, such as some
cytokines (IL-1, IL-2, IL-6, IL-8, TNF-a), pro-inflammatory enzymes as
COX-2 and iNOS and adhesion molecules (Martins et al., 2017; Mur-
akawa et al., 2006).

The mechanisms of action of topical anti-inflammatory activity
among essential oils and constituents vary depending on their chemical
composition. The essential oil of Croton cordifolio presents as major
compound 1,8-cineole that showed topical anti-inflammatory activity
similar to dexamethasone, acting on lipocortin-1, COX-2, iNOS and cy-
tokines (IL-1p, IL-2 and TNF -a) (Martins et al., 2017). The essential oil
obtained from Artemisia argyi has topical anti-inflammatory activity
(consisting in the majority of 1,8-cineole and camphor) which is linked
to COX-2 inhibition (Ge et al., 2016). The essential oil of Chamaecyparis
obtusa mostly composed of sabineno and elemol, has anti-inflammatory
effects regulating the production of the enzyme PGE2 in the blood and
the gene expression of TNF-u, by inhibiting the expression of COX-2 (An
et al., 2013). The eugenol present in different oils such as Melaleuca
armillaris (Siddique et al, 2017) and Ocimum basilicum (Zlotek et al.,
2016) exerts inhibitory effect on production of prostaglandins (PG) and
leukotrienes (LT) and cytokines such as TNF- a. The anethole has the
ability to inhibit myeloperoxidase (MPO) by preventing the formation of
inflammatory edema (Domiciano et al., 2013).

In fact, the chemical constituents of essential oil of V. macrophylla
have the ability to inhibit the pro-inflammatory cytokines IL-1p and
TNF-0, capacity that is associated with topical anti-inflammatory ac-
tivity by reducing acute edema. However, other mechanisms that may
be associated with this activity should be investigated later (Branden-
burg et al., 2020; Rocha et al., 2020).

3.6. Antipyretic activity

The results of the antipyretic activity of the essential oil are shown in
Table 5. The administration of yeast in mice produced a significant in-
crease in rectal temperature 18 h after the transdermal injection, which
was menstruating for 1, 2, 3 and 4 h after the treatments. The groups

Table 4
Topical effect of essential oil from Verbesina macrophylla and dexamethasone on croton oil-induced ear edema at different times (h).
Treatment Dose (mg/ Edema formation (mm) Average edema formation Inhibition (%)
mL/v.t) o o L o (mm) average
Control - 0.006 = 0.002 0.139=0.017 0.140=0.013 0.142 £ 0.007 -

Dexamethasone 4 0.005 = 0.001 .005%** 87.85
Essential Oil of V. 4 0.004 = 0.001 .01 4%+ 49.53
macrophylla 40 0.005 = 0.002 .003%** 0.016 = 0.010%** 85.04
400 0.004 = 0.002 0.006 =0.000%** 0.006 = 0.001 *** 0.006 = 0.001 *** 94.39

All results were expressed as the mean + standard deviation (SD) (n = 6), analyzed by ANOVA followed by Tuckey's multiple comparisons test. **P < 0.01 and ***P <

0.001 compared with control, by the Tukey's test.

235



B.O. de Veras et al.

Table 5
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Antipyretic activity of essential oil of Verbesina macrophylla and dipy

on brewer’s yeast-ind

ed pyrexia at different times (h).

Treatment Dose (mg/kg; p.o.) Rectal temperature (°C) at hours
Before treatment After treatment
18h 0Oh 1h 2h 3h 4h
Control - 36.47 £ 0.16 39.34£0.07 39.12+0.02 39.12 £0.02 39.14£0.03 39.04£0.15
Dipyrone 100 36.45+0.11 39.12£0.11 36.79 £ 0.01%**
Essential Oil of V. macrophylla 4 36.62+0.22 39.19£0.12 36.97 £ 0.03***
40 36.52+0.17 39.17 £0.14 37.72 £ 0.03*** 37.34 £0.06*** 36.85£0.01%**
400 36.39=0.19 39.14£0.01 37.57.£0.15 *+* 37.19 £0.10*** 36.54 £ 0.05%** 36.46 = 0.01***
Allresults p las the mean + lard d (SD) (n = 6), analyzed by ANOVA followed by Tuckey's multiple comparisons test. ***P < 0.001 compared

with control, by the Tukey's test.

treated with 4, 40 and 400 mg/kg; p.o. of essential oil of V. macrophylla
showed a significant reduction in rectal temperature when compared to
the control group, in all time intervals and concentrations, with
P < 0.001, similar to dipyrone (100 mg/kg; p.o.) that showed activity in
all time intervals with P < 0.001.

The fever induced by pathogens or yeast presents an economical and
adequate method to investigate new antipyretic drugs (Zhang et al.,
2019). Fever manifests itself as a secondary impact of infection or tissue
damage which results in the synthesis of pro-inflammatory mediators or
cytokines, such as interleukins (IL-1p and IL-6) and the tumor necrosis
factor TNF-u, resulting in an increase of the production of prostaglandin
E2 (PGE2) that sends signals to the hypothalamus to raise body tem-
perature (Zhang et al., 2019; Siddiqui et al., 2018).

The essential oils or their isolated constituents with anti-
inflammatory activity have been described as antipyretic, with activity
similar to that of essential oil of V. macrophylla. The essential oil of
Mikania cordata has antipyretic activity at concentrations of 12.5, 25 and
50mg/kg, similar to paracetamol (100 mg/kg) (Siddiqui et al., 2018).
The terpene cinnamaldehyde has antipyretic activity alone, through the
reduction of IL-1p-induced COX-2 activity and IL-1p induced PGE»
production (Guo et al., 2006). The essential oil of Araucaria heterophylla
presents as the major compound germacrene D (10.25%), which shows
antipyretic activity (similar to paracetamol) presenting as mechanism of
action the reduction in the synthesis of cytokines TNF-o, IL-1  and IL-6
(Elshamy et al., 2020).

The antipyretic activity of essential oil of V. macrophylla can be
correlated with the inhibition of biosynthesis of the inflaimmatory me-
diators IL-1p and TNF-a. However, further studies should be carried out
to evaluate the participation of other cytokines, as well as other mech-
anisms involved in activity of essential oil.

4. Conclusions

The data presented in this work validate the ethnopharmacological
properties of V. macrophylla, with antimicrobial activity, anti-
inflammatory and antipyretic effects found with toxicological safety.
The essential oil obtained has antimicrobial activity against fungi and
bacteria, being superior to commercial drugs, and the mechanisms
involved in this activity should be further investigated. The anti-
inflammatory and antipyretic activities obtained were equal to or
higher than commercial drugs, being associated with inhibition of the
synthesis of the pro-inflammatory mediators TNF-a and IL-1p. Never-
theless, new studies must be carried out to evaluate the participation of
other mechanisms in these activities. These findings suggest that
essential oil of V. macrophylla has the potential to give rise to phyto-
medicines for the treatment of infections, inflammations and fever.
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ABSTRACT

Alzheimer's disease (AD) is characterized by persistent impairment of cognitive and psycho-
motor functions, resulting in reduced short-term memory. In current pharmacotherapy, some
available acetylcholinesterase inhibitors (AChEi) have side effects, such as hepatotoxicity.
Hence, it is necessary to investigate other sources to obtain compounds inhibiting AChE. In
this context, the objective of this study was to review the main publications involving plants
collected in Brazil tested for the inhibition of AChE, which may lead to new phytotherapeutic
inhibitors. This review was carried out by searching the PubMed, Scopus, and Science Direct
databases during September 2018, using several combinations of the following keywords:
extract, AChE, Brazil and Alzheimer’s. Inclusion criteria were articles with plant studies col-
lected in Brazil for the inhibition of AChE (in vivo and/or in vitro), with keywords in the title,
abstract, or full text. Articles with studies of purified, synthetic, or semi-synthetic compounds
were excluded. In this research, 298 articles were identified and 31 articles were selected.
More than forty species of the families Fab. Anacardy Annor Malvaceae,
Myrtaceae, Arecaceae and Lauraceae were found, and the most cited substances were the
phenolic compounds and flavonoids. Alkaloids and steroids were also found in some active
plants. The relevance and importance of this work lies in the review of new potential herbal
drugs for the treatment of AD, and this survey could collaborate for the development of new
medicinal alternatives for this and other neurodegenerative problems related to cerebral avail-
ability of acetylcholine.

Key words: Acetylcholinesterase, Alzheimer, Medicinal plants.

INTRODUCTION

One of the major ne B
Alzheimer’s disease (AD), is characterized by persistent
damage to cognitive and psychomotor functions, ACh is a molecule which has an ester group and a

ive d i increased enzymatic activity of AChE, which causesa
decrease in the rates of ACh in the brain.”
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