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Conforme as normas fixadas pelo Programa de Pos-Graduagdao em Biotecnologia da
Universidade Federal de Mato Grosso do Sul, esta dissertacdo ¢ composta de uma introdugao
geral sobre o trabalho, uma revisdo de literatura sobre o tema abordado, justificativa para
realizacdo da pesquisa, objetivos da pesquisa e um artigo cientifico.

O artigo cientifico resultante da pesquisa realizada foi redigido seguindo as normas
de formatagao do peridodico ao qual foi submetido (Evidence-Based Complementary and

Alternative Medicine; Fator de Impacto JCR 2,629; Qualis/CAPES A3).



RESUMO




FREITAS JUNIOR, Robson Araujo. Avaliacdo do efeito do 6leo essencial de ylang-ylang
(Cananga odorata) sobre a resposta inflamatoria aguda em modelos experimentais in vitro e

in vivo. Dissertacdo (Mestrado em Biotecnologia). Universidade Federal de Mato Grosso do

Sul.

RESUMO
A Cananga odorata, popularmente conhecida como ylang-ylang, ¢ uma planta medicinal
pertencente a familia Annonaceae, com diversas propriedades e atividades biologicas ja
descritas na literatura, tais como: ansiolitica, antimicrobiana, antioxidante, anti-inflamatoria,
dentre outras. O objetivo deste estudo foi determinar a composicdo quimica, a toxicidade
aguda oral e o efeito do oleo essencial de ylang-ylang (OEY)) sobre a resposta inflamatoria
aguda em modelos experimentais. Para a andlise fitoquimica, o OEY foi analisado por
cromatografia gasosa/espectrometria de massa. Nos ensaios in vitro, foi avaliada a
citotoxicidade do OEY por meio do teste de brometo de metiltiazolildifenil-tetrazélio (MTT);
o efeito do OEY na quimiotaxia de neutréfilos induzida por N-formil metionil leucil
fenilalanina (fMLP); e na de atividade fagocitaria de neutrofilos. O OEY foi administrado por
via oral nos ensaios de peritonite induzida por zymosan, de microcirculagdo in situ, sobre o
rolamento e adesdo de leucdcitos induzidos por carragenina, e nos modelos de edema de pata
e de hiperalgesia induzidos por carragenina. O OEY (na dose 2000 mg/kg) também foi testado
na toxicidade aguda em camundongos. O OEY apresentou predominancia de acetato de
benzila, linalol, benzoato de benzila ¢ benzoato de metila, em sua constitui¢ao. Nos testes in
vitro, 0 OEY ndo apresentou citotoxicidade, reduziu a quimiotaxia de neutréfilos induzida por
fMLP nas concentragdes de 10, 30, 60 e 90 pg/mL, e nas concentragdes de 10, 30 e 90
ng/mL; reduziu a atividade fagocitaria de neutrofilos. O tratamento oral com OEY nas doses
de 100 e 200 mg/kg reduziu o recrutamento de leucdcitos e a producao de 6xido nitrico (NO)
no modelo de peritonite induzida por zymosan, reduziu o rolamento e adesdo de leucocitos
induzidos por carragenina na microcirculacdo in situ e reduziu o edema e hiperalgesia
mecanica induzidos por carragenina. O OEY nao apresentou sinais de toxicidade no teste de
toxicidade aguda. Em conclusdao, o OEY reduziu a ativacdo leucocitaria, apresentando
propriedades antiedematogénicas, anti-hiperalgésicas e anti-inflamatérias em modelos
experimentais. O NO pode estar envolvido no mecanismo de agdo do OEY, porém as demais

vias inflamatorias ndo podem ser descartadas.

Palavras-chave: ylang-ylang, resposta inflamatoria, anti-inflamatorio, produtos naturais.
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FREITAS JUNIOR, Robson Aratjo. Evaluation of ylang-ylang (Cananga odorata) essential
oil effects on the acute inflammatory response in experimental models in vitro and in vivo.

Dissertation (Masters in Biotechnology). Federal University of Mato Grosso do Sul.

ABSTRACT

Ylang-ylang (Cananga odorata) is a medicinal plant of the Annonaceae family, with many
therapeutic properties and biological activities, such as anxiolytic, antimicrobial,
antioxidative, anti-inflammatory activities, among others. The aim of this study was to
evaluate the chemical composition, oral acute toxicity, and the effect of ylang-ylang essential
oil (YEO) on the acute inflammatory response in experimental models. YEO was analyzed by
gas chromatography/mass spectrometry. For in vitro tests, YEO was evaluated in
methylthiazolyldiphenyl-tetrazolium bromide (MTT) test, neutrophil chemotaxis induced by
N-formyl methionyl leucyl phenylalanine (fMLP), and phagocytic activity tests. The YEO
was orally administered in zymosan-induced peritonitis, carrageenan-induced leukocyte
rolling and adhesion events in the in situ microcirculation model, and carrageenan-induced
paw oedema models. The YEO (2000 mg/kg) was also tested in acute toxicity test in Swiss
mice. YEO showed predominance of benzyl acetate, linalool, benzyl benzoate, and methyl
benzoate. YEO did not present in vitro cytotoxicity. YEO at concentrations of 10, 30, 60 and
90 pg/mL reduced the in vitro neutrophil chemotaxis induced by fMLP, and at concentrations
of 10, 30, and 90 pg/mL, reduced the phagocytic activity. The oral treatment with YEO at
doses of 100 and 200 mg/kg reduced the leukocyte recruitment, nitric oxide (NO) production
in zymosan-induced peritonitis model, reduced rolling and adherent leukocyte number
induced by carrageenan in the in sifu microcirculation, and reduced carrageenan-induced
edema and mechanical hyperalgesia. YEO did not present signs of toxicity in acute toxicity
test. In conclusion, YEO affected the leukocyte activation, presented antiedematogenic, anti-
hyperalgesic and anti-inflammatory properties in experimental models. NO may be involved

in OEY mechanism of action, but other inflammatory pathways cannot be ruled out.

Keywords: ylang-ylang, acute inflammation, anti-inflammatory, natural products.
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1. INTRODUCAO

As plantas aromadticas e os Oleos essenciais sdo amplamente utilizadas ha muitos
anos para diversas finalidades, como preparagdo e preservagao de alimentos, uso em rituais
religiosos e produtos cosméticos, além de serem utilizados para fins medicinais, devido as
suas atividades biologicas (GIANNENAS et al., 2020). As propriedades farmacoldgicas das
plantas medicinais sdo atribuidas, em parte, aos 6leos essenciais e seus constituintes (EDRIS,
2007). Os oOleos essenciais sdao metabolitos secundarios produzidos por diversas plantas
aromaticas, sendo constituidos basicamente de monoterpenos, sesquiterpenos €
fenilpropanoides (AHMED et al., 2019; DHIFI et al.,, 2016). Esses Oleos essenciais
apresentam diversas atividades bioldgicas ja descritas na literatura, tais como: antibacteriana,

antioxidante, anti-inflamatoria, antineoplasica, dentre outras (DHIFI et al., 2016).

A Cananga odorata, conhecida popularmente como ylang-ylang, ¢ uma planta
pertencente a familia Annonaceae. Esta planta ¢ de crescimento rapido e pode ser encontrada
nativamente em paises asiaticos, especialmente onde o clima tende a ser tropical timido, como
Filipinas, Malasia, Indonésia, Ilhas de Madagascar, entre outros. O 6leo essencial de ylang-
ylang (OEY) pode ser obtido das flores de desta planta e ¢ amplamente utilizado nas
industrias de alimentos, perfumes e aromaterapia (TAN et al., 2015). Alguns trabalhos
demonstraram diversas propriedades farmacologicas de extratos de ylang-ylang e do OEY,
tais como: antivirais (INDRASETIAWAN et al., 2019), antimicrobiana (AHMAD; BEG,
2001; NGUYEN-POUPLIN et al., 2007), antioxidante (KUSUMA et al., 2014) e sedativa
(PUJIARTI et al., 2012), dentre outras. Estudos com OEY demonstraram que os constituintes
majoritarios desse 6leo sdo: benzoato de metila, geraniol, eugenol, linalol, acetato de benzila,
pineno e cariofileno (TAN et al., 2015). No entanto, variacdes na composi¢do dos Oleos
essenciais podem ocorrer dependendo da origem geografica do material vegetal, condi¢des de

cultivo e variacdes sazonais (SHAHBAZI, 2016).

A inflamagdo ¢ uma resposta do sistema imune que pode ser desencadeada por varios
fatores, tais como patogenos, dano tecidual e toxinas (CHEN et al., 2018). Essa resposta tem
como objetivo principal remover os patdgenos, visando promover o reparo € o
reestabelecimento da homeostase tecidual (FERRERO-MILIANI et al., 2007). A resposta

inflamatoria € caracterizada por rubor, edema, calor, dor e perda da funcdo do tecido, sinais
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estes que resultam de eventos vasculares e acdes coordenadas de células do sistema imune
(CHEN et al., 2018; TAKEUCHI; AKIRA, 2010). Durante o processo inflamatdrio sdo
observadas alteragcdes importantes na microcirculagdo, como aumento da permeabilidade
vascular, recrutamento e migracdo de leucocitos e liberacdo de mediadores inflamatorios

(FERRERO-MILIANI et al., 2007; VAN LOON et al., 2020).

A migracao celular ¢ uma etapa crucial na resposta inflamatoria e os neutrofilos sdo
as primeiras células recrutadas na inflamagdo aguda (ROBB et al., 2016). A transmigracao
destas cé€lulas para o sitio inflamatorios/infeccioso ¢ essencial para a resolugao da inflamagao
quando associada a infecg¢do, onde a fagocitose € essencial para a fungdo microbicida dos
neutrofilos. No entanto, se essa etapa se torna excessiva, pode levar a prejuizos, como

liberagdo excessiva de mediadores e danos teciduais no hospedeiro (SILVA, 2011).

Os farmacos anti-inflamatorios tradicionalmente utilizados na pratica clinica, tais
como os anti-inflamatérios ndo esteroidais (AINEs), provocam diversos efeitos adversos,
como lesdes gastricas, problemas cardiovasculares e renais, principalmente durante o uso
cronico (BINDU et al., 2013). Portanto, a busca por produtos naturais com atividade anti-
inflamatéria que possuam maior poténcia e menor incidéncia de efeitos adversos ¢

promissora.

Vérios estudos foram realizados com extratos de Cananga odorata e alguns dos
constituintes do OEY, demonstrando seus efeitos na resposta inflamatéria (CHOI; HWANG,
2005; ESTEVAO-SILVA et al., 2014; MANIYAR; CH, 2015; PEANA et al., 2002). No
entanto, nenhum estudo avaliou especificamente os efeitos do OEY na ativacdo leucocitaria e
na resposta inflamatoria aguda em modelos experimentais. Sendo assim, o objetivo deste
estudo foi avaliar os efeitos do OEY na atividade de leucocitos e pardmetros inflamatdrios

durante a resposta inflamatdria aguda in vitro e in vivo.
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2. REVISAO DA LITERATURA

2.1. Produtos Naturais e Plantas Medicinais

A utiliza¢dao de produtos naturais, especificamente plantas com possiveis potenciais
medicinais, sempre contribuiu de forma muito importante no tratamento de doengas ao redor
do mundo. O uso dessas plantas medicinais acontece, principalmente, no tratamento
alternativo de doencas, sendo um conhecimento etnofarmacoldgico passado por varias
geragdes pelas populacdes ao redor do mundo, constituindo uma pratica milenar (AHMED;
MURTAZA, 2015). Em certas localidades e povos, o Unico tratamento medicinal disponivel
se da pelo o conhecimento sobre o potencial medicinal destas plantas (HAYTAA et al, 2014)
e, segundo dados fornecidos pela Organizacdo Mundial de Saude (OMS), os residentes de
paises em desenvolvimento dispdem do uso desta alternativa fitoterapica devido
principalmente a dificuldade de acesso a medicamentos , tanto pela distdncia (zona rural e
aldeias) dos grandes centro urbanos, como pelo custo elevado para a condi¢do aquisitiva
daquela populacdo, tornando-se assim, sua Unica via de acesso a possiveis tratamentos de

doengas (WHO, 2007).

O interesse pelo potencial farmacologico destas plantas vem crescendo novamente,
devido ao fato de tais plantas apresentarem misturas complexas de compostos quimicos, que
podem ser os responsaveis pelas diferentes atividades farmacologicas descritas pela
populagdo que as utiliza. Muitas dessas atividades estdo sendo avaliadas e confirmadas em
diversos estudos, a validagao destas atividades farmacolédgicas ¢ de grande importancia para o
setor de desenvolvimento de novos medicamentos, quando se considera a utilizagdo de
substancias ativas nessas plantas como prototipos de farmacos e também servindo como
matéria-prima para o desenvolvimento de novas moléculas com potencial farmacologico
(SIMOES, et al., 2007). As plantas medicinais também sdo uma alternativa mais acessivel e
de menor custo em relagdo aos medicamentos sintéticos, na grande maioria dos casos

(CALIXTO, 2000).

Em 2006, no Brasil, o Ministério da Saude implementou a Politica Nacional de
Praticas Integrativas e Complementares (PNPIC) e a Politica Nacional de Plantas Medicinais
e Fitoterapicos no Sistema Unico de Saude (SUS). O principal intuito foi garantir seguranca e
uso racional de plantas medicinais e fitoterapicos para a populagdo, estabelecendo um

controle de qualidade na venda e distribui¢ao de tais produtos, além de vigilancia com base
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cientifica com testes toxicologicos dos materiais vegetais utilizados pela populagdo. Além
disso, essas politicas contribuiram e incentivaram o setor de desenvolvimento e as industrias
farmacéuticas a se adaptarem e focar na pesquisa e uso da biodiversidade (FIGUEIREDO et

al, 2014).

Dentro deste contexto, de expressiva utilizagao de plantas medicinais, ¢ importante
ressaltar a necessidade de novos estudos que permitam validar suas agdes € mecanismos
farmacoldgicos por meio de estudos pré-clinicos que permitam a utilizacdo destas plantas de

forma eficaz e segura.

2.2. Oleos Essenciais

Os oleos essenciais sdo misturas constituidas por substancias complexas e volateis,
tendo como caracteristica principal um odor intenso, ¢ sdo, na grande maioria, obtidos de
plantas aromaticas (BAKKALI et al., 2008). Possuem caracteristicas especificas como:
composicao liquida quando em temperatura ambiente, aspecto oleoso, incolor ou com leve

tom amarelado e instabilidade quando expostos a calor, luz, etc (SIMOES et al., 2016).

Os oleos essenciais podem ser obtidos de diferentes partes de uma planta, seja das
raizes, flores, folhas, frutos, caule e até mesmo das sementes. Fatores de carater ambiental,
tais como: sazonalidade, variacdes climaticas, tipos de solos e idade da planta, por exemplo,
podem exercer uma grande influéncia na composi¢do, produgdo e concentracdo dos
constituintes presentes nestes 6leos. Para a determinagdo quimica dos compostos presentes
nos o6leos essenciais, sao utilizadas técnicas cromatograficas, tais como: cromatografia em
camada delgada, cromatografia gasosa acoplada a espectrometria de massa ou cromatografia
liquida de alta eficiéncia, por exemplo (SIMOES et al., 2016; GOBBONETO & LOPES,
2007).

Quimicamente, os 6leos essenciais sao constituidos principalmente por terpenos,
sendo estas substancias correspondentes a aproximadamente 90% de toda composi¢cdo do
0leo, isso incluindo monoterpenos e sesquiterpenos (BAKKALI et al., 2008). Os
monoterpenos apresentam um amplo espectro de propriedades biologicas, como acdo anti-
inflamatéria, analgésica, neuroprotetora, antioxidante e antitumoral (ARAUJO-FILHO et al.,

2016; PINA et al., 2017; SERAFINI et al., 2015). Apesar da grande presenca de terpenos, os
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Oleos essenciais possuem a capacidade de apresentar uma diversidade estrutural destas
moléculas, devido as variagdes causadas por fatores genéticos e sazonais. Entretanto, alguns
0leos possuem compostos majoritarios que podem atingir até 85% do total da composi¢dao

total da substancia (MIGUEL, 2010).

Os 0Oleos essenciais apresentam uma grande importancia no setor econdmico devido a
sua utilizag¢do crescente em diversos setores, como na industria de alimentos (aromatizantes),
cosméticos e na industria farmacéutica. Na industria farmacéutica, apesar de serem utilizados
como excipientes, muitos 0leos essenciais apresentam propriedades farmacologicas, como por
exemplo, acdo digestiva, cardiovascular, antisséptica, moduladora do sistema nervoso central
(SNC), anestésica e anti-inflamatoria (SIMOES et al., 2016). Alguns estudos investigaram e
comprovaram as atividades farmacologicas de varios o6leos essenciais utilizados pela
populagdo, como atividades gastroprotetora, anti-inflamatdria, antinociceptiva e antioxidante
(LIJU et al., 2015; VIDAL et al., 2017; BAYALA et al., 2014; KHODABAKHSH et al.,
2015).

2.3. Ylang-ylang (Cananga odorata)

A Cananga odorata Hook. F. & Thomson (Figura 1), conhecida popularmente como
ylang-ylang, ¢ uma planta de porte médio, pertencente a familia Annonaceae, nativamente
encontrada na Asia tropical, como Filipinas, Malasia, Indonésia e algumas outras ilhas do
Oceano Indico, principalmente as ilhas Comoro ¢ Madagascar. O 6leo essencial de Ylang-
ylang (OEY) ¢ amplamente utilizado na industria de alimentos, bem como na industria de
perfumes e aromaterapia. Este 6leo ¢ obtido da flor da planta C. odorata por hidrodestilagao,
maceragdo, ou extracdo por solvente. O OEY teve sua seguranc¢a validada pela Flavor and
Extract Manufacturers Association (FEMA) para sua utilizagdo como agente aromatizante e

adjuvante.

Atualmente, o OEY pode ser encontrado em varios produtos, tais como: 6leos de
massagem, cremes hidratantes, perfumes e até velas perfumadas. Devido ao seu uso medicinal
pela populagdo local onde essa planta é encontrada, se torna um dos principais fatores que
contribuem para o aumento da sua popularidade e utilizagdo no campo da aromaterapia (TAN,

L. T. H. etal.,2015).
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Figura 1. Morfologia da planta C. odorata. (A) Flor madura de C. odorata com pétalas amarelas, (B) flor jovem de

C. odorata verde-amarelado, (C) folhas da planta C. odorata. (TAN et al, 2015).

A C. odorata possui uma variedade de usos na medicina tradicional. Devido ao forte
perfume presente nas flores, as mesmas eram utilizadas para realgar o cheiro de outros 6leos
essenciais em massagens terapéuticas pelos polinésios que vivem nas ilhas do Pacifico Sul
(HOLDSWORTH, 1990). Na ilha de Java e no Vietna, as flores secas de C. odorata sao
usadas no tratamento da malaria (NGUYEN-POUPLIN et al.,2007). Também foi relatado que
a pasta de flores frescas ¢ utilizada no tratamento de asma. Adicionalmente, as flores e a casca
de C. odorata sao usadas para tratar pneumonia e dores estomacais pela populagdo local e por
curandeiros das Ilhas Marianas do Norte (NANDWANI et al, 2008). Na Indonésia, o OEY ¢
usado como terapia alternativa para o tratamento de depressao e ansiedade (S. HOLT, 1999).
Na India, as folhas de C. odorata sio utilizadas pela populagdo local para o tratamento de
dermatite, por aplicacao topica direta (JAIN & SRIVASTAVA, 2005) também se utiliza do
OEY para tratar cefaleia, problemas inflamatérios oculares e gota (HOLDSWORTH, 1990).

Embora o uso do OEY e sua seguranca como ingrediente alimenticio e adjuvante
cosmético seja comprovada, a avaliacdo sobre os efeitos farmacologicos continuaram
escassos. Devido ao aumento do seu uso e grande escala de produgdo para uso industrial,

torna-se interessante a realizacdo de novos estudos que investiguem a atividade biologica
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deste oleo essencial, com o intuito de validar melhor seu uso e desenvolver novos produtos

com aplicagdes praticas.

2.4. Resposta Inflamatoria e Mediadores Inflamatorios

O processo inflamatorio ¢ definido como uma resposta do organismo frente a uma
lesdo tecidual ou infeciosa no tecido saudavel. O dano inicial ocasionado ¢ denominado de
lesdo primadria, levando a surgimento de processos como alteracdo no pH, desnaturagdo de
macromoléculas e liberagdo de substancias conhecidas como mediadores, os quais sao
responsaveis por provocar alteragdes bioquimicas a nivel celular e vascular nos tecidos

inflamados (DE SOUZA; SILVA, 2014; ROCHA et al., 2015).

A inflamacao pode ser desencadeada por inumeros estimulos, tais como: agentes
bioldgicos (virus, fungos e bactérias) substancias quimicas (formaldeidos), e agentes fisicos
(calor, frio, radiagdo, danos mecanicos). Além disto, muitas doencas possuem carater
inflamatoério, entre elas podemos destacar a aterosclerose, doencas autoimunes, infecgdes no
geral e o cancer (MUNN, 2016; NETEA et al., 2017). A inflamagao ¢ caracterizada por cinco
sinais clinicos caracteristicos, que sdo edema, o rubor, o calor, dor e em casos extremos onde
o processo inflamatdrio adquire uma evolugdo sistémica e cronica, o ultimo sinal se manifesta
conhecido como perda da funcdo do tecido. Estes sinais sdo provocados pela agdao dos
mediadores liberados nos tecidos locais como exemplo, a dor inflamatoria que se da pela
diminui¢do no limiar excitatério dos neurotransmissores, levando a uma sensibilidade aos

estimulos no local. (FREIRE; VAN DYKE, 2013).

A inflamacdo pode ser dividida em dois tipos, a aguda e a cronica. A inflamagao
aguda se origina logo apos a lesdo tecidual, tendo como caracteristica principal seu inicio
rapido, onde ocorre um aumento do fluxo sanguineo para o local lesionado e aumento da
permeabilidade capilar, quimiotaxia e ocasionando a migracdo de leucocitos para o tecido,
tendo como objetivo principal a remocdo de possiveis invasores que ocasionaram o dano.
(CIEMNIECK et al., 2016). Uma resposta inflamatoria aguda tende a cessar no tempo correto
apo6s eliminar os agentes danosos e reparar o tecido lesionado, quando esse tempo se prolonga
e ndo ha término da sinalizacdo das vias pro-inflamatorias e eliminacdo de células que
trabalharam no foco inflamatorio, a resposta se perpetua, tornando-se uma inflamagdo

cronica. A falha no término do processo ¢ visto sendo bem comum em casos de infec¢des
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persistentes, exposicao prolongada a agentes potencialmente toxicos, enddgenos ou exdgenos,

doengas autoimunes, dentre outros (NETEA et al., 2017).

A inflamag¢do aguda ¢ comandada principalmente por mediadores liberados pelas
células residentes (ex: mastdcitos) incluindo os mediadores ja pré-formados como: histamina,
serotonina e heparina; e os mediadores pds formados: mediadores lipidicos, as citocinas e as
espécies reativas de oxigénio (ERO’s). Estes mediadores sdo responsaveis pelo aumento da
permeabilidade vascular e do fluxo sanguineo para facilitar a migracao dos leucdcitos e o
extravasamento de proteinas plasmaticas. Citocinas como a interleucina-1 (IL-1), interleucina-
6 (IL-6) e fator de necrose tumoral (TNF) desempenham um papel fundamental nesta fase

(GABAY, 2006).

Por outro lado, a inflamag¢do cronica trata-se de um processo prologando que sai da
homeostase do corpo. As inflamagdes associadas a doencas autoimunes, alergias e infecgdes
resistentes sdo um exemplo da cronificacdo do processo inflamatdrio. A inflamagao cronica €
capaz de durar meses ou anos e em alguns casos, persistir pelo resto da vida. Caracteriza-se
pela presenca de células mononucleares no tecido inflamado, remodelamento tecidual,
angiogénese e fibrose. Tal processo ¢ considerado um fator de risco principalmente para
alguns tipos de neoplasias gastrointestinais, como esofagica, gastrica, hepatica ou colorretal;
isto devido aos mediadores liberados continuamente no processo, que acabam gerando um
ambiente favoravel a progressao tumoral (FERNANDES et al., 2015; WANG; DUBOIS,
2015).

Dando foco no processo inflamatorio agudo, apds a liberacdo de mediadores pré-
formados pelas células residentes, ocorre a vasodilatagdo ¢ o aumento da permeabilidade
endotelial, o que permite a saida de um liquido rico em proteinas devido a uma mudanga na
pressdo hidrostatica. Esse fenomeno gera uma alta concentragdo de hemacias e permite que os
leucocitos consigam migrar em dire¢ao a regiao periférica da corrente sanguinea, iniciando o
processo de marginalizacao leucocitaria, que ¢ seguida pela diapedese e migracao. Nesta

etapa, as moléculas de adesdo e as quimiocinas desempenham um papel -crucial

(FRANCISCHETTTI et al., 2010).

Os leucoécitos polimorfonucleares (PMN’s), sdo as primeiras células a serem
direcionados ao local de injuria tecidual, seguido pelos monocitos. As mudangas vasculares
causadas pelos mediadores, permitem que os neutrofilos realizem ligagdes com as moléculas

presentes nas células endoteliais, assim iniciando um processo denominado de “rolamento”
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dos neutrofilos (Figura 2), a partir da ligacao entre as L-selectinas presentes nos leucocitos
com os receptores P-selectinas presentes no endotélio vascular, porém essa primeira ligagao
possui uma adesdo fraca. Esse movimento dos leucocitos tem como objetivo permitir que
estas células sejam capazes de interagir com fatores quimioatrativos liberados no local da
injuria, o que inclui a ativagdo de plaquetas, IL-8, fator de complemento 5a (C5a), como
também resultam na ativagdo e afinidade das integrinas, proteinas que levam a uma adesao
forte que ocorre a partir da interagdo entre as integrinas leucocitarias e as imunoglobulinas

endoteliais (SALLUSTO; BAGGIOLINI, 2008; SILVEIRA; YOSHIDA, 2004).
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Figura 2.Mecanismo de migragdo de lewcdcitos através do endotélio vasoular (ROBBIMG et al, 20086).

Ainda no contexto dos mediadores pré-formados, os leucdcitos ativados liberam
enzimas lisossdmicas que sdo capazes de causar possiveis lesdes adicionais nos tecidos.
Entretanto, a ativagdo destes leucocitos estimula vias bioquimicas envolvidas na producao de
mediadores pos-formados tais como: as espécies reativas do oxigénio (ERO’s), os mediadores
lipidicos, além dos mediadores proteicos, tais como as citocinas, as quimiocinas € as

moléculas de adesao (AMULIC et al., 2012).

Os mediadores lipidicos, conhecidos como eicosanoides, possuem um grande
destaque no processo inflamatdrio. Dentre estes mediadores destacam-se as prostaglandinas
(PG), especialmente a prostaglandina E2 (PGE2) que exerce varias func¢des inflamatodrias e os
leucotrienos (LT), especialmente o LTB4, que tem efeito quimiotatico e os Cisteinil
leucotrienos (LTC4, LTD4 e LTE4), que atuam como potentes broncoconstritores na asma.

Para que ocorra uma resposta bem-sucedida, apds a eliminacdo do agente causador ¢
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necessario que se estabeleca a homeostase do tecido a partir do reparo tecidual e a resolugao
da inflamagdo. Este processo afim de cessar a inflamacdo se d4 pela agdo de mediadores
lipidicos como as lipoxinas e as resolvinas, que sdo responsaveis por inibir o recrutamento de
diversos leucocitos e estimular a liberagdo de macrofagos com perfil resolutivo, os quais sdao
responsaveis pela remocao de células mortas e remodelamento tecidual (MEDZHITOV, 2010;

SERHAN, 2007).

Na maioria dos casos de processo inflamatdrio, o retorno a homeostase ¢ possivel
logo apds a eliminagdo do agente causador da inflamacdo. No entanto, quando a resolucao
ndo ¢ eficiente e o estimulo agressor persiste, a inflamagdo torna-se cronica e geralmente
necessita de terapia farmacoldgica de longo prazo, o que pode levar a outras complicagdes
como reducdo da eficdcia da terapia e excesso de efeitos colaterais (ESTRADA RUIZ;

MEDINA, 2011).

2.5. Fagocitose

Os fagocitos sdo células sdo capazes de englobar e digerir os patdégenos através de
um processo conhecido como fagocitose (Figura 3) (KOBAYASHI & DELEO, 2009). Os
neutrofilos, macrofagos e células dendriticas pertencem ao grupo de células conhecidas como
“fagocitos profissionais” (SOEHNLEIN et al.,, 2010). Os neutrofilos, assim como os
macréfagos, conseguem internalizar tanto particulas ligadas a anticorpos ou fragmentos do
complemento (opsonizadas) quanto as ndo opsonizadas. No entanto, a opsonizagdo tem o

poder de facilitar todo o processo de fagocitose (PRUCHNIAK et al., 2013).
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Figura 3. Etapas da fagocitose (adaptado de: TORTORA; FUNKE; CASE, 2017)

Os neutrofilos, apés sua ativagdo, expressam alguns receptores dependentes de
opsoninas na sua membrana celular, o que possibilita o reconhecimento das particulas
opsonizadas e consequentemente seu englobamento (KOBAYASHI; DELEO, 2009). Esse
processo causa uma reorganizagao do citoesqueleto da célula, de forma que a membrana da
célula consiga desenvolver pseudopodes que ajudam a ingestdo de particulas opsonizadas,
ativacdo do metabolismo oxidativo e desgranulacdo, sendo que essas reagdes atuam em
conjunto na digestao do patogeno fagocitado (LUERMAN et al., 2010; FLANNAGAN et al.,
2012). Os patdgenos ou particulas estranhas ingeridas sdo englobadas por vactolos ligados a
membrana, conhecido como fagossomo, que se unem com vesiculas lisossomais contendo
granulos citoplasmaticos, que correspondem a enzimas capazes de degradar as particulas,
formando o fagolisossomo, num processo denominado maturagdo fagossomal. Dentro do
fagolisossomo ocorre a liberagdo dos granulos, que possuem enzimas liticas e EROs,

destruindo os microrganismos ou particulas fagocitadas; (MAYADAS et al., 2014).

Os neutréfilos englobam e destroem agentes patogénicos de forma répida, o que pode
ser considerado uma vantagem em termos de defesa do hospedeiro. Porém, durante a
fagocitose e a maturagdo, pode acontecer dos granulos se unirem com o fagossoma antes de

sua selagem completa, causando uma liberagdo de substincias liticas e produtos oxidativos
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fora dos neutrofilos, consequentemente, lesando as demais células ao redor (MAYADAS et
al., 2014). Apos todo o processo de fagocitose, os neutréfilos que se encontram ativados no
processo, entram em processo de apoptose e sdo fagocitados pelos macréfagos, sendo este um

processo essencial para a resolugao da resposta inflamatoria (GALLEY et al., 2008).
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3. JUSTIFICATIVA

O uso de farmacos anti-inflamatdrios se torna limitado na terapéutica devido aos
efeitos adversos que podem ocasionar. Sendo assim, a busca de produtos naturais com
atividade anti-inflamatéria com maior poténcia e menor incidéncia de reacdes adversas se
torna relevante. Esta pesquisa contribui para a validacdo de alternativas terapéuticas para o
tratamento de condi¢des inflamatdrias, ja que os estudos que mostram o efeito do OEY e seus

principais constituintes sobre resposta inflamatoria aguda sao insuficientes.
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4. OBJETIVOS

4.1. Objetivos gerais

O objetivo geral desse trabalho foi analisar e identificar os principais constituintes do
OEY, avaliar a toxicidade aguda e os efeitos deste 6leo essencial sobre o comportamento de
leucocitos e parametros inflamatérios na resposta inflamatoéria aguda em modelos

experimentais in vitro e in vivo.

4.2. Objetivos especificos

Especificamente foram analisadas as a¢cdes do OEY sobre:

a citotoxicidade in vitro;

e a quimiotaxia de neutréfilos in vitro estimulada por fMLP;

e aatividade fagocitaria de neutrofilos in vitro;

e o recrutamento de leucécitos induzida por zymosan em camundongos no
modelo de peritonite;

e aproducio e liberagdo de NO em modelo de peritonite;

e a microcirculagao in situ em ratos;

e aformagdo de edema e hiperalgesia induzidas por carragenina.

e atoxicidade oral aguda;
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Abstract

Ylang-ylang (Cananga odorata) is a medicinal plant of the Annonaceae family, with many
therapeutic properties and biological activities, such as anxiolytic, antimicrobial,
antioxidative, anti-inflammatory activities, among others. The aim of this study was to
evaluate the chemical composition, oral acute toxicity, and the effect of ylang-ylang essential
oil (YEO) on the acute inflammatory response in experimental models. YEO was analyzed by
Gas Chromatography/Mass Spectrometry. For in vitro tests, YEO was evaluated in
methylthiazolyldiphenyl-tetrazolium bromide (MTT) test, neutrophil chemotaxis induced by N-
formyl methionyl leucyl phenylalanine (fMLP), and phagocytic activity tests. The YEO was
orally administered in zymosan-induced peritonitis, carrageenan-induced leukocyte rolling
and adhesion events in the in sifu microcirculation model, and carrageenan-induced paw
oedema models. The YEO (2000 mg/kg) was also tested in acute toxicity test in Swiss mice.
YEO showed predominance of benzyl acetate, linalool, benzyl benzoate, and methyl
benzoate. YEO did not present in vitro cytotoxicity. YEO at concentrations of 10, 30, 60 and
90 pg/mL reduced the in vitro neutrophil chemotaxis induced by fMLP, and at concentrations
of 10, 30, and 90 pg/mL, reduced the phagocytic activity. The oral treatment with YEO at
doses of 100 and 200 mg/kg reduced the leukocyte recruitment, nitric oxide (NO) production
in zymosan-induced peritonitis model, reduced rolling and adherent leukocyte number
induced by carrageenan in the in sifu microcirculation, and reduced carrageenan-induced
edema and mechanical hyperalgesia. YEO did not present signs of toxicity in acute toxicity
test. In conclusion, YEO affected the leukocyte activation, presented antiedematogenic, anti-
hyperalgesic and anti-inflammatory properties in experimental models. The mechanism of
YEO may be involved the NO participation, however the other inflammatory pathways
should not be discarded.

Keywords: yland-ylang, acute inflammation, anti-inflammatory, natural products.
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6.1. Introduction

Aromatic plants and essential oils are widely used for various purposes, such as food
preparation and preservation, cosmetic products, in addition to being used for medicinal
purposes since they have relevant biological activities [1]. The pharmacological properties of
medicinal plants are attributed, partially, to the presence of essential oils and their compounds
[2]. Essential oils are secondary metabolites produced by various aromatic plants, consisting
basically of monoterpenes, sesquiterpenes and phenylpropanoids [3, 4]. Essential oils exhibit
antibacterial, anti-oxidative, anti-inflammatory, cancer chemoprotective activities, among
others [3].

Ylang-ylang (Cananga odorata) is a medicinal plant of the Annonaceae family and
can be found natively in Asian countries, and also in countries such as the Philippines,
Malaysia, Indonesia, Madagascar among others. Ylang-ylang essential oil (YEO) can be
obtained from C. odorata flowers and it is widely used in food, perfume and aromatherapy
industries [5]. Ylang-ylang extracts and YEO have demonstrated antiviral [6], antimicrobial
[7, 8], antioxidant [9], sedative activities [10], among others. Studies of YEO composition
showed the presence of methyl benzoate, geraniol, eugenol, linalool, benzyl acetate, pinene,
and caryophyllene [5]. However geographical origin, climate and seasonal variations where
the plant is obtained, could influence the essential oils composition [11].

Inflammation is an immune system response that can be triggered by several factors,
such as pathogens, tissue damage and toxins [12]. This response acts by removing pathogens,
promoting repair and tissue homeostasis [13]. The inflammatory response is characterized by
redness, swelling, heat, pain, and loss of tissue function, which result from vascular events,
and immune cell actions [12, 14]. During the inflammatory process, important changes in
microcirculation are observed, such as vascular permeability increase, leukocytes recruitment
and migration, and release of inflammatory mediators [13, 15].

Cell migration is a crucial step in inflammatory response, and neutrophils are the first
cells attracted in acute inflammation [16]. The migration of these cells to the
inflammatory/infectious sites is essential to the resolution of inflammation when associated to
infection, in which phagocytosis is essential for microbicidal function of neutrophils.
However, excessive migration of these cells can damage host cells and tissues [17].

The nonsteroidal anti-inflammatory drugs (NSAIDS) are used in clinical practice and

promote various adverse effects, such as gastric damage, cardiovascular and kidney lesions,



55

especially during chronic use [18]. Therefore, the search for natural products with anti-
inflammatory activity and less adverse effects is relevant.

Several researches have been performed with extracts of C. odorata, and some
constituents of YEO, demonstrated their effect on the inflammatory response [19-22].
However, no studies have specifically evaluated the effects of YEO on leukocyte activation
and inflammatory response in experimental models. Thus, in this study, we aimed to evaluate
the YEO effect on leukocyte behavior and inflammatory parameters during acute
inflammatory response. The chemical composition and the acute oral toxicity of YEO were

also investigated.

6.2. Material and methods

6.2.1. Chemicals and drugs

YEO, [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide] (MTT),
zymosan, N-formyl methionyl leucyl phenylalanine (fMLP), indomethacin and carrageenan
were purchased from Sigma-Aldrich (St Louis, MO, USA). All other chemicals used were

analytical grade.

6.2.2. Analysis of the essential oil and compound identification

The YEO was chemically analyzed by Gas chromatography/Mass Spectrometry
(GC/MS) using a gas chromatography Shimadzu QP2010 couple to mass spectrometer with
electron ionization (EI) source, which was applied an ionization energy of 70 eV. The
chromatographic column was a Rtx-5MS (30 m x 0.25 mm, 0.25 mm in thickness) using as
carrier gas (pressure 79.7 kPa and column flow rate 1.30 mL/min). The split ratio was 1:40
and the temperature programming was 60 to 220°C and it was increasing by 3°C/min. WILEY
7, NIST 11 and FFNSC data banks were used to identify the constituents and their retention
index (calculated by the injection of a series of alkanes C9 to C22) were compared with the

reported by Adams (1995).
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6.2.3. Animals

Male and female Swiss mice (weighing 20-30 g) were provided by the Central
Animal House of the Federal University of Mato Grosso do Sul (UFMS), and Male Wistar
rats (180-220 g) were provided by the Central Animal House of the State University of
Maringa (UEM). The animals were housed at 22 + 2°C under a 12/12 h light/dark cycle. Prior
to the experiments, the animals were fasted overnight, with water provided ad libitum. The
experimental protocols were approved by the Ethical Committee in Animal Experimentation
of the UFMS (protocol number: 1.101/2019), and the Ethical Committee in Animal
Experimentation of the UEM (protocol number: 9680050221).

6.2.4. Leukocytes preparation for in vitro assays

For conducting in vitro tests, leukocytes were obtained from male Swiss mice
peritoneal cavity 4 hours after zymosan injection (1 mg/cavity, i.p.). The cells were collected
after washing of the peritoneal cavity with 1 mL of phosphate-buffered saline (PBS) solution
containing EDTA. The obtained cells were centrifuged (1000 rpm/10 min/4°C), the
supernatant was discarded and the pellet was resuspended in RPMI1640 medium containing
0.1% of bovine serum albumin (BSA). The viability of the leukocytes was detected by the
trypan blue method, and in all tests carried out, the viability of the leukocytes was above 98%.
Additionally, a differential cell count was performed and 95% of the leukocytes obtained

corresponding to neutrophils.

6.2.5. Cell viability analysis (MTT assay)

The cell viability assay was performed as previously described [23]. The MTT assay
is based on the mitochondrial enzyme reduction of the tetrazolium dye to detect and
determine cell viability. The leukocytes were plated at 5 x 10° cells/well in 100 pl RPMI
medium (with 10% of fetal bovine serum + 100 U/mL penicillin + 100 pg/mL streptomycin).
After 90 minutes of exposure to YEO (3, 10, 30 or 90 ug/mL) or vehicle, 10 pL of MTT (5
mg/mL) was added to each well and then incubated at 37°C and with 5% of CO> for 2 hours.
Subsequently, the supernatant was removed and 100 pL. of DMSO was added to each well
and cells were again incubated at 25°C with 5% of CO; for 10 min. Absorbance was

measured at 540 nm. Viability was determined by the formula: Viability cells (%) =
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(absorbance of treated cells — blank absorbance) / (control absorbance — blank absorbance) x

100. Data were presented as values of three independent experiments performed in triplicate.

6.2.6. In vitro neutrophils chemotaxis

The neutrophils chemotaxis assay was performed as previously described [24]. The
neutrophils number (obtained from peritoneal lavage) was adjusted to 1 x 10 cells/mL in
RPMI 1640 medium that containing 0.1% of bovine serum albumin (BSA). A chemotaxis
assay was performed using a 48-well microchemotaxis plate (Neuro Probe), in which the
chambers were separated by a polyvinylpyrrolidone-free polycarbonate membrane (5 pm pore
size). The chemoattractant, N-formyl methionyl leucyl phenylalanine (fMLP 10° M), and
vehicle (RPMI1640) were placed in the lower chamber. A neutrophil suspension (1 x 10°
cells/mL) was pretreated for 30 min with YEO (1, 3, 10, 30, 60, or 90 pg/mL) and then placed
in the upper chamber. The chambers were incubated at 37°C with 5% CO- for 60 minutes.
Following incubation, the membrane was washed with PBS, fixed in methanol, and stained
with Instant Prov kit. The membrane area of each well was scored using light microscopy to
count the cells present in five random fields. The results are expressed as the mean number of
neutrophils per field and are representative of triplicate measurements from three separate

experiments.

6.2.7. In vitro phagocytic activity of neutrophils

The phagocytic activity of neutrophils assay was performed as previously described
[25]. The cell suspension (2 x 10° cells/mL) (obtained from peritoneal lavage) was incubated
for 30 minutes with different concentrations of YEO (10, 30, or 90 pg/mL) or vehicle. For
inducing phagocytosis, the neutrophil opsonization was performed with the incubation of the
RMPI medium containing plasma from mice (10%) adding 10 pL of a zymosan solution
(5mg/mL) for 30 minutes. After the treatment period, cells were centrifuged and resuspended
in 1 mL of RPMI medium containing 10% of plasma from mice and 10 pL of a zymosan
solution (5mg/ml) for 30 minutes at 37°C in 5% CO,. Subsequently, cells were fixed and
stained by the May-Grunwald-Giemsa. The count was held in an optical microscope and the

results were expressed as number of neutrophils in phagocytosis by 100 neutrophils.
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6.2.8. Leukocyte recruitment and nitric oxide levels determination in zymosan-induced

peritonitis model

Male Swiss mice were pretreated with YEO (50, 100 or 200 mg/kg, p.o.) or with
saline (0.9%) solution containingl % of tween 80 (vehicle - control group) (n = 5-7 animals/
group). Thirty minutes later, all animals received an intraperitoneal zymosan injection (1
mg/cavity) or an equivalent volume of saline 0.9% solution. Six hours later, the animals were
euthanatized and the cells were collected after washing of the peritoneal cavity with 1 mL of
PBS solution containing EDTA. Counts were then performed in total and differential cells.
The results are expressed as the number of leukocytes per cavity. The level of nitric oxide
(NO) production was determined in peritoneal exudate by measuring the nitrite level in the
culture medium by Griess reaction. The samples of peritoneal exudate were centrifuged at
1000 rpm for 10 min at 4 °C. The supernatant was separated (50 mL) and incubated with
equal volumes of Griess reagent mixtures (1% sulfanilamide in 5% phosphoric acid and 0,1%
N-1- naphthylethylenediamine dihydrochloride in water) at room temperature for 10 min. The
absorbance was measured in a microplate reader at 550 nm. NO concentrations were
calculated from a sodium nitrite standard curve. Data were presented as the mm concentration

of NO*.

6.2.9. In situ intravitral microscopy analysis for rolling and adhesion events of leukocytes in

the microcirculation

YEO effect in the microcirculation was evaluated according previously described
[26]. Rolling and adhesion of leukocytes to the endothelium were evaluated in male rat
internal spermatic fascia 2 hours after carrageenan injection (100 pg) in the wall of scrotal
chamber. YEO (50, 100, or 200 mg/kg), indomethacin (5 mg/kg, reference drug), or with
saline (0.9 %) solution containing 1 % of tween 80 (vehicle — control group) was administered
orally 30 min before carrageenan injection to different groups of male Wistar rats (n = 5-7
animals/ group). Animals anesthetized were maintained on a special board thermostatically
controlled at 37 °C with a transparent platform for transillumination of the tissue on which the
spermatic fascia was exposed and fixed for analysis by microscopy in situ. The preparation
was kept moist and warm with Ringer-Locke’s solution (pH 7.2—7.4) containing 1% gelatin.
The vessels selected for the study were postcapillary venules with a diameter of 15-25 pum.

The number of rolling and adherent leukocytes was determined at 10 minutes intervals. The
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leukocytes were considered to adhere to the venular endothelium if they remained stationary

for more than 30 seconds.

6.2.10. Paw edema and mechanical hyperalgesia induced by carrageenan

One day before the experiment, the basal mechanical threshold was determined
(mechanical sensitivity) using a digital mechanical analgesimeter (Von Frey, Insight®). Male
Swiss mice were orally treated YEO at doses of 50, 100, and 200 mg/kg, indomethacin (5
mg/kg), or with saline (0.9 %) solution containing 1 % of tween 80 (vehicle — control group)
(n = 5-7 animals/ group), 1 hour before paw edema induction with intraplantar injection of
100 pl of the carrageenan solution (300 pg/paw). Carrageenan was injected in the right hind
paw of all animals, and saline solution 0.9% was injected into the contralateral paw at the
same volume and considered as time zero. The edema was evaluated at 0.5, 1, 2 and 4 hours,
while mechanical hyperalgesia was evaluated at 3 and 4 hours after carrageenan treatment.
The paw edema evaluation was made using a plethysmometer (Insight®) [27]. The evaluation
of mechanical hyperalgesia was performed after the animals were placed in a containment box
with support for the analgesimeter test. The animals were allocated for 30 minutes to adapt to
decrease exploratory behavior and support the four paws on the base. To measure the
nociceptive mechanical sensitivity threshold (g) of the paw that received the carrageenan
treatment, a digital analgesimeter (Von Frey, Insight®) [28] was used as a pressure transducer,

which records the applied force (in grams) until the moment of paw withdrawal.

6.2.11. Acute oral toxicity study

The acute oral toxicity test was performed with male and female Swiss mice
according to OECD 425 - 407 guidelines. The YEO (2000 mg/kg) or with saline (0.9 %)
solution containing 1 % of tween 80 (vehicle) were administered by gavage, in a single dose,
in 5 male animals and 5 female animals, fasting for 12 h. All animals remained under
observation for 14 days [29-31]. The five Hippocratic parameters were observed daily:
consciousness, motor coordination, reflexes (auditory and corneal), central nervous system
(ataxia, tremors, sedation, seizure) and autonomic (piloerection, sialorrhea, cyanosis, ptosis
and tearing) [32], as well as body weight, water and food consumption. The animals were
euthanized by ketamine and xylazine overdose. Organs such as heart, spleen, lungs, liver and

kidneys were removed, macroscopically observed and weighed [33].
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6.2.12. Statistical analysis

Data are expressed as the mean = SEM for each experimental group. The results
were statistically analyzed by using one-way variance analysis (ANOVA), followed by the
Newman-Keuls post hoc test. The percentage of inhibition was calculated in relation to

control group. Differences were considered significant when P < 0.05.

6.3. Results

6.3.1. Analysis of YEO

The chemical composition of YEO was investigated by gas chromatography-mass
spectrometry (GC-MS) and nuclear magnetic resonance (NMR). The results of the GC-MS
analysis (Figure 1) showed a predominance of benzyl acetate (18.21%), linalool (15.23%),
benzyl benzoate (11.39%), and methyl benzoate (7.64%).

A complete list of the components and their relative quantity is presented in Table 1.
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FIGURE 1: GC chromatogram of the Cananga odorata essential oil. The numbers on the peaks are atributed to
majority compounds: 6. Benzyl acetate; 5. linalool; 28. benzyl benzoate; 4. methyl benzoate.



TABLE 1: Chemical composition of Cananga odorata essential oil

Peak RT (min) Compound RI %
1 4.57 Prenyl acetate 921 0.41
2 7.10 p-methyl anisole 1019 7.38
3 7.45 1,8-Cineole 1030 0.05
4 9.62 Methyl benzoate 1096 7.64
5 9.79 Linalool 1100 15.23
6 12.28 Benzyl acetate 1164 18.12
7 15.99 Linalyl acetate 1255 0.21
8 20.91 a-Copaene 1374 0.38
9 21.33 Geranyl acetate 1384 9.46
10 21.60 B-Elemene 1390 0.09
11 22.68 trans-caryophyllene 1417 542
12 23.82 Cinnamy]l acetate 1445 6.05
13 24.05 a-Humulene 1451 1.80
14 25.01 y-Muurolene 1475 0.42
15 25.17 Germacrene D 1479 4.61
16 25.60 Prenyl benzoate 1489 0.17
17 25.79 Bicyclogermacrene 1494 0.13
18 25.98 a-Muurolene 1499 0.21
19 26.12 y-Bisabolene 1502 0.59

20 26.32 a-Farnesene 1508 2.02
21 26.49 y-Cadinene 1512 0.22
22 26.87 0-Cadinene 1522 0.98
23 29.12 Caryophyllene oxide 1580 0.06
24 31.40 a-Cadinol 1641 0.44
25 31.56 a-Muurolol 1645 0.10
26 31.86 Cadin-4-en-10-ol 1654 0.51
27 34.36 (Z,Z)-Farnesol 1722 0.38
28 35.80 Benzyl benzoate 1764 11.39
29 38.47 Farnesyl acetate 1841 0.83
30 39.34 Benzyl salicylate 1868 4.47

RT: retention time; RI: retention index on Rtx-5MS.
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6.3.2. YEO did not induce in vitro cytotoxicity

In the cell viability assay, YEO was tested at different concentrations. YEO at
concentrations of 3, 10, 30, and 90 pg/mL presented cell viability of 98, 97, 89, and 91%,

respectively, indicating that YEO did not induce cytotoxicity in any tested concentrations.

6.3.3. YEO reduces neutrophil chemotaxis in vitro

To investigate the direct effect of YEO on leukocyte chemotaxis, different
concentrations of YEO were tested (1, 3, 10, 30, 60, and 90 png/mL) in the in vitro chemotaxis
assay. fMLP induced considerably neutrophil migration (42.8 & 1.32 cells/field), compared to
neutrophils exposed to RPMI-1640 medium (15.03 £+ 1.2 cells/field). YEO significantly
reduced neutrophil migration toward fMLP (10° M) at 10, 30, 60, and 90 upg/ml
concentrations (28.6, 44.6, 44.7, and 48.3%, respectively), compared to control group (Figure
2).
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FIGURE 2: Effect of YEO on in vitro neutrophils chemotaxis. Neutrophils were obtained from the peritoneal
cavity of mice, and stimulated with fMLP (10° M) 30 minutes after YEO treatments at concentrations of 1, 3,
10, 30, 60 and 90 ug/mL. Values are mean = S.E.M. and are representative of three independent experiments. #P

< 0.05 compared to Medium, “P < 0.05 compared to control group (ANOVA, Newman-Keuls’s test).
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6.3.4. YEO reduces phagocytic activity of neutrophils

The effect of YEO on phagocytic activity of neutrophils is demonstrated in Fig. 3.
Our results showed that YEO treatment at concentrations of 10, 30, and 90 pg/ml significantly
reduced phagocytosis of zymosan particles by neutrophils in 66.4, 68.7, and 54.9%,

respectively, compared to control group (Figure 3).
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FIGURE 3: Effect of YEO on phagocytic activity of neutrophils. Neutrophils were obtained from the peritoneal
cavity of mice, and treated with different concentrations of YEO (10, 30, and 90 pg/ml). Results are
representative of three independent experiments. “P < 0.05 compared to Medium, “P < 0.05, compared to the

control gruoup (ANOVA, Newman-Keuls’s test).
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6.3.5. YEO reduces leukocytes recruitment and NO production in zymosan-induced peritonitis

model

Six hours after of zymosan-induced peritonitis, an inflammatory response evidenced
and characterized by an increase in the number of leukocytes at peritoneal cavity (12.45 +
2.02 x 10° cells/cavity) compared with the control group (saline) (2.08 + 0.48 x 10°
cells/cavity). Pretreatment of animals with YEO at doses of 100 and 200 mg/kg significantly
reduced the leukocyte recruitment (27.88, and 32.37%, respectively) compared with the
control group (Figure 4(a)). The decrease in the number of leukocytes was mainly attributable
to a reduction of the number of polymorphonuclear (PMN) leukocytes (Figure 4(b)). The
nitrite levels were used as parameters to evaluate the NO production in peritoneal exudate
after zymosan-induced peritonitis in mice. Zymosan injection showed a significant increase in
nitrite concentration (7.15 = 0.87 uM) compared with the group that received the saline
injection (1.76 £+ 0.59 uM). Treatment with YEO reduces significantly nitrite concentration at
doses of 100, and 200mg/kg (45.3, and 38.6% respectively) (Figure 4(c)).
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0.05 compared to saline (vehicle). “P < 0.05 compared to control group (ANOVA, Newman-Keul’s test).
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6.3.6. YEO treatment reduces leukocyte rolling and adhesion

The carrageenan injection (100 pg/cavity) into scrotum significantly increased
rolling leukocyte number and leukocyte adhesion to the endothelium, 2 hours after
stimulation, compared with the control group. YEO treatment at dose of 100, and 200 mg/kg
significantly decreased rolling leukocytes by 51.9, and 50.92%, respectively (Figure 5(a)),
and leukocyte adhesion by 45.6, and 38.75%, respectively (Figure 5(b)), compared to control
group. Indomethacin, used as reference drug, reduced rolling leukocytes by 54.11% and

leukocyte adhesion by 66.4%, compared to control group.
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FIGURE 5: Effect of YEO on leukocyte rolling (a) and adhesion (b) induced by carrageenan. Wistar rats were
orally pretreated with YEO, indomethacin, or vehicle. After 60 minutes, saline or carrageenan was injected into
scrotum. Leukocyte rolling and adhesion were evaluated by intravital microscopy in the spermatic fascia 2 hours
after carrageenan injection. Results are expressed as mean + S.E.M. *P < 0.05 versus saline. *P < 0.05 versus

control group (ANOVA, Newman-Keuls’s test).

6.3.7. YEO treatment reduces paw edema formation and mechanical hyperalgesia induced by

carrageenan

In paw edema and hyperalgesia carrageenan-induced model, carrageenan intraplantar
injection promoted edema formation and hyperalgesia. YEO treatment showed anti-
inflammatory activity, promoting significantly reduction of paw edema formation at doses of
100 and 200 mg/kg (Figure 6). YEO treatment at dose of 100 mg/kg promoted reduction of
edema formation at all evaluated times, with maximum inhibition at 0.5 hour, inhibiting the

formation of edema by 53.6%, compared to control group. At dose of 200 mg/kg, YEO
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treatment promoted reduction of edema formation at times of 1, 2, and 4 hours after
carrageenan injection, with maximum inhibition at 2 hours, reducing the formation of edema
by 75.5%, compared to control group (Figure 6(a), 6(b), 6(c), and 6(d)). The indomethacin
(reference drug) treatment promoted reduction of paw edema formation in all time-points
tested. The YEO treatment at doses of 100 and 200 mg/kg also demonstrated antihyperalgesic
activity, when administered by the oral route. Results showed a significant delayed reaction
after 3 and 4 hours, inhibiting mechanical hyperalgesia (Figure 7(a) and 7(b)). At dose of 100
mg/kg, YEO treatment reduced mechanical hyperalgesia in 73.53, and 73.14% 3 and 4 hours
after carrageenan injection, respectively, compared to control group. At dose of 200 mg/kg,
YEO treatment reduced mechanical hyperalgesia in 58.76, and 65.43% in the times of 3 and 4
hours, respectively, compared to control group. Indomethacin (reference drug) treatment also
reduced mechanical hyperalgesia in the times of 3 and 4 hours after carrageenan injection,

compared to control group.
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FIGURE 6: Effect of YEO treatments on carrageenan-induced paw edema in Swiss mice. The figure shows the
values at 0.5 (a), 1 (b), 2 (c) and 4 (d) hours after the edema induction in the control (vehicle, p.o.), YEO (50,
100 and 200 mg/kg, p.o.) and indomethacin (5 mg/kg, p.o.) groups. “P < 0.05 compared to control group
(ANOVA, Newman-Keul’s test).
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FIGURE 7: Effect of YEO treatments on carrageenan-induced mechanical hyperalgesia in Swiss mice. The
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6.3.8. YEO treatment did not induce acute oral toxicity in vivo

Although essential oils and natural products have been widely used by the
population, toxicological analysis is essential to ensure safe use. In this experiment, no signs
or symptoms of acute and clinical oral toxicity were observed with the use of YEO in any
animal. Thus, we can deduce that this essential oil has low toxicity and the Lethal Dose 50

(LDso) 1s above 2000 mg/kg.

6.4. Discussion

In our work, the major constituents found in YEO are benzyl acetate, linalool, benzyl
benzoate, and methyl benzoate, these compounds could be relevant to biological anti-
inflammatory activities induced by YEO. The YEO composition is different of some prior
studies, for example, another study with YEO had been shown the presence of geranyl
acetate, cinnamyl acetate and farnesyl acetate, linalool, and geraniol, as major constituents
[5]. Various factors can influence in the phytochemistry composition of essential oils from the
aromatic plants and flowers, particularly the extraction method, extraction time, the flower

conditions, geographical conditions, and climate and seasonal variations [34]. The present
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study has shown the property of YEO against in vitro leukocytes chemotaxis, in vitro
neutrophil phagocytosis, peritonitis induced by zymosan, leukocyte-endothelium interaction
(in situ observation of the scrotal microcirculation), and paw edema and hyperalgesia induced
by carrageenan.

Several studies report the effect of essential oils and compounds containing
monoterpenes and sesquiterpenes on fMLP-induced leukocyte chemotaxis, with mechanisms
involving the participation of pro-inflammatory cytokines [20, 24-27, 35, 36]. Studies with
RAW264.7 cell culture demonstrated that YEO exhibited in vitro anti-inflammatory activity
by inhibition of lipoxygenase enzyme [37]. Additionally, methanolic extract of Cananga
odorata reduced NO release in RAW264.7 cell culture [19]. Nevertheless, our work is the
first study that have demonstrated the effect of YEO in the reduction of in vitro neutrophil
chemotaxis induced by fMLP. The fMLP is a chemoattractant that induces signal transduction
events, leading to several cellular processes, including diapedesis, chemotaxis and migration
of polymorphonuclear leukocytes (PMN) [38]. Chemotaxis is induced through the production
of several pro-inflammatory cytokines, such as interleukin-1 (IL-1f), IL-8 and tumor
necrosis factor (TNF), through mitogen-activated protein kinase (MAPK) and
phosphatidylinositol 3-kinase (PI-3K) activation, crucial cascades in the development of
functional responses and neutrophils in inflammation [39, 40]. Linalool, one constituent of
YEO, attenuated the production of TNF, and IL-6 in cell culture stimulate by
lypopolisaccharide (LPS) [41]. Therefore, the presence of linalool in the YEO composition
may be contributing to the reduction of in vitro cell chemotaxis.

Recruitment and activation of neutrophils are crucial steps in the inflammatory
process. The migration of these cells to the site of inflammation/infection is essential for the
resolution of inflammation associated with an infectious process [42, 43]. Phagocytosis is
essential for the microbicidal activity of neutrophils. However, the excessive activation of
phagocytes may be related to a higher incidence of tissue damage in inflammatory processes
[44-46]. YEO reduced the leukocytes chemotaxis toward fMLP at concentrations of 10, 30,
60, and 90 pg/ml. Therefore, we chose the concentrations of 10, 30 and 90 pg/ml to evaluate
the effect of YEO on the in vitro phagocytic activity of neutrophils. YEO was reduced
phagocytic activity of neutrophils in all concentrations tested. The YEO effect in the reducing
of chemotaxis and phagocytic activity of neutrophils in vitro is not related to cytotoxicity,
since YEO did not show cytotoxicity in the MTT test.

The YEO treatment reduced leukocyte recruitment in zymosan-induced peritonitis

model, and the reduction of leukocyte migration is related to the reduction of PMN leukocytes
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infiltration into peritoneal cavity. Some works report the effect of essential oils and terpenes
in a zymosan-induced peritonitis model [25, 36, 47]. Zymosan is a polysaccharide component
of the cell walls of Saccharomyces cerevisiae, widely used in the induction of experimental
inflammation. Zymosan induces the inflammatory response by pro-inflammatory cytokines
production, such as IL-1, IL-6, and TNF, chemokines and NO [48-50]. Kim et al. (2009)
demonstrated that linalool, one constituent of YEO, reduced leukocyte infiltration in the
ovoalbumin-induced lung inflammation model, the proposed mechanism was the inhibition of
NF-KB, the reduction in the production of proinflammatory cytokines and NO [51].

During the inflammatory process, NO is produced by inducible nitric oxide synthase
(iNOS) from 1-arginine and is an important mediator involved in the regulation and leukocyte
activation [52]. NO plays a key role in the pathogenesis of inflammation, the overproduction
of this pro-inflammatory mediator was promotes cell activation and tissue damage [53]. Our
results suggest that treatment by YEO reduced leukocyte recruitment, and it could be involved
in the decrease of the NO production as observed in the peritoneal exudate, as showed in our
results. However, the other mediator inhibition, such as pro-inflammatory cytokines, may be
involved in action mechanism of YEO. However, more studies are needed to confirm this
mechanism.

In order to investigate what steps of leukocyte migration are decreased by YEO in
the inflammatory site, intravital microscopy system was utilized. The effect of YEO
administration on the in sifu microcirculation was evaluated in internal spermatic fascia
postcapillary venules of Wistar rat. Thus, our results showed that YEO treatment reduces
rolling and adhesion of leukocytes, similar to that observed with the indomethacin treatment
(the reference drug). Carrageenan induced pro-inflammatory effects in the peritoneal cavities
include cellular activation, and release of pro-inflammatory cytokines (TNF, IL-6, IL-1p),
prostanoids and NO [54]. These mediators have the ability to induce the expression of
vascular adhesion molecule-1 (VCAM-1), intercellular adhesion molecule-1 (ICAM-1), and
selectins, culminating with processes of rolling and leukocyte adhesion [55]. Indomethacin
(used as reference drug) reduces expression of adhesion molecules, such as L-selectin and E-
selectin, ICAM-1, and VCAM-1 [56, 57]. In a similar manner, YEO could also be acting on
the expression of adhesion molecules, or acting on mediators involved in the expression of
these molecules. Several studies have demonstrated the effect of essential oils and terpenes in
the reduction of rolling and leukocyte adhesion [20, 25, 26, 58].

In carrageenan-induced paw model, YEO inhibited edema, and mechanical

hyperalgesia at doses of 100 and 200 mg/kg. In the time course curve, the greatest inhibition



70

of paw edema was observed at 0.5 hour, at dose of 100 mg/kg, and 2 hours, at dose of 200
mg/kg, after carrageenan paw injection, while significant antinociceptive response
(mechanical hyperalgesia) was detected in all times analyzed, at doses of 100 and 200 mg/kg.
The carrageenan intraplantar injection promotes paw edema, inflammatory cell infiltration,
the release of inflammatory mediators such as IL-1p, and IL-6, increase of cyclooxygenase-2
(COX-2) expression, and prostaglandin E, (PGE2) release [59]. Several works have
demonstrated the effect of essential oils and terpenes in the inhibition of paw edema and
mechanical hyperalgesia induced by carrageenan [27, 60, 61]. Linalool, a terpene found in
YEO, also reduces paw edema in carrageenan-induced inflammation [21]. Was also
demonstrated that the ethanolic extract obtained of Cananga odorata fruit reduces paw edema
induced by carrageenan in rats [22].

In our study, all doses of YEO used in the in vivo tests are considered safe. In the
acute toxicity assay, there were no death or any signs of toxicity observed after the
administration of the YEO, having LDso value above 2000 mg/kg. Although some
pharmacological properties of YEO are described in the literature, such as anxiolytic and
antidepressant effects [62, 63], this work is the first in the literature to demonstrate the effect
of this essential oil on the acute inflammatory response. The presence of linalool in the YEO
composition could contribute for anti-inflammatory activity, however the presence of other

compounds could not be discarded.

6.5. Conclusion

In conclusion, YEO presented anti-inflammatory activity. YEO reduces the
leukocyte activation during acute inflammatory response. The mechanism proposed of YEO
seems to be, at least in part, involving the NO participation. The study of acute toxicity
indicated that the YEO orally single administration did not cause any death and no changes in
general behavior in mice. Further studies are needed to elucidate the mechanism of the action

of this essential oil on the inflammatory response.
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7. CONSIDERACOES FINAIS

A pesquisa de produtos naturais com atividade anti-inflamatoria ¢ de grande
relevancia e tem crescido nos ultimos tempos. Os farmacos anti-inflamatorios utilizados
classicamente podem ocasionar reagdes adversas importantes, como problemas gastricos,
renais e cardiovasculares. Sendo assim, essa pesquisa contribuiu na busca de tratamentos
alternativos para doencas inflamatérias, com eficacia e possivel minimizacdo de danos
decorrentes da terapfutica farmacologica classica para o tratamento de condi¢des

inflamatorias.

Nesta pesquisa, foi demonstrado que o OEY, um produto de origem natural, pode ser
uma alternativa no tratamento de processos inflamatorios agudos com excessiva migracao
leucocitaria. Além disso, este trabalho demonstrou que o OEY nao apresenta citotoxicidade in
vitro, além de apresentar DLso acima de 2000 mg/kg no teste de toxicidade aguda in vivo em

camundongos, sendo considerado um produto seguro.

As varias atividades biologicas descritas para o OEY demonstram que este 6leo
essencial pode ser explorado na busca de novas alternativas terapéuticas para diversas
doencas. Portanto, este trabalho contribuiu para elucidar ainda mais as atividades bioldgicas
do OEY. Entretanto, ainda sdo necessarios mais estudos para confirmar os exatos mecanismos
de acdo deste dleo essencial, bem como os possiveis efeitos toxicos que podem ocorrer com o

uso deste produto a longo prazo.
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