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LOSSAVARO, Paloma Kénia de Moraes Berenguel. Propriedades antiartritica e
antinociceptiva do o6leo essencial de Ylang-ylang (Cananga odorata) em modelos
experimentais. Dissertagao (Mestrado em Ciéncias Farmacéuticas). Universidade Federal de

Mato Grosso do Sul.

RESUMO

A artrite reumatoide (AR) ¢ uma doenca autoimune inflamatoria cronica, caracterizada por um
processo inflamatorio cronico nas articulagdes. O tratamento envolve o uso de muitas classes
de farmacos, como por exemplo os anti-inflamatorios, porém o uso de anti-inflamatdrios torna-
se limitado devido aos efeitos colaterais que estes farmacos provocam. O Ylang-ylang
(Cananga odorata) ¢ uma planta medicinal da familia Annonaceae, com atividade anti-
inflamatoria ja descrita na literatura, em modelos de inflamag¢do aguda. O objetivo deste estudo
foi avaliar a atividade do 6leo essencial de ylang-ylang (Cananga odorata) (OEY) em modelo
experimental de artrite, inflamagao persistente e nocicep¢ao em roedores. O tratamento por via
oral com OEY nas doses de 100 e 200 mg/kg promoveu a reducdo da infiltragdo leucocitéaria na
cavidade articular de camundongos submetidos a artrite induzida por zymosan, nos tempos de
6 horas e 7 dias apds a inducao da artrite. Nestas mesmas doses, o tratamento com OEY reduziu
a formagao de edema articular nos tempos de 4 e 6 horas apds inducdo da artrite e, apenas na
dose de 200 mg/kg, o tratamento com OEY reduziu a hiperalgesia mecanica nos tempos de 3 e
4 horas ap6s a indugdo da artrite. Na dose de 200 mg/kg, o tratamento com OEY reduziu a
producdo de interleucina-6 (IL-6), 6 horas apds a inducao da artrite. Em 7 dias apds a indugao
da artrite, a analise histoldgica demonstrou que o tratamento com OEY na dose de 200 mg/kg
reduziu danos na cartilagem de camundongos artriticos. Na dose 200 mg/kg o tratamento com
OEY reduziu a formagdo de edema e hiperalgesia mecanica em modelo de inflamagao
persistente induzida por Adjuvante Completo de Freud (CFA) em camundongos. O tratamento
com OEY, na dose de 200 mg/kg, reduziu a reposta nociceptiva em modelos experimentais de
nocicepg¢ao induzida por acido acético e formalina. Em conclusdo, o OEY inibiu parametros
inflamatorios em modelo de artrite experimental, apresentou atividade em modelo de
inflamacao persistente induzida por CFA e resposta nociceptiva em roedores. O OEY pode ser
um potencial produto natural para o tratamento de lesdes decorrentes de doengas inflamatorias

cronicas, como a AR.

Palavras-chave: ylang-ylang, artrite, inflamagao persistente, produtos naturais.
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LOSSAVARO, Paloma Kénia de Moraes Berenguel. Antiarthritic and antinociceptive
properties of Ylang-ylang (Cananga odorata) essential oil in experimental models. Dissertation

(Masters in Pharmaceutical Sciences). Federal University of Mato Grosso do Sul.

ABSTRACT

Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune disease, characterized by a
chronic inflammatory process in the joints. Treatment involves the use of many classes of drugs,
such as anti-inflammatories, but the use of anti-inflammatories becomes limited due to the side
effects that these drugs cause. Ylang-ylang (Cananga odorata) is a medicinal plant of the
Annonaceae family, with anti-inflammatory activity already described in the literature, in
models of acute inflammation. The aim of this study was to evaluate the activity of ylang-ylang
essential oil (Cananga odorata) (YEO) in an arthritis experimental model, persistent
inflammation and nociception in rodents. Oral treatment with YEO at doses of 100 and 200
mg/kg reduced leukocyte infiltration in the joint cavity of mice submitted to zymosan-induced
arthritis, at 6 hours and 7 days after arthritis induction. At these same doses, treatment with
YEO reduced the formation of joint edema at 4 and 6 hours after arthritis induction and, only
at a dose of 200 mg/kg, treatment with YEO reduced mechanical hyperalgesia at 3 and 4 hours.
hours after arthritis induction. At a dose of 200 mg/kg, treatment with YEO reduced interleukin-
6 (IL-6) production 6 hours after arthritis induction. At 7 days after arthritis induction,
histological analysis demonstrated that treatment with YEO at a dose of 200 mg/kg reduced
cartilage damage in arthritic mice. At a dose of 200 mg/kg, treatment with YEO reduced edema
formation and mechanical hyperalgesia in a model of persistent inflammation induced by
Complete Freud's Adjuvant (CFA) in mice. Treatment with YEO, at a dose of 200 mg/kg,
reduced the nociceptive response in experimental models of nociception induced by acetic acid
and formalin. In conclusion, YEO inhibited inflammatory parameters in an experimental
arthritis model, showed activity in a model of persistent inflammation induced by CFA and
nociceptive response in rodents. YEO may be a potential natural product for the treatment of

lesions resulting from chronic inflammatory diseases, such as RA.

Keywords: yland-ylang, arthritis, persistent inflammation, natural products.
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1. INTRODUCAO

A inflamacao ¢ uma resposta de tecidos vivos contra uma lesdo ou um patdégeno.
Essa resposta promove sinais clinicos como calor, rubor, dor, edema e perda da funcao
tecidual (VARELA et al., 2018), podendo ser dividida em duas fases: aguda ou cronica. A
inflamacdo aguda ¢ de curta duragdo, com infiltrado de células polimorfonucleares, como os
neutrofilos, além de vasodilatacdo, aumento da permeabilidade vascular e extravasamento de
proteinas plasmaticas (SOUTO et al., 2011; CASTANHEIRA e KUBES 2019). A inflamagao
cronica se desenvolve ao longo de semanas ou anos e ¢ marcada por destruicdo tecidual e
infiltracdo de células mononucleares, como monocitos e linfocitos, além de fibrose ¢
angiogénese (ROCK e KONO 2008; YEUNG et al.,, 2018). Esse processo resulta da
persisténcia do estimulo inflamatorio ou da ineficicia da resposta inflamatéria aguda,
podendo gerar processos patologicos cronicos ou autoimunes, como a doenga de Alzheimer,
esclerose multipla e artrite reumatoide (AR) (YEUNG et al., 2019).

A AR ¢ uma doenca autoimune caracterizada por um processo inflamatério cronico
nas articulagdes. Varios sintomas sao descritos para a AR, tais como: edema e dor articular,
deformidade articular progressiva, destrui¢do da membrana sinovial e remodelacdo. A AR ¢
uma doenca multifatorial, que afeta principalmente as mulheres. Dudics et al. (2018)
mostraram que a taxa mundial de prevaléncia de AR foi de 0,5% a 1%. Pacientes com AR t€m
expectativa de vida reduzida, devido a morbidade e complica¢cdes decorrentes da doenca. O
tratamento para melhorar a qualidade de vida, reduzir sintomas e retardar a progressdao da
doenca envolve o uso de muitas classes de medicamentos, como por exemplo anti-
inflamatorios nao esteroides (AINEs), corticosteroides e drogas antirreumaticas modificadoras
da doenga (DMARDs) (PANDOLFI et al., 2020; LI et al., 2022).

Os anti-inflamatdérios hormonais ou nao hormonais, sdo usados para tratar doengas
inflamatorias agudas ou cronicas. No entanto, o uso repetido desses medicamentos esta
associado a varios efeitos adversos, como toxicidade renal, hepatica e cardiovascular
(DUDICS et al., 2018). Por outro lado, plantas aromdaticas e produtos naturais com
propriedades anti-inflamatorias sdo utilizados ha anos pela populagdo, como alternativa
terapéutica para as mais diversas doengas (NUNES et al., 2020).

A Cananga odorata Hook. F. & Thomson, popularmente conhecida como Ylang-
ylang, ¢ uma planta aromatica. Esta espécie ¢ nativa da Asia e pode ser encontrada em paises
tropicais umidos (TAN et al., 2015). O 6leo essencial de ylang-ylang (OEY) ¢ obtido das
flores de C. odorata e € usado em cosméticos e aromaterapia (TAN et al., 2015; SHAHBAZI,
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2016). Varios constituintes do OEY, como alcoois, ésteres, cetonas e aldeidos alifaticos, sdo
responsaveis pela fragrancia (ASTANI et al., 2010; TAN et al., 2015; AZIZ et al., 2018).
Algumas propriedades biologicas do OEY sdo descritas na literatura, como atividades
antimicrobiana (INDRAKUMAR et al., 2012; KUSUMA et al., 2014), antioxidante
(SACCHETTI et al., 2005), sedativa (PUJIART et al., 2012), anti-inflamatoria (FREITAS
JUNIOR et al., 2022) e antirreumaticas (CHOI e HWAN 2005; WE e SHIBAMOTO, 2010;
TAN et al., 2015). E em um trabalho recente, 0 OEY demonstrou ter atividade no alivio da
dor neuropatica e na melhora da ansiedade associada a dor (BORGONETTI et al., 2022). A
toxicidade do OEY em camundongos ndo ¢ considerada alta (LDso > 2 g/kg), sugerindo um
bom perfil de seguranga (FREITAS JUNIOR et al., 2022).

Portanto, devido aos efeitos nocivos decorrentes do uso de anti-inflamatorios
classicos, ¢ relevante a pesquisa de produtos naturais com atividade anti-inflamatéria € menos
efeitos adversos. Ainda nao ha trabalhos que demonstrem o efeito do OEY em modelos
experimetais de artrite e dor inflamatdria. Sendo assim, este trabalho teve como objetivo
avaliar o efeito do OEY em modelo experimental de artrite, bem como avaliar o efeito deste

oleo essencial na inflamagdo persistente e nocicep¢ao em roedores.
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2. REVISAO DA LITERATURA

2.1. Resposta inflamatoéria

O processo inflamatorio ¢ uma resposta de tecidos vivos vascularizados frente a uma
lesao tecidual ou agente infeccioso, envolvendo uma acao coordenada do sistema imune e do
tecido lesionado (SING et al., 2019). A inflamacdao ¢ um dos processos mais importantes
contra lesdes ou infec¢des microbianas (ABDULKHALEQ et al.,, 2018) e envolve a
participagdo de componentes vasculares, celulares e uma diversidade de substancias soluveis
(mediadores inflamatorios), levando ao desenvolvimento de sinais clinicos caracteristicos,
como: rubor, calor, edema e dor. Ainda, a perda da funcdo foi posteriormente incluida como
um quinto sinal, que pode surgir em decorréncia da ndo resolugdo do processo inflamatorio
(RUDOLPH, 1858). Além disso, a inflamagdo tem como finalidade a eliminag¢do do agente
agressor e das consequéncias vindas desta agressao (ROCHA; SILVA, 1978).

A resposta inflamatoria envolve a participagao de indutores, sensores € mediadores.
Os indutores podem ser microrganismos infecciosos ou estimulos ndo infecciosos, como
toxinas, corpos estranhos, sinais de células necrosas e tecidos danificados. Os sensores sao
moléculas especializadas que sdo ativadas pelos indutores desencadeando a liberacao de
mediadores. Esses mediadores sdo produtos quimicos enddgenos que podem induzir a
sensacdao de dor, promover ou inibir inflamagdo e reparacao tecidual e ativar os efeitos em
tecidos ou células (MEDZHITOV, 2008). O grau desta resposta vai depender dos estimulos
iniciantes ou da sua persisténcia do processo, tendo como objetivo prevenir o agravamento da
infeccdo do tecido atingido e promover reparo (VARELA; MOGILDA et al., 2018).

Assim, a resposta inflamatoria € classificada em aguda e cronica. Em geral, a fase
aguda dessa resposta pode durar poucas horas ou até algumas semanas. A inflamag¢do aguda
caracteriza-se pela expansdo dos vasos sanguineos (vasodilata¢cdo), aumento no fluxo
sanguineo, aumento de permeabilidade capilar e migracdo/infiltracio de células
polimorfonucleares (PMN) para o tecido inflamado, através da parede capilar (diapedese)
(RANKIN, 2004; YEUNG et al., 2018). Estas células sdo ativadas pelos chamados padrdes
moleculares associados a danos (DAMPs) ou a patogenos (PAMPs) e iniciam o recrutamento,
aumentando o niamero de células de defesa para resolugdo da inflamag¢do (CASTANHEIRA;
KUBES, 2019; MEDZHITOV, 2010; YEUNG et al., 2018).

J4 na inflamag¢do crdnica, temos como caracteristicas uma longa duragdo do
processo, além da infiltracio das células do tipo mononucelares, produzindo citocinas

inflamatorias, fatores de crescimento, enzimas e, consequentemente, contribuindo para a
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progressdo de danos teciduais e reparacdo secunddria, incluindo fibrose e formacdo de
granuloma. Portanto, a inflamagdo cronica é conhecida por se desenvolver em um periodo
prolongado e indeterminado, podendo persistir por meses ou até mesmo anos (PAHWA;
GOYAL; JIALAL, 2022).

O processo inflamatério e as tentativas de reparagao tecidual ocorrem
simultaneamente (WATSON et al., 2017). Além de patogenos persistentes, agentes fisicos ou
quimicos, suscetibilidade genética, persisténcia de corpos estranhos, exposi¢cdes quimicas
continuas, infecgdes cronicas, danos aos tecidos que ndo foram reparados, alérgenos
persistentes, entre outros. S3o razdes cruciais para o estabelecimento de uma inflamagao
cronica, caracterizada por infiltragdo de células mononucleares (MN), como mondcitos,
linfocitos e plasmocitos, além de estar relacionada com a fagocitose deficiente de células
apoptoéticas presentes na resolu¢do da inflamacdo (SERHAN; SAVILL, 2005; NATHAN,
2006; SERHAN, 2017; GERMOLEC et al., 2018; YEUNG et al., 2018).

O niimero de doengas relacionadas a mediadores moleculares da inflamagao € grande
e crescente e por isso mais estudos as doencas inflamatorias cronicas sao necessarios e de
extrema importancia para melhor compreensao das condi¢des clinicas relacionadas, como por
exemplo a AR (MEDZHITOV, 2008; MEDZHITOV, 2010; ARULSELVAN, 2016;
CERVERA et al., 2022). A interacao entre células do sistema inume inato, sistema imune
adaptativo ¢ mediadores inflamatérios orquestram aspectos da inflamacao aguda e cronica,
que sdo a base de diversas doengas, contribuindo para o dano tecidual, estresse oxidativo,
remodelamento da matriz extracelular, angiogénese e fibrose em diversos tecidos (LIBBY,

2007).

2.2. Artrite Reumatoide

A AR ¢ uma doenca autoimune inflamatéria cronica, que provoca danos articulares,
incapacidade dos movimentos ¢ mortalidade (TANG et al., 2022). Esta doenga é mais comum
entre as mulheres, com prevaléncia mundial de 0,5% a 1,0% (SMOLEN; ALETAHA;
MCINNES, 2016). O inicio e o desenvolvimento da AR estdo ligados a diversas varidveis
hereditarias, ecoldgicas e socioecondmicas. Varios estados inflamatérios e desfechos em AR
sdo causados por ma alimentagdo, tabagismo, alteragdo da microbiota intestinal, distirbios
periodontais e infec¢cdes bacterianas ou virais, que contribuem para sua patogénese. Além
disso, pacientes com AR tém expectativa de vida reduzida, devido a morbidade e

complicacdes decorrentes da doenga (BUNGAU et al., 2021).
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Ainda, a AR ¢ caracterizada por uma falha de resolucdo espontanea da inflamagao,
com o desenvolvimento de poliartrite cronica que atinge uma ou mais articulagdes,
principalmente articulagdes das maos, pés e joelhos. A fisiopatologia da AR ¢ resultante da
acdo das células T e B autorreativas, que levam a infiltracdo celular e a um processo
desorganizado de destruicdo e remodelacao Ossea, destruicdo progressiva da cartilagem,
membrana sinovial hiperpldsica invasiva (formacdo de pannus) e dor nas articulagoes.
Consequentemente, ha uma limitagdo funcional para o paciente, o que leva ao aumento da
incapacidade e mortalidade devido ao processo inflamatorio intenso (GOELDNER et al.,
2011; SMOLEN; ALETAHA; MCINNES, 2016).

A membrana sinovial € a principal fonte proeminentes de citocinas e proteases, como
também as integrinas, selectinas e membros da superfamilia das imunoglobulinas. A células
presentes no liquido sinovial produzem uma variedade de citocinas pro-inflamatorias,
incluindo interleucina-1 (IL-1), interleucina-6 (IL-6) e fator de necrose tumoral (TNF).
Citocinas pro-inflamatorias e proteases, em conjunto com osteoclastos e condrocitos,
promovem a destrui¢ao articular. Projecdes de tecido proliferativo penetram na cavidade
articular, invadindo a cartilagem e o tecido 6sseo, com infiltracdo de células imunes, levando
a formagdo do pannus, caracteristico da AR (ZAISS et al., 2021). O pannus pode ser
composto de macrofagos, fibroblastos, células dendriticas ou plasmaticas e células
inflamatorias, causando danos e formagdo de erosdo nas articula¢des atingidas (Figura 1)
(KAUR et al., 2020; JANG; KWON; LEE, 2022).

Muitas opgdes terapéuticas estdo disponiveis para a AR, que ajudam a mudar o
prognostico da doenca. As DMARDs, como o metotrexato, que sao utilizados como
tratamento para permitirem que os pacientes mantenham a doenga sob controle e levem uma
vida normal, no entanto, muitos pacientes com AR nao foram capazes de completar o
tratamento, pois nem todos os pacientes respondem a esses medicamentos e sua qualidade de
vida é severamente prejudicada (PANDOLFI et al., 2020). Além dos antirreumaticos, os anti-
inflamatérios ndo esteroidais (AINEs) sao atualmente usados no tratamento farmacolédgico da
AR, pois limitam a sintese de prostaglandina suprimindo as enzimas ciclooxygenase 1 e 2
(COX-1 e COX-2) e, portanto, reduzem sinais e sintomas da doenga. Farmacos como
meloxicam, diclofenaco, indometacina, cetoprofeno, naproxeno ibuprofeno e outros se
enquadram nessa categoria (BUNGAU et al., 2021). Entre os efeitos adversos mais
prevalentes dos anti-inflamatorios classicos, estdo os danos gastricos, lesdo renal e hepatica,

além de problemas cardiovasculares (BANGAU et al., 2021).
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Figura 1. Estrutura da articulagdo sinovial de um individuo saudével e um individuo com artrite reumatoide
(Adaptado de Patakas, 2011).

Mesmo que o avango e as opgdes terapéuticas estejam sendo ampliados e resultem
em melhora do prognostico da AR, a prevencao da progressao da AR ainda ¢ inadequada e,
portanto, novas terapias antiartriticas e anti-inflamatorias sao necessarias, principalmente para

aliviar a dor e a progressdo da AR em pacientes artriticos.

2.3. Dor

As vias da dor formam um sistema complexo, dindmico, sensorial e comportamental
que evoluiram para detectar, integrar e coordenar uma resposta protetora aos estimulos
nocivos recebidos que ameagam a lesao tecidual ou a sobrevivéncia do organismo, ou seja, a
dor ¢ um mecanismo de prote¢ao fisiologica e tem impacto em relagdo a aspectos
psicologicos, sociais, culturais, ambientais e emocionais (LOESER; TREED, 2008;
BOURNE; MACHADO; NAGEL, 2014).

A dor pode ser classificada em nociceptiva, inflamatoria e patoldgica. A dor
nociceptiva representa a sensagdo associada a detec¢do de estimulos nocivos potencialmente
danosos ao tecido e ¢é protetora. A nocicepcdo estd relacionada a processos neurais de
codificacdo e processamento de estimulos nocivos (BARROT, 2012; LOESER; TREEDE
2008). O termo nocicepcao refere-se ao estimulo doloroso e nao leva em consideragdo a

resposta emocional, apenas mecanismos neurolégicos e as vias neuroanatdmicas, além da
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percepcao do sinal que o estimulo lesivo causa em receptores especificos. Os nociceptores sao
fibras Ad e fibras C, capazes de receber, codificar e traduzir o estimulo nocivo que causa
lesao tecidual (BOURNE; MACHADO; NAGEL, 2014; ST. JOHN SMITH, 2018). Tais
receptores sdo polimodais, pois respondem a diferentes estimulos de natureza heterogénea,
como mecanicos (por exemplo, alta pressdo), térmicos (temperaturas muito altas ou muito
baixas) e quimicos (como mediadores inflamatorios) (RADU et al., 2013; FRIAS; MERIGHI,
2016; CATA et al., 2022). A dor patologica ¢ um estado de doenga causado por dano ao
sistema nervoso (neuropatico) ou por sua fun¢ao anormal (disfuncional) (WOOLF, 2010).

A dor inflamatéria esta associada ao dano tecidual e a infiltracdo de células imunes e
pode auxiliar no reparo por causar hipersensibilidade a dor até que ocorra a cicatrizagdo. A
dor inflamatdria ¢ um dos sinais cardinais da inflamacdo e ¢ tipicamente o sintoma mais
persistente. Quando a dor se estende, deixa de oferecer um papel de prote¢do ao organismo e
passa a causar sofrimento, podendo evoluir de dor aguda para dor cronica (JULIUS;
BASBAUM, 2001; MACINTYRE et al., 2010; MILLS, NICOLSON e SMITH, 2019). Ainda,
a dor inflamatoria é causada por sensibilizacdo dos nociceptores, podendo ser uma lesdo
tecidual causada por queimaduras, traumas, infec¢ao, resposta imune exacerbada, tumores
(SCHAIBLE, 2006; 2007; WOOLF, 2010) ou pela liberagdo de mediadores inflamatorios
(histamina, serotonina, citocinas e prostaglandinas (PGs) (MILLAN, 2002). Esses mediadores
inflamatoérios alteram o limiar nociceptivo, causando mudangas no tecido inflamado e no
sistema nervoso, sensibilizando diretamente o neurdénio nociceptivo periférico e
desencadeando um processo conhecido como hiperalgesia (CUNHA et al., 2008).

A dor gera um grande impacto na qualidade de vida dos pacientes com AR. E um dos
problemas mais relatados, identificado como uma das piores consequéncias da doenga e estdo
relacionadas a fadiga e ao sofrimento psicologico, impactando na diminuigao da
produtividade, problemas psicoldgicos, incapacidade de se movimentar, perturba¢do no sono
e utilizagdes constantes de medicamentos (MCWILLIAMS e WALSH, 2017). Entre as causas
deste processo doloroso estdo a inflamacao nas articulagdes e destruicdo da cartilagem. As
caracteristicas da dor na AR geralmente estdo associadas com a dor neuropatica, pois o
processamento da dor pelo sistema nervoso central pode contribuir para aumentar a dor da AR
(SOMMER; LEINDERS; UCEYLER, 2018; HART e NIELSON, 2018). Além disso,
mediadores inflamatoérios, como citocinas, podem provocar sensibilizacao central da dor em
modelos animais e tanto a inflamagdo local quanto a sistémica podem contribuir para o

aumento da dor central na AR.
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Para avaliar a hiperalgesia em modelos experimentais, observa-se a reducdo do
limiar nociceptivo, a partir de um estimulo inflamatério ou por administracdo de agentes
flogisticos como zymosan, adjuvante completo de Freund (CFA), acido acético e formalina,
que permitem relacionar o processo inflamatdrio com a hipernocicep¢ao (LAM, 1996; CHU
et al., 2005; GUERRERO et al., 2011). Esses modelos demonstram comportamentos que
ocorrem quando os estimulos nociceptivos estao ativados ou quando ha a produgao rapida de
mediadores enddgenos que sensibilizam nociceptores e reproduzem efeitos que se

assemelham a certas doengas (VERRI et al., 2006; MACINTYRE et al., 2010).

2.4. Modelo experimental de Artrite Induzida por Zymosan (AZy)

A artrite induzida por zymosan (AZy) em camundongos foi escrita pela primeira vez
por Keystone (1977). A AZy ¢ um modelo experimental muito utilizado para avaliar o efeito
anti-inflamatodrio de diversos compostos, devido ao baixo custo operacional e reproducao das
lesdes em tempo reduzido. Neste modelo, inicialmente ¢ observado um aumento da
permeabilidade vascular, com consequente edema local e acentuado influxo leucocitario com
predominancia de células PMN. Posteriormente em fase tardia, ocorre sinovite progressiva
com hiperplasia sinovial, infiltrado MN e ativacdo de fibroblastos, assemelhando-se ao
pannus reumatoide (BEZERRA et al., 2004).

O zymosan promove o surgimento de parametros inflamatérios semelhantes a AR e
por esse motivo ¢ um modelo muito utilizado em animais para estudar novas abordagens
terapéuticas para esta doenca (GUAZELLI et al., 2018). O zymosan ¢ um polissacarideo
derivado da parede celular do fungo Saccharomyces cerevisiae € tem a propriedade de induzir
uma resposta inflamatéria quando injetado na cavidade articular de ratos, camundongos e
coelhos, com persistente proliferacio do liquido sinovial e degradagdo da cartilagem,
reproduzindo a maioria dos achados da AR (GEGOUT et al., 1995).

A injecdo intra-articular (i.a.) de zymosan induz periartrite com um pico de
hipernocicepg¢ao entre a terceira e quarta hora, acompanhado de edema local. Na segunda hora
apos a inje¢do i.a. de zymosan os animais desenvolvem incapacidade articular progressiva,
caracterizada pela dificuldade de andar, atingindo o pico entre a terceira e quarta hora. Na
sexta hora apo6s a inje¢do i.a. de zymosan acontece o pico de influxo de células PMN na
cavidade articular e no 7° dia apds a inje¢do i.a. de zynosan acontece influxo de células MN,
hiperplasia sinovial com formacdo de pannus e degradacdo da cartilagem articular (DA
ROCHA et al., 2004). O processo inflamatorio induzido por zymosan € resultado da ativacao

de toll-like receptor 2 (TLR-2) e toll-like receptor 6 (TLR-6). No processo inflamatério
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induzido por zymosan, o fator de transcricdo NF-kB ¢ ativado, sendo um regulador chave na
expressdo de varias citocinas pro-inflamatoérias, incluindo TNF, IL-1pB, IL-6, quimiocinas e

oxido nitrico (NO) (GUERRERO et al., 2012).

2.5. Modelo de inflamacgio persistente induzida por Adjuvante Completo de Freund
(CFA)

O adjuvante completo de Freund (CFA) consiste em suspensdo de Mycobacterium
tuberculosis, inativadas pelo calor, em 6leo. O CFA tem sido usado para induzir inflamagao e
estudar a dor inflamatéria em varios modelos animais (FEHRENBACHER et al., 2012;
NAVARRO-ALVAREZ et al., 2018).

A atividade inflamatoria do CFA resulta da liberacdo sustentada de antigenos
depositados no veiculo oleoso e estimulacdo de uma resposta imune inata local, provocando
uma reacao de hipersensibilidade tardia com intensa reac¢ao inflamatoria e hiperalgesia no
local da injecao. A reagdo inflamatéria que ocorre nesse modelo nao ¢ infecciosa, mas sim,
uma resposta imunomediada contra alguns constituintes da bactéria injetada. A inducao da
artrite induzida por CFA pode resultar em monoartrite ou poliartrite. A poliartrite ¢
desenvolvida quando o adjuvante ¢ administrado na superficie intraplantar. Uma vez que o
CFA ¢ administrado por via intraplantar, ha uma inducdo de inflamacdo periférica, com
consequente aumento na liberagdo de TNF, IL-1p e outros mediadores, 3 horas apds a sua
aplicacdo (NEUGEBAUER et al., 2007).

Esse modelo ¢ amplamente empregado na pesquisa de novas alternativas terapéuticas
para o controle da dor e inflamacao, estabelecendo um modelo de grande similaridade com
doengas cronicas humanas, como a AR, visto que a inje¢do intraplantar de CFA produz
hiperalgesia intensa, poliartrite, edema e inflamagdo persistente, gerando dor e desconforto

(WOOLF; COSTIGAN, 1999; STILLS, 2005; ALMARESTANI et al., 2011).

2.6. Modelo de contor¢oes abdominais induzidas por acido acético

A administracdo intraperitoneal (i.p) de solu¢do de 4acido acético produz uma
resposta nociceptiva, provocando reagdes de contor¢cdes caracteristica em animais de
experimentacdo. O modelo de contor¢des induzidas por acido acético ¢ um meétodo quimico
utilizado para induzir a dor inflamatdria para a nocicep¢ao aguda (SATYANARAYANAA et
al., 2014)

Neste teste, a injecdo i.p de acido acético promove contor¢des abdominais, causa

lesdes teciduais e libera substincias que sensibilizam os nociceptores causando dor, incluindo
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PGs, mediadores inflamatérios e aminas vasoativas, como serotonina e bradicinina. Portanto,
esses estimulos dolorosos causados pelo 4cido acético vao ativar nociceptores nos terminais
das fibras nervosas sensoriais. Desta forma, o teste nociceptivo ¢ usado para determinar a
analgesia central e periférica (BALLOU et al., 2000; RIBEIRO et al., 2000; MUHAMMAD et
al., 2014; NAGHIZADEH; MANSOURI; GHORBANZADEH, 2016). Portanto, o método de
contor¢ao abdominal € muito utilizado na pesquisa para obtengdo de moléculas com atividade

analgésica (SATYANARAYANAA et al.,, 2014).

2.7. Teste de nocicep¢io induzida por formalina

O teste da formalina é amplamente utilizado em estudos de dor (nocicepgdo) e
alguns de seus mecanismos se assemelham aqueles subjacentes a dor clinica em humanos.
Ap0s a injecdo intraplantar de formalina, sdo desencadeadas duas fases. A fase inicial, ¢ de
comportamento nociceptivo forte, caracterizado por lamber, morder, levantar e sacudir a pata.
Essa fase dura 5 minutos e ocorre através da sensibilizagdo direta aos nociceptores pelo
estimulo nocivo, ou seja, esta diretamente ligada a estimulacdo dos neuronios sensoriais
primarios com ativagdo direta da fibra C devido ao estimulo periférico. A segunda fase ou
fase tardia, dura em média de 15 a 30 minutos, onde ¢ reproduzida uma reagao inflamatoria,
ativando a liberacdo e a produgdo de varios mediadores inflamatérios que causam uma
resposta inflamatéria dolorosa, incluindo PGs, que reduzem o limiar de dor (ROSLAND et

al., 1990; DUAN et al., 2019; NORIEGA et al. 2020).

2.8. Produtos naturais e éleos essenciais

Os produtos naturais sdo utilizados desde a antiguidade, antes mesmo da introdugao
de drogas sintéticos. O homem primitivo contava com as propriedades curativas das plantas
medicinais e até hoje recorre ao uso destas plantas, devido ao facil acesso e ao baixo custo. As
crengas diziam que as plantas supriam os homens com alimentos e tratamento médico, devido
a suas propriedades observadas como conservantes de alimentos e medicinais. Assim como as
plantas aromaticas, que sdo muito utilizadas para produtos de cosméticos e utilizadas também
na culindria, seu uso para fins terapéuticos tem aumentado muito devido as suas propriedades
biologicas. Essas propriedades sdo, em parte, atribuidas aos oOleos essenciais e seus
constituintes, que sdao muito utilizados como aromatizantes para bebidas alcoodlicas,
refrigerantes e alimentos e na industria farmacéutica. Os 6leos essenciais sdo utilizados como

agentes flavorizantes para mascarar o sabor desagradavel dos medicamentos e, na perfumaria,
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formam a base de muitas fragrancias (AHVAZI et al., 2012; ZAGO et al., 2020; AHMADI et
al., 2022).

Entretanto, os oleos essenciais (OEs) s@o compostos volateis, naturais, complexos,
caracterizados pelo forte odor e sdo produzidos por plantas aromaticas, como metabolitos
secundarios, essas plantas geralmente sdo localizadas em paises mais quentes, como paises
mediterraneos e tropicais, onde representam uma grande parte na farmacopeia tradicional. Os
OEs, tem caracteristicas especificas por serem liquidos, volateis, limpidos, lipossoluveis e
com baixa colora¢do, mas muita das vezes amarelado e podem ser extraidos por todas as
partes da planta, ou seja, flores, folhas, caules, galhos, sementes, madeira, casca, raizes ou
frutos (BAKKALI et al., 2008; SIMOES et al., 2016; THOMFORD et al., 2018).

Fatores ambientais, como sazonalidade, mudancas climdticas, tipos de solos e idade
da planta, por exemplo, podem exercer uma grande influéncia na composi¢do, produgdo e
concentragao dos constituintes presentes nos OEs. Para determinar os compostos quimicos
presentes nos OEs, sdao utilizadas técnicas cromatograficas, como por exemplo, cromatografia
em camada delgada, cromatografia gasosa acoplada a espectrometria de massa ou
cromatografia liquida de alta eficiéncia. Portando os OEs sao recomendados para tratar
diversas doencas devido as suas propriedades antimicrobiana, antivirais, antimutagénicas,
anticancerigenas, antioxidantes, imunomoduladoras, antiprotozoarias e anti-inflamatorias
(NIKSIC et al., 2017, MA; SHI e ZHANG, 2019; CARDIA et al., 2021; AHMADI et al.,
2022; BORGONETTTI et al., 2022). Devido seu baixo custo e poucos efeitos adversos, estudos

utilizando produtos naturais como os OES tem aumentado.

2.9. Ylang-ylang (Cananga odorata)

A Cananga odorata Hook. F. & Thomson, conhecida popularmente como ylang-
ylang (Figura 2), ¢ uma planta de médio porte, 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. Muitos produtos ja
sdo comercializados com a C. odorata, como sabonetes, incensos, velas aromaticas, 6leos
massageadores, entre outros. A flor de C. odorata é frequentemente usada para produzir 6leos
essenciais devido ao seu aroma caracteristico, que ¢ comumente aplicado na aromaterapia,
industria de perfumes, industria de alimentos ou industria farmacéutica (LEUNG E FOSTER

2003; TAN et al., 2015; PAVELA et al., 2020)
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O ¢leo essencial de ylang-ylang (OEY) ¢ obtido das flores da planta C. odorata por
hidrodestilacdo, maceragdo, ou extracdo por solvente. Na industria alimenticia, o OEY ¢
utilizado como aromatizante em bebidas alcodlicas e ndo alcoodlicas, doces, bolos e geleias.
Na industria cosmética, o OEY ¢ utilizado para fragrancias em sabonetes, perfumes, cremes e
logdes (LEUNG E FOSTER 2003). Na industria farmacéutica, o OEY pode ser utilizado para
mascarar sabores de xaropes ¢ em aromaterapia (sendo utilizado em de massagem ou
inalacdo, por suas propriedades sedativas). O uso medicinal do OEY pela populagdo local
onde essa planta é encontrada, se torna um dos principais fatores que contribuem para o
aumento da popularidade e utilizagdo deste dleo essencial no campo da aromaterapia (TAN et
al., 2015; ZHANG et al., 2016; BORGONETTI, et al., 2022). O OEY ¢ utilizado também na
medicina tradicional em paises asiaticos, para o tratamento de malaria, doencas estomacais,

asma e gota (HOLDSWORTH, 1990; BAMPIDIS et al., 2022).

Figura 2. 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).

O OEY ¢ constituido principalmente por monoterpenos, sesquiterpenos e
fenilpropanoides e entre os consituintes majoritarios deste 6leo essencial estdo acetato de
benzila, linalol, benzoato de benzila e benzoato de metila (FREITAS JUNIOR et al., 2022). O
OEY mostrou atividade inseticida (PAVELA et al., 2020), antimicrobiana (MA et al., 2019),
anti-inflamatoria (FREITAS JUNIOR et al., 2022), reduziu a dor neuropatica
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(BORGONETTI et al., 2022) e demonstrou efeito ansiolitico (HOLT, 1999; ZHANG et al.,
2016).

Freitas Junior e colaboradores (2022) demonstraram que OEY foi eficaz na reducdo
da inflamacao aguda, pois apresentou atividade antiematogénica e reduziu o recrutamento de
leucocitos em modelo experimental de peritonite em camundongos. Além disso, o OEY nao
se mostrou toxico, uma vez que DLso em camundongos foi superior a 2000 mg/kg. Nesse
sentido, no presente trabalho, avaliamos o efeito do OEY sobre a inflamacdo persistente,

artrite experimental e nocicepgao.
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3. JUSTIFICATIVA

O uso de farmacos para doengas inflamatérias cronicas, como a artrite reumatoide, se
torna limitado na terapéutica devido aos efeitos adversos que podem ocasionar como,
problemas gastrointestinais, cardiovasculares e insuficiéncia renal. Sendo assim, a busca de
produtos naturais com atividade antiartritica, antinociceptiva e anti-inflamatoria, com menor
incidéncia de reacdes adversas, se torna relevante. Esta pesquisa contribui para a validacao de
alternativas terapéuticas para o tratamento de dor e inflamagdo cronica. Estudos anteriores
demonstraram o efeito do OEY e seus principais constituintes sobre a resposta inflamatéria
aguda, portanto o presente estudo demonstrou o efeito do OEY sobre a inflamacao persistente

e nocicepgao.
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4. OBJETIVOS

4.1. Objetivo geral
O objetivo geral desse trabalho foi avaliar as propriedades antiartritica,

antinociceptiva e anti-inflamatoria do OEY em modelos experimentais.

4.2. Objetivos especificos
Especificamente foram avaliados os efeitos do OEY sobre:

» 0O modelo de artrite induzida por zymosan (AZy);

o a formag¢do de edema articular de joelho e hiperalgesia mecanica;
° a infiltracao leucocitaria na cavidade articular;

° os niveis de interleucina-6 no lavado articular;

o as alteracdes histopatologicas;

» A inflamacao persistente induzida por Adjuvante Completo de Freund (CFA);

» A nocicepgao induzida por acido acético e por formalina.
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Abstract

Purpose The aim of this study was to evaluate the effect of ylang-ylang (Cananga odorata)
essential oil (YEO) on experimental arthritis, persistent inflammation and nociception models
in mice.

Method and Results The YEO treatment at doses of 100 and 200 mg/kg reduced the
leukocyte infiltration into joint cavity of mice submitted to zymosan-induced arthritis, at 6
hours and 7 days after arthritis induction. In these doses, the YEO treatment reduced the joint
edema formation at times of 4 and 6 hours after arthritis induction and, at dose of 200 mg/kg,
the YEO treatment reduced mechanical hyperalgesia at times of 3 and 4 hours after arthritis
induction. At dose of 200 mg/kg, the YEO treatment reduced interlekin-6 (IL-6) levels,
cartilage destruction in zymosan-induced arthritis model, and edema formation and
mechanical hyperalgesia in persistent inflammation model (21 days) induced by Freud's
Complete Adjuvant (CFA) in mice. YEO treatment, at a dose of 200 mg/kg, reduced the
nociceptive response in experimental models of nociception induced by acetic acid and
formalin.

Conclusion YEO reduces inflammatory parameters in experimental arthritis model, reduces
inflammatory response in CFA-induced persistent inflammation model and reduces
nociceptive response in experimental nociception models. The OEY may be a potential
natural product for treatment of injuries resulting from chronic inflammatory diseases, such as

rheumatoid arthritis.

Keywords: yland-ylang, arthritis, persistent inflammation, natural products.
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6.1. Introduction

Inflammation is a biological response against injury or a pathogen, this response
promotes clinical signs such as heat, redness, pain, swelling, and loss of tissue function
(Varela et al. 2018), and it can be divided into two phases: acute or chronic. The acute
inflammation is of short duration and neutrophils are the predominant leukocyte and among
the first cells recruited to an inflammatory site, in addition to vasodilation, increased vascular
permeability, and extravasation of plasma proteins (Souto et al. 2011; Castanheira and Kubes
2019). Chronic inflammation develops over weeks or years and is marked by tissue
destruction, and infiltration of mononuclear cells, such as monocytes and lymphocytes, in
addition to fibrosis and angiogenesis (Rock and Kono 2008; Yeung et al. 2018). This process
results from the persistence of the inflammatory stimulus or the ineffectiveness of the acute
inflammatory response, which can generate chronic or autoimmune pathological processes,
such as Alzheimer's, multiple sclerosis, and rheumatoid arthritis (RA) (Yeung et al. 2020).

RA is an autoimmune disease that causes joint chronic inflammation. Several
symptoms are described for RA, such as: swelling and joint pain, progressive joint deformity,
synovial membrane destruction, and remodeling. It is a multifactorial disease, which mainly
affects women. Dudics et al. (2018) showed that the overall RA prevalence rate was 0.5% to
1%. Patients with RA have a reduced life expectancy, due to morbidity and complications
resulting from the disease. Treatment for quality of life depends on many drug classes, such as
non-steroidal anti-inflammatory drugs (NSAIDs), corticosteroids, and disease-modifying
antirheumatic drugs (DMARDs) to control the symptoms and course of RA (Li et al. 2022).

Anti-inflammatory drugs hormonal or non-hormonal, are drugs used to treat acute or
chronic inflammatory diseases, however, the prolonged use of these drugs is associated with
adverse effects, such as renal, hepatic, and cardiovascular toxicity (Dudics et al. 2018).
Therefore, aromatic plants and natural products with anti-inflammatory properties have been
used for years by the population as a therapeutic alternative for the most diverse diseases
(Nunes et al. 2020).

Cananga odorata Hook. F. & Thomson, popularly known as ylang-ylang, is a
aromatic plant. This species is native to Asia and can be found in humid tropical countries
(Tan et al. 2015). Ylang-ylang essential oil (YEO) is obtained from C. odorata flowers and is
used in cosmetics and aromatherapy (Tan et al. 2015; Shahbazi 2016). Several constituents of
YEO, such as alcohols, esters, ketones, and aliphatic aldehydes, are responsible for fragrance

(Astani et al. 2010; Tan et al. 2015; Aziz et al. 2018). Some biological properties of YEO are
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described in the literature, such as antimicrobial (Indrakumar et al. 2012; Kusuma et al. 2014),
antioxidant (Sacchetti et al. 2005), sedative (Pujiart et al. 2012), anti-inflammatory (Freitas
Junior et al. 2022) and antirheumatic (Choi and Hwan 2005; Wei; Shibamoto 2010; Tan et al.
2015) activities. And recently, YEO has been shown to have activity in relieving neuropathic
pain and improving pain-associated anxiety (Borgonetti et al. 2022). The toxicity of YEO in
mice is not considered to be higher (LDso > 2 g/kg) (Freitas Junior et al. 2022).

Therefore, due to the limited use of anti-inflammatory drugs, the research for natural
products with anti-inflammatory activity and less harmful effects is relevant. Thus, this work
aimed to evaluate the effect of YEO on the experimental arthritis model, as well as to evaluate

the effect of this essential oil on persistent inflammation and nociception.

6.2. Material and Methods

6.2.1. Chemicals and YEO obtention

YEO, zymosan, complete Freund’s adjuvant (CFA), indomethacin, dexamethasone,
and morphine were obtained commercially from Sigma-Aldrich® (St Louis, MO, USA). All
other chemicals used were analytical grade.

The YEO phytochemical analysis was previously described in a study carried out by
our group, in which the presence of benzyl acetate (18.21%), linalool (15.23%), benzyl
benzoate (11.39%), geranyl acetate (9.46%), methyl benzoate (7.64%), p-methyl anisole
(7.38%), trans-caryophyllene (5.42%), germacrene D (4.61%), and benzyl salicylate (4.47%)
(Freitas Junior et al. 2022).

6.2.2. Animals

Male Swiss mice (weighing 18-30 g) were provided by the Central Animal House of
the Federal University of Mato Grosso do Sul (UFMS). The animals were housed at 22 + 2°C
under a 12/12 h light/dark cycle. Before the experiments, the animals were fasted overnight,
with water provided ad libitum. The experimental protocols were approved by Ethical

Committee in Animal Experimentation of the UFMS (protocol number: 1.182/2021).
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6.2.3. Zymosan-induced arthritis model

Male Swiss mice (n = 5-7 animals/group) were intra-articularly injected with 10 pL
of zymosan solution (200 pg/knee joint). Zymosan was injected in the right knee joint of
animals, and saline solution 0.9% was injected into the naive group, with the same volume.
One hour before zymosan injection, the animals were treated with YEO (50, 100, and 200
mg/kg), dexamethasone (1 mg/kg, reference drug,) or vehicle (saline 0.9% containing 1% of
tween 80) by oral route. Six hours or 7 days after zymosan induced-arthritis, mice were
euthanatized. For the analyzes in which the animals were euthanized after 7 days of arthritis
induction, the mice were treated with YEO, dexamethasone or vehicle, 1 hour before the

zymosan intra-articular injection, and daily, once a day, for 7 days.

6.2.4. Knee joint edema and mechanical hyperalgesia in animals submitted to zymosan-

induced arthritis model

Mechanical hyperalgesia was evaluated at 3 and 4 hours after arthritis induction. 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 joint that received the
zymosan injection, a digital analgesimeter (Von Frey, Insight®) (Moller et al. 1998) was used
as a pressure transducer, which records the applied force (in grams) until the moment of paw
withdrawal.

The knee joint edema was evaluated at 4 and 6 hours after arthritis induction. The
evolution of edema formation was made using a micrometer, which measured in millimeters
(mm). Edema was determined by the size between knees. The knee evaluation edema was
made by a comparison of the difference between the right and left sides with a digital

micrometer Insize at 4 and 6 hours after zymosan injection.

6.2.5. Leukocyte infiltration into articular cavity analysis in animals submitted to

zymosan induced arthritis model

Six hours or seven days after the arthritis induction, the mice were euthanized, and

the knee joint was exposed by surgical incision and washed twice with 5 pL of
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phosphatebuffered saline (PBS) that contained ethylenediaminetetraacetic acid (EDTA). The
supernatant was diluted to a final volume of 50 uLL with PBS/EDTA to determine the total cell
counts. The total number of leukocytes, diluted in Turk’s solution, was determined in a
Neubauer chamber under a light microscope. The results were expressed as the number of

leukocytes per cavity.

6.2.6. Interleukin-6 levels determination in articular cavity of the animals submitted to

zymosan-induced arthritis model

Interleukin-6 (IL-6) dosage was performed in samples of femur—tibial joints
collected 6 hours after zymosan injection. The knee joint was centrifuged, and the
supernatants were collected. IL-6 in supernatants were determined using ELISA kits. Data are

expressed as picograms pg/mL.

6.2.7. Histological analysis

Histological analysis was performed 7 days after zymosan-induced arthritis. The
right knee joint was subsequently demineralized in a 10% formaldehyde solution for 3 days,
and formaldehyde was then replaced with EDTA dissolved in saline (3 g EDTA/30 mL). The
joints were stored in 70% ethanol. The samples were then subjected to dehydration process
using an increasing series of ethanol (70, 80, 90, and 100 GL) diaphanized in xylol, and
embedded in paraffin. The samples were then serially sectioned (4 um thickness) using a
rotary microtome (Leica RM2245). All of the sections were stained with Harris’ hematoxylin
and eosin (H&E) and examined under a microscope (Olympus BX41; original magnification,
400x). The histological sections from each group were examined using a gradient scale of 0-2

according to the cartilage degrading (Table 1).
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Table 1 - A cartilage histopathology grade assessment degrading methodology (Adapted from
Pritzker et al. 2006).

Grade Key feature Associated criteria (tissue reaction)
0 surface intact, cartilage Matrix: normal architecture Cells: intact,
morphology intact appropriate orientation

Matrix: superficial cartilage intact, few edema
and/or fibrillation (abrasion), focal superficial
matrix condensation. Cells: proliferation
(clusters) and hypertrophy.

1 surface intact

Matrix discontinuity at superficial (erosion).
Deep fibrillation near the bone. Cell:
2 surface discontinuity disorientation of chondrocytes columns, death,
proliferation (clusters) and hypertrophy of
chondrocytes.

6.2.8. Model of persistent inflammation induced by Complete Freund’s Adjuvant (CFA)

The persistent edema and mechanical hyperalgesia model induced by complete
Freund’s adjuvant (CFA) was performed to study the analgesic and anti-inflammatory
properties of prolonged p.o treatment with YEO. At time zero, 20 pL. of CFA (suspension of
killed Mycobacterium tuberculosis in oil) was injected into the mice right hind paw
(intraplantar), and 20 pL of saline was injected into the left hind paw, while mice in the naive
group had 20 pL of saline injected into both paws. The animals were treated with YEO (200
mg/kg), dexamethasone, or vehicle (n = 5-7 animals/group) by oral route 24 hours after the
injection of CFA, and for 21 days, once a day. The mechanical hyperalgesia and paw edema
were measured 6, 11, 16 and 21 days after the CFA injection. The evaluation of mechanical
hyperalgesia was performed using a digital analgesimeter (Von Frey, Insight®), as described
earlier. The edema formation was measured with a plethismometer (Insight®), expressed as
the percentage of reduction in edema in treated mice compared to that in the control mice

(Kassuya et al. 2021).
6.2.9. Acetic acid-induced abdominal writhing model
The assay was performed according to previously described (Koster et al. 1959). The

animals were treated with YEO (200 mg/kg), indomethacin (15 mg/kg) or vehicle (n = 5-7

animals/group), 60 minutes before 0.6% (v/v) acetic acid solution injection, diluted in
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distilled water, was administered intraperitoneally (i.p.) in a volume 10 mL/kg. The number of
abdominal contortions presented by the animals was recorded 30 minutes (min) after the

stimulus injection. Results were expressed in numbers of writhing.

6.2.10. Formalin-induced nociception test

The method utilized in this assay was adapted from Hunskaar et al. (1987). The
animals were treated with vehicle p.o (saline), indomethacin (15 mg/kg), morphine (5 mg/kg)
or YEO (200 mg/Kg) (n = 5-7 animals/group). Thirty minutes after morphine treatment and
60 minutes after other treatment groups, the animals were given a 40 pL intraplantar injection
of 1.2% formalin, diluted in saline solution, into the right hind paw. The time that the animal
spent licking or biting its paws was measured during the first (0 — 5 min) and the second (15—

30 min) phases of the test The results were expressed in seconds.

6.2.11. Statistical Analysis

Data are expressed as the mean + SEM for each experimental group. The results
were statistically analyzed by using a one-way variance analysis (ANOVA), followed by the
Newman-Keuls test. The percentage of inhibition was calculated about the control group.

Differences were considered significant when P < 0.05.

6.3. Results

6.3.1. YEO treatment reduced knee joint edema formation and mechanical hyperalgesia

induced by zymosan

The zymosan injection into the knee cavity of mice induced mechanical hyperalgesia
at 3 and 4 hours, compared to control group (Figure 1). At the time of 3 hours after arthritis
induction, the YEO treatment at dose of 200 mg/kg reduced mechanical hyperalgesia in
52.38% (Figure 1A), compared to control group. At time of 4 hours after arthritis induction,
the YEO treatment at dose of 200 mg/kg reduced mechanical hyperalgesia in 81.75% (Figure
1B), compared to control group. Dexamethasone (reference drug) treatment also reduced

mechanical hyperalgesia at the time points of 3 and 4 hours after arthritis induction, compared
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to the control group. The YEO treatment at doses of 50 and 100 mg/kg did not significantly

reduce the mechanical hyperalgesia in any tested times.
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Figure 1. Effect of the YEO treatment on mechanical hyperalgesia in Swiss mice submitted at zymosaninduced
arthritis model. The figure shows the values at 3 hours (A) and 4 hours (B) after arthritis induction in the control
(vehicle, p.o.), YEO (50, 100, and 200 mg/kg, p.o.), and dexamethasone (1 mg/kg, p.o.) groups. Results were
expressed as mean + SEM. *P < 0.05 compared to saline (vehicle). “P < 0.05 compared to the control group
(ANOVA, Newman—Keuls test).

The zymosan injection into the knee cavity of mice induced the formation of edema
at 4 hours (1.00 £ 0.13 mm, figure 2A) and 6 hours (1.08 = 0.16 mm, figure 2B) after arthritis
induction, compared to the group that received saline solution (0.09 + 0.03 mm and 0.23 +
0.03 mm, 4 and 6 hours after arthritis induction, respectively). YEO treatment showed anti-
inflammatory activity, promoting a significant reduction in knee edema formation at de doses
of 100 and 200 mg/kg (Figure 2). YEO treatment at the dose of 100 mg/kg promoted a
reduction in edema formation at all tested times, inhibiting the edema formation at 4 (Figure
2A) and 6 hours (Figure 2B), in 73.91and 72.89%, respectively, compared to the control
group. At the dose of 200 mg/kg, YEO treatment promoted a reduction in edema formation at
all times after zymosan injection, reducing the edema formation at 4 (Figure 2A) and 6 hours
(Figure 2B), in 77.5 and 66%, respectively, compared to the control group. The
dexamethasone treatment promoted a reduction in knee edema formation in all-time points
tested (Figures 2A and 2B). The YEO treatment at a dose of 50 mg/kg did not significantly

reduce the edema formation in any tested times.

60



A 4 hours B 6 hours

- 1.5 1.5-
£ : : i
@ 101 ~ 1.04
E [0
o e
o] 0]
o) °

0.5 D 0.5 *
[(b] &
® * * * @ *
c @
= [= I—_‘_—l

x %
0.0 [ 1 0.0
o e Dexa 50 100 200 - - Dexa 50 100 200
YEO (mg/kg) YEO (mg/kg)
Saline Zymosan 0.2 mg/i.a Saline Zymosan 0.2 mg/i.a

Figure 2. Effect of the YEO treatment on edema formation in Swiss mice submitted at zymosan-induced arthritis
model. The figure shows the values of knee edema formation at 4 (A) and 6 (B) hours after arthritis induction in
the control (vehicle, p.o.), YEO (50, 100, and 200 mg/kg, p.o0.), and dexamethasone (1 mg/kg, p.o.) groups.
Results were expressed as mean = SEM. #P < 0.05 compared to saline (vehicle). “P < 0.05 compared to the
control group (ANOVA, Newman—Keuls test).

6.3.2. YEO treatment reduced leukocytes recruitment in the zymosan-induced arthritis

model

Six hours after arthritis induction, we observed an increase in the number of
leukocytes in the mice knee joint cavity (73.25 + 11.24 x 10° cells/cavity) compared with the
group that received only saline injection (16.00 + 1.47 x 10° cells/cavity). YEO treatment at
the doses of 100 and 200 mg/kg significantly reduced total leukocytes number (43.68% and
45.39%, respectively) in the knee joint cavity of mice in the arthritis model (Figure 3A).

Seven days after arthritis induction, we also observed an increase in the number of
leukocytes in the mice knee joint cavity (44.75 + 6.32 x 10> cells/cavity) compared with the
group that received an only saline injection (10.80 £ 2.03 x 10° cells/cavity). YEO treatment
at the doses of 100 and 200 mg/kg significantly reduced total leukocytes number (59.21% and
63.68%, respectively) in the mice knee joint cavity (Figure 3B).
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Figure 3. Effect of YEO treatment on migrated leukocyte number in knee joint cavity of Swiss mice 6 hours (A),
and 7 days (B) after zymosan-induced arthritis in the control (vehicle, p.o.), YEO (50, 100, and 200 mg/kg, p.o.)
and dexamethasone (1 mg/kg, p.o.) groups. P < 0.05 compared to saline (vehicle). *P < 0.05 compared to the
control group (ANOVA, Newman—Keul test).

6.3.3. YEO treatment reduces IL-6 levels in the zymosan-induced arthritis model

Synovial fluid collected 6 hours after zymosan-induced arthritis were subjected to
ELISA assay for determining levels of IL-6. Our results were demonstrated that the IL-6
levels was increased in animals that received zymosan injection, compared to the animals that
the received saline injection. The YEO treatment, at dose of 200 mg/kg, reduced the IL-6
levels in 69.67%. The dexamethasone (reference drug) reduced the IL-6 levels in 61.33%
(Figure 4).

1000+
#

800
-
E 6001
o
e
© 4004 *
= == *

] — @

0
- & dexa YEO
200 mg/kg
saline zymosan (0.2 mg/i.a)

Figure 4. Effect of YEO treatment on IL-6 levels in synovial fluid of Swiss mice 6 hours after zymosan-induced
arthritis in the control (vehicle, p.o.), YEO (200 mg/kg, p.o.) and dexamethasone (1 mg/kg, p.o.) groups. P <
0.05 compared to saline (vehicle). *P < 0.05 compared to the control group (ANOVA, Newman—Keul test).
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6.3.4. YEO reduced cartilage damage in mice submitted to zymosan-induced arthritis

model

In histological analysis, discontinuity the surface the synovial membrane, fibrillation
(arrow), disorientation of chondrocytes columns, cells death, proliferation (clusters) and
hypertrophy (Fig. 5B) were observed in the arthritic animals, compared to the animals that
received only saline injection (Fig. 5A), where it was observed surface and cartilage
morphology intact. Furthermore, it is noted that in the group treated with YEO (200 mg/kg)
and dexamethasone, for 7 days, a reduction of cartilage damage to grade 1 (Fig. 5C and 5D),
where the cartilaginous surface is intact, with a homogeneous matrix, despite still observe

proliferation (clusters) and chondrocytes hypertrophy. In the dexamethasone group it is

observed the major organization of chondrocytes in columns, compared to the YEO group.

Figure 5. A cartilage histopathology grade assessment knee joint cavity of Swiss mice 7 days after zymosan-
induced arthritis. saline (vehicle) (A), Control (vehicle, p.o.), fibrillation (arrow) (B), YEO (200 mg/kg, p.o.)
(C), and dexamethasone (1 mg/kg, p.o.) (D) groups.
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6.3.5. YEO treatment reduces paw edema and mechanical hyperalgesia in the CFA-

induced persistent inflammation model

The YEO treatment (200 mg/kg) reduced edema formation and mechanical
hyperalgesia after CFA-induced persistent inflammation. The effects of YEO were observed
in mechanical hyperalgesia and paw edema for 21 days in the time of 6, 11, 16, and 21 days in
this model. On day 16, were observed highest peak hyperalgesia (Figure 6A) and edema
formation (Figure 6B), compared with the naive group. The YEO treatment at a dose of
200 mg/kg decreased the mechanical hyperalgesia on day 11 (reduction of 83.87%), and on
days 16 and 21, the YEO treatment blocked the development of mechanical hyperalgesia
induced by CFA. As expected, the dexamethasone decreased mechanical hyperalgesia in all-
time points tested (Figure 6A). The YEO and dexamethasone treatment did not reduce edema
formation on day 6 days, and on day 11, only dexamethasone reduced the edema formation.
On days 16 and 21, the YEO treatment reduced the edema formation by 10 and 20%,
respectively, and dexamethasone treatment reduced edema formation by 60 and 70%,

respectively (Figure 6B).
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Figure 6. Effects of chronic oral administration of YEO (200 mg/kg) on CFA induced mechanical hyperalgesia
(A) and edema formation (B) 6, 11, 16, and 21 days after CFA injection. The animals received a single oral
administration of YEO (200 mg/kg) once a day for 21 days in the CFA model. Each bar represents the mean +
SEM of 4 animals. **P<0.01, ***P<0.001, compared with the control group. Two-way ANOVA was followed
by the Newman—Keuls test.

6.3.6. YEO treatment reduces abdominal contortions induced by acetic acid

In the abdominal writhing induced by the acetic acid test, we evaluate the
antinociceptive activity of YEO. The acetic acid injection promoted the increase of abdominal

writhing (77.00 + 4.88) in animals that received the vehicle, compared to the saline group.
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The indomethacin (reference drug) treatment promotes significantly reduction (49.20 + 3.59,
reduction of 36.10%) of writhes, compared to the control group. The YEO treatment (200
mg/kg) significantly reduced acetic acid-induced writhing by 29.35% (54.4+5.34 writhing),

compared to the control group (Figure 7).
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Figure 7. Effect of YEO treatment on acetic acid-induced abdominal writhing. Animals were pre-treated 60 min
before the challenge, p.o. with the YEO (200 mg/kg), and the animals in the control group received water or
indomethacin, mice (n = 5-7 animals/group), stimulus - injection via i.p. 0.6% acetic acid (10 mL/kg), and the
number writhing recorded during 30 min. Results were expressed as mean = SEM. *P < 0.05 compared to saline
(vehicle). “P < 0.05 compared to the control group (ANOVA, Newman—Keul test).

6.3.7. YEO treatment reduces formalin-induced paw nociception in mice

The paw licking time in phase I was 103.8 £ 15.18 s (Figure 8A) and in phase II
217.3 + 20.12 s (Figure 8B) in control animals. Oral administration of YEO reduced paw
licking time in both phases. In phase I, YEO at a dose of 200 mg/kg reduced the paw licking
time by 39.88%, compared to the control group (Figure 8A). In phase II, YEO treatment
reduced the paw licking time by 69.44% (66.40 = 18.22 s), compared to the control group
(Figure 8B). The morphine group showed a reduction in paw licking time of the animals by
95.95% (4.20 = 1.98 s) and 96.96% (6.60 + 3.44 s) in phase I and phase II, respectively. The
indomethacin group exhibited inhibition of paw licking time only in phase II by 66.99%
(71.73 £3.91 ).
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Figure 8. Effect of YEO treatment (200mg/kg) on formalin-induced paw licking time. Animals were pretreated
60 min before the challenge, p.o. with YEO (200 mg/kg) and the animals in the control group received water,
indomethacin, or morphine. Paw licking time was timed in the 1st phase (0 — S5min, A) and the 2nd phase (15 —
30 min, B) after intraplantar injection of 1.2% formalin in the hind paw of the mice. Results were expressed as
mean + SEM. *P < 0.05 compared to saline (vehicle). P < 0.05 compared to the control group (ANOVA,
Newman—Keuls test).

6.4. Discussion

The results obtained in the present study showed the anti-inflammatory, anti-arthritic,
anti-nociceptive, and anti-hyperalgesic action of YEO in experimental models. Recently, a
study carried out by our research group have demonstrated that YEO presented activity on the
acute inflammatory response in in vitro and in vivo experimental models, and such activities
may be related with the presence of the major constituents found in this essential oil, such as
benzyl acetate (18, 21%), linalool (15.23%) and benzyl benzoate (11.39%) (Freitas Junior et
al. 2022). Several studies have demonstrated the effect of natural products, essential oils, and
terpenes in experimental arthritis model (Yamada et al. 2013; Kuraoka Oliveira et al. 2020).
However, this is the first work that demonstrates the effect of YEO in a model of

experimental arthritis and persistent inflammation.

Zymosan, an insoluble polysaccharide derived from the cell wall of the yeast
Saccharomyces cerevisiae (Bellavita et al. 2020), is commonly used to induce inflammatory
response in mice. It is an agonist of Toll-like receptors (TLR), present on the cell surface,
such as TLR-1, TLR-2, and TLR-6, with this, there is an activation of the NF-xB transcription
factor (Drexler et al. 2008; Sharif et al. 2007). The zymosan-induced arthritis model is

characterized by the release of pro-inflammatory cytokines such as tumor necrosis factor
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(TNF), interleukin (IL)-18, IL-1B, and IL-6, synovial joint hypertrophy, and leukocyte
recruitment. These inflammatory conditions are similarly observed in the rheumatoid arthritis

(Carvalho et al. 2019).

Therefore, in this model, zymosan is administered intra-articularly in mice knee,
promoting hyperalgesia, joint swelling, leukocyte recruitment, and histopathological changes,
similar lesions to those found in RA (Gegout et al. 1994; Rocha et al. 2008; Guazelli et al.
2018). For this reason, it is considered a suitable animal model to study of new therapeutic
approaches for RA treatment (Guerreiro At et al. 2011). This model allows the reproduction
of lesions to begin within 6 hours, initially developing an increase in vascular permeability,
causing local edema and an influx of leukocytes (Kumar and Sharma 2010), and these cells,
when arriving at the injury site, contribute to the formation of inflammatory lesions with joint
damage (Elshabrawy et al. 2015). Subsequently, 7 days after the induction of arthritis, occurs
progressive synovitis with synovial hyperplasia, mononuclear cells influx, fibroblasts
activation, and articular cartilage and subchondral bone degradation, similar to the chronic
synovitis, which characterizes the rheumatoid pannus (Gegout et al. 1994; Da Silva et al.

2006; Cross et al. 2010).

Our results showed treatment with YEO at doses of 100 and 200 mg/kg reduced the
leukocyte infiltration into the joint cavity at times of 6 hours and 7 days after arthritis
induction. Corroborating our results, treatment with YEO was shown to reduce leukocyte
recruitment in zymosan-induced peritonitis model, and this effect was related to reduce of
nitric oxide production (Freitas Junior et al. 2022). We also demonstrated that the YEO
treatment reduced IL-6 levels in synovial fluid of the mice submitted to zymosan-induced
arthritis. Probably, the reduction in the production of the pro-inflammatory cytokine
contributes to the anti-inflammatory activity of YEO. One study showed that linalool, present
in the YEO composition, presented in vitro anti-inflammatory activity on macrophage, this
terpene promotes the reduction of NF-kxB and COX- 2 expression, and prostaglandin
production (Long et al. 2021). Huo et al (2013) were demonstrated that the linalool inhibits
the expression of TNF and IL-6 in LPS-stimulated macrophages and LPS-treated mice.
Therefore, the presence of linalool in the YEO composition may be related to the reduction of
leukocyte recruitment in our study. In addition to the influx of cells into the joint cavity, the
zymosan-induced arthritis also promotes the joint edema formation and nociception, due to
tissue compression in the nociceptive fibers, which in the presence of pro-inflammatory

mediators, such as prostaglandins, cause hyperalgesia (Sherwood and Toliver- Kinsky 2004).
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Other mediators release in this model, such as TNF, IL-1B, and IL-6, for example, are also
responsible for triggering nociception and hyperalgesia (Yang et al. 2021; Li et al. 2013; Seno
et al. 2017). YEO treatment inhibited the edema formation and mechanical hyperalgesia in
animals submited to zymosan-induced arthritis. The YEO treatment at doses of 100 and 200
mg/kg was able to reduce the edema formation, but only at dose of 200 mg/kg, YEO
treatment significantly reduced hyperalgesia in arthritic mice. For this reason, the dose of 200
mg/kg was utilized for evaluation of the YEO effect on histological changes, CFA-induced

persistent inflammation and nociception models.

To verify changes in articular cartilage, histological analysis was performed 7 days
after zymosan-induced arthritis. We observed that experimental arthritis promoted a surface
discontinuity, matrix destruction, proliferation and chondrocytes hypertrophy, causing
cartilage destruction, a characteristic present in patients with RA. Our results showed that the
daily treatment for 7 days with YEO and dexamethasone was able to reduce the influx of
leukocytes in the joint cavity and reduced the cartilage damage after the induction of arthritis,

which can be evidenced in the cell count and histological analysis.

CFA is widely used to induce experimental inflammation. This agent produces
polyarthritis and persistent inflammation. In this model, the five cardinal signs of
inflammation (hypersensitivity, redness, swelling, heat, and loss of function) are observed.
The CFA injection promote chronic inflammation, with predominance of mononuclear cells
(Mccarson 2015; Yang et al. 2020). Zaringhalam (2008) et al. showed that the inflammation
induced by CFA is a biphasic response, where the first phase (acute phase) it was associated
with increase of pain and hyperalgesia due to pro-inflammatory cytokines production, such as
TNF and IL-1B, and COX-2 expression (Li et al., 2022), while in the second phase (chronic
phase) the hyperalgesia decreased substantially compared to previous days, due to the
presence of opioid receptors (Nazemian et al. 2016). Thus, the difference between the peaks
in hyperalgesia and edema is explained. The maximum inhibition of hyperalgesia promoted
by YEO treatment was on day 16 and edema formation was on day 21 after CFA injection.

To evaluate the antinociceptive activity of YEO, experimental models of abdominal
writhing induced by acetic acid and paw licking time induced by formalin were used. Pain is
the predominant problem in patients with RA. Pain in RA is distressing right and affects
disability and psychosocial outcomes (Walsh and McWilliams 2012). RA pain may be due to
joint inflammation and also augmented by central sensitization and joint destruction.

Noninflammatory pain mechanisms may confound the assessment of disease activity in RA,
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and treatment should aim to both suppress inflammatory disease and relieve pain symptoms
(Scherer Hu et al. 2020).

Acetic acid, when administered into peritoneal cavity, promotes abdominal writhing
by primary afferent nociceptors activation (Julius and Basbaum 2001), and inflammatory
mediators production, such as prostaglandins (PGE;, PGF»,), vasoactive amines, such as
serotonin and bradykinin (Shah et al. 2014) and pro-inflammatory cytokines, promoting
nociceptive response (Ballou et al. 2000; Ribeiro et al. 2000). The YEO treatment

significantly reduced the number of acetic acid-induced abdominal writhes.

Formalin mice paw injection result in a reproducible biphasic response that can lead
to an inflammatory reaction by activating the release and production of various inflammatory
mediators (Duan et al. 2019). These mediators cause a painful inflammatory response. Phase I
(0-5min) occurs through direct sensitization to nociceptors by the noxious stimulus, and phase
I (15-30min) occurs through the inflammatory mediator production, including
prostaglandins, that reduce the threshold for pain, causing inflammatory pain (Noriega et al.

2020).

In the present study, the YEO treatment reduced phase I and phase II of the formalin
test, thus proving an anti-nociceptive and anti-hyperalgesic activity. Morphine, a opioid
analgesic, inhibited both phases of the test. As a centrally acting analgesic, morphine inhibited
the first phase, preventing direct chemical stimulation of nociceptors of type C afferent fibers
and type AJ fibers (Silva et al. 2013) and showed peripheral action by acting directly on
neurons. Corroborating the obtained results with YEO treatment in the formalin phase I test,

Borgonetti et al. (2022) were demonstrated that YEO reduces neuropathic pain.

6.5. Conclusion

YEO reduced the inflammatory parameters in arthritis experimental model, and
showed antinociceptive and anti-hyperalgesic activity in mice submitted to zymosan-induced
arthritis model. YEO treatment reduced the cartilage damage in arthritic mice. The anti-
inflammatory mechanism of YEO is involved, in part, with the reduction of IL-6 production.
YEO attenuates inflammatory parameters in chronic inflammatory diseases model, such as

RA.
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Certificamos que a proposta intitulada "Avaliagdo do efeito do éleo essencial de Ylang-ylang
(Cananga odorata) sobre a resposta inflamatdria cronica em modelo de artrite experimental"”,
registrada com o n2 1.182/2021, sob a responsabilidade de Saulo Euclides Silva Filho - que
envolve a producdo, manutencdo ou utilizacdo de animais pertencentes ao filo Chordata,
subfilo Vertebrata (exceto humanos), para fins de pesquisa cientifica - encontra-se de acordo
com os preceitos da Lei n2 11.794, de 8 de outubro de 2008, do Decreto n? 6.899, de 15 de
julho de 2009, e com as normas editadas pelo Conselho Nacional de Controle de
Experimentacdo Animal - CONCEA, e foi aprovada pela COMISSAO DE ETICA NO USO DE
ANIMAIS (CEUA/UFMS) DA UNIVERSIDADE FEDERAL DE MATO GROSSO DO SUL, em reunido

de 23/09/2021.
Finalidade ( ) Ensino ( x) Pesquisa Cientifica
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N¢ de animais 240
Peso/ldade 18-25g / 4-6 semanas
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Origem Eliﬁtério Central da Universidade Federal de Mato Grosso do

Documento assinado eletronicamente por Fabio Jose Carvalho Faria,
Presidente de Comissdo, em 01/10/2021, as 09:06, conforme horario oficial
de Mato Grosso do Sul, com fundamento no art. 62, § 12, do Decreto n?
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