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alternifolia: DESENVOLVIMENTO DE FORMULACOES E ATIVIDADE
BIOLOGICA

AUTORA: Fernanda Cramer Flores
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CO-ORIENTADORA: Clarice Madalena Bueno Rolim
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O principal objetivo deste trabalho foi o desenvolvimento de formulagdes
nanoestruturadas contendo o Oleo essencial de Melaleuca alternifolia. Suspensdes de
nanocapsulas poliméricas e nanoemulsdes (10 mg/mL) foram preparadas pelos métodos de
deposi¢ao interfacial de polimero pré-formado e emulsificagdo espontinea, respectivamente, e
avaliadas em relacdo as suas caracteristicas fisico-quimicas (tamanho de particula, indice de
polidispersdo, potencial zeta, pH e determinagdo do conteido de 6leo). As formulagdes
apresentaram rendimento em 6leo de, aproximadamente, 96%, didmetro médio nanométrico
(160-200 nm), indice de polidispersdo inferior a 0,25 e potencial zeta negativo. Os valores de
pH foram de 6,43 + 0,37 e 5,98 + 0,00 para nanoemulsdes e suspensdes de nanocapsulas,
respectivamente. A nanoencapsulacdo do dleo apresentou uma maior protecdo deste frente a
volatilizagdo. As andlises de tamanho médio de particula e indice de polidispersdao nado
apresentaram alteracdes durante 60 dias de armazenamento, a uma temperatura de 25 °C, ao
abrigo da luz. A avaliacdo da atividade antifungica das formulacdes foi realizada, através do
estudo do perfil de inibicdo do crescimento da levedura de Candida albicans.
Adicionalmente, a atividade antifungica também foi testada frente ao Trichophyton rubrum,
utilizando dois diferentes modelos de infec¢do ungueal. O efeito das nanoestruturas na curva
de crescimento da levedura demonstrou inibi¢cdo ¢ controle do crescimento. Nos modelos de
infeccdo de unha foi possivel evidenciar a habilidade das formula¢des em reduzir o
crescimento do 7. rubrum, obtendo-se resultados promissores para as nanocapsulas. O estudo
de desenvolvimento de hidrogéis contendo os sistemas nanoestruturados propostos neste
trabalho foi, também, realizado. As formulacdes semissolidas desenvolvidas apresentaram
propriedades adequadas para aplicacdo topica. Ainda, o efeito antiedematogénico topico foi
avaliado pela medida da espessura da orelha de camundongos antes a apos 24 horas de
exposicdo a radiagdo. Os hidrogéis contendo os sistemas coloidais desenvolvidos
demonstraram atividade, ao passo que o gel contendo o dleo livre ndo apresentou efeito.
Adicionalmente, o efeito cicatrizante in vivo dos hidrogéis foi avaliado através da regressao
da area da ferida na pele de ratos. No modelo de cicatrizagdo, o hidrogel contendo as
nanocépsulas apresentou atividade superior ao controle positivo (hidrogel contendo
alantoina). Analises de marcadores de estresse oxidativo demonstraram aumento nos niveis de
glutationa, vitamina C e catalase ap0os o tratamento com o hidrogel contendo as nanocépsulas
preparadas com o 6leo essencial de melaleuca.

Palavras-chave: Melaleuca alternifolia; nanocapsulas; nanoemulsoes; hidrogéis.
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The aim of this work was the development of nanostructured formulations containing
M. alternifolia essential oil. Polymeric nanocapsules and nanoemulsions (10 mg/mL) were
prepared by the interfacial deposition of preformed polymer method and spontaneous
emulsification, respectively. The formulations were evaluated in relation to their
physicochemical characteristics (particle size, polydispersity index, zeta potential, pH and oil
content). Formulations presented oil content of about 96%, nanometric mean size (160-220
nm), polydispersity index below 0.25 and negative zeta potential. The pH values were 6.43 +
0.37 and 5.98 + 0.00 for nanoemulsions and nanocapsules, respectively. The inclusion of oil
in nanocapsules showed higher protection against volatilization. The analysis of mean size
and polydispersity index of the formulations presented no significant alteration during 60 days
of storage time (at 25 °C, protected from light). The in vifro antifungal activity of the
formulations was evaluated through the study of the inhibition growth profile of Candida
albicans yeast. In addition, the antifungal activity against Trichophyton rubrum was studied
using two different in vitro models of dermatophyte nail infection. The effect of
nanostructures on the growth curve of C. albicans showed inhibition and control of its
growing. Nail infection models demonstrated the ability of the formulations in reducing the 7.
rubrum growth, and the inclusion of oil in nanocapsules was more efficient. The development
of hydrogels containing the nanostructured systems were carried out. The semisolid
formulations showed adequate properties for topical administration. The topical
antiedematogenic effect was evaluated by ear thickness measurement before and 24 h after
UVB radiation. Hydrogels containing the colloidal systems showed effect, unlike to hydrogel
containing the free oil. The in vivo healing effect of hydrogels was evaluated by regression of
the wound in the rat skin. Hydrogel containing the nanocapsules presented higher activity in
comparison to the positive control (hydrogel containing allantoin). Analyses of the oxidative
stress showed an increase of glutathione, vitamin C and catalase levels after the treatment
with the hydrogel containing the nanocapsules prepared with melaleuca essential oil.

Keywords: Melaleuca alternifolia; nanocapsules; nanoemulsions; hydrogels.
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INTRODUCAO

A pele e as mucosas sdo barreiras mecanicas efetivas, constituindo um obstaculo a
perda de agua e outros materiais endogenos necessarios para a sua nutricdo, a permeagao de
substancias externas nocivas, além de proteger o organismo contra agentes infecciosos
(PINTO et al., 2011). No caso de injirias neste o0rgdo, torna-se possivel a penetracdo de
microrganismos, causando abscessos cutidneos e sérios problemas subcutdneos ou, ainda,
dependendo do grau da lesdo, estes podem acometer a circulacdo, levando a uma infecgao
generalizada (NOSKIN et al., 2005). Devido a sua importancia como barreira protetora, €
imprescindivel a reparagdo quando, por algum tipo de dano ou trauma, a integridade desta ¢
afetada, levando a formacao de feridas. O processo de cicatrizagdo ¢ afetado pela idade,
estado nutricional e neuropatia pos-ferimento, tornando, muitas vezes necessaria a utilizagao
de agentes que possam estimular o evento da cicatrizagdo (SUMITRA; MANIKANDANA;
SUGUNAB, 2005).

As dermatofitoses, também conhecidas como micoses superficiais, se encontram entre
as doencas infecciosas mais comuns, sendo de distribui¢do cosmopolita (GARG et al., 2009).
Devido a sua alta incidéncia, sdo consideradas como um importante problema de saude
publica. Os principais agentes etiologicos causadores destas infecgdes sdo os fungos
dermatofitos dos géneros Epidermophyton, Microsporum e Trichophyton, além de algumas
leveduras como Candida spp. Tais fungos possuem uma predilegdo pela queratina da pele,
pélos e unhas, tornando estes tecidos o principal substrato para sua instalacdo e
desenvolvimento, originando lesdes que resultam da destrui¢do da queratina associada a uma
resposta inflamatoria (SIDRIN; ROCHA, 2004).

As onicomicoses sdo as infec¢des fungicas com maior indice de refratoriedade de
tratamento que, por requererem um longo periodo de terapia sistémica, acompanhado de uma
série de efeitos adversos, contra-indicacdes, alto custo da medicacdo e possibilidade de
interacdo com outros fArmacos, acabam por ocasionar a interrup¢do do tratamento, levando ao
surgimento de casos recorrentes. O problema das taxas de recorréncia das infeccdes ja
tratadas € o aumento da resisténcia aos antifingicos utilizados na terapia oral, corroborando
com a falta de tratamento tdpico eficaz e a interacdo entre os farmacos, aumentando os efeitos
adversos (SCHAR, 2007). Cabe salientar que, nestes casos, a administracdo topica de
antifungicos ¢ pouco utilizada, uma vez que a penetracdo da substincia ativa ¢ a principal
dificuldade encontrada, sendo que os elementos fingicos persistem dentro ou abaixo da placa

da unha (NAKASHIMA et al., 2002). Fatores como as caracteristicas fisico-quimicas do



farmaco (tamanho de particula, carater hidrofilico e lipofilico) e a natureza do veiculo ao qual
estd incorporado se relacionam com a penetracdo deste através da unha (MURDAN, 2002;
KOBAYASHI et al., 2004). Desta forma, a melhor alternativa para o sucesso do tratamento
topico de onicomicoses seria um produto que transpusesse €/ou permanecesse por maior
tempo na superficie da unha acometida pelo agente causador da infeccdo (REPKA;
MIDIDODDI; STODGHILL, 2004) e que possibilitasse a difusdo transungueal do ativo a
niveis que atingissem a concentracdo inibitéria minima frente aos agentes etiologicos
(MARTY, 1995).

Devido a problematica encontrada nas terapias atuais, as quais acabam por se tornarem
refratdrias no combate as infec¢des flngicas, ¢ evidente a necessidade da utilizacdo de
terapias alternativas, que visam contornar a resisténcia microbiana aos agentes antifungicos
atuais, bem como o desenvolvimento de formulagdes que objetivam aumentar o grau de
penetracdo e permanéncia do fArmaco no local da infec¢do. A opcao pelo tratamento topico
aponta uma grande vantagem ao ser isenta de efeitos sistémicos adversos (EVANS;
ROBERTS, 2002; NAKASCHIMA et al., 2002; MURDAN, 2002; KOBAYASHI et al.,
2004; REPKA; MIDIDODDI; STODGHILL, 2004).

A introducdo de terapias complementares ou alternativas tem ocorrido em uma escala
crescente no contexto mundial. As plantas medicinais, devido as suas variadas propriedades
farmacoldgicas vém ganhando um espaco importante neste cenario (CARSON; HAMMER;
RILEY, 2006). Os oOleos essenciais obtidos a partir dessas plantas t€ém sido amplamente
utilizados, principalmente no que diz respeito as terapias antifngica e antibacteriana (BUCK;
NIDORF; ADDINO, 1994; SYED et al., 1999; BURT, 2004; NASCIMENTO et al., 2007).
Além disso, apresentam atividade frente ao cancer, doengas cardiovasculares e possuem
atividades antioxidantes e antidiabéticas (EDRIS, 2007). Tais 6leos podem ser incorporados
em preparacOes farmacéuticas, empregados isoladamente ou em combinacdo com outras
substancias, visando o tratamento topico de infecgdes (HARRIS, 2002). Entretanto, em
virtude de sua complexidade quimica, volatilidade e suscetibilidade a degradacdo, torna-se
necessario empregar procedimentos para melhorar a sua estabilidade, contribuindo para a
eficacia dos produtos.

O ¢leo essencial de Melaleuca alternifolia (Myrtaceae), conhecido popularmente
como Oleo da arvore do cha (tea tree oil), ¢ obtido por hidrodestilacdo a partir das folhas da
planta australiana e tem seu uso topico difundido em virtude de suas propriedades medicinais
(CARSON; HAMMER; RILEY, 2006), sendo a sua maior utilizagdo como um antisséptico

seguro, natural e efetivo (COX et al., 2000). E constituido de uma complexa mistura de



hidrocarbonetos, dentre os quais se sobressaem 0s monoterpenos, sesquiterpenos e seus
alcodis correspondentes.

Em virtude de suas propriedades medicinais, o 6leo essencial de M. alternifolia é
empregado em formulagdes de uso topico, como cremes, locdes, géis, solugdes, sendo
amplamente difundido e comercializado. Entretanto, devido as suas caracteristicas fisico-
quimicas, algumas dificuldades sdo encontradas para o desenvolvimento de formulagdes e
embalagem dos produtos (CARSON; HAMMER; RILEY, 2006).

A busca por estratégias que visam melhorar as caracteristicas fisico-quimicas de
substancias ativas leva ao encontro de inovagdes tecnoldgicas como a nanotecnologia.
Nanocépsulas, nanoesferas, nanoemulsdes e outros materiais nanoestruturados sao produtos
de atual interesse. Estes sistemas coloidais tem sido alvo de importantes estudos no que tange
a questao de aperfeicoar a liberagdo de substancias em um determinado local, atuando como
um sistema carreador de farmaco e propiciando sua distribuicdo em locais especificos
(SCHAFFAZICK et al., 2003). Além disso, o seu emprego em formulagdes topicas garante a
protecdo da area afetada frente a toxicidade do ativo, prevenindo ou reduzindo possiveis
reacoes de sensibilidade. Este efeito protetor ocorre devido a diminui¢do do contato direto do
ativo com a regido alvo (GUTERRES; ALVES; POHLMANN, 2007). Estes sistemas
conferem uma melhora nas propriedades fisico-quimicas de fdrmacos e promovem um
aumento no tempo de permanéncia e adesividade do ativo, o que apresenta uma enorme
potencialidade em sua aplicagdo tdpica, tratando-se de locais em constante friccdo por
vestimentas e pelas simples atividades cotidianas (GUTERRES; ALVES; POHLMANN,
2007; MULLER et al., 2007).

Considerando a potencialidade dos sistemas nanoestruturados em aumentar a eficacia
de determinadas substancias, aliado a possibilidade de aumentar a estabilidade fisico-quimica
de alguns compostos, protegendo-os das intempéries do meio, este trabalho foi delineado no
sentido de se estudar a inédita obtencdo de nanoemulsdes e nanocapsulas poliméricas
contendo o oOleo essencial de M. alternifolia e sua posterior incorporagdo em uma forma
farmacéutica semissolida. Este trabalho foi desenvolvido a fim de promover uma maior
estabilidade do 6leo, aliado a possibilidade de favorecer os aspectos de direcionamento e
aumento de tempo de permanéncia no local de agdo, consistindo em uma estratégia para
melhorar o tratamento de desordens cutaneas e infec¢des fungicas superficiais, em especial
onicomicoses. A incorporagdo destes sistemas em bases semissolidas propicia a obtengdo de

uma forma farmacéutica de consisténcia adequada para aplicagdo topica.
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OBJETIVO
1.1 Objetivo geral

O presente trabalho tem por objetivo geral estudar a incorporacao do 6leo essencial de
M. alternifolia em nanoemulsdes e nanocéapsulas poliméricas, visando sua aplicagdo no

tratamento topico de desordens cutaneas.

1.1 Objetivos especificos

e Preparagdo de nanoemulsdes e suspensdes de nanocdpsulas poliméricas contendo o 6leo
essencial de M. alternifolia;

e (Caracterizagdo fisico-quimica e avaliagdo da estabilidade dos sistemas nanoestruturados;

e Avaliagdo in vitro da atividade antifingica dos sistemas nanoestruturados frente a

Candida albicans e em modelo de infec¢do ungueal causada por Trichophyton rubrum;

e Preparagdo e caracterizacdo fisico-quimica de formulag¢des semissolidas (géis hidrofilicos)

contendo os sistemas nanoestruturados desenvolvidos;

e Avaliagdo in vivo do efeito antiedematogénico e da atividade cicatrizante dos hidrogéis.
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REVISAO DE LITERATURA
1.1 Micoses superficiais

O orgdo responsavel pela formacdo de uma barreira bioldgica capaz de conferir
protecdo ao organismo frente a agentes externos como substincias quimicas e
microorganismos ¢ a pele. O estrato corneo, com suas células coesas e perfeitamente
justapostas € a parte responsavel pela barreira a permeabilidade. O espago extracelular da
camada mais externa da barreira cutanea ¢ preenchido com uma camada quase continua de
lipideos. Os corpos lamelares, responsaveis pela composicao lipidica sdo constituintes
essenciais para esta funcdo de barreira protetora (CEVC; VIERL, 2010). Disfungdes na
homeostasia do pH do estrato corneo, a perda de 4gua ou a solubilizacdo e posterior remogao
de parte da sua composi¢ao lipidica podem afetar a integridade da pele (SCHREML et al.,
2010). Além disso, quando lesada, ¢ suscetivel a contaminagdo microbiana, levando a
formacdo de abscessos cutaneos, bem como o surgimento de infec¢des generalizadas
(NOSKIN et al, 2005).

A unha ¢ um apéndice da pele e também desempenha fungdes de protegdo. Atua na
importante funcdo de gerar sensacdo de toque e firmeza ao segurar objetos, além de
desempenhar um papel de destaque na industria cosmética. E composta de pregas, matriz
(tecido epidérmico altamente proliferativo), leito e hiponiquio, que juntas formam a placa
ungueal (Figura 1). Trata-se de um apéndice cutineo rigido cuja dureza se deve a disposicao
de “sanduiche” das suas fibras de queratina. E constituida, principalmente, por fibras protéicas
e queratina, coladas pelas proteinas globulares que conferem adesividade entre as células

ungueais (MURDAN, 2002).
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Figura 1 — Estrutura esquematica da unha. (Fonte: UACCB).



As infec¢des fungicas superficiais, também conhecidas como dermatofitoses ou
micoses superficiais, estdo dentre as doencas infecciosas mais comuns. Sdo causadas,
principalmente, por fungos filamentosos pertencentes aos géneros Epidermophyton,
Microsporum e Trichophyton. Algumas leveduras, como Candida spp também fazem parte
deste arsenal etiologico. Estes fungos produzem queratinases, sendo capazes de digerir a
queratina e toma-la como fonte de carbono, nitrogénio e enxofre (MARTINEZ-ROSSI;
PERES; ROSSI, 2008) o que gera o acometimento de, especialmente, tecidos altamente
queratinizados, como pele, unhas e cabelo, tanto de seres humanos como de animais
(SIDRIM; ROCHA, 2004; KANBE, 2008). As dermatofitoses ocorrem principalmente em
tecidos com baixa vascularizagdo ou mesmo tecidos mortos, onde a resposta imunologica nao
¢ eficiente (KANBE, 2008). Independentemente da sua localizacdo, as infecgdes fungicas
superficiais sdo capazes de induzir respostas imunologicas (MIGNON et al., 2008). As lesdes
geradas nas infec¢des por dermatdfitos normalmente sdo resultado da destruicdo da queratina,
acompanhada por uma resposta inflamatoria (SIDRIM; ROCHA, 2004). A secrecdo de
proteinases com atividade 6tima no pH da pele e de seus apéndices, e a capacidade de
aderéncia conferida pela secrecdo de glicoproteinas pela parede celular fungica, sdo fatores
determinantes pela alta viruléncia destes agentes (MARTINEZ-ROSSI; PERES; ROSSI,
2008).

Dentre as infec¢des fungicas superficiais (tinea capitis, tinea corporis, tinea pedis,
tinea cruris, entre outras), as onicomicoses sdo as de maior relevancia. Tais infeccdes
acometem as unhas das maos e dos pés, tornando-as quebradigas, finas, discromicas e
desfiguradas (GUNT; KASTING, 2007). O acometimento das unhas pelos dermatéfitos se da
secundariamente a penetragdo na camada cornea da porcao distal do leito ungueal. A cinética
de aderéncia na pele ou na placa ungueal de espécies de Trichophyton e Microsporum
corresponde a um aumento tempo-dependente do numero de esporos aderentes, seguido por
germinagdo e invasdo do estrato corneo ou das placas de queratina por hifas em multiplas
direcdes. Lesdes ocasionadas por traumas predispdem a penetracdo do agente na unha
(VERMOUT et al., 2008). Ja a colonizagdo por Candida spp ocorre a partir das bordas
ungueais, seguido do acometimento do leito ungueal, fendomeno denominado paroniquia,
descrevendo uma inflamacgao dos capilares com posterior infeccdo (HAY; BARAN, in press).
Estudos indicam que a secrecdo de proteases, tanto pelos fungos filamentosos, quanto pela
levedura, sugerem que este ¢ uns dos principais mecanismos de aderéncia do patdégeno no

tecido (VERMOUT et al., 2008).



As micoses de unha podem ser classificadas de acordo com os sinais clinicos e
alteracdes causadas a partir das infec¢cdes por diferentes fungos. Existem diversas
classificagdes, entretanto, a mais completa e atual € a proposta por Hay e Baran (in press):
onicomicose subungueal distal e lateral (hiperqueratose com intervalo de discromias e listras
longitudinais no meio ou nas laterais da placa ungueal), onicomicoses superficiais (irregulares
ou transversais, podendo ocorrer invasdo para camadas mais profundas), onicomicose
endonyx (o fungo atinge camadas profundas da placa da unha), onicomicose subungueal
proximal (desigual, estriada ou secundaria a paroniquia), onicomicose totalmente distrofica
(alteragdes secundarias a estados avancados de outros padrdes de invasdo da placa ungueal,
normalmente associada com casos de imunocomprometimento), onicomicose secundaria
(decorrente de outras patologias de unha).

As desordens ungueais, além de tornarem as unhas com aspecto fisico prejudicado,
causam dor, afetando, ndo sé fisiologicamente, como fisicamente e também socialmente seus
portadores, comprometendo a qualidade de vida. Um estudo feito por Drake e colaboradores
(1999), demonstrou o impacto ocasionado pelas onicomicoses na qualidade de vida de
homens e mulheres, independentemente de acometerem unhas das maos ou dos pés. O
problema se agrava devido a problematica que acompanha o tratamento destes tipos de
infecgdes, pois além de apresentar uma alta incidéncia, o diagndstico ndo € satisfatorio, de
dificil elucidagdo do agente etiologico, se fazendo necessaria a utilizagdo de técnicas onerosas
e demoradas, como o seqiienciamento genético (KANBE, 2008). Nao obstante, esse tipo de
infeccdo fungica ¢ a que apresenta o maior indice de refratoriedade de tratamento, pois
requerem um periodo longo de terapia sistémica, que acaba ocasionando interagdes
medicamentosas sérias. Ainda, a terapia antifungica sistémica leva a ocorréncia de inumeros
efeitos adversos e contra-indicagdes e apresenta potencial toxicidade sendo que, na maioria
das vezes, um acompanhamento das fun¢des hepaticas e contagem de células sanguineas sao
indispensaveis (MURDAN, 2002). A soma de todos esses fatores acaba levando a um
seguimento terapéutico inadequado ou ao abandono do tratamento (SIDRIM; ROCHA, 2004).

Outro problema que diz respeito as micoses superficiais reside no fato de seus agentes
etiolégicos se tornarem resistentes a terapia utilizada (EVANS; ROBERTS, 1998). O
mecanismo de resisténcia antifungica pode estar relacionado a fatores como: modificagdes
envolvendo enzimas-alvo; desenvolvimento de bomba de efluxo; possibilidade de
desenvolvimento de uma resposta celular ao estresse, que ocorre quando doses subinibitorias
de um antifingico induzem as respostas celulares fisiologicas de protecdo frente a

determinado quimioterapico (MARTINEZ-ROSSI; PERES; ROSSI, 2008). Ainda, a



formacdo de artroconideos, resultantes da fragmentacdo das hifas do dermatofito, acaba
contribuindo para a resisténcia ao tratamento (YAZDANPARAST; BARTON, 2006; FINCH;
WARCHAW, 2007). Cabe salientar que a formagao de artroconideos ¢ aumentada quando a
terapia antifingica ¢ interrompida antes da exterminacao do agente (COELHO et al., 2008).

A terapia topica ¢ uma boa opcao de tratamento, pois ¢ uma terapia ndo invasiva, na
qual a substincia ativa ird agir somente no local da infeccdo, com a abstengdo dos efeitos
adversos e interacoes medicamentosas, oferecendo, ainda, um menor custo, o que torna esse
tipo de tratamento mais aceito e favorece a adesdo do paciente. Entretanto, ¢ pouco utilizada,
sendo administrada concomitantemente com a terapia sistémica. Seu uso € limitado pela baixa
permeabilidade da substancia ativa na placa da unha (MURDAN 2002), dificultando o acesso
desta ao local da infec¢do, uma vez que as hifas e artroconideos persistem entrelagadas nas
fibras de queratina ou abaixo da placa da unha, entre a placa e o leito ungueal (NAKASHIMA
et al., 2002). Sendo assim, para o sucesso da terapia tdpica, seria necessario um produto que
fosse capaz de penetrar e/ou permanecer certo tempo na superficie da unha infectada
(REPKA; MIDIDODDI; STODGHILL, 2004). Para isso, torna-se necessaria a otimizagao
desta terapia, lancando mao de substancias que atinjam concentragdes efetivas locais, com
caracteristicas fisico-quimicas adequadas para a permea¢do através da unha (tamanho de
particula, carater hidrofilico ou lipofilico), bem como a escolha do veiculo ao qual o ativo esta
incorporado (MURDAN 2002; KOBAYASHI et al., 2004). Sendo assim, a utilizacdo de
tecnologias que possam viabilizar o alcance da substancia ativa ao agente da infecgdo seria de

grande valia para contornar os obstaculos apresentados.

1.2 Oleo essencial de Melaleuca alternifolia

A busca por terapias alternativas vem tomando um espago bastante importante no
cenario da satde. Esta procura se deve ao fato das terapias convencionais apresentarem,
muitas vezes, efeitos adversos severos, além do desenvolvimento de resisténcia microbiana
frente ao mais variados agentes antimicrobianos. Essa problemadtica acaba solicitando a
inclusdo de outros tipos de terapias, como a utilizacdo de plantas medicinais. Os O6leos
essenciais advindos dessas plantas dispdem de diversas propriedades farmacoldgicas
(HALKC)N; MILKUS, 2004; CARSON; HAMMER; RILEY, 2006), fazendo parte, inclusive
de farmacopéias, como a Farmacopéia Européia (BURT, 2004; BAKKALI et al., 2008).

Seu emprego abrange desde a utilizagdo como aromatizante de produtos

farmacéuticos, alimenticios e cosméticos, para o tratamento de disturbios digestivos (agdo



carminativa), como analgésicos e anti-inflamatorios, até sua utilizagdo como abortivos
(CHAN, 2001), sendo que alguns Oleos apresentam, ainda, propriedades sedativas,
espasmoliticas e de anestesia. Embora apresentem esta vasta variedade de acdes
farmacologicas, sua popularidade como produto medicinal se deve a potente atividade
antimicrobiana, ou seja, viricida, fungicida e bactericida (BAKKALI et al., 2008). Além
disso, sdo mundialmente utilizados como conservantes em produtos farmacéuticos e
alimenticios (BURT, 2004).

Estes oOleos sdo formados por uma complexa mistura de metabolitos secundarios
volateis, isolados, principalmente, por hidrodestilagdio (ASTANI; REICHLING;
SCHNITZLER, 2010). Podem ser utilizados puros ou incorporados em formulacdes
farmacéuticas, com ou sem a utilizagdo de adjuvantes ativos, no sentido de complementar a
medicina convencional ou até mesmo substitui-la, principalmente no que diz respeito as
terapias antiflingica e antibacteriana (BUCK; NIDORF; ADDINO, 1994; SYED et al.,1999;
NASCIMENTO et al., 2007). Além disso, apresentam a vantagem de serem raras as
manifestagdes de resisténcia ou adaptacdo microbiana, pelo fato de seu mecanismo de agao
atingir diferentes locais da célula microbiana (BAKKALI et al., 2008). Entretanto, deve-se ter
cautela no que se refere a administragdo concomitante de antibidticos e dleos essenciais, pois
dependendo do quimioterapico a ser empregado e da natureza do 6leo, pode haver interagdes
entre ambos, podendo ocorrer sinergismo ou antagonismo, prejudicando assim a terapia
(VAN VUUREN et al., 2009).

O oleo essencial de Melaleuca alternifolia (Myrtaceae) ¢ obtido a partir da
hidrodestilagdo das folhas da planta nativa australiana, popularmente conhecida como arvore
do cha (tea tree). Embora existam outras espécies de Melaleuca, a nomenclatura 6leo de
melaleuca corresponde, exclusivamente, a espécie M. alternifolia, e € reconhecido e adotado
oficialmente pelo Australian Therapeutic Goods Administration como TTO (tea tree oil)
(CARSON; HAMMER; RILEY, 2006). Seu uso topico ¢ difundido na Australia devido as
suas diversas propriedades medicinais (HARKENTHAL et al., 1999) e, inclusive, ha relatos
de fazer parte do kit militar dos australianos durante a Segunda Guerra Mundial, tamanha a
sua importancia. Inicialmente, foi utilizado em doencas nos pés e na assepsia de feridas,
quando suas folhas esmagadas eram postas diretamente no local da lesio (HALCON;
MILKUS, 2004; CARSON; HAMMER; RILEY, 2006). Nas ultimas décadas, ultrapassou
barreiras, ganhando popularidade também na Europa e na América do Norte, onde ¢

comercializado como medicamento para o tratamento de diversas doencas, como acne,



micoses nos pés, gengivites e como antisséptico local. As formas farmacéuticas mais
utilizadas sdo géis, sabonetes e cremes. (CARSON; HAMMER; RILEY, 2006).

O oleo de melaleuca ¢ composto por monoterpenos, sesquiterpenos € seus alcoois
correspondentes. A composicao do 6leo ¢ regulada pelo padrdo internacional (ISO 4730), o
qual se refere as maximas e minimas concentragdes de cada um dos 14 componentes
majoritarios. Os componentes que fazem parte do padrdo internacional foram escolhidos
devido a linhagem e a sua atividade biolégica (CARSON; HAMMER; RILEY, 2006). O seu
principal constituinte € o terpinen-4-ol, seguido do y-terpineno e a-terpineno (Figura 1), aos
quais se atribui o amplo espectro de atividade antisséptica (CARSON; RILEY, 1995;
HAMMER; CARSON; RILEY, 2003; OLIVA et al.,, 2003). Devido a vasta gama de
constituintes, com diferencas sutis em relagdo ao seu mecanismo de acdo, ¢ dificil o
desenvolvimento de resisténcia microbiana em relacao ao 6leo. Para tanto, seria necessario o

desenvolvimento de numerosas mutagdes simultdneas para transpor as diferentes agdes

(HAMMER; CARSON; RILEY, 2008).
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Figura 2 — Estrutura quimica dos principais componentes do 6leo essencial de M. alternifolia.

Hart e colaboradores (2000) demonstraram o potencial de utilizagdo do 6leo essencial
de melaleuca no controle topico de reagdes inflamatorias, onde a aplicagdo do 6leo sobre a
pele conferiu a penetragdo dos componentes através da derme vascularizada, permitindo a
regulacdo do processo inflamatorio. O 6leo, ainda, foi capaz de modular a vasodilatacdo e o
extravasamento de plasma associado a inflamagao induzida por histamina (KOH et al., 2002).
Sua eficacia também foi averiguada na cicatrizagdo de feridas, principalmente, naquelas que
se apresentavam infeccionadas (HALCON; MILKUS, 2004).

Importantes estudos acerca da atividade antiproliferativa do o6leo revelam sua
potencialidade no tratamento de desordens celulares desse tipo. Sua atividade antitumoral foi
reportada por Bozzuto e colaboradores (2011), onde provou ser capaz de inibir o crescimento

de células (cultura) de melanoma resistentes e sensiveis a terapia usual, o que, posteriormente,



foi comprovado por Calcabrini e colaboradores (2004), quando testaram a atividade do
componente majoritario, terpinen-4-ol, frente as células de melanoma humano resistentes.
Outro experimento in vitro frente a células cancerosas foi descrito em 2009 por Liu e
colaboradores, os quais empregaram células de carcinoma pulmonar, prostatico ¢ de mama.
Ainda, sua atividade antiproliferativa foi verificada in vivo no tratamento de tumor subcutaneo
em ratos (GREAY et al.,, 2010).

Sua atividade antiviral tem sido também reportada. Estudos de Garozzo e
colaboradores (2009) demonstraram atividade frente ao virus influenza, e Carson e
colaboradores (2001) evidenciaram a atividade frente ao virus do herpes labial, a partir da
aplicacdo de gel na concentragdo de 6%. A atividade antiviral ¢ devido a presenga de
terpenos, como demonstrou um estudo comparativo da atividade antiviral de monoterpenos de
diferentes oleos essenciais (ASTANI; REICHLING; SCHNITZLER, 2010).

O o6leo de melaleuca apresenta atividade frente a inumeras cepas bacterianas, como
Aeromonas sobria, Enterococcus faecalis, Escherichia coli, Kleibsiella pneumoniae,
Salmonella typhimurium, Serratia marcescens, Staphylococcus aureus, Micrococcus luteus,
Strptococcus pyogenes, Pseudomonas aeruginosa, Sreptococcus pneumoniae. A atividade
frente a cepas resistentes a antibioticos desperta a atencdo dos pesquisadores. As cepas de
Staphylococcus auerus resistentes a meticilina (MRSA) demonstraram-se suscetiveis ao 6leo,
assim como aquelas resistentes a mupirocina (CARSON; HAMMER; RILEY, 2006).
Todavia, sua atividade antibacteriana pode ser comprometida pela presenca inadequada de
tensoativos (solubilizacdo do o6leo dentro de micelas, impedindo sua interacdo com o
microrganismo) e substincias organicas presentes nos meios de cultivo (HAMMER;
CARSON; RILLEY, 1999). Estudos conduzidos por Carson e colaboradores (1994)
demonstraram a agdo do 6leo frente ao Propionibacterium acnes, comprovando sua atividade
anteriormente referenciada por Basset e colaboradores (1990), os quais compararam a acao do
6leo com o peroxido de benzoila. Da mesma forma que a substincia sintética, o Oleo
apresentou eficécia, reduzindo o namero de lesdes inflamadas e ndo-inflamadas.

O oleo exibe uma extensa atividade antifingica frente a cepas de Aspergillus sp,
Sacharomyces cerevisiae, Cladosporium spp, Criptococcus neoformans, Epidermophiton
flocossum, além de leveduras, como Candida spp, dermatofitos e outros fungos filamentosos
(CARSON; HAMMER; RILEY, 2006). Existem estudos que evidenciam a utilizacdo do 6leo
essencial de melaleuca como um potente ativo para o tratamento de diferentes infecgdes
fungicas. Syed e colaboradores (1999) demonstraram que a terapia topica, durante 8 semanas

com 2% de cloridrato de butenafina em conjunto com 5% de 6leo essencial de melaleuca



incorporados em um creme base, foi capaz de curar as infecgdes fungicas de unhas. Além
disso, os autores sugerem o desenvolvimento de novas formulagdes, que possibilitem o
aumento da penetracdo e da retengdo do ativo antimicético, diminuindo o tempo de
tratamento, bem como a adi¢do de substancias capazes de aumentar a velocidade de
crescimento da unha sadia. Um estudo conduzido por Buck e colaboradores (1994)
demonstrou que o tratamento tdpico de onicomicoses com 100% de o6leo essencial de
melaleuca, durante 6 meses, foi semelhante ao realizado com 1% de clotrimazol, sugerindo a
utilizacao do 6leo como tratamento alternativo para tais infecgdes.

Adicionalmente, alguns trabalhos avaliaram a atividade antimicrobiana dos
componentes majoritarios do 6leo e os compostos terpinen-4-ol e a-terpineno apresentaram,
isoladamente, atividade frente a cepas fungicas (HAMMER; CARSON; RILLEY, 2003) e
bacterianas (PAPADOPOULOS et al., 2006), sendo que o terpinen-4-ol demonstrou atividade
bacteriostatica e bactericida frente as cepas MRSA (LOUGHLIN et al., 2008). Quando
isolado, o terpinen-4-ol apresentou maior atividade do que quando presente no o6leo, e
combinagdes entre terpinen-4-ol e o-terpineno demonstraram atividades antimicrobianas
similares as apresentadas pelo 6leo puro (COX; MANN; MARKHAM, 2001). Cabe salientar
que para a manutencdo da sua atividade antimicrobiana, a concentragdo de terpinen-4-ol no
0leo deve estar acima de 30%. A proporc¢do entre os componentes do 6leo ¢ indicativa de sua
qualidade e um dos aspectos importantes se refere aos niveis de 1,8-cineol, os quais devem ser
inversamente proporcionais aos de terpinen-4-ol (CARSON; HAMMER; RILEY, 2006).

Embora apresente inimeras e bem relatadas atividades medicinais, o 6leo essencial de
melaleuca se destaca por suas propriedades antissépticas, principalmente frente a fungos e
bactérias. Seu mecanismo de acdo antimicrobiana consiste, principalmente, na alteracdo da
permeabilidade da membrana plasmatica do microrganismo, interferéncia na bomba de efluxo
dos ions potassio e na inibigdo do processo respiratorio dos mesmos (COX et al., 2000;
CARSON; HAMMER; RILEY, 2006). A concentracdo inibitéria minima (CIM) do 6leo para
sua agdo bactericida varia de 0,25% a 2%, dependendo do microrganismo envolvido
(CARSON; HAMMER; RILEY, 2006). A CIM necessaria para sua acao frente aos fungos
dermatoéfitos varia de 0,004 % a 0,25 % (HAMMER; CARSON; RILEY, 2002; BENGER et
al., 2004) e para C. albicans, de 0,06 % a 8 % (CARSON; HAMMER; RILEY, 2006).

Devido ao seu amplo arsenal de propriedades medicinais, como atividades antifingica
(HAMMER; CARSON; RILEY, 2004), antibacteriana (COX et al., 2000), anti-inflamatoria
(HART et al., 2000), antiviral (CARSON et al., 2008) ¢ antiparasitaria (WALTON et al.,

2004), e sob o ponto de vista de seguranca, o 6leo essencial de melaleuca vem ganhando



espaco no cendrio mundial, no que se refere ao uso topico (REICHLING et al., 2006). A
incorporacao do 6leo em xampus (0,5 a 1% v/v), em combinagdo com timol (0,8 a 1,5% v/v),
resultou na importante diminui¢ao de piolhos e subsequente morte desses parasitas (McCAGE
et al., 2002). Quando utilizado em uma pomada a 5%, foi apto em reduzir a viabilidade do
acaro Sarcoptes scabiei (WALTON et al., 2004).

Cabe salientar que o o6leo de melaleuca na sua forma pura apresenta relativa
fototoxicidade e potencial alergénico no que se refere ao uso topico (CARSON; RILEY;
COOKSON, 1998). Quando incorporado em formulagdes, pode causar irritagdo dérmica e
ocasionar reacdes alérgicas dose-dependente em individuos pré-dispostos; em formulagdes
contendo 1% (v/v) de 6leo ndo hé relatos de toxicidade dérmica (HAMMER et al., 2006). Em
concentragdes mais elevadas, pode apresentar toxicidade, como enfatizou um estudo realizado
por Rutherford e colaboradores (2007), no qual se verificou a ocorréncia de dermatite de
contato em 1,8% da populacdo, nas concentracdes de 5 a 10% (v/v). Os agentes
sensibilizantes sdo, principalmente, produtos de degrada¢do dos componentes do 6leo, como
perdxidos, epoxidos e endoperoxidos (HAUSEN; REICHLING; HARKENTHAL, 1999).
Estes produtos sdo formados a partir da exposi¢do a luz, umidade, calor e ar (HAUSEN, 2004,
apud RUTHERFORD et al., 2007).

Outro aspecto importante se refere a sua incorporacdo em formulac¢des de uso topico.
O oleo apresenta caracteristicas lipofilicas, dificultando sua miscibilidade em produtos
aquosos, ¢ a volatilidade apresentada pelo mesmo denota a importancia de sua protecao frente
ao acondicionamento (CARSON; HAMMER; RILEY, 2006). Além disso, ¢ adsorvido em
materiais plasticos, comprometendo sua estabilidade e eficacia. Desta forma, sua incorporagao
em formas farmacé€uticas merece atencdo, pois dependendo da natureza do veiculo

empregado, poderd ocorrer uma baixa disponibilidade de seus constituintes.

1.3 Sistemas nanoestruturados e antimicrobianos

A nanotecnologia ¢ o ramo de uma ciéncia multidiciplinar que envolve engenharia,
eletronica, fisica e ciéncias dos materiais, preocupando-se com o design, sintese,
caracterizagdo e aplicacdo de ferramentas e dispositivos cujas dimensdes se encontram em
escala nanométrica, ou seja, 10” metros (SAHOO; LABHASETWAR, 2003; SAHOO;
PARVEEN; PANDA, 2007; SANDHIYA; DKHAR; SURENDIRAN, 2009). Devido a sua

aplicabilidade variada, que vai desde areas como a nanomedicina, sistemas de liberagdo



modificada de farmacos e ativos cosméticos, até a ciéncia petroleira, tem-se investido
largamente em pesquisas nesta area (ANTON; BENOIT; SAULNIER, 2008).

Sistemas coloidais, constituidos de nanoestruturas, tem sido alvo de importantes
estudos na area farmacéutica no que tange a questdo de aperfeigoar a liberacao de substancias
de uma forma precisa, segura e reprodutivel, atuando como um sistema carreador de
farmacos, capaz de exercer um controle da liberagdo, propiciando efeito terapéutico méximo,
com o minimo de efeitos ou reagdes adversas.

Dentre os principais sistemas nanoestruturados de interesse farmacéutico se encontram
os lipossomas, as nanoparticulas lipidicas, as nanoemulsdes e as nanoparticulas poliméricas.
Os lipossomas, com suas multiplas ou Uinicas camadas, sdo vesiculas compostas basicamente
de uma bicamada de fosfolipideo e colesterol e sdo biologicamente inertes. Sao aptos a carrear
substancias tanto hidrofilicas quanto lipofilicas ou hidrofobicas, visto que s3o constituidos por
um nucleo aquoso (SANDHIYA; DKHAR; SURENDIRAN, 2009). As nanoparticulas
lipidicas foram desenvolvidas com o intuito de obter um carreador alternativo para as
emulsdes. Seu nucleo pode conter lipideos solidos ou liquidos, ou ainda, uma mistura de
lipideos soélidos e liquidos, recoberto por uma camada de fosfolipideos. Diferentes técnicas de
obtencao sdo descritas, entretanto, a homogeneizagao a alta pressdo ¢ a que apresenta maiores
vantagens como, por exemplo, facil transposi¢do de escala, isengdo da utilizagdo de solventes
organicos e producdo em curto tempo (PARDEIKE; HOMMOSS; MULLER, 2009). As
nanoemulsdes sdo dispersdoes Oleo/agua, com suas goticulas de Oleo estabilizadas por
tensoativos. Devido ao tamanho nanométrico de suas goticulas, fenomenos de
desestabilizacdo sdo impedidos por repulsdo estérica entre elas (ANTON; BENOIT;
SAULNIER, 2008). As nanoparticulas poliméricas constituem as nanoesferas e as
nanocapsulas, diferindo-se entre si na estrutura e composi¢do. As nanoesferas sdo sistemas
matriciais poliméricos, onde o farmaco pode estar retido, ou simplesmente adsorvido na
superficie. Ja as nanocapsulas possuem na sua composi¢ao a presenca de um nucleo oleoso, o
que permite uma alta taxa de encapsulacdo de farmacos lipossoliiveis. Este nlcleo ¢
circundado por um fino involucro polimérico. Assim, o farmaco pode se encontrar dissolvido
no nucleo, adsorvido ou disperso na parede polimérica (VAUTHIER; BOUCHEMAL, 2009).
Atualmente, em virtude de modificagcdes na composi¢do das nanocapsulas, foram reportadas
nanocapsulas de nucleo lipidico, as quais possuem um ntcleo hidrofobico contendo uma
substancia lipidica sélida, como o monoestearato de sorbitano, apresentando um nucleo mais

viscoso que as nanocapsulas convencionais (JAGER et al., 2009).



Dentre os aspectos importantes que devem ser ressaltados a respeito das
nanoparticulas poliméricas sdo a melhora das propriedades fisico-quimicas de substancias,
proporcionando uma maior ¢ melhor distribuicdo da substancia ativa no local de ag¢do e o
direcionamento desta ao seu sitio especifico (MISHRA; PATEL; TIWARI, 2010). Conferem,
ainda, um aumento na estabilidade de substancias, protegendo-as de fatores externos e
aumentando, consideravelmente, sua meia-vida, uma vez que reduzem a suscetibilidade a
degradacao ao protegé-las das intempéries do meio, como luz, oxidagdo e hidrdlise
(OURIQUE et al., 2008; WEISS-ANGELI et al., 2008; FONTANA et al., 2009) ou da
desnaturacdo frente a mudancas fisico-quimicas, como alteragdes de pH (SAHOO;
PARVEEN; PANDA, 2007).

Estudos envolvendo a veiculacdo de farmacos antimicrobianos em nanoparticulas
poliméricas se encontram descritos na literatura. Como exemplos, pode-se citar a
incorporacdo de antibidticos B-lactdmicos, aminoglicosidicos, fluorquinolonas, dentre outros,
demonstrou a potencialidade desses sistemas em melhorar o indice terapéutico e,
conseqiientemente, reduzir a toxicidade desses quimioterapicos em relagdo a sua forma livre
(PINTO-ALPHANDARY et al., 2000). SANTOS-MAGALHAES e colaboradores (2000)
avaliaram a incorporagao de penicilina G em nanocapsulas poliméricas e nanoemulsdes com o
intuito de comparar os dois sistemas em relagdo a estabilidade e verificar a influéncia da
parede polimérica no perfil de liberagdo deste antibidtico. Os resultados obtidos
demonstraram que ambas as formulacdes apresentaram estabilidade e perfil de liberagao
semelhantes. Lboutounne e colaboradores (2002) obtiveram nanocapsulas de clorexidina
utilizando a PCL [poli(e-caprolactona)] como polimero, demonstrando uma superior acao
antimicrobiana desta formulacdo, em comparacdo com a solu¢do do mesmo farmaco. Esta
suspensao de nanocépsulas propiciou, também, uma liberacao sustentada do farmaco por, pelo
menos, 8 horas. Quando a rifampicina, isoniazida e pirazinamida foram associadas a
nanocapsulas de PLGA [poli(acido latico-co-glicélico)], apresentaram superior eficicia no
tratamento de tuberculose em cobaias, quando comparadas ao tratamento convencional
(PANDEY et al., 2003). GUPTA e colaboradores (2010) desenvolveram nanoparticulas de
PLGA contendo esparfloxacino com o intuito de aumentar a tolerabilidade da formulagdo e o
tempo de permanéncia ocular, aumentando a biodisponibilidade do farmaco. Estudos
associando ciprofloxacino e PHEMA [poli(2-hydroxietil metacrilato)] foram realizados a fim
de avaliar a liberagdo do farmaco a partir das nanoparticulas, demonstrando que a liberacao
deste diminui com o aumento da concentragdo do polimero (CHOUHAN; BAJPAI, 2010). O

mesmo farmaco, quando associado a nanoparticulas de Eudragit® RS100 ou mistura de



Eudragit® RL100/PLGA apresentou liberagio prolongada e caracteristicas fisico-quimicas
satisfatorias (DILLEN et al., 2006).

Buscando melhorar suas propriedades, alguns trabalhos descrevem a associagdo de
antifingicos em nanoparticulas poliméricas. Em 1997, Espuelas e colaboradores, associaram
anfotericina B a nanoesferas de PCL, com o intuito de reduzir sua toxicidade, o que foi
comprovado em ensaios in vivo. A incorporagdo de econazol em nanoparticulas de PLG foi
realizada por Ahmad e colaboradores (2008). Os resultados obtidos demonstraram que oito
doses orais administradas em camundongos infectados, durante uma semana, apresentaram
serem equipotenciais a 112 doses do farmaco livre, administradas duas vezes ao dia.
AMARAL e colaboradores (2009) desenvolveram nanoparticulas de PLGA contendo
anfotericina B e através dos resultados obtidos foi possivel reduzir em trés vezes a freqiiéncia
de aplicacdo do farmaco, com a vantagem da isencdo de toxicidade renal e hepatica em
comparag¢ao a sua forma livre. A inclusdo do clotrimazol e econazol em nanocépsulas de PLG
e alginato proporcionou um aumento da biodisponibilidade oral dessas substdncias em
camundongos (PANDEY et al., 2005). Com o intuito da obtencdo de uma formulacdo que
prolongasse o tempo de contato do fluconazol na cornea, nanocépsulas de polissacarideo
(goma cordia) foram desenvolvidas por Yadav e Ahuja (2010). A incorporacdo de
metronidazol em nanoparticulas de quitosana obteve sucesso na liberagdo sustentada deste
farmaco por um periodo de 12 horas (ELZATAHRY; ELDIN, 2008). Mais tarde, Saboktakin
e colaboradores (2011) obtiveram uma formulacdo mucoadesiva, de liberagdao prolongada,
incorporando metronidazol a nanoparticulas de TCS (quitosana tiolada) associada ao PMAA
[poli (4cido metacrilico)]. Ainda, um aumento na solubilidade aquosa foi verificado para a
griseofulvina quando incorporada em nanocapsulas e nanoesferas de PCL (ZILI; SFAR;
FESSI, 2005).

Abordagens na incorporacdo de Oleos essenciais a nanocarreadores sao, também,
descritas na literatura. Silva (2005) obteve suspensdes de nanocapsulas de Eudragit S100
contendo o oOleo essencial de Cymbopogon citratus, as quais apresentaram tamanho de
particula de 258 nm e quando incorporadas em creme nao-idnico, foram capazes de diminuir
o grau de citoxicidade do 6leo em estudos in vitro. Lai e colaboradores (2006) desenvolveram
nanoparticulas de lipideo solido contendo 1% de 6leo essencial de Artemisia arborenses com
aplicagdes voltadas para a agricultura (pesticidas ecoldgicos). O tamanho médio de particula
apresentou faixa nanométrica (em torno de 200 nm) e a eficiéncia de encapsulagdo foi de,
aproximadamente, 90%. Estes sistemas demonstraram capacidade em reduzir a volatilizagao

deste Oleo. Lertsutthiwong e colaboradores (2008) verificaram a associagdo do 6leo essencial



de acgafrdo (Curcuma longa) em nanocapsulas de alginato utilizando uma metodologia de
multiplas etapas. A taxa de encapsulac¢do do 6leo foi baixa em todas as condi¢des empregadas
devido a volatilidade do mesmo, gerando perdas durante todo o processo de preparacao (em
torno de 40%). Em outro estudo, a fim de reduzir a perda do o6leo de acafrdo durante o
processo de obten¢do de nanocépsulas, quitosana foi utilizada em combinacdo com alginato,
obtendo uma recuperacdo maxima de 68,5% (LERTSUTTHIWONG; ROJSITTHISAK;
NIMMANNIT, 2009). Ainda, van Vuuren e colaboradores (2010) verificaram a incorporacao
de trés Oleos essenciais em lipossomas revestidos por quitosana: Eucalyptus globulus,
Melaleuca alternifolia e Artemisia afra, com taxas de encapsulacdo de 69,2, 41,7 e 18,7%,
respectivamente. Este estudo demonstrou que a nanoencapsulacdo do 6leo de A. afra nao
causou aumento de sua atividade antimicrobiana, ao passo que para os outros dois 6leos, um
aumento na atividade foi alcancado.

Da mesma forma, as nanoemulsdes também foram alvo de estudos envolvendo 6leos
essenciais. Nanoemulsdes contendo 20% do Oleo essencial de citronella (Cymbopogon
nardus) foram desenvolvidas e caracterizadas, além da avaliagdo in vivo da bioatividade como
repelente de mosquitos (SAKULKU et al., 2009). Neste estudo, o método utilizado para a
preparacdo das formulagdes foi o de homogeneizagao a alta pressdo e os tamanhos obtidos
variaram de 120-220 nm. A durabilidade da repeléncia proporcionada pelas nanoemulsdes foi
condizente com as caracteristicas do estudo de liberagdo do 6leo. Pela mesma metodologia,
Nuchuchua e colaboradores (2009) obtiveram nanoemulsdes contendo dleos essenciais de
citronella, manjericdo peludo (Ocimum americanum) e vetiver (Vetiveria zizanioides). Os
tamanhos de particula ficaram entre 150-160 nm e as formula¢des mantiveram-se estaveis
durante dois meses. A agdo prolongada das nanoemulsdes na repeléncia do mosquito Aedes
aegypti demonstrou ser inversamente proporcional ao tamanho de particula.

Além dos 6leos essenciais, estudos demonstram a incorporacao de seus componentes
isolados em sistemas nanoestruturados. Choi e colaboradores (2009) obtiveram nanocépsulas
de eugenol, preparadas pelo método de emulsificacdo-difusdo e inclusdo molecular. O
tamanho de particula variou de 310 a 320 nm e a encapsulagdo foi efetiva na prote¢do do
eugenol frente a fotodegradacdo. Em outro estudo, a atividade antimicrobiana de carvacrol e
timol incorporados em lipossomas foi avaliada por Liolios e colaboradores (2009) e os
resultados obtidos demonstraram maior atividade dos componentes quando incorporados no

sistema coloidal em comparacdo a forma livre.



1.4 Incorporacio de nanoparticulas em formas farmacéuticas de aplicacio tépica

A utilizacdo de nanoparticulas para o tratamento topico de doencas torna-se uma
atraente alternativa, uma vez que a liberacdo de substancias diretamente no local- alvo reduz
significativamente a ocorréncia de efeitos adversos se comparado a administracao parenteral
ou oral (GUTERRES; ALVES; POHLMANN, 2007). Tais sistemas apresentam um reduzido
tamanho de particula, proporcionando um maior poder de cobertura pela formagao de um fino
filme sob a pele, facilitando o contato direto da substancia com o estrato corneo, direcionando
para o tratamento topico (ALVAREZ-ROMAN et al., 2004). E relevante comentar que os
sistemas coloidais sdo capazes de modular a difusdo transdérmica, alterando o coeficiente de
difusdo ou parti¢do, podendo também alterar a farmacocinética e a biodistribuicao do fA&rmaco
através da pele e, ainda, conferir maior adesividade da substancia de interesse no local. Além
disso, quando utilizados em formulagdes topicas, garantem a protecdo da area afetada frente a
toxicidade da substancia ativa, prevenindo ou reduzindo possiveis reagcdes de sensibilidade e
irritagdo. Este efeito protetor ocorre devido a diminui¢do do contato direto da substdncia com
a regido alvo (GUTERRES; ALVES; POHLMANN, 2007). Ainda, promovem um aumento
no tempo de permanéncia deste, o que apresenta uma enorme potencialidade em sua aplicagao
topica, tratando-se de locais em constante friccdo por vestimentas e pelas simples atividades
cotidianas (GUTERRES; ALVES; POHLMANN, 2007; SCHAFER-KORTING; MEHNERT;
KORTING, 2007). Cabe salientar que a eficacia de um produto de aplicacdo cutdnea depende
da correlag@o entre os coeficientes de permeabilidade no estrato corneo e as caracteristicas do
farmaco (GUTERRES; ALVES; POHLMANN, 2007).

Em virtude das vantagens apresentadas pelos nanocarreadores na liberagdo cutanea e
transepidermal de farmacos, algumas pesquisas tém direcionado para o desenvolvimento de
formulacdes para esse fim. O tratamento de desordens cutaneas como eczemas, psoriase €
acne tem sido alvo constante desses estudos. A inclusdo de glicocorticoides, como o
clobetasol (FONTANA et al., 2009), dexametasona (MARCHIORI et al., 2010), e outros anti-
inflamatorios como nimesulida (ALVES et al., 2007) em nanoparticulas poliméricas
demonstram este interesse. Tendo em vista o tratamento da acne, retindides como tretinoina
(OURIQUE et al., 2008), isotretinoina e adapaleno, assim como outras classes de farmacos,
tem sido incorporados em sistemas sub-micrométricos (SCHAFER-KORTING; MEHNERT;
KORTING, 2007).

Os produtos para uso topico geralmente sdo formulados como géis ou emulsdes, os

quais, devido a sua consisténcia, apresentam caracteristicas apropriadas para aplicagao



cutdnea (GUTERRES; ALVES; POHLMANN, 2007). O veiculo serd o responsavel pela
distribuicdo diferencial do farmaco na pele, devido as suas propriedades fisico-quimicas e sua
interagdo com a substancia ativa (PARDEIKE; HOMMOSS; MULLER, 2009). Além disso,
sua escolha dependera do objetivo de aplicagdo do produto. Suas propriedades reoldgicas
podem ser modificadas de acordo com os constituintes, o que refletira diretamente no perfil de
espalhabilidade do produto na pele (GUTERRES; ALVES; POHLMANN, 2007). Os
hidrogéis contendo nanoparticulas dispdoem, ao mesmo tempo, das vantagens oferecidas por
elas e dos beneficios relacionados a sua hidrofilicidade, flexibilidade, versatilidade, alta
capacidade de absorcdo de agua e biocompatibilidade do gel (HAMIDI; AZADI; RAFIEI,
2008).

Na preparacao de géis, diferentes polimeros sao utilizados para oferecer variagao na
textura das formulagdes e, assim, comportamentos diferenciados sdo observados. Os
carbomeros sdo os agentes de geleificacdo de nanoemulsdes mais estudados (SONNEVILLE-
AUBRUN; SIMONNET; L’ALLORET, 2004; MOU et al.,, 2008). J& os espessantes
estudados para a obtengao de géis a partir de suspensdes de nanoparticulas poliméricas foram:
Pluronic® F127 (MIYAZAKI et al., 2003), Satiaxane® CX 91, (ALVAREZ-ROMAN et al.,
2001), Natrosol® 250 M, (LUENGO et al., 2006), Carbopol® 940 (MILAO; KNORST;
GUTERRES, 2003; ALVES; POHLMANN; GUTERRES, 2005, ALVES et al., 2007) e
Carbopol® Ultrez I0NF (MARCHIORI et al., 2010; ; OURIQUE et al., 2011; FONTANA, et
al., in press).

Assim, com o relato do emprego de hidrogéis como formulacdes semissolidas para
aplicacdo topica de sistemas nanoestruturados, se torna evidente a viabilidade tecnoldgica da
utilizacdo dos mesmos. Neste contexto, a incorporacdo de nanocapsulas e nanoemulsdes
contendo o 6leo essencial de melaleuca em bases semissolidas constitui uma abordagem

inovadora, tendo em vista a inexisténcia de trabalhos estudando esse tipo de formulacao.
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ABSTRACT

The goal of this study was to evaluate the feasibility of preparing nanocapsules and
nanoemulsions using tea tree oil as oily phase aiming to protect its volatilization. The
nanostructures presented nanometric mean size (160-220 nm) with a polydispersity index
below 0.25 and negative zeta potential. The pH values were 6.43 + 0.37 and 5.98 + 0.00 for
nanoemulsions and nanocapsules, respectively. The oil content after preparation was 96%.
The inclusion of tea tree oil in nanocapsules showed higher protection against volatilization.
The analysis of mean size and polydispersity index of formulations presented no significant

alteration during the storage time.

Key words: nanoemulsions; nanocapsules; tea tree essential oil.



INTRODUCTION

The use of raw materials of plant origin in pharmaceutical products has been growing
in the last years. The diversity of medicinal plants, some characterized by the presence of
substances with potential pharmacological effect, contributes to several studies that aim to
demonstrate the action and effectiveness of some compounds.

Essential oils, obtained from different plant species, have been promising, particularly
because of their antimicrobial, insecticides and antiviral properties'” and they may be
incorporated in pharmaceutical preparations for the topical treatment of skin diseases.’
However, because of their chemical complexity and susceptibility to degradation, besides
volatility and insolubility in water, it is necessary to employ procedures to improve the oil
stability contributing to the product’s effectiveness.

One essential oil of particular interest over the last years has been the tea tree oil
(TTO) obtained from leaves of Melaleuca alternifolia (Myrtaceae) species by a steam
distillation process. TTO is popular as a topically applied product due to its known medicinal
properties, particularly its antibacterial*” and antifungal activities.®’ It has been used topically
to treat conditions such as acne, onychomycosis, oral candidiasis, and tinea pedis.'
Additionally, TTO presents antiviral'' and anti-inflammatory properties.'>

TTO contains over 100 components, mainly monoterpenes and sesquiterpenes
hydrocarbons and their associated alcohols. Its main component is terpinen-4-ol, followed by
o-terpinene and y-terpinene, which is attributed to the broad spectrum antiseptic activity.”'>'*
The physical characteristics of TTO present certain difficulties for the formulation and
packaging of products. Its lipophilicity leads to miscibility problems in water-based products,
while its volatility means that packaging must provide an adequate barrier to volatilization.
Moreover, the composition of TTO may change during storage, and light, heat, exposure to
air, and moisture can affect its stability."

The TTO in its pure form presents on phototoxic and allergenic potential in relation to

topical.””

When incorporated in topical formulations, can irritate skin and cause allergic
reactions in a dose-dependent individuals predisposed. However, dermal toxicity is not
reported in formulations containing 1% (v/v) of 0il.'® The occurrence of allergic reactions and
irritation is related to oxidation of the components present in the oil depending on storage
conditions and packaging material used. The essential oil is absorbed in plastic, affecting thus
its stability."”

Different carrier systems have been extensively studied with the aim of controlling the

17,18

drug release and improving the efficacy and selectivity of drugs. Nanocapsules,



nanospheres, nanoemulsions, and other nanometric systems have a great surface area, which
makes them suitable for important pharmaceutical and cosmetic applications, such as topical
aqueous formulations of lipophilic encapsulated drugs for a homogeneous release.'”” An
important advantage of these systems is their small size (below 1 mm), which facilitates their
formulation in dermatological products and enables comfortable application to the skin.'*?
Besides, the possibility of increasing the effectiveness and stability of formulations or active
substances, as well as their gradual release in adequate doses are good advantages too.*'**
This way, this work aims to propose a strategy to prepare nanoemulsions and
polymeric nanocapsules formulations using TTO as oily phase due its interesting properties
for topical application. Besides the physicochemical characteristics, we evaluated the

potential of these systems to improve the TTO stability in terms of volatilization.

EXPERIMENTAL
Materials

Tea tree essential oil (Melaleuca alternifolia) was obtained from Laszlo Aromaterapia
(Belo Horizonte, Brazil). Poly(e-caprolactone) (Mw = 80,000) and sorbitan monooleate were
acquired from Sigma (Sao Paulo, Brazil). Polysorbate 80 was supplied by Delaware (Porto
Alegre, Brazil). All other chemicals and solvents were of pharmaceutical grade and were used

as received.

GC analysis

The levels of the major components of TTO were determined by gas chromatography
(Departamento de Quimica, Universidade Federal de Minas Gerais). GC-FID was carried out
on a chromatograph (Varian CP3380), using a fused silica capillary column (DB5 30 m x 0.25
mm, J&W Scientific) with hydrogen carrier gas (1.8 mL min"'). The temperature
programming ranged from 50 (3 min.) to 160 °C at 3 °C min™ increments. The FID injector
and detector temperatures were 200 °C. The oil was diluted in chloroform (0.5%) and 1 pl
was injected. Identification and quantification of components was made by calculating the

retention indices and normalization of the area, respectively.

Swelling Experiments
Films of poly(e-caprolactone) were obtained by squeezing of a hydraulic press for 5 min at 5
Tons (Hydraulic Press P30000, Bovenau, Brazil). Each film was exactly weighed and than

immersed in sufficient volume (2 mL) of TTO in different flasks (n = 3). The flasks were



closed and stored at room temperature. At predetermined time intervals (3, 5, 10, 15, 30 and
60 days), the films were pinched and TTO was removed using absorbing paper, thereafter the

films were weighed again.”

Preparation of the formulations

Our strategy to prepare NE and NC containing an essential oil using known methods
(spontaneous emulsification and interfacial deposition of preformed polymer) was based on
the optimization of the volume of both phases during the preparation (aqueous and organic
phases). In order to avoid the steam distillation of TTO during the evaporation step, the
volume of water was fixed to a minimum.

Nanoemulsions (NE) and nanocapsules suspensions (NC) were prepared (n = 3) by

? and interfacial deposition of preformed polymer method,*

spontaneous emulsification’
respectively. Briefly, an organic phase composed of TTO (0.5 g), sorbitan monooleate (0.383
g), poly(e-caprolactone) (0.25 g), and acetone (25.0 mL) was added to an aqueous solution
(50.0 mL) containing polysorbate 80 (0.383 g) and kept under moderate magnetic stirring for
10 min. Then, the organic solvent was eliminated in rotary evaporator (Fisatom, Sdo Paulo,
Brazil) at 60 rpm and 30-35 °C temperature. The final volume of the formulations was fixed
in 50 mL to obtain an oil concentration of 1% of oil (10 mg/mL). NE were prepared omitting

the polymer. As a control, an emulsion (coarse dispersion) was prepared omitting the organic

solvent and the lipophilic surfactant.

Characterization of formulations
Particle size, polydispersity indices and zeta potential analysis

The particle sizes and polydispersity indices (n = 3) were measured by photon
correlation spectroscopy after adequate dilution of an aliquot of the samples in purified water
(Zetasizer Nanoseries, Malvern Instruments, Worcestershire, UK). The zeta potential values
were measured using the same instrument at 25 °C, after dilution of the samples in 10 mM

NacCl.

pH determination
The pH values of the NE and NC were determined directly in the samples using a

calibrated potentiometer (Mettler Toledo, Sdo Paulo, Brazil), at room temperature.



Determination of oil content

The total oil content (%) in the NE, NC and emulsion formulations was determined in
triplicate by distilling 25 mL of samples for 3 h in a Clevenger’s apparatus. For NC, after
initial extraction, 20 mL of acetonitrile was added into extraction flask, and this solution was
evaporated for 1 h more. The volume of TTO collected in the trap was weighted to calculate

the oil recovered from the sample.

Morphological analyses

Morphological analyses were development by transmission electron microscopy
(TEM; Jeol, JEM 1200 Exll, Centro de Microscopia — UFRGS), operating at 80kV. The
samples (NE and NC) were diluted and deposited in Form-Carbon support films on specimen
grid (Electron Microscopy Sciences), negatively stained with uranyl acetate solution (2% w/v)

and observed at 150,000 of magnification.

Study of protection of the essential oil volatilization

The influence of the nanoencapsulation against essential oil evaporation was evaluated
at 37 = 1 °C. Samples (NE, NC and emulsion) were heated on a water-bath for 15, 30 and 60
minutes. After, the content of the essential oil was determined by hydro-distillation, distilling
25 mL of samples for 3 h in a Clevenger’s apparatus (n = 3). The volume of TTO was

collected and weighted to calculate the oil recovered from the sample.

Stability studies

Formulations were monitored following preparation until 2 months of storage by mean
size, polydispersity, zeta potential and pH. The oil content was determined after 1 month of
storage. Formulations were packaged in amber glass containers and stored at room

temperature (25 °C + 2 °C) and protected from light.

Statistical analysis

Formulations were prepared and analyzed in triplicate. Results are expressed as mean
+ SD (standard deviation). One-way analysis of variance (ANOVA) was employed in the
comparison of the experimental data, using the SigmaStat Statistical Program (Version 3.0,

Jandel Scientific, USA).



RESULTS AND DISCUSSION

GC analysis

TTO composition is regulated by an international standard (ISO 4730) for “Oil of Melaleuca
— terpinen-4-ol type,” which sets maxima and/or minima for 14 components of the oil.'’ The
oil used in the study was analyzed and shown to contain acceptable levels of mean
components: terpinen-4-ol (39.4%), y-terpinene (22.9%), a-terpinene (10.2%), 1,8-cineole
(5.1%), terpinolene (3.6%), p-cymene (3.4%), a-pinene (3.2%) and a-terpineol (1.9%).

Swelling experiment

The objective of this experiment was to determinate the possible solubilization of
poly(e-caprolactone) by TTO. In this case, the polymeric wall of nanocapsules could be
dissolved by the oily core resulting in the formation of nanometric oily droplets
(nanoemulsion) during the storage time. The results showed that the polymer weights have a
small mass gain during the first three days of the experiment (9.8% in relation to the initial
weight) After, the weight of polymer remained constant until the 60 days of the experiment
(Figure 1), indicating that no solubilization of poly(e-caprolactone) occurred by the oil. No
statistical difference was observed between the polymer weights during all the time of the
experiment (p > 0.05). This result shows that TTO and poly(e-caprolactone) have low
interactions at the macroscopic scale, indicating that after preparing of nanocapsules with

TTO the polymeric wall will not be dissolved, maintaining the required characteristics.

Physicochemical properties of formulation

The NE and NC containing TTO appeared macroscopically homogeneous and
opalescent bluish liquids. The physicochemical characteristics of the formulations are
presented in Table 1. TTO-loaded nanocapsules and nanoemulsions presented nanometric
mean diameters (160-220 nm) as well as polydispersity indices below 0.25 indicating an
adequate homogeneity of these systems. The values obtained are in agreement with those
usually reported for these systems (100-500 nm).>>*’ The formulations showed acid pH (5.9-
6.5) and negative zeta potentials (about -13 mV). The negative zeta potential values presented
by the samples are related to the presence of polysorbate 80, presenting a negative surface
density of charge due to the presence of oxygen atoms in the molecules.”® Moreover, the type
of oily phase used in the preparation of the colloidal systems may be influenced the values (in
module) obtained.'” Ourique and co-workers reported zeta potential values of -4.45 and -5.14

for nanocapsules and nanoemulsions prepared with the capric/caprylic triglyceride mixture,



and -8.38 and -6.13 for nanocapsules and nanoemulsions containing sunflower seed oil.*

TEM analysis showed homogeneous and spherical particles with similar diameters as
determined by photon correlation spectroscopy (Figure 2).

The yield of oil obtained was 96.0 + 0.3% for NE and 95.7 = 0.6% for NC (Table 1) of
the theoretical concentration, being that only 4% of the oil was lost during the preparation,
probably during the evaporation of organic solvent. This explanation can be reinforced by the
results obtained for the coarse emulsions prepared without the evaporation step, presenting an
oil content of 99.2 + 0.2%.

Another approach to encapsulate an essential oil (turmeric oil) was studied by

Lertsutthiwong and co-workers.”*°

They used biopolymers (alginate and chitosan-alginate)
and nanocapsules were prepared in three-step procedure (emulsification, gelification, and
solvent removal). The results showed that sonication was required to obtain nanocapsules
with uniform size, and about 42% of the turmeric oil was lost during the preparation of
alginate nanocapsules.”” The addition of chitosan to the formulations led to a lower oil less
during the preparation (percentage recovery from 61.9-68.5%).° Regarding our work, the
interfacial deposition of preformed polymer method was suitable and presented advantages to
obtain nanocapsules and nanoemulsions containing an essential oil (TTO) due to the obtaining
of uniform particle size, the oil recovery above 90% and the lesser time for the preparation
(two-step procedure).

TTO as well as other essential oils have a pronounced odor that sometimes should be
masked in formulations. This way, we analyzed the odor of our formulations, comparing the
intensity of their odor with the pure essential oil. The odor intensity was NC < NE < emulsion
< pure oil. It is important to point out that the incorporation of TTO in nanocapsules allows
reducing considerably the odor of the oil. This result is in agreement with the ability of

polymeric nanocapsules to mask physicochemical properties of some substances.?

Protection of the essential oil volatilization

In this test, differences between the formulations were observed. After 60 minutes, the
oil content was 30%, 33% and 54% in relation to the initial values for emulsion, NE and NC,
respectively. The oil content in NC was about 67% after 30 minutes of heating; values lower
than 42 and 40% were obtained for NE and emulsion, respectively (Figure 3). These results
showed the potential of NC in protecting oil against evaporation, improving its stability. This
protection can be attributed to the presence of the polymeric wall in the nanocapsules

suspensions, avoiding the volatilization of the oil and its contact with the aqueous phase.



Thus, it can be suggest that oxidation reactions and degradation of compounds can be
minimized by improving the stability and safety of TTO preparations. Moreover, NE also
showed a protection against oil volatilization compared to the coarse emulsions, although this

protection was lower than that observed for NC.

Stability studies

Regarding preliminary stability studies, no statistical difference was observed for the
values of mean size and polydispersity index of formulations during the storage. However, an
increased in zeta potential values (in module) was observed (Table 2). Schaffazick and co-
workers report that the zeta potential is influenced by changes in the interface with the
dispersing medium, due to the dissociation of functional groups on the surface of the particle,
depending on the relaxation of the polymer chain over time.'” On the other hand, the pH
values presented a decrease both NC and NE after 2 months of storage (p < 0.05). This
decrease, for NE pH values, may be related to the higher contact of the essential oil with the
aqueous phase leading, for hypothesis, to the degradation of some components as observed by
their lesser protection against oil volatilization compared to NC. The decrease in the pH
values to NC could be explained by the polymer chains relaxations, which exposes a higher
number of terminal carboxylic groups.'” These results are in concordance with others works
repor‘[ed.31 Is important to relate that this reduction was minor that one unit after 1 mouth of
storage for NC. Additionally, the oil content after 30 days storage was evaluated, and the
yield obtained was above 90% for both NC and NE (Table 2). Additionally, during the
stability study, the odor of the formulations remained the same for both formulations (NC and

NE).

CONCLUSION

In this work, we proposed a strategy to obtain nanocapsules suspensions and
nanoemulsions containing TTO due to its important pharmacological properties already
reported in literature. The formulations presented good physicochemical characteristics
related to their nanostructured character and adequate physicochemical stability. Moreover,
the incorporation of TTO in nanocapsules protected it from evaporation, improving its
stability and decreasing its pronounced odor. These results allow us to suggest the use of this
strategy as a platform to prepare nanostructured systems containing essential oils. Studies are
in progress to evaluate the antimicrobial activity of these systems as well as their

incorporation in semisolid formulations as alternatives to topical delivery of TTO.
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Figure 1. Swelling experiment: films weight at time intervals.

Figure 2. TEM images of NC (a) (150,000 x; bar = 200 nm) and NE (b) (150,000 x; bar =
200 nm).
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Figure 3. Oil content in the NE, NC and emulsion after heat at 37 °C, during 15, 30 and 60

minutes.



Table 1. Physicochemical characteristics of colloidal systems (NE and NC) prepared with

TTO (mean + S.D., represents the variation between the three different batches)

Formulation Particle size PDI* Zeta potential Oil content pH

(nm) (mV) (o)
NE 167 + 04 0.17+£0.01 -133+2.6 96.0 £ 0.3 6.43 +£0.37
NC 212+ 08 0.17+£0.01 -13.5+1.1 95.7+0.6 5.98 £0.00

" PDI: polydispersity index.

Table 2. Stability studies: physicochemical characteristics of NE and NC containing TTO

(1%) after 1 and 2 months of storage at room temperature and protected from light (mean +

SD, n=3)

Time Particle size =~ PDI* Zeta potential pH Oil content
(months) (nm) (mV) (%)

NE

1 166 + 07 0.17+£0.03 -9.6+1.8 510+0.15 91.0+1.0
2 166 £+ 06 0.16+0.02 -14.6+3.8 501+0.10 ND

NC

1 210+ 09 0.19+0.03 -12.6+2.1 514+0.17 90.0+0.3
2 211 £05 0.17+0.02  -18.8+1.7 491+0.18 ND

" PDI: polydispersity index; ND: not determined.
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ABSTRACT

The aim of this work was to evaluate the antifungal efficacy of nanocapsules and
nanoemulsions containing Melaleuca alternifolia essential oil (TTO). The in vitro assay of
antimicrobial activity against Candida albicans was done in order to obtain an inhibition
profile after accompanying 0, 5, 8, 12, 24, 48 and 72 h yeast growth. In addition, the efficacy
of the formulations was evaluated against Trichophyton rubrum in two different in vitro
models of dermatophyte nail infection. The effect of nanostructures on the growth curve of C.
albicans showed differences between formulations. In minor concentrations of yeast, the
formulations had a significant decrease in the yeast charge that remained similar for 48 h.
Moreover, the control of growth provided by the nanocapsules remained similar in all analysis
times. Nail infection models demonstrated the ability of the formulations in reducing the T.

rubrum growth, being the inclusion of oil in nanocapsules more efficient.

Keywords: Candida albicans; Nanoemulsions; Nanocapsules; Tea tree oil; Trichophyton

rubrum.



INTRODUCTION

Skin and mucous membranes are effective mechanical, chemical and diffusional
barriers to external environment, protecting the body against infectious agents. When this
barrier is injured, the penetration of several agents like microorganisms is able to cause
cutaneous and subcutaneous abscesses and depending on the degree of injury, they can affect
the circulation leading to a generalized infection (1).

Dermatophytosis, also known as superficial mycosis, is among the diseases that
mostly affect the world population. The main etiologic agents of these infections are
dermatophytes fungi of the genera Epidermophyton, Microsporum and Trichophyton as well
as some yeast such as Candida spp. These fungi have a predilection for the keratin of skin,
hair and nails making these tissues the main substrate for the installation and development of
these agents, causing injuries that result from the destruction of keratin associated with an
inflammatory response (2, 3). These infections require attention, mainly in cases where the
immune state is injured (3, 4) and when there is impairment of peripheral circulation (5).
Onychomycoses are the superficial infections with the highest rate of treatment refractoriness,
which require a long period of systemic therapy accompanied by a series of adverse effects,
contraindications, high cost of medication, and the possibility of interaction with other drugs.
These factors may cause the treatment interruption, and thus the incomplete recovery (2).
Another reason for the treatment failure is the development of antimicrobial resistance by the
strains (6). The topical therapy is underused, since transungual penetration of the active
ingredient is the main difficulty because the fungal elements remain within or below the nail
plate (7). Moreover, the topical formulations are easily removed due to daily activities like
washing and rubbing.

Factors such as physicochemical characteristics of the nail (8, 9), the active substance
(particle size, hydrophilic and lipophilic) and the nature of the vehicle to which it is embedded
are related to the penetration through the nail (10, 11). Therefore, in order to have a effective
eradication of etiological agents, the penetration of the active is necessary. The development
of formulations with adequate physicochemical characteristics provides adequate penetration,
adhering and remain in contact to nail plate. Thus, gradual and continuous release of the
antifungal is obtained (10).

The essential oils obtained from aromatic plants have been widely used alone or in
pharmaceutical formulations, with or without the use of adjuvants to complement

conventional medicine or even replace it, especially with regard to antifungal and antibacterial



therapies (12, 13, 14). Tea tree oil (TTO) is incorporated into topical formulations due to its
antibacterial, antifungal (15) and anti-inflammatory (16) properties. The essential oil obtained
from leaves of Melaleuca alternifolia (Myrtaceae) is composed of a complex mixture of
compounds, mainly monoterpene and sesquiterpene hydrocarbons and their associated
alcohols. Because of the wide range of constituents, the development of antimicrobial
resistance is less likely to occur (17). Its use is related to the topical infections treatment, such
as onychomycoses, oral candidiasis and tinea pedis. However, when incorporate in topical
formulations, it can cause skin irritation and allergic reactions (18), oxidation of compounds
during storage (17).

In the last years, the nanoencapsulation of active substances has been extensively
studied. Different nanocarrier systems, such as liposomes, nanoemulsions, lipid nanoparticles
and polymeric nanoparticles have been obtained. These systems present advantages such as
improve drug efficacy, drug bioavailability, reduction of adverse effects (toxicity and
irritation) or drug stability increase (19, 20). Polymeric nanoparticles are solid colloidal
particles classified by nanospheres and nanocapsules according to their composition. These
systems are made of polymers and in the case of nanocapsules, an oil is included in order to
obtain a vesicular structure (21). Due to their small particle size (< 1 pm), polymeric
nanoparticles present advantageous when applied into skin, conferring higher and better
distribution of the active substance into action site and an increase in adhesiveness in the case
of local with constant friction by clothing and by the simple daily activities (19).

The incorporation of TTO in nanoemulsions and polymeric nanocapsules has been
studied by our research group, and an oil protection against volatilization was obtained,
especially to nanocapsule suspensions. The formulations showed adequate physicochemical
characteristics (22). Therefore, this study was designed to evaluate the in vitro antifungal
activity of nanoemulsions and nanocapsule suspensions containing TTO against C. albicans,

and the onychomycosis model against 7. rubrum.

MATERIALS AND METHODS
Materials

Tea tree essential oil (Melaleuca alternifolia) was obtained from Laszlo Aromaterapia
(Belo Horizonte, Brazil). Poly(e-caprolactone) (Mw = 80,000) and sorbitan monooleate were
acquired from Sigma (S3o Paulo, Brazil). Polysorbate 80 was supplied by Delaware (Porto
Alegre, Brazil). All other chemicals and solvents were of pharmaceutical grade and were used

as received.



Candida albicans ATCC 10231 was gently supplied by Instituto Nacional de Controle
de Qualidade em Saude (INCQS — FIOCRUZ, Rio de Janeiro, Brazil. Trichophyton rubrum
(clinical 1isolate) strains were kindly supplied by Mycological Research Laboratory

(Department of Microbiology and Parasitology, UFSM, Santa Maria, Brazil).

Preparation of nanoemulsion and nanocapsule suspensions

Nanoemulsions (TTO-NE) and nanocapsules (TTO-NC) containing TTO (10.0 mg
mL") were prepared by spontaneous emulsification (23) and interfacial deposition of
preformed polymer (24) methods, respectively, as previously described (22). In order to
compare the oil effectiveness, formulations without essential oil were also prepared and
named C-NE and C-NC (samples containing the components of the nanoemulsions and
nanocapsules, respectively). Additionally, an emulsion containing free TTO (coarse

dispersion, named E) was also prepared.

Effect of nanostructures on the growth of Candida albicans

A strain of C. albicans was cultured on a sabouraud-dextrose agar medium (SDA,
Merck) at 25 °C for 48 h. The cells were harvested into saline solution and adjusted to yield
suspensions at 1.6 x 10’ CFU mL". An aliquot of 2.5 mL of each formulation (TTO-NE,
TTO-NC, C-NE and C-NC) was placed into sterile tubes containing sabouraud-dextrose broth
(SDB, Merck) and separately inoculated with the yeast suspension to give a final
concentration at 10°-10%, and 10° CFU mL". The quantity used of TTO-NE and TTO-NC
formulations corresponded to 2.5 mg mL"of oil. The samples were incubated at 37 °C, and
after a contact time of 0, 5, 8, 12, 24, 48 and 72 h, serial dilutions of each sample (200 pl)
were prepared in saline solution. Cell viability at different times was determined by the count
plate method in SDA after 72 h at 25 °C. Plates with 10-100 colonies were used for CFU

counts. Results were expressed in log CFU mL™.

In vitro efficacy of TTO-NE and TTO-NC against Trichophyton rubrum
Experiment 1

The experiment followed a modified model of nail infection proposed by Schaller and
co-workers (25). A strain of 7. rubrum was cultured on a potato-dextrose agar (PDA, Oxoid)
at 25 °C for 7 days, and a conidial suspension of the dermatophyte was prepared in sterile
saline solution containing 0.01% (w/v) polysorbate 80, adjusted to a concentration of

approximately 10° CFU mL". Human nail fragments were donated by healthy male and



female volunteers (without receiving any antifungal treatment for at least 6 months before the
experiment). The nails were polished with a metal in order to obtain a nail powder. Sterile nail
powder was put into a 96-well plate (4 mg for each well) and remained in contact with 7.
rubrum (about 10° CFU mL™") at 30 + 3 °C for 1 h. After, an aliquot of 100 pl of RPMI
medium (Gibco) was added in each well and the plate was incubated at 30 = 3 °C for 5 days.
After this period, the nail powder infected was treated with formulations (100 ul — TTO-NE,
TTO-NC and E) or respective controls (samples without essential oil — C-NE and C-NC, 100
ul). The quantity of oil used was equivalent to MIC described to the 7. rubrum (Carson et al,
2006). After O (initial of treatment), 7 and 14 days, the nail powder was removed and washed
tree times with RPMI medium (centrifugation at 2000 rpm) and diluted into RPMI medium.
Cell viability was determined by the plate count method in SDA and CFU was counted after 7
days at 30 = 3 °C. Analyses were performed in duplicate and results were expressed in log

CFU mL™

Experiment 2

In order to simulate an onychomicosis model, we used the experiment proposed by
Yang and co-workers (26), replacing the hulls by human nails. A suspension of 7. rubrum at
approximately 10° CFU mL™" was inoculated at SDA (1%, v/v). Blocks of this culture (about
3 mm of area) were removed and used in this experiment. Fingernail fragments from a healthy
woman volunteers (without receiving any antifungal treatment for at least 6 months and
without using nail lacquer for 1 month before experiment) were used. Fragments were
sterilized and separately placed in sterile Petri dishes with their external face on filter paper (3
cm) soaked with the formulations or with sterile water as control. Air humidity maintenance
was maintained with the aid of another larger plate (9 cm) containing 4 mL of sterile water.
The agar block of dermatophyte was placed on the internal face of nail fragments, moistened
with SDB every other day, and incubated at 30 + 3 °C for 8 days. The samples (40 uL — TTO-
NE, TTO-NC, C-NE, C-NC and E) were applied on the filter paper every two days for six
days. Sterile saline solution was used as a negative control. At the end of 8 days, the size of

the mycelium was measured with a digital paquimiter (Starrret).

Statistical analysis
Results are expressed as mean + SD (standard deviation). One-way analysis of
variance (ANOVA) was employed in the comparison of the experimental data at a

significance level of 5%.



RESULTS AND DISCUSSION

In previous works we reported the feasibility to prepare nanoemulsions and polymeric
nanocapsules containing TTO (TTO-NE and TTO-NC, respectively). These formulations
showed nanometric mean size (160-220 nm) with a polydispersity index below 0.25. The
inclusion of TTO in nanocapsules showed higher protection against volatilization (22). In the
present work we evaluated the effect of the nanostructured system on the growth of two
strains of microorganisms of clinical importance. This study also allowed a first assessment of

the antifungal activity of nanostructured systems in a model of onychomycosis.

Effect of nanostructures on the growth Candida albicans

Results obtained in the evaluation of antifungal activity of TTO-NE and TTO-NC
against C. albicans are showed in Figures 1 and 2. When the initial concentration of
microorganism was close to 3.7 log CFU mL™, the formulations showed to be able to reduce,
approximately 1.5 units log, and maintain this value until 48 h. No statistical difference was
obtained between the formulations (p > 0.01). After the time incubation of 72 h, an increase
on the growth of yeast near the initial was observed for TTO-NE (2.8 + 0.1 log CFU mL"" at
48 h to 3.1 = 0.2 log CFU mL™). The same was not observed for TTO-NC. However,
considering the initial concentration of 5 log CFU mL™" (Figure 2), the TTO-NE did not
demonstrate the same efficacy, since it was not able to reduce the number of cells. After 24 h
of incubation, a significant increase (about 1.0 unit log) was observed (p < 0.05). On the other
hand, a reduction on the growth and maintenance of values was observed for the TTO-NC
during all experiment. Moreover, this sample was able to reduce nearly 0.5 units log in
relation to initial C. albicans concentration, while TTO-NE demonstrated an increase of 0.5
unit log of this value. The components present in the formulations (C-NE and C-NC
formulations) showed no interference on the microorganism growth in the concentrations
used, and the values obtained were similar to the yeast growth (culture medium without the
samples). Also, an emulsion (coarse emulsion — E) was tested and showed total inhibition
growth in the first 5 h of the experiment.

Nanostructured formulations were also evaluated employing a higher oil concentration
(5.0 mg mL™) near its MIC against C. albicans (17), and a total inhibition of yeast was also
verified after 5 h.
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Figure 1. Microbiological efficacy of formulations against C. albicans (yeast suspension at
10>-10* CFU mL™") (nanocapsules containing TTO — TTO-NC; nanoemulsions containing
TTO — TTO-NE; control nanocapsules — C-NC; control nanoemulsions — C-NE; and medium

without the samples — IN).
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Figure 2. Microbiological efficacy of formulations against C. albicans (yeast suspension at
10° CFU mL™) (nanocapsules containing TTO — TTO-NC; nanoemulsions containing TTO —
TTO-NE; control nanocapsules — C-NC; control nanoemulsions — C-NE; and medium without

the samples — IN).

The effect of nanostructures on the growth curve of C. albicans showed that the
incorporation of the oil at nanostructurated systems did not cause a loss in the antifungal
activity as a function of time. This study can clearly demonstrate that the two developed

formulations have a different performance. In minor concentrations of yeast, TTO-NE and



TTO-NC had a significant decrease in the yeast charge that remained similar for 48 h.
Moreover, the control of growth provided by the TTO-NC remained similar in all analysis
times, which cannot be observed for the TTO-NE due to a marked difference in maintaining
control at the last point. In another test, we increased the C. albicans concentration and
differences between the colloidal systems were observed in the first 24 h of incubation. TTO-
NC significantly reduced the initial charge showing a control on the yeast growth during all
the experiment.

Differences presented by the formulations studied are related to their composition and
structure type. Polymeric nanocapsules present in their composition an oily core surrounded
by a polymeric wall (19), and nanoemulsions, which are non-polymeric carriers, are fine oil-
in-water (o/w) dispersions (27). More recently we reported that the inclusion of oil in
polymeric nanocapsules allowed a higher oil protection against the evaporation, probably due
to the presence of the polymeric wall (22). Thus, the oil could not be totally available to exert
its inhibitory effect due to its slow release into the environment. This observation corroborates
with some release studies. Fontana and co-workers (28) evaluated the release profiles of
clobetasol propionate loaded-nanocapsules, nanospheres and nanoemulsions, and concluded
that the type of system has influence on the drug release, and the presence of the polymer
plays an important role controlling such release. In another study, the same effect was
obtained for indomethacin-loaded nanocapsules in comparison with nanoemulsions (29).
Differences between TTO-NC and TTO-NE in controlling the C. albicans growth may be due
to differences in the release profile of the essential oil from these formulations, and in the case
of TTO-NC, the presence of the polymeric wall was able to control its inhibitory effect for
longer time. Also, comparing the results obtained between the colloidal systems (TTO-NC
and TTO-NE) and conventional emulsion (E formulation), a greater activity was observed for

the eatter, probably due to the oil availability in this sample.

Effect of nanostructures against Trichophyton rubrum

Another goal of this work was to evaluate the influence of TTO-NE and TTO-NC on
the growth of dermatophyte fungus thus two nail infection models were proposed.

The results obtained in the Experiment 1 are showed in Figure 3. Nanostructures
(TTO-NE and TTO-NC) and conventional emulsions (E) showed activity against 7. rubrum
and differences between formulations were observed. All formulations presented a significant
decrease in cell count in the first week after the initial period of treatment (2.37, 1.45 and 1.0

log CFU mL™" for E, TTO-NE, and TTO-NC, respectively). Nevertheless, only TTO-NC was



able to reduce the initial charge count (inoculums charge) to 1.0 log CFU mL™". At the end of
14 days, a significant increase (p < 0.05) in cell viability was observed (0.5 and 1.3 units log

to TTO-NE and E, respectively) while TTO-NC presented a slight increase (0.12 units log).
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Figure 3. Effect of nanostructures against Trichophyton rubrum in an in vitro human nail
infection model (nanocapsules containing TTO — TTO-NC; nanoemulsions containing TTO —
TTO-NE; control nanocapsules — C-NC; control nanoemulsions — C-NE; and medium without

the samples — IN).

In a second experiment, an onychomycosis model with human nails was used in order
to evaluate the effect of nanostructures in a similar in vivo condition. The nail infection was
confirmed by microscopic analysis. After the period used to promote the infection, the
micellar growth of 7. rubrum was evaluated by the areas measured by different treatments and
plotted in a graph (Figure 4). The areas obtained were: 2.88 + 2.08; 14.59 + 2.01; 40.98 +
2.76; 31.97 £ 3.30; 39.22 + 5.21 and 38.72 = 1.22, for TTO-NC, TTO-NE, E, C-NC, C-NE
and nail not-treated, respectively. From the results, we observed that the nails treated with
TTO-NC showed a minimum growth of the fungi, while those that were applied with TTO-
NE had a considerable, but not total inhibition. Still, coarse emulsion (E) presented poor
inhibition of dermatophyte growth. The control formulations (C-NC and C-NE) showed no
activity and no statistical difference (p < 0.05) was observed in comparison with the

fragments that received no treatment (IN).
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Figure 4. Effect of nanostructures against 7. rubrum in an in vitro onychomicosis
experimental model (nanocapsules containing TTO — TTO-NC; nanoemulsions containing
TTO — TTO-NE; control nanocapsules — C-NC; control nanoemulsions — C-NE; and medium

without the samples — IN).

From the experiments with human nails, we observed interesting results and
differences between the formulations in relation to oil inclusion in nanocapsules and
nanoemulsions. The tests employed with human nails (powders or fragments) enabled the
fungus to develop in its favorite habitat. The nanostructured systems were more able to reduce
the growth of the fungus in comparison with the conventional emulsion. Moreover, TTO-NC
showed higher antifungal activity in contrast to TTO-NE and coarse emulsion (E), in all tests.
These results support earlier findings that describe the importance of the nanoparticles to
improve the effectiveness of substances.

Paulo and co-workers (30) evaluated the antifungal activity of nanoparticles
containing amphotericin B and satisfactory results were obtained for the nanostructures. The
larger contact area provided by these systems has promoted greater contact of the active
substance with fungal membrane ergosterol. In addition, interactions of colloidal systems with
the membranes of microorganisms (31) could promote a continuous diffusion of the drug into
the membrane (32). Due to their small size, nanostructures can deposit a greater number of
particles in the surface, exposing a higher amount of active substance (33). Thus, the
increased efficacy showed by polymeric nanocapsules may be explained by the tendency that
the polymers have to adsorb at the interface due to steric and electrostatic mechanisms and
their hydrophobic and surface properties (32). This adsorption has just directed the drug to

specific structures of microorganisms (34). Our results are in agreement with other studies



which have been conducted proving the increased efficacy when antimicrobial drugs are
associated with these systems. Also, nanostructurated systems were able into improve
bioavailability and reduction of frequency of administrations (36).

In topic therapy of onychomocosis, another important aspect refers to the difficulty of
drugs to penetrate in the nail plate, not reaching the hyphae that remain between the scales of
the nail (26). Thus, low concentrations of drugs are obtained. Nail plates are composed mainly
of keratin and have different thicknesses in the fingers and toes of the human body. The
molecular size is an important parameter which influences the drug transport into and through
the nail plate (10). Moreover, Gunt and Kasting (35) showed that the nail hydration improved
the permeation of poorly water soluble drugs. Thus, the use of an aqueous formulation
provides hydration of keratin, causing its expansion and formation of larger pores, facilitating
the permeation of substances (10).

Melaleuca alternifolia essential oil has a broad antimicrobial spectrum, including
yeasts and filamentous fungi, such as C. albicans and T. rubrum. Nanocapsules containing
TTO developed by our research group could overcome some obstacles in the topical therapy
of superficial mycoses, since they are aqueous suspensions with small particle size, and the
presence of the polymeric wall prevents the oil volatilization, increasing its effectiveness
probably due to the better penetration into the fungal cells and better delivery of oil to its site

of action.

CONCLUSION

According to the results obtained in this work, nanocapsules containing M. alternifolia
essential oil were the most efficient formulations in reducing and keeping the growth of C.
albicans and T. rubrum. Another advantage of this system was to prevent nail infection
caused by T. rubrum in an in vitro onychomycosis model, showing the potential of

nanoencapsulion of TTO in treating superficial mycoses.
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PUBLICACAO 3
Avaliagao do efeito antiedematogénico topico e na cicatrizacdo de feridas da pele de hidrogéis

contendo nanocapsulas poliméricas e nanoemulsdes de 6leo essencial de melaleuca
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Evaluation of the antiedematogenic effect and skin wound healing of hydrogels

containing polymeric nanocapsules and nanoemulsions of tea tree oil

ABTRACT

Hydrogels containing nanocapsules and nanoemulsions of Melaleuca alternifolia essential oil
(tea tree oil) were developed and their physicochemical characteristics were evaluated. Their
in vivo efficacy in protecting induced UVB skin damage and receding wound area was also
investigated. Hydrogels showed adequate physicochemical characteristics such as
homogeneous aspect and pH values between 5.4-5.7. The presence of nanocapsules and
nanoemulsions in hydrogels did not change their spreadability. The in vivo antiedematogenic
effect was evaluated by ear thickness measurement after UVB-irradiation and demonstrated
protection conferred by hydrogels containing both nanocapsules and nanoemulsions. In
addition, the hydrogel containing nanocapsules (HG-TTO-NC) presented a higher reduction
of the wound area compared to the hydrogel containing nanoemulsions (HG-TTO-NE) and
hydrogel containing allantoin (positive control). Analyses of the oxidative stress showed
increased glutathione, vitamin C and catalase levels after the treatment with HG-TTO-NC.
Results obtained in this study show the feasibility of obtained dermatological formulations
containing the tea tree oil associated in nanostructured systems. These formulations represent

a promising approach to topical treatment of inflammatory disorders and wound healing.

Keywords: Antiedematogenic effect; hydrogels; nanocapsules; tea tree oil; wound healing.



INTRODUCTION

The skin is an important protection organ forming a barrier against water loss and
other endogenous materials as well as against the permeation of harmful external substances
such as chemicals, while protecting the body against infectious agents (PINTO et al., 2011).
In the case of injuries in this body, it makes possible the penetration of microorganisms
causing cutaneous, subcutaneous or serious abscesses and, depending on the degree of injury,
they may affect the circulation leading to a generalized infection (NOSKIN et al., 2005). All
injuries, due to their importance, should be immediately repaired, which often occurs through
the healing process. This repair process is composed of 3 steps. Firstly, an inflammatory
process initiates and protects the area from microorganisms through the migration of immune
cells to the wound area. Then, the production of reactive oxygen species (ROS) occurs.
Secondly, we have the proliferative phase, where a reepithelialization occurs with the
formation of a new granulation tissue and angiogenesis to cover the wound area. Finally, a re-
modulation with subsequent maturation of the new tissue occurs (KONDO, 2007; SCHAFER;
WERNER, 2008).

The use of alternative therapies such as natural products becomes useful due to their
several medicinal properties. Melaleuca alternifolia essential oil (tea tree oil — TTO) has
topical use spread in Australia due to its various medicinal properties (HARKENTHAL et al.,
1999). Its properties include antimicrobial, anti-inflammatory and antiproliferative properties
(CARSON; HAMMER; RILEY, 2006). However, there are many problems related to TTO
formulations such as oxidation of the oil components, possibility of incompatibility and
adsorption in some packaging materials (CARSON; HAMMER; RILEY, 2006), as well as
low instability when incorporated in conventional emulsions occurring phase separation,
coalescence or flocculation (KIM et.al., 2009). Moreover, the essential oil in its pure form
presents phototoxicity and potential allergen in relation to topical use (CARSON; RILEY;
COOKSON, 1998). When incorporated in topical formulations it can cause skin irritation and
allergic reactions (HAMMER et al., 2006).

The incorporation of active substances in colloidal systems has been studied in order
to improve the release, control of release, bioavailability, reduction of toxicity and irritation
(MISHRA; PATEL; TIWARI 2010). These systems also protect the substance of external
degradation like photodegradation (OURIQUE et al.,, 2008; FONTANA et al., 2009),
oxidation, hydrolysis and pH changes (SAHOO; PARVEEN; PANDA, 2007).

Polymeric (ALVES; POHLMANN; GUTERRES, 2005; MARCHIORI et al., 2010),
lipid nanoparticles (MULLER et al., 2007; PARDEIKE; HOMMOSS; MULLER, 2009), and



nanoemulsions (ALVES et al., 2007) have been studied, particularly, for dermal application.
These nanocarriers are promising for drug administration to the skin for cosmetic and
pharmaceutical formulations due to their small particles (< 1 um), greater coverage of the
stratum corneum, as well as increase and improvement of the penetration of the active through
skin (PARDEIKE; HOMMOSS; MULLER, 2009).

Products of skin care are usually gels or emulsions due to their ability to control the
viscosity in order to offer suitable features for topical application (GUTERRES; ALVES;
POHLMANN, 2007). When nanoparticles are incorporated into a hydrogel, the final
formulation (nanogel) offers the benefits of hydrophilicity, flexibility, versatility, high
capacity for water absorption and biocompatibility of the gel as well as all the advantages
conferred by nanoparticles (HAMIDI; AZADI; RAFIEIL 2008). Different polymers are used
to obtain semisolid dosage forms with adequate consistency for cutaneous administration.
Literature has reported the use of hydroxyethylcelulose (LUENGO et al., 2006), Carbopol®
940 (MILAO; KNORST; GUTERRES, 2003; ALVES; POHLMANN; GUTERRES, 2005,
ALVES et al., 2007), Carbopol® Ultrez (MARCHIORI et al., 2010; FONTANA, 2010) based
gel formulations for polymeric nanocapsules and nanoemulsions.

In previous works, we developed nanostructured systems (nanocapsule suspensions
and nanoemulsions) containing TTO with adequate physicochemical characteristics (FLORES
et al., 2011). Thus, the objective of the present study was to evaluate the feasibility of the
development of hydrogels containing TTO-nanocapsules and TTO-nanoemulsions and the
efficacy of these formulations to protect skin against UVB radiation and to heal the cutaneous

wound.

MATERIALS AND METHODS

Materials

Tea tree essential oil (Melaleuca alternifolia) was obtained from Laszlo Aromaterapia
(Belo Horizonte, Brazil). Poly(e-caprolactone) (Mw = 80,000) and sorbitan monooleate were
acquired from Sigma (Sdo Paulo, Brazil). Polysorbate 80 was supplied by Delaware (Porto
Alegre, Brazil). Polymer Carbopol® Ultrez was acquired from Deg (Sdo Paulo, Brazil). All

other chemicals and solvents were of pharmaceutical grade and used as received.



Preparation of nanoemulsions and nanocapsule suspensions

Nanoemulsions (TTO-NE) and nanocapsules (TTO-NC) containing M. alternifolia
essential oil (TTO, 10.0 mg/mL) were prepared by spontaneous emulsification
(BOUCHEMAL et al., 2004) and interfacial deposition of preformed polymer (FESSI et al.,
1989) methods, respectively, according to the quali-quantitative composition describe in
Table 1. After the dilution of the components, the organic phase was added to an aqueous
solution under moderate stirring (10 min). Then, the organic solvent was removed by
evaporation under reduced pressure and the final volume of the formulations was fixed at 50
mL. TTO-NC suspensions were prepared using the same protocol described above, differing
regarding the presence of a polymer [poly(e-caprolactone)] in the organic phase. Formulations
without TTO were also prepared as a control, and named C-NE and C-NC (samples

containing the components of the nanoemulsions and nanocapsules, respectively).

Table 1. Composition of nanoemulsions and nanocapsules containing TTO

Phase Components Amount

Organic Poly(e-caprolactone) 250 mg
Sorbitan monooleate 383 mg
Tea tree oil 500 mg
Acetone 25mL

Aqueous Polysorbate 80 383 mg
Ultra pure water 50 mL

Preparation of hydrogels

In order to obtain hydrogel formulations, Carbopol® Ultrez 10 NF (acrylic acid
polymer) was dispersed in aqueous nanoemulsions or nanocapsules recently prepared
resulting in an oil content of 1% (w/w). Hydrogels were prepared in triplicate with a mortar
and pestle, and in order to obtain an adequate semisolid formulation, all dispersions were
neutralized with triethanolamine. Additionally, a hydrogel containing free TTO at the same
concentration and respective control (hydrogel without oil) were made. In this case, the oil
was previously dispersed in polysorbate 80 and then incorporated in a hydrogel base

(Carbopol® Ultrez, water and triethanolamine). The semisolid formulations are: HG-TTO-NC,



HG-TTO-NE and HG-TTO (hydrogels containing TTO-NC, TTO-NE and free TTO,
respectively); HG-C-NC, HG-C-NE and HG (hydrogels containing C-NC, C-NE and

hydrogel without oil, respectively). The composition of hydrogels is showed in Table 2.

Table 2. Quali-quantitative composition of hydrogels
Component HG-TTO- HG-TTO- HG-TTO HG-C-NC HG-C-NE HG
NC NE

Carbopol® Ultrez 025¢g 025¢g 025¢g 025¢g 025¢g 025¢g
Triethanolamine 0.05¢g 0.05¢g 0.05g 0.05g 0.05¢g 0.05¢g
TTO - - 05¢g - - -
Polysorbate 80 - - 0383 ¢g - - 0.383 g
TTO-NC gs.50g - - - - -
TTO-NE - qs.50g - - - -
C-NC - - - g.s.50g - -
C-NE - - - - qs.50g -

Distilled water - - q.s.50 g - - gs.50g

g.s., quantity sufficient.

Physicochemical characterization of hydrogels
All hydrogel formulations were characterized after 48 h of preparation in relation to

macroscopic aspect, pH and spreadability.

Macroscopic analysis and pH determination

The macroscopic characteristics of hydrogels were observed in relation to aspect, odor
and color. The pH values were determined after dispersion of the hydrogel in ultrapure water
(10% w/v) using a calibrated potentiometer (Mettler Toledo, Sdo Paulo, Brazil), at room

temperature. The analyses were performed in triplicate for all batches.

Spreadability of hydrogels
The spreadability of semisolid formulations was evaluated according to the parallel
plate method (BORGHETTI; KNORST, 2006). The sample was introduced in a central hole

(1 cm) of a mold glass plate. The mold plate was carefully removed and the sample was



pressed subsequently with glass plates of known weights, with intervals of 1 min between
each plate. Spreading areas reached by samples between every addition of a glass plate were
measured in millimeters in vertical and horizontal axes. Analyses were made at room
temperature. Results were expressed in terms of spreading area as a function of the applied

mass according to Equation 1 and represent the mean of three determinations:
S; = d".n/4 (1)

in which S; is the spreading area (mm?) after the application of a determined mass i (g) and d
is the mean diameter (mm) reached by each sample.
The spreading area was plotted against the plate weights to obtain the spreading

profiles.

Antiedematogenic effect of hydrogels induced by UVB radiation
Animals and experimental protocol

The present study was conducted in accordance with current guidelines for the care of
laboratory animals and ethical guidelines for investigations of experiments in conscious
animals (ZIMMERMANN, 1983) and all procedures were approved by our Institutional
Ethics Committee (number 94/2010, UFSM). The number of animals and stimuli were the
minimum necessary to demonstrate the consistent effects of treatments. The behavioral
evaluation was performed blindly with respect to treatment administration. All experiments
were performed using adult male Swiss mice weighing 25-30 g. Animals were housed under
controlled temperature (22 = 1 °C), on a 12 h light/12 h dark cycle, with standard lab chow
and water ad libitum. The animals were acclimated to the experimental room for at least 1 h
before the experiments. RandomLy chosen animals were divided into groups of 6 and
topically treated on the ear surface with 0.06 g of hydrogels with nanostructures (HG-TTO-
NC and HG-TTO-NE), free oil (HG-TTO) and control formulations (HG-C-NC, HG-C-NE
and HG). The formulations were applied 1 h before irradiation of the ear surface and also 4 h
after irradiation as previously described (VICENTINI et al., 2010). An untreated irradiated

control group was also included in the experiment.



Irradiation

The UVB source of irradiation consisted of a Philips TL40W/12 RS lamp (Medical-
Eindhoven, Holand) mounted 20 cm above the table on which the mice were placed. The
lamp emitted a continuous light spectrum between 270 and 400 nm with a peak emission at
313 nm. UVB output (80 % of the total UV irradiation) was measured using a model 1L-1700
radiometer (International Light, USA; calibrated by IL service staff) with a sensor for UV
(SED005) and UVB (SED240). The UVB irradiation rate was 0.27 mW/cm® and the dose

used was 0.5 J/em?.

Edema formation

Edema was expressed as an increase in ear thickness and was recorded in mm. Ear
thickness was measured before and 24 h after UVB irradiation using a digital micrometer
(Starret Series 734) in animals anesthetized with halothane. The micrometer was applied near

the tip of the ear distal to the cartilaginous ridges.

Effect of hydrogels in wound healing in rats
Animals and experimental protocol

Male albino Wistar rats (250-300g) were kept on clean, sterile, metal cages; one
animal per cage. Food and water were provided ad [libitum to the animals in a room with
standard conditions of temperature (22-23 °C), in 12 h-light/dark cycles with lights on at 7:00
a.m. The animals were maintained and used in accordance to the guidelines of the Committee
on Care and Use of Experimental Animal Resources [number 93/2010(2), UFSM].

The animals were divided into seven groups with seven animals per group: control
group (treated with HG), positive control group (hydrogel containing allantoin at 1% — HG-
AL) and five test groups (hydrogels containing nanostructures — HG-TTO-NC and HG-TTO-
NE, and their respective controls — HG-C-NC and HG-C-NE, and free oil - HG-TTO).

Morphometry of wound areas
This assay was performed according to the methodology described by Suguna and co-

workers (2002) with slight modifications. Animals were anesthetized with xilazine (20 mg/kg



b.w. LM.) and ketamine (100 mg/kg b.w. I.LM.) and their dorsal surface was shaved and
disinfected with ethanol 70% (v/v). A full thickness open excision wound of 4 cm® was made
on the shaved area by removing a patch of skin. The wound sites were treated twice daily for
5 consecutive days with topical application of the hydrogels (0.5 g). The wound areas were
determined on days 1, 3 and 6, by taking photographs at 25 cm and tracing the wound surface
onto a transparency paper. The measuring of the surface area was calculated using AutoCAD®
2007. Results were converted at perceptual (%) area of days 3 and 6 compared to the first day.

The general aspect of the wound area was also evaluated.

Biochemical analyses

After scarification of the animals, a patch of skin was removed, weighted and
homogenized in 10 volumes (w/v) of 10 mM Tris-HCI buffer (pH 7.4). The homogenate was
centrifuged at 3000 rpm for 15 min and the supernatants used for biochemical analysis.
Catalase (CAT) activity in skin tissue was quantified spectrophotometrically by the method of
Aebi (1984), which involves monitoring the disappearance of H,O, in the presence of cell
homogenate (pH 7, 25 °C) at 240 nm, for 120 s. The enzymatic activity was expressed as
umol H,O,/min/g tissue. Reduced gluthatione (GSH) levels tissue content was determined
after reaction with 5,5’-dithiobis-(2-nitrobenzoic acid). The yellow color developed was read
at 412 nm, in accordance with Boyne and Ellman (1972), after modifications (Jacques-Silva
et al., 2001). A standard curve using cysteine was used to calculate the content of GSH in
tissue samples, expressed as mmol GSH/g tissue. Plasma vitamin C (VIT C) was estimated as
described by Galley and co-workers (1996) with some modifications (Jacques-Silva et al.,
2001). This method produces an orange chromogen by the reaction with
dinitrophenylhydrazine at 37 °C, measured in spectrophotometer at 520 nm. A standard curve
using ascorbic acid was used to calculate the content of VIT C and the results were expressed

as mg VIT C/mL plasma.

Statistical analysis

All formulations were prepared and analyzed in triplicate. Results are expressed as
mean + SD (standard deviation). Data were analyzed by One-way ANOVA and Tukey’s test,
at a significance level of 5%. For the antiedematogenic assay the results were expressed as

mean = S.E.M (standard error) and the data were analyzed followed by Duncan’s Post Hoc



test when appropriated, at a significance level of 1%. For healing experiment the Statistica

software was performed and the data were analysed at a significance level of 5%.

RESULTS AND DISCUSSION

In this work, hydrogels were prepared with nanoemulsions and nanocapsules
containing TTO in order to circumvent the difficulties reported to the inclusion of the
essential oil in topical preparations, especially in water-based vehicles. In addition, the
maintenance and improvement of their pharmacological properties were also verified. The
nanostructures were characterized by oil content, mean particle size and polydispersity as
described previously by Flores and co-workers (2011). They presented satisfactory
characteristics such as nanometric mean size (below 250 nm), polydispersity index below
0.25, negative zeta potential and oil content at 96%. Carbopol® Ultrez, an acrylic acid

hydrogel, was selected due to its widely use in pharmaceutical preparations.

Characterization of hydrogels

When TTO-NC and TTO-NE were incorporated in the hydrogels, the semisolid
formulations (HG-TTO-NC and HG-TTO-NE) presented satisfactory organoleptic
characteristics such as brilliant and homogenous aspect and white color, similar to gel-cream
formulation and odor characteristic of oil, but less intense compared to hydrogel with free oil
(HG-TTO). In the case of free oil formulation we observed a homogeneous aspect and whitish
color. The same characteristics were obtained from the control formulations (HG-C-NC and
HG-C-NE) regarding odor. Hydrogels without nanostructures or TTO (HG) presented a
transparent and homogeneous aspect.

All formulations presented pH values around 5.4 to 5.7 (Table 3), in agreement with
pH values for topical application (SCHREML et al., 2010). pH values were independent of
the type of formulation (p < 0.05). It is important to highlight that the hydrogels showed pH
values compatible with topical application, whose epidermis is slightly acidic (KIM et al.,
2006). Changes in skin pH can lead to loss of cutaneous integrity, making the skin susceptible

to entry of external agents (SCHREML et al., 2010).



Table 3. pH values and spreadability of the hydrogels containing TTO-NC (HG-TTO-NC),
TTO-NE (HG-TTO-NE), free oil (HG-TTO) and control hydrogels (HG-C-NC, HG-C-NE
and HG) (mean = SD)

Formulations pH values Spreadability (mm”)
HG-TTO-NC 5.43 £0.05" 3832.28%¢
HG-TTO-NE 5.49 +0.03" 4129.82*°
HG-TTO 5.46+0.07° 1918.86"
HG-C-NC 5.38+0.34° 2723.56"°
HG-C-NE 5.29+0.14° 3204.49°
HG 5.66 £ 0.09* 4778.89*

*Means, in column, with the same letter are not significantly different (ANOVA, Tukey test,
p <0.05).

During the development of semisolid formulations the knowledge of how the
formulation is spread on the skin as well the strength required for its application is highly
important. The efficacy of topical therapy depends on the patient spreading the formulation in
the skin to deliver an adequate dose of the drug. These parameters are evaluated in
spreadability studies. In this work, we used the parallel plate method for the evaluation of
spreadability of hydrogels, which is the most commonly used to regulate and quantify of the
applicability of semisolid preparations (GARG et al., 2002). Spreading areas and weights
were plotted in graphic to obtain the spreading profiles as shown in Figure 1. The graphic
representation showed that TTO-nanostructures did not influence hydrogel profile. The
incorporation of TTO-NC and TTO-NE led to a slight decrease in the spreadability compared
to HG. The spreading area for the same force applied was higher for HG followed by HG-
TTO-NE, HG-TTO-NC, HG-C-NE, HG-C-NC and the lowest was for HG-TTO (Table 3).
However, no statistical difference was obtained for hydrogels containing nanostructures and
hydrogel base (p > 0.05). Similar results were described by other works (ALMEIDA, 2010;
MARCHIORI et al., 2010). On the other hand, the hydrogel containing free oil (HG-TTO)
presented the lowest spreadability (p < 0.05), demonstrating that this formulation need a
higher force to be spread. Thus, hydrogels containing the nanocarrier have advantages,

especially when applied in regions hurt and painful as it spreads more easily.



——HG
——HG-TTO
—a— HG-TTO-NC
——HG-C-NC
4000 ——HG-TTO-NE
——HG-C-NE

6000 ~

5000 -+

3000 +

2000 ~

Spreading area (mm?)

1000

() T T 1
0 200 400 600
Weight (g)

Figure 1 — Spreadability of hydrogels containing TTO-NC (HG-TTO-NC), TTO-NE  (HG-
TTO-NE), free TTO (HG-TTO) and control hydrogels (HG-C-NC, HG-C-NE and HG).

Antiedematogenic effect of hydrogels induced by UVB radiation

The effect of hydrogels containing TTO in the anti-inflammatory response to skin
damage was evaluated. Animals were pre-treated topically with hydrogels and the protective
effect against UVB radiation was observed. Formulations were applied 1 h before and 4 h
after the UVB-irradiation on the mouse ear. Edema was measured 24 h after the ear
irradiation and the results were expressed as the change in ear thickness. Hydrogels
containing TTO-NC and TTO-NE (HG-TTO-NC and HG-TTO-NE) were able to reduce
significantly the ear edema after the exposition of the UVB radiation (Figure 2). A reduction
of, approximately, 67% was obtained for HG-TTO-NC and HG-TTO-NE in relation to the
untreated group. On the other hand, neither hydrogels containing free oil (HG-TTO) nor
formulations without oil (HG-C-NC, HG-C-NE and HG) reduced the ear thickness induced
by light UVB.
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Figure 2. Effect of hydrogels on the edematogenic responses induced by UVB radiation (0.5
J/em2). Hydrogels containing nanocapsules and nanomulsions (HG-TTO-NC and HG-TTO-
NE), free oil (HG-TTO) and control formulations (HG-C-NC, HG-C-NE and HG). Each

column represents the mean S.E.M. for 6 animals (** p < 0.01 vs. un-treated mice).

Several studies have investigated the anti-inflammatory properties of TTO. Hart and
co-workers (2000) evaluated the anti-inflammatory activity of the oil using human monocytes
activated and they suggest that its activity is due to the suppression of inflammatory
mediators, such as TNFa, IL-1B, IL-8, IL-10 and PGE2. Moreover, the most important
suppressor was terpinen-4-ol, the principal component of oil. However, this substance was not
able to suppress the production of superoxide by human neuthophils (BRAND et al., 2001).
Another study evaluated the topical action of TTO in skin inflammation induced by histamine
and a good anti-inflammatory effect was observed (KOH et al., 2002). The anti-inflammatory
effect of TTO induced by light UVB was studied by Brand and co-workers (2002). The oil
was able to reduce the edema and other reactions caused by specific immune response
(involving T cells), but not the influx of inflammatory cells. Still, it was ineffective in
controlling the edema associated with non-specific inflammation response induced by UVB
radiation. The authors suggest that these results may be due to the interaction between oil
components and UVB radiation.

Our results showed that the inclusion of TTO in the nanocapsules and nanoemulsions
allowed to reduce the edema induced by UVB exposure, unlike free oil formulation, where
this effect was not observed. In order to explain the effect exerted by nanostructures, two
hypotheses may be considered: first, the protector effect against volatilization (FLORES et al.,
2011) and second, the protection afforded by nanostructures against UV light so that the oil
does not degrade, thereby maintaining its components able to exert its anti-inflammatory
activity. This hypothesis is reinforced with other studies reported in the literature (OURIQUE
et al., 2008; FONTANA et al., 2009).



Effect of hydrogels in wound healing in rats

Wound healing processes consist of three steps: firstly, inflammation (action of
immunological system cells); secondly, the proliferative phase (reepithelialization with
angiogenesis to have a new granulation tissue) and thirdly, remodeling (novel tissue
maturation) (KONDO, 2007). In order to evaluate healing action of hydrogels containing
TTO-NE and TTO-NC, we investigated the regression of the cutaneous lesion in rats, in
relation to basal (day 1 of wound) after the cutaneous treatment with developed hydrogels.
The size of the wound area and percentage of contraction in rats were monitored during the
experimental period (6 days) to assess the wound healing potential of the hydrogels. In
addition, antioxidant defenses (reduced glutathione — GSH and vitamin C levels and CAT
activity) were evaluated in the rat lesion after the treatment. As a positive control, a hydrogel
containing allantoin (HG-AL) was used. In order to discard any possible healing action of the
components used in the preparation of the nanostructured systems, hydrogels containing these
substances were also prepared (HG-C-NC, HG-C-NE and HG). A hydrogel containing free oil
(HG-TTO) was also evaluated to compare with the nanostructures.

The regression of the cutaneous lesions when the formulations were applied in the
wounds of the animals is shown in Figure 3. The results obtained showed that the hydrogel
containing TTO-NC (HG-TTO-NC) was more efficient in the treatment of wound healing
(p < 0.05). All formulations containing TTO presented a significant difference in relation to
hydrogel base (HG). In comparison with the positive control (HG-AL), the group treated with
HG-TTO-NC showed difference in wound area reduction, whereas no statistical difference
(p > 0.05) was obtained to the group treated with the hydrogel containing free oil (HG-TTO).
Although the formulation HG-TTO-NE has shown some activity, it differs statistically from

the hydrogels containing the free oil and the oil included in the nanocapsules (p < 0.05).
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Figure 3. Percentage of wound healing area reduction in relation to basal. Hydrogels
containing TTO-NC (HG-TTO-NC), TTO-NE (HG-TTO-NE), free oil (HG-TTO) and control
formulations (HG-C-NC, HG-C-NE and HG). Data are shows by mean + S.E.M (n = 6).

In order to obtain a better understanding of the healing process of the oil incorporated
in our formulations, different antioxidant defenses were studied in the wound tissues after the
different treatments. During inflammatory stage of the wound healing, the immunologic cells
secrete ROS which play an important role in angiogenesis and are a defensive mechanism
against micro-organisms. However, when they are in excess, these substances are aggressive
resulting in oxidation of cellular macromolecules, causing cell damage with severe
consequences like impairment in wound healing (SCHAFER; WERNER, 2008). Thus, the
determination of antioxidant status can contribute to evaluate the progress of wound healing.
The results of antioxidant quantification (GSH, vitamin C and CAT) are shown in Figure 4.
Levels of GSH, vitamin C and CAT obtained were, respectively: 4.02 + 0.30 pumol/g, 178.20+
5.15 pg/g and 420.67 + 48.44 umol/g for the HG-TTO-NC; 3.36+ 0.27 pmol/g, 168.5 + 1.86
pg/g and 310.46 + 45.41 umol/g for the HG-TTO-NE; 3.17 + 0.51 umol/g, 141.87 + 8.34
ng/g and 296.13 £ 33.53 umol/g for the HG-TTO. According to our results, groups treated
with HG-TTO-NC presented higher GSH levels and CAT activity when compared to the
groups treated with other hydrogels (p < 0.05). There was no statistical difference between the
groups treated with hydrogels containing free oil, TTO-NE and all control formulations. On
the other hand, higher vitamin C levels were observed for the group treated with HG-TTO-NC
and HG-TTO-NE compared to all other groups (p < 0.05). These results are in agreement with



the importance of antioxidant defenses in decreasing the damage of cells caused by free
radicals, which contributes to the wound healing processes (SCHAFER; WERNER, 2008),
corroborating with the higher activity demonstrated by the hydrogel containing TTO-NC.
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Figure 4. Effect of hydrogels contaning TTO-NC (HG-TTO-NC), TTO-NE (HG-TTO-NE),

free oil (HG-TTO) and control formulations (HG-C-NC, HG-C-NE and HG) in dosage of
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antioxidants of the cutaneous lesions in rats. (A) glutathione levels, (B) vitamin C levels and

(C) catalase activity.

In this work, hydrogels containing the nanosctuctured systems showed both protective
effects against UVB radiation (suggesting an anti-inflamatory activity) and in wound healing.
According to the phases of healing, these results seem to be controversial, mainly considering
the first stage of healing when the inflammatory process occurs. Studies have demonstrated
that TTO anti-inflammatory responses may control the tissue damage (KOH et al., 2002),
which can favor repair process. Studies performed by Kocaa and co-workers (2009) and
Stintar and co-workers (2010) found the same double activity for Centaurea iberica and
Hypericum perforatum extracts, respectively. These effects are due to the presence of anti-
inflammatory compounds like terpenes concomitantly with antioxidants (KOCAA et al.,
2009) and the possibility of shorten the inflammatory period, which contributes to protect the
wound against infections and preserving this area (SUNTAR et al., 2010), decreasing ROS

levels and tissue damage.



Moreover, in order to have a tissue satisfactory repair, the wound should be free of
microorganism and in some cases the use of antiseptic agents is needed (KONDO, 2007).
Studies appoint to the use of TTO in wound healing, mainly in those colonized by
Staphylococcus aureus (HALKON; MILKUS, 2004; EDMONDSON et al., 2011). Thus, by
hypothesis, the best effect attributed to hydrogels containing TTO-nanocapsules is due to
better antimicrobial activity observed in this system in comparison with TTO-nanoemulsions
according with researches carried out by our group (data not shown). In addition, the lowest
effect observed to the hydrogel containing the free oil (HG-TTO) may be also related to the
loss of oil content caused by the volatilization, leaving less oil to exert its anti-inflammatory,
antimicrobial and antioxidant activities, which are important processes involved during the
wound healing. This hypothesis is based on the protection of oil afforded by nanocapsules

(FLORES et al., 2011).

CONCLUSION

This work showed the feasibility to prepare semisolid formulations containing M.
alternifolia essential oil (TTO) associated in nanoemulsions and polymeric nanocapsules. The
hydrogels presented satisfactory characteristics compatible to topical application. Regarding
in vivo studies, this work presented a bioassay to evaluate the antiedematogenic effect and
wound healing study after topical application of these innovative hydrogels. Formulations
were able to increase the biological activities of oil and protect the skin damage induced by
UVB radiation. In addition, a higher effect on wound healing was observed to the hydrogel
containing TTO-nanocapsules, showing the important role of this nanocarrier to improve the

efficacy of volatile substances.
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DISCUSSAO GERAL

O uso de o6leos essenciais tem sido introduzido no tratamento de diversas infec¢des
superficiais, visando a utilizacdo de produtos de origem natural. Devido as suas variadas
propriedades medicinais, como atividades antifingica, antibacteriana, anti-inflamatoria,
antiviral e antiprotozoaria, e sob o ponto de vista de segurancga, o 6leo essencial de Melaleuca
alternifolia tem sido empregado com éxito (COX et al.,, 2000; HAMMER; CARSON;
RILEY, 2004; REICHLING et al., 2006; CARSON et al., 2008). Tendo em vista as suas
potencialidades e considerando suas problemadticas peculiares de acondicionamento,
armazenamento e incorporagdo em formas farmacéuticas, este estudo visou a possibilidade de
obtencdo de formulagdes que protegessem o Oleo, aumentassem sua eficacia e
proporcionassem protecao frente a volatilizagao.

Os sistemas nanoestruturados tem sido alvo de inumeros estudos no ambito
farmacéutico e, atualmente, 17% de toda a inovacao tecnologica trazida por esses sistemas
focam na area farmacéutica (KAUR et al., 2010). Diversas sdo as vantagens conferidas por
estas submicrométricas estruturas, como liberacdo precisa e segura do farmaco no local de
acdo (MISHRA; PATEL; TIWARI, 2010) e a melhora na estabilidade de substancias, uma
vez que fornecem protecdo frente a degradacdo ocasionada por fatores externos (SAHOO;
PARVEEN; PANDA, 2007; OURIQUE et al., 2008). Assim, a incorporagdo do oleo de
melaleuca em sistemas coloidais como nanocapsulas e nanoemulsoes, tornou-se uma atraente
alternativa para contornar os obsticulos relacionados a sua utilizagdo. Neste trabalho, a
caracterizagdo fisico-quimica, estudos de estabilidade e a protecdo do o6leo frente a
volatilizagdo foram estudados. Adicionalmente, a atividade antifungica dos sistemas
nanoestruturados, especialmente em modelo in vifro de onicomicose, sua incorporacdo em
base semissolida, caracterizacdo e avaliacdo in vivo do efeito antiedematogénico e da
atividade cicatrizante dos hidrogéis foram avaliadas. A comparacdo entre as diferentes
formulacdes (suspensdo de nanocapsulas e nanoemulsao) foi, também, estabelecida.

Desse modo, a primeira parte deste trabalho foi delineada no sentido de verificar a
viabilidade tecnologica da obtencdo de nanoemulsdes e suspensdes de nanocépsulas
poliméricas contendo o 6leo de melaleuca na concentragdo de 10 mg/mL. Para a obtencao das
nanocapsulas, um polimero biocompativel e biodegradavel foi empregado [poli(e-
caprolactona)]. As nanoemulsdes e suspensoes de nanocapsulas foram preparadas utilizando o

método da emulsificagdo espontdnea (BOUCHEMAL et al., 2004) e deposigdo interfacial de



polimero pré-formado (FESSI et al.,, 1989), respectivamente. As formulacdes foram
caracterizadas quanto ao tamanho médio de particula, indice de polidispersao, pH, potencial
zeta, conteudo de Oleo e estabilidade frente ao armazenamento.

Inicialmente, o teste de inchamento do polimero foi realizado a fim de verificar a
possibilidade de solubilizagdo do polimero pelo o6leo, prevendo, assim, uma possivel
desintegracdo da parede polimérica durante o armazenamento. Um pequeno aumento de peso
foi observado nos trés primeiros dias do experimento, permanecendo constante nos dias
subseqiientes até o término do 6° més. Isto sugere que o polimero tem pouca interagdo com o
6leo, indicando que apos a preparacdo da suspensdo de nanocapsulas, a parede polimérica nao
sera dissolvida pelo mesmo, mantendo a protecdo do nicleo oleoso.

Os sistemas nanoestruturados, apds preparagao, apresentaram aspecto macroscopico
homogéneo e leitoso, com reflexo azulado (efeito Tyndall). O reflexo azulado se deve ao
movimento Browniano das particulas, devido ao seu tamanho nanométrico (SCHAFFAZICK
et al., 2003). As formula¢des demonstraram tamanho nanométrico (158-200 nm), indice de
polidispersdo abaixo de 0,25, pH levemente 4cido e potencial zeta negativo. Estes resultados
estdo em concordancia com os descritos na literatura para estas metodologias (SILVA, 2005;
FRIEDRICH et al., 2008; OURIQUE et al., 2008; FONTANA et al., 2009; ALMEIDA et al.,
2009). O conteudo de 6leo ficou em torno de 96% da concentragdo tedrica para ambas as
formulagdes. Esta perda de cerca de 4% durante a preparagdo, provavelmente ocorreu durante
o processo de evaporagdo do solvente. A literatura reporta valores percentuais de,
aproximadamente, 30 e 40% relacionados a evaporagdo do 6leo essencial de acafrdo ocorrida
durante o processo de evaporagdo do solvente na obtencdo de nanocdpsulas
(LERTSUTTHIWONG et al, 2008; LERTSUTTHIWONG; ROJSITTHISAK;
NIMMANNIT, 2009). Comparando estes resultados, se verifica que o processo empregado
neste trabalho foi vantajoso e uma quantidade pequena de 6leo foi perdida durante o processo
de preparagdo das nanoestruturas. Para tal, estipulou-se um volume minimo de solvente a ser
retirado.

Ainda, no que se refere as caracteristicas organolépticas, o odor das formulagoes foi
analisado e sua intensidade foi comparada ao 6leo puro. As nanocapsulas apresentaram odor
menos intenso, seguidas pelas nanoemulsdes. A fim de comparagdo, uma emulsdo
convencional foi, também, preparada e avaliada, a qual apresentou intensidade de odor
semelhante a do 6leo puro, embora um pouco mais suave. As formulagdes de nanocépsulas,
pela presenca da parede polimérica circundando o 6leo, mascararam seu peculiar odor. Este

resultado demonstra, novamente, a habilidade das nanocapsulas poliméricas em mascarar as



propriedades fisico-quimicas de algumas substancias (GUTERRES; ALVES; POHLMANN,
2007).

Uma das vantagens dos sistemas nanoestruturados ¢ a comprovada capacidade de
protecdo das substincias neles incorporadas (SAHOO; PARVEEN; PANDA, 2007;
OURIQUE et al., 2008; FONTANA et al., 2009). Essa protecao foi verificada no estudo de
evaporagdo. As formulagdes demonstraram diferentes potencialidades na prote¢do frente a
perda por volatilizagdo, sendo que apo6s uma hora, as nanocapsulas apresentaram 55% do
valor inicial de 6leo, ao passo que para a emulsao convencional, esse valor foi de cerca de
30%. Assim, se torna evidente a prote¢do conferida pela parede polimérica frente a perda de
0leo, podendo-se sugerir uma possivel protecdo frente as reagdes de degradacdo. Lai e
colaboradores (2006) demonstraram a capacidade de reduzir a perda de 6leo essencial quando
este esta associado a nanossistemas. Desta forma, a inclusdo do 6leo de melaleuca em
suspensdo de nanocdpsulas poliméricas proporcionou uma maior prote¢do frente a
volatilizacgao.

No estudo de estabilidade, o tamanho de particula e o indice de polidispersao
mantiveram-se constantes para as duas formulagdes durante os dois meses. Entretanto,
diferencas estatisticas a partir dos 30 dias foram observadas em rela¢do ao potencial zeta das
nanocépsulas. Sabe-se que o potencial zeta ¢ influenciado por mudangas na interface entre a
particula e o meio (SHAFFAZICK et al., 2003). Por outro lado, os valores de pH
apresentaram decréscimo tanto para as nanoemulsdes como para as nanocapsulas, podendo
este estar relacionado, no caso da nanoemulsdo, com um maior contato do 6leo com o meio
aquoso, levando a uma possivel degradacdo de alguns componentes e, para a suspensao de
nanocapsulas, devido a relaxa¢do da cadeia polimérica, com exposicdo de grupamentos
carboxilicos terminais (SHAFFAZICK et al., 2003). Estes resultados estdo em concordancia
com outros trabalhos reportados na literatura (JAGER et al., 2007; FONTANA et al., 2009).
Ap6s 30 dias de armazenamento, o contetido de 6leo para ambas as formulagdes foi superior a
90%.

Apds o desenvolvimento e caracterizacdo das nanocédpsulas e nanoemulsdes contendo
6leo de melaleuca, a atividade antifingica das formulac¢des frente a Candida albicans e ao
Trichophyton rubrum foi avaliada, e uma comparagdo entre os diferentes sistemas foi
estabelecida na Publicacao 2.

Primeiramente, a atividade antifingica foi avaliada frente a levedura de C. albicans, a
fim de verificar a influéncia exercida pelos sistemas propostos na inibi¢do do crescimento da

mesma, acompanhando a contagem das unidades formadoras de colonia (UFC) apos 0 (tempo



inicial), 5, 8, 12, 24, 48, 72 horas de contato das formula¢des com a cepa. A quantidade de
amostra utilizada correspondeu a metade da concentracdo inibitéria minima (CIM) do 6leo
relatada para este microrganismo (CARSON et al., 2006). Com o objetivo de obter melhor
visualiza¢do das diferengas entre as formulacdes, duas concentragoes da levedura foram
utilizadas (10°-10* ¢ 10° UFC/mL). Para fins de compara¢do, uma emulsdo convencional, com
a mesma concentracdo de 6leo foi, também, preparada e avaliada. Cabe salientar que ensaios
com uma maior quantidade de 6leo foram realizados, tendo sido evidenciada, uma inibigao
total da levedura nos tempos iniciais.

Utilizando a concentragdo inicial de C. albicans (proximo a 3,7 unidades log), as
formulacdes contendo o 6leo (suspensdo de nanocdpsulas e nanoemulsdo) foram capazes de
reduzir o crescimento da levedura em 1,5 unidades log em relagdo a carga inicial, além de
manté-la constante durante 48 horas. Apds este periodo, se verificou um aumento no
crescimento para a nanoemulsao e essa retomada na viabilidade celular ndo foi observada para
a suspensdo de nanocapsulas. Com o aumento da carga inicial do indculo (cerca de 5 unidades
log), a nanoemulsdo ndo demonstrou a mesma eficicia e as diferengas na atividade
antifingica entre as formulacdes apareceram apoOs 24 horas de incubagdo, quando um
acréscimo de cerca de 1,0 unidade log foi verificado para a formulagdo de nanoemulsdos, o
que ndo ocorreu para a suspensdo de nanocéapsulas (p < 0.05). Nao obstante, uma redu¢do no
crescimento e a manutencdo destes valores foram verificadas para a suspensdo de
nanocéapsulas durante todo o experimento. Os componentes das formulacdes nado
demonstraram interferéncia no crescimento da levedura, sendo que para estas amostras, os
valores encontrados foram similares ao crescimento do microrganismo em caldo nutriente
(sem adicdo de amostras).

A incorporacdo do 6leo de melaleuca nas nanoestruturas nao resultou em perda de sua
atividade, tampouco, a metodologia e os materiais empregados reduziram a a¢do do 6leo, uma
vez que, de acordo com a literatura, a agdo antimicrobiana do mesmo pode sofrer interferéncia
negativa pela presenga de tensoativos e pelos constituintes organicos dos meios de cultura
(HAMMER; CARSON; RILEY, 1999). Com este estudo, foi possivel verificar a diferenga de
desempenho entre os sistemas estudados e esta diferenga pode estar relacionada com a
composicdo e o tipo de estrutura. As nanocapsulas sdo caracterizadas pela presenca de um
nucleo oleoso (neste caso, composto pelo 6leo de melaleuca) circundado por um invélucro
polimérico, ja as nanoemulsdes apresentam-se como finas dispersdes de o6leo em agua.
Levando em consideracdo a presenca da parede polimérica e a protecdo conferida pelas

nanocapsulas frente a volatilizagdo (Publica¢dao 1), o 6leo ndo estaria totalmente disponivel



para exercer seu efeito fungiostatico devido a sua lenta liberagdo para o meio externo (neste
caso, o meio de cultura). Esta hipdtese corrobora os estudos de liberagdo in vitro relatados na
literatura que reportam que o tipo de estrutura e a presenca do polimero exercem importante
papel no controle de liberacao de substancias (POLETTO et al., 2008; FONTANA et al.,
2009). Por outro lado, a rapida inibicdo conferida pela emulsdo convencional provavelmente
esteja relacionada a maior disponibilidade do dleo para exercer sua acdo, aliado a baixa
estabilidade fisica apresentada pela amostra, pois o fenomeno de coalescéncia foi observado.
Além disso, os resultados obtidos neste trabalho corroboram os encontrados por van Vuuren e
colaboradores (2010), os quais observaram uma maior atividade antimicrobiana para o 6leo de
melaleuca quando incorporado em lipossomas revestidos por quitosana em comparagdo com
os lipossomas sem revestimento. Este aumento da atividade proporcionada pelo revestimento
polimérico foi atribuido a capacidade no controle de liberacao de compostos bioativos.

Adicionalmente, neste trabalho foi realizado, pela primeira vez, um estudo utilizando
unhas humanas como modelo de onicomicose para avaliar a atividade antifungica de sistemas
nanoestruturados. Sabe-se da dificuldade em reproduzir laboratorialmente esse tipo de
infeccdo, especialmente utilizando a propria unha como substrato. Em funcao disso, a analise
microscopica das unhas infectadas foi realizada, comprovando a existéncia de infeccao
(Figura 1). Cabe ressaltar a importancia da utilizagdo de unhas humanas como modelo de
onicomicose, uma vez que a producdo de artroconideos (estruturas flingicas responsaveis pela
resisténcia aos antifungicos) ocorre devido a mudangas no ambiente da infec¢do, ocasionadas
por reagdes entre o tecido e o fungo (YAZDANPARAST; BARTON, 2006). Assim, dois
modelos de infeccdo ungueal, que oportunizaram a reprodugdo das reais condigdes de
infec¢do de unha, foram utilizados para avaliar a influéncia das nanoemulsdes e nanocépsulas
contendo o 6leo de melaleuca no crescimento de 7. rubrum. No primeiro, as unhas foram
pulverizadas, contaminadas com o dermatofito e posteriormente tratadas com as amostras em
estudo (o tratamento iniciou somente apos o crescimento micelar). Apds uma e duas semanas
de tratamento, a contagem das UFC foi realizada. No segundo experimento, fragmentos de
unha foram infectados e posteriormente tratados com as formulagdes. O didmetro do
crescimento da colonia fingica foi mensurado. Em ambos os experimentos, as formulagdes
controle (contendo os componentes utilizados na preparacdo das nanoestruturas) e uma
emulsdo convencional foram, também, empregadas.

Os resultados obtidos a partir do primeiro experimento demonstraram a eficiéncia dos
sistemas coloidais e da emulsdo convencional em reduzir a viabilidade de crescimento do

dermat6fito. Todas as formulagdes foram responsaveis por reduzir a contagem celular na



primeira semana de tratamento. Entretanto, somente a suspensdao de nanocéapsulas contendo o
6leo foi capaz de impedir o crescimento no término da segunda semana, apresentando um
pequeno decréscimo. Este crescimento se deu em menor grau para a nanoemulsdo e maior
para a emulsdao convencional.

No experimento utilizando fragmentos de unhas (segundo modelo de onicomicose),
novamente a suspensdo de nanocépsulas demonstrou ser mais apta em reduzir o crescimento
fangico (Figura 1). Embora em menor proporcdo, a formulacdo de nanoemulsdo também
demonstrou redug¢do do crescimento da hifa. O mesmo nao foi observado para a emulsdo
convencional. Do modo como foi conduzido este experimento, para que o 6leo surtisse seu
efeito inibitdrio, seria necessario que ele transpusesse a unha e atingisse a hifa. Assim, esses
resultados dao suporte para outros estudos que demonstram o aumento de efetividade de
substancia quando associadas a sistemas nanométricos. Neste experimento, ressaltamos a
importancia da penetragcdo do ingrediente ativo através da unha, para que assim, atingisse o
dermatofito. Esse ¢ um aspecto importante no que diz respeito a terapia topica e também o
motivo da faléncia de muitas terapias. As substancias ativas encontram dificuldades para
penetrar na placa da unha, sendo esta uma barreira para alcancar as hifas, que permanecem
entrelacadas nas escamas de queratina (YANG et al., 1999). Com isso, baixas concentragdes
de farmacos sdo obtidas, aquém da concentragdo terapéutica. Uma das alternativas para
transpor a barreira de queratina que compde a unha humana ¢ a utilizagdo de promotores de
penetragdo ungueal. A utilizagdo de H,O;, uréia, resorcinol, tioglicolato de sddio, catequina,
curcumina, 1,8 cineol, dentre outros, ¢ estudada com o intuito de melhorar a penetragdo
através da unha (KHENGAR et al., 2007); entretanto, a utilizacdo destas substancias deve
ocorrer antecipadamente a utilizacdo do antifungico, o que acaba tornando o tratamento mais
demorado e trabalhoso, podendo ocasionar o abandono do mesmo. Murdan (2002) relata a
importancia do tamanho molecular no transporte de substincias através da unha. Outro
parametro relevante reside na hidratagdo da placa ungueal. Gunt e Kasting (2007)
demonstraram que a hidratagdo da unha aumenta a permeacdo de farmacos pouco soluveis.
Assim, o uso de formulacdes aquosas é capaz de promover a hidratagdo da queratina,
causando sua expansdo e a subseqiiente formacdo de poros maiores, o que facilita a

permeacao de substancias (MURDAN, 2002).



Figura 1. Fotografias das unhas infectadas com 7. rubrum. Fragmento sem tratamento (A);
tratamento realizado com a emulsdo convencional (B) e a suspensdao de nanocépsulas (C).

Tratamento realizado durante 6 dias.

Ha estudos que evidenciam melhoras nas atividades antimicrobianas de farmacos
quando incorporados em sistemas coloidais, além de reduzirem a toxicidade celular de
farmacos potencialmente toxicos, como a anfotericina B. Quando incorporada em lipossomas,
sua toxicidade eritrocitaria reduziu significativamente (JUNG et al., 2009) e em estudos in
vivo, foi capaz de, quando associada a nanoparticulas poliméricas, diminuir as freqiiéncias de
administracdo e reduzir a toxicidade hepatica e renal em camundongos no tratamento de
paracoccidioidomicose (AMARAL et al.,, 2009). Ainda, resultados antifingicos mais
satisfatorios foram atribuidos a sua forma nanoestruturada, em comparagdo a anfotericina B
livie (PAULO; VIDAL; FERREIRA, 2010). O aumento da atividade antimicrobiana de
farmacos, quando associados a estes sistemas submicrométricos ¢ atribuida ao aumento da
area superficial provida pela redugdo no tamanho de particula, gerando um aumento na area
de contato da substincia ativa com o ergosterol da membrana fingica. Ainda, ha intera¢des
mais intimas das nanoestruturas com os microrganismos (MURALIMOHAN et al., 2009),
podendo promover uma difusdo continua do ativo para a membrana (LBOUTONE et al.,
2002). O reduzido tamanho possibilita que um maior numero de particulas contendo o
farmaco se deposite na superficie fungica, o que resulta numa maior exposicao da substancia
ativa frente ao agente etiologico (PADMAVATHY; VIJAYARAGHAVAN, 2008). A
pronunciada efetividade das nanocapsulas pode ser atribuida a presenca da parede polimérica,
pelo fato dos polimeros apresentarem uma tendéncia em adsorver na membrana do
microrganismo através de mecanismos estéricos e eletrostaticos (LBOUTONE et al., 2002).
Tal adsor¢do direciona o ativo para o local de acdo, ou seja, para as estruturas especificas do
microrganismo (NHUNG et al, 2007).

De posse destas observagoes e dos resultados obtidos neste trabalho, a suspensdo de
nanocépsulas contendo o 6leo de melaleuca demonstrou ser uma alternativa promissora em

contornar os obstaculos da terapia topica de onicomicose, agregando caracteristicas



importantes como tamanho nanométrico de particula, maior hidratagdo, protecdo frente a
volatilizagdo, aumento no tempo de permanéncia e aderéncia no local da infecgao.

Outra abordagem deste trabalho foi a incorporacao dos sistemas nanoestruturados
contendo o 6leo essencial de M.alternifolia em formulacdes semissolidas (Publicaciao 3).
Assim, géis hidrofilicos empregando Carbopol® Ultrez 10 NF foram preparados. As
formulagdes semissolidas desenvolvidas foram avaliadas quanto ao aspecto macroscopico, pH
e espalhabilidade. Posteriormente, estas formulacdes foram submetidas a ensaios in vivo para
avaliacdo da atividade antiedematogénica e do potencial de cicatrizagdo de feridas cutaneas.
Paralelamente, formulacdes controle (hidrogéis contendo os componentes empregados na
preparagdo das nanoestruturas e hidrogel base) e contendo o 6leo livre foram igualmente
preparadas e avaliadas.

Os hidrogéis contendo o 6leo associado a nanoemulsdo e a suspensao de nanocapsulas
poliméricas apresentaram caracteristicas organolépticas satisfatorias, demonstrando aspecto
homogéneo e brilhante, com coloragdo branca e o peculiar odor do 6leo. As formulagdes
controle diferiram apenas na auséncia de odor do 6leo. O hidrogel contendo o 6leo na sua
forma livre apresentou coloragdo esbranquicada e o odor do 6leo mais pronunciado. Com
relacdo ao pH, todas as formulac¢des apresentaram valores de pH levemente acidos (5,4 a 5,7),
tornando-os aptos a serem aplicados sobre a pele devido a sua compatibilidade com o pH
epidérmico (KIM et al., 2006).

Para que uma formulacdo semissolida obtenha sucesso terapéutico, com alcance da
dose necessaria apds a aplicacdo, € importante que essa formulacao se espalhe adequadamente
sobre a superficie da pele, proporcionando maior contato da substancia ativa com a area
desejada (GARG et al., 2002). Assim, a determinacdo da espalhabilidade ¢ um teste
importante a ser realizado no desenvolvimento de tais formulagdes e tem por objetivo avaliar
a espalhabilidade das formulagdes frente a aplicacdo de uma determinada forga, relacionando
com a aplicag@o no local desejado, além de fornecer informacgdes a respeito da consisténcia
dos produtos. Através desse estudo, pode-se evidenciar que os hidrogéis contendo os sistemas
nanoestruturados apresentaram maior espalhabilidade, abrangendo uma maior area quando
uma massa de, aproximadamente 505g foi adicionada. Além disso, diferencas em relagdao ao
hidrogel base nao foram observadas (p > 0,05). Por outro lado, o hidrogel contendo o dleo na
sua forma livre demonstrou uma espalhabilidade significativamente menor em relacdo aos
hidrogéis contendo as nanoestruturas. Cabe salientar que formula¢des que apresentam maior
espalhabilidade e que necessitam de uma menor for¢a para aplicacdo sdo adequadas no

tratamento de algumas doencas cutaneas, especialmente quando processos inflamatorios e



dolorosos estdo envolvidos. Desta forma, os hidrogéis preparados a partir dos sistemas
nanoestruturados se mostram vantajosos.

Dando continuidade aos estudos de desenvolvimento de formulagdes, buscando
ampliar a possibilidade de utilizacdo destes sistemas no tratamento de desordens cutaneas,
estudos in vivo a cerca da atividade antiedematogénica e cicatrizante dos hidrogéis foram
realizados.

A atividade anti-inflamatoéria do 6leo de melaleuca, em humanos, tem sido reportada,
como a reducdo de lesdes na pele tipo “vergdes” e do edema induzidos por histamina (KOH et
al., 2002) e a reducdo de reagdes de hipersensibilidades induzidas por niquel (PEARCE;
FINLAY-JONES; HART, 2005). Para avaliar uma resposta anti-inflamatdria conferida pela
aplicacdo topica dos hidrogéis contendo o o6leo de melaleuca na sua forma livre e
nanoestruturada, o efeito protetor frente aos danos causados pela radiacao UVB foi realizado.
Assim, camundongos foram pré-tratados com os hidrogéis uma hora antes e 4 horas apds
exposicdo a luz UVB. Apoés este periodo, a espessura das orelhas dos camundongos foi
mensurada, verificando-se a possibilidade de reducdo do edema formado e, desta forma, seu
efeito antiedematogénico. Uma redugdo significativa do inchago das orelhas foi promovida
pela aplicagdo dos hidrogéis contendo a nanoemulsdo e a suspensdo de nanocapsulas, em
compara¢do com o grupo que nao recebeu tratamento. O hidrogel contendo o dleo livre nao
demonstrou protecao frente a radiacdo. Brand e colaboradores (2002) conduziram um estudo
semelhante, no qual ndo foi evidenciado o efeito protetor do 6leo de melaleuca frente aos
efeitos irritantes provocados pela radiagdo UVB. Os autores atribuiram este fato a alta taxa de
volatilizacdo do 6leo e as possiveis reagdes de degradacdo ocorridas durante a exposi¢cao do
6leo a radiagdo. Assim, a protegdo conferida pelas nanoestruturas frente a perda de 6leo por
volatiliza¢ao (Publicagdo 1) e a possibilidade de fotoprote¢do das nanocépsulas relatada em
alguns trabalhos (OURIQUE et al., 2008; FONTANA et al., 2009) justificam a agdo protetora
observada somente para o 6leo associado aos sistemas nanoestruturados.

Na avaliagdo da atividade cicatrizante dos hidrogéis, o percentual de redugdo da ferida
foi acompanhado ao longo dos 6 dias de tratamento. Adicionalmente, os niveis de
antioxidantes também foram quantificados ao final do 6° dia. A acdo cicatrizante das
formulagdes foi mais pronunciada para o hidrogel contendo o 6leo associado a suspensdo de
nanocapsulas (p < 0,05), sendo a tnica formulagdo a apresentar uma redugdo da ferida maior
que a apresentada para o grupo tratado com o hidrogel contendo alantoina, substancia
empregada como controle positivo em fun¢do de sua conhecida agdo cicatrizante. O hidrogel

contendo o 6leo livre apresentou acgao cicatrizante, entretanto, sua agao foi inferior ao controle



positivo. Embora o hidrogel contendo o dleo associado & nanoemulsdo ter apresentado
atividade cicatrizante, diferencas entre os hidrogéis contendo a suspensdao de nanocéapsulas e
6leo livre foram verificadas. Estudos demonstram uma satisfatoria atividade cicatrizante do
o0leo de melaleuca, especialmente em feridas acometidas por Staphylococcus aureus
(HALCON; MILKUS, 2004; EDMONDSON et al., 2011).

A quantificacdo dos niveis de substancias antioxidantes no processo de cicatrizagdo ¢
importante uma vez que ocorre a produgdo de substancias reativas de oxigénio (ROS) durante
a fase inflamatoria da cicatrizagdo, com o intuito de realizar uma protecdo frente a agentes
externos (KONDO, 2007). Entretanto, quando essa fase ¢ prolongada, ocorre uma produgao
exacerbada dessas espécies, podendo acarretar danos celulares e tissulares irreversiveis
(SCHAFER; WERNER, 2008). A fim de avaliarmos melhor a atividade cicatrizante das
formulacdes, a quantificagdo de substancias antioxidantes foi realizada nos tecidos das
feridas. Os niveis de glutationa e atividade de catalase demonstraram-se elevados somente
para os grupos tratados com o hidrogel contendo o 6leo associado a nanocéapsulas. Os niveis
de vitamina C apresentaram-se elevados tanto para o hidrogel contendo a suspensdo de
nanocapsulas quanto para o hidrogel contendo a nanoemulsdo, sem diferenga significativa
entre as leituras (p > 0,05). Para os animais tratados com as demais formula¢des, ndo houve
aumento consideravel nos niveis destes antioxidantes. Esses resultados corroboram a
importancia atribuida aos antioxidantes em preservar o dano tecidual ocasionado pelos
radicais livres, combatendo-os e, assim, contribuindo para o processo de cicatrizagdao
(SCHAFER; WERNER, 2008).

Sabendo-se que reduzindo a fase inflamatoria da cicatrizacdo diminui o dano tecidual
pela ac¢do dos radicais livres em excesso (KOH et al., 2002) e que a preservacao da area da
ferida ao ataque de microrganismos tem papel fundamental para o processo de reparagdo
(SUNTAR et al. 2010) e, ainda, fazendo uma ligagio entre todo o processo de cicatrizagdo e
os resultados obtidos neste trabalho, pode-se inferir que a atividade antiedematogénica
apresentada para os hidrogéis, o aumento da produ¢do de antioxidantes, aliada a protecao
frente a volatilizagdo e a notoria atividade antimicrobiana da suspensdo de nanocapsulas
contendo o 6leo de melaleuca, contribuiram satisfatoriamente para a atividade cicatrizante do
hidrogel contendo estas nanoestruturas.

Desta forma, apds as observagdes postuladas neste trabalho se verifica que a
nanoencapsula¢do do 6leo essencial de M. alternifolia constitui uma estratégia inovadora e
vantajosa para a obtencdo de formulagdes topicas a serem empregadas no tratamento de

desordens cutaneas, contornando alguns de seus obstadculos farmacotécnicos, além de



aumentar suas consolidadas propriedades bioldgicas. Além disso, a associacdo do 6leo em
suspensdo de nanocdpsulas poliméricas demonstrou, novamente, a importincia destes
nanocarreadores em melhorar as propriedades de substancias e sua aplicagdo na obten¢do de

nanoestruturas contendo produtos de origem vegetal.



CONCLUSOES




CONCLUSOES

Neste trabalho, foi realizada uma proposta de obten¢ao de suspensdes de nanocapsulas
poliméricas e nanoemulsdes contendo como ingrediente ativo o Oleo essencial de
Melaleuca alternifolia. As formulagdes desenvolvidas apresentaram caracteristicas fisico-

quimicas satisfatorias e adequada estabilidade.

A incorporagdo do 6leo em nanocapsulas poliméricas proporcionou sua prote¢do frente a

volatiliza¢do, aumentando sua estabilidade.

Na avaliacdo da atividade antifingica do 6leo frente a levedura de Candida albicans a
formulacao de nanocépsulas contendo o o6leo possibilitou a redugcdo e o controle do

crescimento do microrganismo.

Os modelos in vitro de onicomicose propostos neste trabalho mostraram-se adequados

para a avaliagdo da atividade antifingica das formulag¢des nanoestruturadas.

A associagdo do Oleo aos sistemas nanoestruturados possibilitou prevenir e tratar
infec¢des causadas pelo Trichophyton rubrum, sugerindo sua potencialidade no
tratamento topico de infec¢des ungueais. Além disso, maior efeito foi observado para a

suspensao de nanocapsulas contendo o 6leo de melaleuca.

Os resultados obtidos na caracterizag@o fisico-quimica de hidrogéis contendo os sistemas
nanoestruturados foram satisfatorios, demonstrando a viabilidade tecnologica de obtengao

de formulagdes semissolidas de base aquosa com o d6leo de melaleuca.

Estudos in vivo demonstraram o potencial dos hidrogéis, especialmente os que contém o
6leo associado a suspensdo de nanocépsulas, em diminuir o edema formado na pele da
orelha de camundongos apds exposicao a radiacio UVB, demonstrando seu potencial

efeito antiedematogénico.

Na avaliacdo in vivo da atividade cicatrizante dos hidrogéis, o tratamento das feridas
cutdneas com o hidrogel contendo o 6leo de melaleuca associado a nanocéapsulas
apresentou melhores resultados, aliado ao aumento nos niveis dos antioxidantes

(glutationa, atividade de catalase e vitamina C).
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