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RESUMO
Dissertacao de Mestrado
Programa de Pds-Graduacdo em Ciéncias Farmacéuticas
Universidade Federal de Santa Maria

DESENVOLVIMENTO DE FORMULACOES DE INTERESSE
FARMACEUTICO E COSMETICO A PARTIR DE OLEOS VEGETAIS

DERIVADOS DE PLANTAS CULTIVADAS NO RS
AUTOR: LUCAS ALMEIDA RIGO
ORIENTADOR: RUY CARLOS RUVER BECK

Data e Local da Defesa: Santa Maria, 14 de mar@bile

Este trabalho teve como objetivo utilizar os Oleles arroz, soja e girassol como
matérias-primas alternativas para o desenvolvimdatéormas farmacéuticas e cosmeéticas.
No primeiro capitulo foram preparadas formula¢desnéticas fotoprotetoras do tipo gel-
creme contendo os Oleos de arroz ou de soja emewliés concentracdes, utilizando um filtro
solar organico (benzofenona-3). Foi avaliada auérftia que estes déleos exercem sobre as
seguintes caracteristicas: pH, espalhabilidade podiaamento reoldgico e fator de protecéo
solar in vitro. As formulacbes apresentaram caracteristicasoftpiémicas adequadas,
comportamento reologico ndo-Newtoniano e espalidalié dependente da concentracao de
Oleo. O fator de protecdo solar ficou em torno @eiddependente do tipo e da concentracao
de dleo utilizados. No segundo capitulo, foram gragas formulacdes de nanocapsulas de
nucleo lipidico pelo método da deposicéo interfag@ polimero pré-formado contendo os
Oleos de arroz, soja ou de girassol. Os paraméisa-quimicos avaliados foram pH,
didmetro de particula, indice de polidispersédoemul zeta, caracteristicas morfolégicas e
estabilidade frente ao armazenamento das diferém@silacdes. O tipo de Oleo vegetal ndo
influenciou nas caracteristicas fisico-quimicas ftasmulacdes, sendo estas adequadas e
estaveis durante o armazenamento por trés mesés) disso, a partir da avaliacdo da
atividade antiproliferativa e genotoxica, pode-sgesir que nenhuma das formulacdes
apresentou riscos ao meio ambiente. No terceirtiudapforam preparadas as formulacdes de
nanocapsulas contendo os trés 6leos vegetais eédumado modelo (0,5 mg/mL) para se
avaliar o efeito dos 6leos na liberagéovitro do farmaco. O farmaco foi encapsulado com
sucesso em todas as nanocapsulas com um teorptotdmo ao teérico. O estudo de
liberacdoin vitro a partir das nanocapsulas demonstrou uma liberegdivolada seguindo
um modelo biexponencial, independente do tipo d®.6A formulagdo de nanocépsulas
contendo o 6leo de girassol proporcionou um mamnmtrole da liberacdo, seguido da
formulacdo de nanocépsulas contendo o 6leo deesajanz, demonstrando que o tipo de 6leo
influencia no perfil de liberacdo do farmaco. Ateracdes entre os 6leos vegetais e o lipidio
sélido presentes no nucleo das nanocapsulas f@aasponsaveis por controlar a velocidade
da liberacéo. Através dos trabalhos realizadosi fd@mmonstrada a viabilidade tecnoldgica da
utilizacéo dos 6leos de arroz, soja e de girassabcfonte alternativa de matéria-prima viavel
para a obtencéo de formulagbes farmacéuticas el@ase farmacéutico e cosmético.

Palavras-chave: fotoprotetores; nanocapsulas; éegetais; 6leo de arroz; 6leo de soja; 6leo
de girassol.
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This work aimed to use the rice bran, soybean ofl@wer seed oil as alternative raw
materials for the development of pharmaceutical eosinetic dosage forms. In the first
chapter sunscreen cosmetic formulations were pedpmom gel-cream containing rice bran
or soybean oil at different concentrations, usingpeganic sunscreen (benzophenone-3). The
influence of these oils on the following charadtcs was assessed: pH, spreadability,
rheological behavior, anth vitro sun protection factor. The formulations showed adlé
physical and chemical characteristics, non-Newtomigeological behavior, and spreadability
dependent on the concentration of the oil. Themotection factor was around 10 regardless
of the type and concentration of oil used. In teeosid chapter, lipid-core nanocapsules were
prepared by interfacial deposition of preformedypwr containing rice bran, soybean or
sunflower seed oil. The physicochemical parametsralyzed were pH, particle size,
polydispersity index, zeta potential, morphologicharacteristics, and stability. The type of
vegetable oil did not have influence on the phydiemical characteristics of the
formulations, which remained adequate and stahlmglthe 3 months of storage. Moreover,
based on the genotoxicity and proliferative aggivstudies we can suggest that none of the
formulations present risks to the environment.hia third chapter, nanocapsule formulations
containing the three vegetable oils and a modej 06 mg/mL) were prepared to evaluate
the effect of the oils on tha vitro drug release. The drug was successfully encagsuiatall
nanocapsule formulations with total drug close te theoretical value. Thi& vitro drug
release study from nanocapsules showed that thieotled release follows a biexponential
regardless of the type of vegetable oil. The napsai® formulations containing the
sunflower seed oil provided higher drug releasetrobnfollowed by the nanocapsule
formulations containing soybean and rice branghibwing that the type of the vegetable oll
influences the drug release profile. Through theseks the technological feasibility to use
the rice bran, soybean or sunflower seed oil wanamstrated as an alternative source of
viable raw material for obtaining pharmaceuticarnialations of pharmaceutical and
cosmetic interest.

Key words: sunscreen, nanocapsules, vegetablaiogdhran oil, soybean oil, sunflower seed
oil.
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INTRODUCAO

Os Oleos vegetais sdo produtos naturais compossena@almente por substancias
lipidicas, obtidos geralmente por métodos de editrag partir de sementes, frutos ou
améndoas de diversos tipos de plantas. Os Oleatai®gao provedores indispensaveis de
acidos graxos essenciais da dieta basica de neBjerpois desempenham funcdes
fundamentais para o bom funcionamento e manutedgamrganismo como, por exemplo,
constituicdo de membranas celulares, biossintesedmal e reserva de energia (NELSON &
COX, 2002). Além dos acidos graxos, os 6leos végetaresentam fragdes lipidicas com
fungBes vitaminicas e antioxidantes (ISMAdtal,, 2004; SIGERet al., 2007).

Compostos com atividade antioxidante sdo de grantkresse para a industria
farmacéutica, pois os radicais livres estdo endokl/ina progressdo de doencas hepaticas,
cardiovasculares e cancer (LOGUERCIO & FEDERICOOR0LOGT et al, 2005;
BRUCKDORFER, 2006). Existem diversos estudos raditira que demonstram o uso de
Oleos vegetais para a reducdo dos niveis sanguileelqzoproteinas de baixa densidade, que
previnem o surgimento de arteriosclerose (AUSMéiNal, 2005; WILSONet al, 2007),
devido as suas propriedades antioxidante.

Atualmente, ha uma tendéncia mundial da industdamética em desenvolver
formulacdes fotoprotetoras contendo menor concgéatrde filtros solares de origem sintética
e de solventes utilizados para solubilizar esshst&nocias, por motivos de seguranca para a
saude (VELASCGet al, 2008a; VELASCQGet al, 2008b). Além disso, moléculas de origem
natural como acetato de tocoferol (vitamina E) ®temodides auxiliam na protecdo da pele
contra os efeitos deletérios da radiacdo solar wezaque os radicais livres também estéo
envolvidos no envelhecimento cutdneo e contribuaara @ surgimento de doencas e
complicagbes na pele (GHALLAGER & LEE, 2006). Algasnsubstancias polifenolicas
presentes em Oleos vegetais apresentam acao figtimpaopor possuirem estrutura quimica
similar aos filtros solares sintéticos (VELASG® al, 2008a; NICHOLS & KATIYAR,
2010). Desta forma, a presenca de compostos desnorigegetal em formulacbes
fotoprotetoras pode proporcionar maior seguran@aiguao uso destes produtos por evitar a
ocorréncia dos possiveis efeitos adversos ocasienpdr solventes e/ou filtros solares
quimicos de origem sintética. Adicionalmente, ptoducosmeéticos fotoprotetores devem

apresentar caracteristicas fisico-quimica, orgatiols e sensoriais apropriadas para o uso,
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de modo que tais fatores sédo decisivos para aaa@eitlestes produtos por parte dos usuarios
(TANNER, 20086).

Os dleos vegetais também podem ser empregadogpar@cao de sistemas coloidais
nanoestruturados, conforme ja demonstrado por slgutores (MOSQUEIRAL al, 2000;
SANTOS-MAGALHAES et al, 2000; FRIEDRICHet al, 2008; ALMEIDA et al, 2009;
ALMEIDA et al, 2010). O tipo de Oleo utilizado no preparo deseanosistemas €
geralmente de origem sintética, cujas funcdes sdmortantes no seu desenvolvimento
(SCHAFAZZICK et al, 2003; CRUZt al, 2006; MORA-HUERTAS:t al., 2010).

Dentre os sistemas nanoestruturados para uso fanti@ce cosméticos, destacam-se
as nanoparticulas poliméricas, que sdo sistemasdad de tamanho submicrométrico
amplamente estudados como nanocarreadores de t&ETHOMARI et al, 2010) e ativos
cosmeéticos (ALMEIDA et al, 2010; PARDEIKEet al, 2009), aléem de proporcionar
vantagens tecnoldgicas como o aumento da estatslide formulacbes e o controle da
liberacdo de substéancias ativas (CREZal, 2006; OURIQUEet al, 2008). O termo
nanoparticulas poliméricas abrange nanocapsulameesferas, sendo que as nanocapsulas
apresentam em sua estrutura um nucleo oleoso enpoit uma membrana polimérica ao
passo que as nanoesferas caracterizam-se pelaiaudérdleo, configurando-se como uma
matriz polimérica (SOPPIMATIHet al, 2001; SCHAFAZZICKet al, 2003). As nanocapsulas
de nucleo lipidico foram desenvolvidas na ultimeadi& como um novo tipo de nanoparticula
polimérica (MULLERet al, 2001; JAGERet al, 2009; OURIQUEet al,, 2010). Este tipo de
nanocapsula difere das nanocapsulas poliméricaagresentarem no nucleo uma disperséo
de um lipidio solido em éleo (lipidio liquido). 4& nanoemulsdes, que também séo sistemas
nanocarreadores de farmacos e ativos cosméticogpnésentam polimero em sua estrutura,
constituindo-se em goticulas de 6leo estabilizgoas uma combinacdo de tensoativos
(SCHAFAZZICK et al, 2003).

Com o crescente interesse no desenvolvimento dduim® farmacéuticos de base
nanotecnoldgica, cresce também a necessidade denkecer 0s possiveis riscos que 0s
sistemas nanoestruturados podem oferecer parala saximeio ambiente (BARREN al.,
2009). Para tanto, a avaliacdo da toxicidade doesistemas através de métodositro ein
vivo é de fundamental importancia para garantir a sgarranca. Alguns testes utilizam
plantas como modelo de organismos vivos indicadates toxicidade devido a sua
sensibilidade ao entrarem em contato com produtiisnpialmente toxicos (NIEMI &
McDONALD, 2004). Um protocolon vivo que utiliza a cebolaA{lium cepa como vegetal

indicador de efeitos téxicos é um método bastamigregado para avaliar os riscos a saude e
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ao meio ambiente através da analise cromossémicadialas deste vegetal (BARRENA
al., 2009).

A partir do exposto, o presente trabalho foi deld® com o intuito de estudar a
viabilidade tecnologica de se utilizar os 0leosad®z, soja e girassol oriundos de produtos
agricolas amplamente cultivados no estado do Rind&r do Sul (RS), como fonte alternativa
de matéria-prima lipidica para a preparacdo de utapdes cosmeéticas fotoprotetoras e
sistemas coloidais nanoestruturados.

A escolha dos Oleos vegetais a serem estudadoseédizada levando-se em
consideracdo os indices de producdo agricola diagiendo RS, em especial da Regido
Central do estado. De acordo com os dados douttstBrasileiro de Geografia e Estatistica
(IBGE, 2010), a regidao sul do Brasil € a maior ptoda de produtos agricolas, sendo
responsavel por mais de 148 milhdes de tonelad&sS @ o terceiro maior produtor nacional
de cereais, leguminosas e oleaginosas destacandogeducdo de arroz, soja e de girassol.
Segundo o Instituto Rio-Grandense do Arroz (IRG&1®), a safra de 2010 ficou em torno de
7 milhdes de toneladas. A regido da Depressédo &dntrresponsavel por 11,3% da safra
total de arroz do RS, totalizando 769.497 toneladlasafra nacional de soja em 2010 foi de
68,5 milhdes de toneladas, sendo o RS responsavelcgrca de 15% da producéo,
configurando-se o terceiro maior produtor nacichalgrao (IBGE, 2010). Com relacdo a
producdo de girassol, a safra rio-grandense é arrdairegido sul, estimada para o ano de
2010 em mais de 16 mil toneladas. Ainda de acoao ¢ IBGE, a producédo nacional de
girassol ainda € pouco expressiva; contudo, ovoulte girassol no RS apresenta vantagens
como o baixo custo de producéo e a eficiente echade nutrientes do solo.

A obtencdo dos 6leos de arroz, soja e girassohsatrdvés de diferentes processos
industriais. O Oleo de arroz é extraido a partifatelo de arroz, considerado um subproduto
do processo de beneficiamento do grédo, que possui lipidico em torno de 15-20%
(PAUCAR-MENACHO et al, 2007). Entre os acidos graxos do Oleo de arestadam-se o
palmitico, linoléico e oléico. O Oleo de arroz m@mta também em sua composicag- o
orizanol que possui grande poder antioxidante, mgkecula é inexistente em qualquer outro
Oleo vegetal (JULIANGCet al, 2005; PAUCAR-MENACHCet al, 2007). Ja a extracdo dos
Oleos de soja e girassol se da através da prensagednica direta dos grdos, seguida de
extracdo com solvente organico (ROSENTH@tLal, 1996). Os 6leos de soja e de girassol
apresentam quantidade e qualidade semelhantesdds §caxos; porém, estes Oleos diferem
nos componentes responsaveis pela atividade asiabd: 0 6leo de soja possuy-tocoferol

e 0 Oleo de girassolwtocoferol (GUPTA, 2002).
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Com relacdo ao ineditismo deste trabalho, até o entonndo existem relatos na
literatura sobre o preparo de formulagdes cosngétfotoprotetoras do tipo gel-creme
contendo os Oleos de arroz ou de soja e a avalggca@dluéncia que estes produtos de origem
vegetal exercem sobre as caracteristicas fisianigas e fotoprotetoras da formulacéo.
Também, até o presente ndo ha estudos disponigeiditeratura com relacdo ao
desenvolvimento, caracterizagdo, estudo de liberalgh farmacoin vitro e avaliagdo do
impacto ambiental de nanocapsulas de nucleo lipidontendo os Oleos de arroz, soja ou

girassol.
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1.1 Objetivo geral

Estudar a viabilidade tecnoldgica da utilizaca@kes vegetais (6leos de arroz, soja e
girassol) oriundos de plantas cultivadas no Rion@eado Sul como fonte alternativa para
obtencéo de formulages cosmeéticas fotoprotetodes ssstemas coloidais nanoestruturados,
visando explorar o potencial de aplicacdo e agregjar a estes produtos agricolas.

1.2 Objetivos especificos

* Avaliar a influéncia do 6leo de arroz ou de sojaderas concentracdes distintas (3 e 5%)
sobre as caracteristicas fisico-quimicas (pH, corap@nto reoldgico e espalhabilidade)
e o fator de protecdo solar vitro em formulacdes fotoprotetoras do tipo gel-creme

contento benzofenona-3;

» Estudar a viabilidade de obtencdo de nanocapselasiceo lipidico contendo os 6leos
de arroz, soja e girassol bem como avaliar suascteafsticas fisico-quimicas,

estabilidade frente ao armazenamento e segurarigiargal através de um testevivo,

» Avaliar o controle de liberacan vitro de um farmaco modelo (propionato de clobetasol)
a partir das nanocapsulas de nucleo lipidico paejaara partir dos 6leos de arroz, soja e
girassol, estudando a sua influéncia sobre essamptno, bem como quanto as

propriedades fisico-quimicas e estabilidade frantarmazenamento.
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REVISAO BIBLIOGRAFICA

1.1 Fotoprotecao e formulacdes fotoprotetoras contendarodutos de origem vegetal

A pele é o maior 6rgao do corpo humano, respongamell5-20% do peso total
corporal podendo representar em adultos de 1,5d¢arstiperficie externa. A camada cutanea
€ composta pela epiderme e derme, sendo essaasiigd externamente e, por isso, tem
contato direto com o meio ambiente e fatores eatgrnncluindo a radiacdo solar
(JUNQUEIRA & CARNEIRO, 2008).

A radiacdo solar ultravioleta (UV) divide-se em UVAjue compreende o0s
comprimentos de onda na faixa entre 320-400 naméméim), UVB (290-320 nm) e UVC
(270-290 nm). A radiacédo UVC é filtrada pela camade@zbnio enquanto que a UVA e UVB
ultrapassam essa barreira e, portanto, atingenpexfgie terrestre. Além disso, a radiacao
compreendida na faixa UVA néo é filtrada pelo vidrpenetra na pele mais profundamente
do que a radiacdo UVB (KULLAVANNIJAYA & LIM, 2005).A radiacdo solar é
indispensavel para a sintese de vitamina D, cujefi@o estd associado com a reducéo da
incidéncia de cancer colorretal especialmente dsepaituados proximos a linha do equador
(GARLAND et al, 2009). Por outro lado, a exposicdo em excessadiacdo solar UV
contribui para o surgimento de doencas de pelera @aprogressao do envelhecimento
cutaneo (GHALLAGER & LEE, 2006). As radiacbes UVAW/B sao absorvidas por
diversos grupos cromoforos presentes na melaningcolas de DNA e RNA, proteinas e
lipidios, que resulta em diferentes reacdes fotngpais e interacbes secundérias que, além de
causar danos a estas moléculas, induz a produciadimis livres (GONZALESet al,
2009). Os efeitos da producdo de radicais livreg8oesortemente relacionados com o
envelhecimento precoce cutaneo e com a ocorréeciiversas doencas de pele, incluindo o
cancer de pele como a manifestacdo mais drastiREKIER & JUNOD, 1996;
GHALLAGER & LEE, 2006). Segundo o Instituto Nacidm® Cancer (INCA), o cancer de
pele € o de maior incidéncia no Brasil, sendo quedos principais fatores atribuidos a este
fato é a insuficiente instrucdo que a populaca@becsobre os danos provocados pela

radiacdo bem como a importancia da protecéo cammdiacdo solar (INCA, 2010).
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Formulagbes cosméticas contendo substéncias foebpras, também reconhecidos
como filtros solares, sado consideradas uma dasomeslliormas de prevenir eficazmente os
efeitos deletérios ocasionados pela radiacdo Uxa Berem eficazes na prevencao contra a
radiacdo solar e proteger a pele contra seus fads formulacbes devem impedir que a
radiacdo UV seja transmitida para as células dmldecutdneo (BENSON, 2008). Estes
produtos contém substancias que sao capazes abearvefletir a radiacdo solar e que se
dividem basicamente em duas classes de filtrogesolarganicos (quimicos) e inorganicos
(fisicos). Os filtros organicos sdo compostos potéculas quimicas capazes de absorver a
radiacdo UV (geralmente anéis aromaticos) e tramsfda em radiacbes menores e
inofensivas a pele. Esta classe de filtro € amphenetilizada em formulagdes fotoprotetoras
e subdivide-se de acordo com o espectro de absdec@adiacdo UV (filtros UVA e UVB).
Portanto, para se obter uma protecao eficaz queropte a todos os comprimentos de onda
dentro da radiacdo UV, é comum que produtos fotefomes apresentem em suas
formulacées combinacdes de filtros organicos (FL&DRL, 2007; LAUTENSCHLAGERet
al., 2007).

Entre os filtros quimicos, a benzofenona-3 (BZ3ktaea-se por ser uma das
substancias amplamente utilizadas em formula¢cdesné&ticas fotoprotetoras. A BZ3,
também conhecida como oxibenzona, Eusolex 2860metanona, é aprovada para o uso em
formulacbes cosméticas pela Agéncia Nacional deldviga Sanitaria (ANVISA) e pelo
orgao regulador equivalente dos Estados Unidosd(aod Drug Administration - FDA), na
concentracdo maxima de 10% (ANVISA, 2000; FDA, 2018 BZ3 apresenta boa
estabilidade quimica e absorve eficientemente ambasdiacdes UVA e UVB. Entretanto, a
BZ3 n&o possui adequada solubilidade em agua (Or@Drhit), o que exige muitas vezes o
emprego de solventes para que seja solubilizadant&o eassociada em formulacfes
fotoprotetoras principalmente para a preparacadodeas néo-emulsionadas (TANNER,
2006).

Os filtros solares inorganicos sdo compostos foomambr metais como o didxido de
titnio ou oxido de zinco. Ao contrario dos filtrosganicos, estes compostos refletem e/ou
espalham a radiacdo UV por serem particulas masaégtremamente pequenas e finamente
distribuidas na pele. O tamanho de particula diwediinorganicos é de extrema importancia
visto que este tipo de filtro solar estando em disdes microscopicas forma uma pelicula de
aparéncia opaca sobre a pele, o que pode secastetite desagradavel e indesejavel (FLOR
et al, 2007; LAUTENSCHLAGERet al, 2007). Esse aspecto desagradavel tem sido
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revertido pela sua cominuicdo destas particulas aatéscala nanométrica (WANG &
MUHAMMED, 1999).

O fator de protecéo solar (FPS) é o valor univegsal mede a eficacia de um produto
fotoprotetor contra a radiacéo solar, o qual indjeantas vezes o tempo de exposicéo ao sol,
sem risco de eritema, pode ser aumentado com dagwotetor. Como a radiacdo UVB é
responsavel por causar eritema na pele, um fificaz € aquele capaz de proteger a pele
exposta contra a queimadura solar. Por esse mativmportante ressaltar que o FPS é
definido em funcéo da radiacdo UVB (FL@Ral, 2007). Conforme o Ministério da Saude, o
valor de FPS varia entre 6 a 100 e classifica odytos fotoprotetores nas categorias de baixa
protecdo (6,0 — 14,9), média protegdo (15,0 — 288y protegéo (30,0 — 49,9) e muito alta
protecao (maior ou igual a 50 e menor que 100) (BRA2010). A determinacdo do FPS é
realizada através de estudosvivo que sédo de longa duracédo e que envolvem no midimo
individuos. Um métoddn vitro proposto por Mansur e colaboradores (1986) canimia a
determinacdo do FPS em humanos com os resultadodobn vitro através de
espectrofometria no UV. Neste método mede-se acihgule de absorbancia do(s) filtro(s)
solar(es) contidos em uma solucéo diluida em alaqmrtir da formulacdo fotoprotetora em
varios comprimentos de onda. A espectrofotomettibzada neste teste faz com que o
método seja rapido, eficaz e evita o envolvimergovdluntarios, podendo ser uma 6tima
ferramenta para oscreening inicial das formulacdes. Ferrari e colaboradorf07)
determinaram o FPS de uma formulacéo fotoprotaettliaando o métodan vitro proposto
por Mansur e um métodm vivo. Os resultados de FPS encontrados entre os métodos
utilizados nao apresentaram diferenca estatistycéfisativa, demonstrando que esta técnica
in vitro pode ser correlacionada com um métadwivo. A determinacdo do FPS para a
radiacdo UVA nao é frequentemente avaliado pars domerciais por uma questdo de
legislacdo, cujo teste exigido para comercializa€@onicamente determinac#o vivo da
protecdo contra 0 surgimento de eritema, que € r@sposta bioldégica provocado pela
radiacdo UVB. Comparando-se com as radiacdoes UMBVA, a capacidade de causar
eritema desta € minima, porém penetra mais profoeds na pele sendo responsavel por
possiveis reacdes imunes e também por produzicaiadivres (KULLAVANNIJAYA &

LIM, 2005; FLOR et al, 2007; WANGet al, 2008). Por esses motivos atualmente ha a
necessidade de também determinar o FPS na regido UV

Além de eficacia comprovada através do FPS, a flagéa de um fotoprotetor exige a
observacao de outros fatores responsaveis pelssuoa obtencdo do produto. A seguranca

das formulagdes fotoprotetoras € um tema que vedpsgastante discutido devido a grande
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ocorréncia de reacbes adversas ocasionadas pos fiblares (NASH, 2006). Conforme
citado anteriormente, é absolutamente comum forgbek fotoprotetoras conterem
combinacdes de filtros solares, uma vez que difeilte € possivel alcancar um bom FPS que
abranja todo o espectro de radiacdo UV dispondmmsente de um filtro solar (NOHYNEK

& SCHAEFER, 2001). Entretanto, essa pratica podeilt&r em um produto com baixa
seguranga, uma vez que somente uma unica subsfétopeotetora pode ocasionar reacdes
indesejaveis de pele (GASPAR & CAMPOS, 2006; KARDBEBet al, 2009). Outros
componentes também utilizados no preparo de predidgtoprotetores como solventes,
conservantes e emolientes também podem ser respimgéor reacfes adversas como
alergias e dermatites (CASTANEDO-TARDAN & ZUG, 200AGUNA et al, 2009).

Nesse contexto, existe atualmente uma tendénciaiaiuno desenvolvimento de
formulacdes cosméticas fotoprotetoras que conteniram concentracdo reduzida de filtros
solares sintéticos e solventes, sendo estes slidssit por produtos de origem vegetal
(VELASCO et al, 2008a; VELASCOet al, 2008b). Além disso, alguns destes produtos
apresentam em sua composicdo moléculas bioativas apnferem atividades anti-
inflamatadrias, antioxidantes e de protecao ao D& cklulas cutaneas, o que agrega valor ao
produto e justifica ainda mais o seu uso em forgéida de fotoprotetoras (AFAQ, 2010;
NICHOLS & KATYAR, 2010).

Alguns estudos disponiveis na literatura sobretermial uso de produtos de origem
vegetal em formulagcbes fotoprotetoras tém demahstiens resultados, confirmando essa
tendéncia. Turkoglu e Cigirgil em 2007 estudarampeofil de absorcdo UMn vitro de
extratos aquoso e alcodlico a partir do cha pr&aniellia sinensis)Ambos o0s extratos
apresentaram alta absor¢do da radiacdo. Porémiratoemaquoso apresentou uma melhor
absorcdo em comparacdo com o extrato alcodlicoosend esse motivo utilizado como
solvente para preparacdo de géis de Carbopol. @sfg@am entdo testados quanto ao
potencial de protecéo frente a radiagdo UV produaitificialmente em seis individuos, onde
nao foi observado eritema em nenhuma das pessdaBseSdas ao teste. Os autores
atribuiram este efeito protetor a presenca deguadi no extrato aquoso do cha preto e ainda
sugerem que o gel contendo o extrato aquoso dpret@pode ser uma alternativa eficiente e
econOmica para evitar os efeitos da radiagédo UV.

Perugini e colaboradores em 2008 avaliaram a édicde um composto fendlico
presente nas folhas e no Oleo da oliveira (olenp)efrente a radiacdo UVB. Neste caso,
foram desenvolvidas formulagcfes (emulsfes e géim&y contento oleopreina e testadas em

voluntarios submetidos a radiacdo UVB artificiahde o potencial de protecdo foi avaliado
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através da observacéo de formacgéao do eritema.rfskacdes contendo o composto fendlico

apresentaram protecdo ao surgimento de eritem@andente da forma farmacéutica, cujo

mecanismo de acéao foi relacionado a capacidadéedpreina em combater espécies reativas
de nitrogénio, incluindo o Oxido nitrico, que est&wvolvidos em processos inflamatérios.

Ainda no mesmo trabalho foi comprovada a atividadéoxidante da oleopreina através de
um testdn vitro.

Velasco e colaboradores (2008a) desenvolveram diamra 0 potencial de
fotoprotecdo de emulsdes contendo rutina, extdgavaracujaRassiflora incarnatd..) e de
“ transagem” Plantago lanceolatpassociados ou ndo com filtros organicos (BZ3lbexl
metoxinamato- EHMC) e inorganico (dioxido de titdnique compreendem o0s espectros de
radiacdo UVA e UVB. As formulacbes foram aplicagas uma membrana que mimetiza a
superficie da pele humana, conforme proposto pifeyoe colaboradores (2000) e o FPS foi
avaliado por um métodmm vitro. Para fins comparativos, formulagbes controle cuide
somente os filtros sintéticos em alta e baixa cotnagdo também foram preparadas. Os
valores de FPS variaram aproximadamente entre 289 endo que as formulacdes contendo
os trés filtros sintéticos associados com a rutinacom o extrato d@lantago lanceolata
apresentaram FPS de 27 e 28, respectivamente. reéstdsados demonstram que houve um
efeito sinérgico entre os produtos de origem végeta os filtros solares sintéticos visto que
as formulacbes controle de alta e baixa concerdragBesentaram valores de FPS de 24 e 17,
respectivamente. A similaridade entre a estrutuianiga das moléculas bioativas utilizadas
neste estudo e os filtros sintéticos podem explicafeito sinérgico encontrado. Porém os
autores admitem que o mecanismo dessa interacdocea)plexo e envolve interacoes
guimicas ainda nédo totalmente elucidadas.

Em outro estudo semelhante realizado pelo mesnmogia pesquisa foi avaliada a
obtencéo e avaliacdo da eficamavitro de formulacdes fotoprotetoras (emulsdes 6leo em
agua) contendo extrato de rutina na concentracdnldé, associada ou nao a filtros solares
organicos de espectro UVA e UVB { metoxinamato de octila - MCO e BZ3). Formulagbes
sem o0 composto bioativo também foram preparadasfper comparativos, contendo ambos
os filtros sintéticos na mesma formulacdo em M&Q e BZ3 a 7 e 2%) e baixa (MCO e
BZ3 a 3,5 e 1%) concentragdes. A formulagéo comiaathente rutina teve um FPS em torno
de 1 e as formula¢Bes de baixa e alta concentidgditiros solares sintéticos, apresentaram
FPS médio de 7 e 14. Por outro lado, as formulagédsaixa e alta concentracdo de filtros
solares sintéticos contendo rutina, tiveram FP8 del4. O estudo demonstrou que a rutina

reagiu sinergicamente com os filtros solares quimiocas concentragcfes minimas. As
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formulacfes de concentracdo maxima contendo ow ic@mposto bioativo ndo apresentaram
diferenca significativa, demonstrando que o efgtotetor da associacdo do flavondide
depende da concentracdo dos filtros orgéanicos. e também atribuiram ao efeito
sinérgico o fato de que a rutina apresenta es&riguimica semelhante aos filtros quimicos
(VELASCOet al,, 2008b).

Outros fatores importantes no desenvolvimento deroduto fotoprotetor incluem as
propriedades fisico-quimicas e o comportamentagead da formulacdo. Embora o ato de
aplicar um produto fotoprotetor pareca simples, ispresenta um ponto critico na eficiéncia
da formulacdo. A topografia da superficie da pebagtante irregular, 0 que pode resultar no
acumulo ou a nao cobertura pelo produto fotoproteto regides dérmicas pouco uniformes
(TANNER, 2006). Para tanto, formulacdes fotopratetodevem apresentar caracteristicas
reologicas e de espalhabilidade adequadas de mam#égr ao serem aplicadas forme uma
camada de natureza filmdgena e proporcione a eoharhiforme sobre a pele. Além disso, o
estudo dessas caracteristicas é uma importantarfenta que permite conhecer quais sdo 0s
componentes mais adequados para a formulacdo #uéngia que cada um deles exerce
sobre esta (LEEt al, 2009).

Como qualquer outro produto cosmeético, 0 aspeds earacteristicas sensoriais de
uma formulacdo fotoprotetora também sdo muito inspdes e que fazem diferenca no
momento da escolha e aceitacdo de um protetor gelles usuarios. De uma forma geral, as
formulacdes que apresentam homogeneidade e quergi@mmm um sensorial menos
untuoso possivel sdo preferidos pela populacdo (NEBR|, 2006). As formulacbes
fotoprotetoras preparadas com base em géis hidoHiapresentam vantagens sobre as outras
formas como emulsGes e logbes, por possuirem kamode lipidios e maior conteudo
aquoso. Por outro lado, para manter a transparéacaateristica deste tipo de formulacéo é
necessario que os filtros solares sejam hidrofili€@omo a grande maioria dos filtros solares
é lipofilica, existe a necessidade de se utiliphrentes para solubilizar os mesmos. Ressalta-
se também que nao é aconselhavel incluir filtreisds neste tipo de forma farmacéutica, pois
além do aspecto opaco, as particulas desta claddea solar podem formar aglomerados e,
assim, comprometer a eficacia da formulacéo (FIeD&., 2007).

A partir do exposto, justifica-se o emergente deskimento de formulagbes
cosméticas fotoprotetoras contendo produtos demrigegetal. Até 0 momento ndo existem
estudos na literatura sobre o desenvolvimento daulacdes fotoprotetoras contendo os
Oleos de arroz ou de soja que demonstrem a influé&testes produtos de origem vegetal

sobre as caracteristicas fisico-quimicas, compemémmreoldgico, espalhabilidade e FiRS
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vitro. Adicionalmente, os estudos disponiveis na litgeatque demonstram a atividade
antioxidante de moléculas presentes nos 6leosrde an de soja, também justificam o uso
destes oleos no preparo de formulacbes cosméntagrdtetoras (JULIANCet al, 2005;
SIGERet al, 2007).

1.2 A nanociéncia e sistemas nanocarreadores derféacos

A nanociéncia é considerada uma ciéncia emergewvidalaos avancos significativos
que tem apresentado em diversas areas do conhéain@em a possibilidade de manipular
atomos e materiais na escala nanométrica, estaiaigévelou uma nova dimensao para a
pesquisa e o desenvolvimento de produtos inovaddieémbito das ciéncias farmacéuticas,
a nanociéncia e a nanotecnologia tém sido printipale utilizadas para o desenvolvimento
de sistemas coloidais nanoestruturados capazesntmlar a liberacdo de farmacos ou de
substancias ativas de uso cosmeético (MIYAZAKI & MM, 2007). Além disso, esses
nanocarreadores possuem a capacidade de carmeacéd do local de administracdo até o
alvo especifico de acdo sem comprometer sua idsstgj uma vez que os protegem dentro de
vesiculas, nanocapsulas ou nanoesferas, dependemdétodo de preparacdo. O processo de
carrear farmacos requer que esses nanosistemapdndiam barreiras fisiologicas e que
resistam a fluidos bioldgicos, o0 que representagtemde desafio no desenvolvimento destes
produtos. Para tanto, existem mecanismos que mgnmaumentar a especificidade entre a
nanoparticula e o sitio de agdo, como por exengkssociacdo de moléculas capazes de
ligarem-se especificamente a um receptor no teadidnde acdo, para que ocorra um aumento
no indice terapéutico (ALONSO, 2004; COVREUR & VAHIER, 2006).

A aplicacdo da nanotecnologia no desenvolvimento sig#emas de liberacéo
controlada tem sido amplamente estudada para astragdo de diversas substancias ativas
através de diferentes vias como a intravenosaaooul dérmica, indicando a versatilidade de
aplicacdo dos nanosistemas (ALONSO, 2004). Essateaistica traduz-se nos estudos sobre
sistemas nanoparticulados desenvolvidos para antaito de doencas com etiologias
completamente diferentes, porém utilizando-se anmaesecnologia (KAWASAKI &
PLAYER, 2005; LINASAZORO, 2008; SANTOS-MAGALHAES &OSQUEIRA, 2010).

Além disso, a veiculacdo de farmacos em sistemases#&ruturados proporciona outras
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vantagens como o aumento da estabilidade e biodEpdade e a reducdo de reacodes
adversas (OURIQUEt al, 2008; BERNARDEet al, 2009).

Entre os sistemas nanoestruturados estudados pbesagao de farmacos incluem-se
os lipossomas, as nanoparticulas de lipidio solabo,nanoparticulas poliméricas e as
nanoemulsdes, cada um com suas particularidadeip@somas representam a primeira
geracdo de carreadores coloidais, sendo estrutiorasadas a partir de membranas
fosfolipidicas organizadas em uma ou mais bicamadaséntricas em torno de um ndcleo
aquoso. Devido ao carater anfifilico dos fosfolipdde sua organizacdo em estruturas
fechadas, os lipossomas podem encapsular moldudiasobicas na membrana da bicamada
e/ou compostos hidrofilicos na cavidade aquosarnateEntretanto, dificuldades de
transposicao de escala, limitada estabilidadecfigidmica e o alto custo de formulacéo séo
as maiores barreiras para a producédo de liposs¢BRBRIELLE-MADELMONT et al,
2003; JOSHI & MULLER, 2008).

As nanoparticulas poliméricas abrangem dois tipespdrticulas, nanocapsulas e
nanoesferas, que consistem em sistemas resergatontendo um nucleo oleoso envolto por
uma membrana polimérica ou unicamente uma mathimgoca, respectivamente (KUMARI
et al, 2010). Recentemente, um novo tipo de nanopéatipolimérica foi descrita na
literatura, chamada de nanocapsulas de nucledclipiistas se caracterizam por apresentar
um nucleo composto pela dispersdao de um lipidicdedm um lipidio liquido também
envolto por uma membrana polimérica (JAG&Ral, 2009; OURIQUEet al, 2010). Além
disso, nanoparticulas poliméricas podem ser corgiattom tecidos e células se preparadas
a partir de materiais poliméricos que sejam bioctimpis ou biodegradaveis (ZHAN&S al.,
2008). Outras vantagens das nanocdpsulas poliméiimguem a alta eficiéncia de
encapsulacao especialmente de farmacos hidrofédeado a natureza lipofilica do nuicleo,
menor conteudo de material polimérico em relacdooudros sistemas poliméricos
nanoparticulados (nanoesferas) e a protecdo detasglzs ativas contra agentes de
degradacdo extrinsecos, como a luz (OURIQ&tEal, 2008; FONTANAet al, 2009;
FONTANA et al, 2010).

As nanoparticulas lipidicas foram desenvolvidas @woranocarreadores alternativos
aos lipossomas e as nanoparticulas poliméricas, mgtriz € formada por lipidios. A
estrutura das nanoparticulas lipidicas caracteezg@elo nucleo formado por um lipidio
sélido, liquido ou a mistura destes recoberto psfdlipidios. Este tipo de nanoparticula é
amplamente estudado na area dermatolégica e ceamétiapresenta a vantagem de

transposicédo de escala através da homogeneizagtiogiessdo (JOSHI & MULLER, 2008;
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PARDEIKE et al, 2009). As nanoemulsdes, por sua vez, sdo fosnaalagoticulas de 6leo
estabilizadas por tensoativos e sua principal tenigtica € a relativa estabilidade fisica das
goticulas na dispersao, devido ao seu tamanho sudm@étrico (SNITOWSKAet al, 2001).

As suspensdes coloidais de nanoparticulas poliagnon dos focos deste estudo, sao
sistemas dispersos complexos devido ao seu tanm@dmhparticula extremamente pequeno,
sendo altamente sensiveis a fendmenos de instatslidDs fendbmenos de instabilidade que
ocorrem frequentemente nos sistemas nanoparticllad® a migracdo de particulas
(cremagem, sedimentacédo), variacdo do tamanhayartidevido a agregacéo, formacao de
aglomerados ou fusdo de uma ou mais particulasu({figdo, coalescéncia). Para evitar esses
fendbmenos e outros efeitos indesejaveis, a detag&indos parametros fisico-quimicos e de
estabilidade das suspensdes coloidais € de fundalinm@portancia para o entendimento da
estrutura na forma molecular. Além disso, o comjuie informacdes obtidas através destes
estudos proporciona a compreensao do comportaneeatinfluéncia de cada componente
sobre diferentes caracteristicas e propriedadefordaulacdo. As técnicas de andlise que
permitem o conhecimento dos principais parametrgscofquimicos das suspensodes
nanoestruturada incluem analise morfolégica, dhsicdo de tamanho de particula, potencial
zeta e pH. A determinacéo de farmaco associadarasestruturas e os estudos de cinética de
liberacdo de fa&rmacos também sdo paréametros a sEFwmrminados nas formulacdes que
apresentam farmaco em sua constituicdo (SCHAFFAZCHL, 2003; MORA-HUERTAS
et al, 2010).

De maneira geral, as nanoparticulas poliméricasdadbtatravés dos diferentes
métodos apresentam distribuicdo de tamanho decplartunimodal com baixo indice de
polidispersdo. O método usual para a determinagidacthanho de particula € o da
espectroscopia de correlacdo de fotons. A micraaaelptronica (transmisséo ou varredura)
também pode ser utilizada para determinar o tampattecular, o que também pode fornecer
uma imagem da nanoestrutura (SCHAFFAZI€al, 2003).

Uma particula quando entra em contato com outra ratiai cargas elétricas de
polaridade inversa as que possui na sua superfmimando, portanto, duas camadas
eletricamente carregadas. O potencial zeta redletiéerenca de potencial elétrico resultante
do contrabalanco destas camadas elétricas, cujp gatd diretamente relacionado com a
estabilidade fisica das suspensfes coloidais. Wonvalor de potencial zeta (em mddulo)
indica maior repulsdo entre as particulas, o qaeipe a suspensao coloidal da ocorréncia de
fendbmenos fisicos de instabilidade como aglometaifdculacdo e coalescéncia. Por outro

lado, outros mecanismos também podem ser respasgila estabilizacdo das particulas em
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suspensdo, como a estabilizacdo estérica, pelo egmpde tensoativos e polimeros
hidrofilicos (SCHAFFAZICKet al, 2003; MORA-HUERTAS:t al, 2010).

A determinacdo do pH das suspensfes coloidais g@dealizada através da imersao
de um eletrodo potenciométrico diretamente nasesisgies. O pH € bastante importante no
acompanhamento das suspensfes em funcdo do teemuy mformacdo relevante nos
estudos de estabilidade. Alteragdes no valor dg@iem indicar a degradacédo do material
polimérico de nanoparticulas ou ionizacéo de graposoxilicos, cujo efeito ocorre por conta
da dinamica interacdo entre o0 meio (comumente @)aguo polimero da superficie da
particula (SCHAFFAZICket al, 2003).

Para a determinacdo da concentracdo de farmaceiaksoas nanoparticulas é
necessario o uso de técnicas que promovam a sépadac fracdo livre de farmaco do
conteudo encapsulado. Uma técnica usual consistseparacdo destas partes por um
procedimento de ultrafiltragéo/centrifugacéo, qtieza uma membrana com porosidade da
ordem de 10 kDa para separar o meio da suspenkadatoA quantidade do farmaco livre é
determinada no ultrafiltrado e a fracdo associadoamoparticulas é resultante da diferenca
entre as quantidades de farmaco livre e total (FENWA et al, 2009; FONTANAet al,
2010).

Para os sistemas nanoestruturados contendo farsdacadicionalmente conduzidos
estudos de cinética de liberaclo vitro a partir das nanoparticulas. Duas técnicas séo
majoritariamente utilizadas: a difusdo em sacosdidises e a ultracentrifugacdo ou
ultrafiltracdo-centrifugacdo (SOPPIMATEL al, 2000). O perfil de liberacdo do farmaco a
partir das suspensdes é dependente do tipo deydanisto que o farmaco pode estar retido
ou adsorvido na superficie da particula ou disdohdu disperso dentro da cavidade oleosa,
dependendo da estrutura supramolecular da partiédiaionalmente, o perfil de liberacao
também é influenciado pela forma com que o farm@atiberado da nanoparticula, podendo
ser através da dessorcdo do farmaco adsorvido pexfiwie da particula, da difusdo do
farmaco através da matriz/parede polimérica, dederolo material polimérico ou ainda uma
combinacéo destes eventos (SOPPIMAGiHL, 2000; CRUZt al, 2006, FONTANAet al.,
2009, FONTANAZet al, 2010). Ainda, a presenca e a viscosidade do ibemterior da
cavidade das nanocapsulas podem também contrdilaeracdo do farmaco (CRU@t al,
2006; ABDEL-MOTTALEB et al, 2010). Com a finalidade de conhecer melhor laéntia
de cada componente da formulacédo e da nanoestroturasultados obtidos nos estudos de
cinética podem ser tratados com modelos matema#ctism de estabelecer o perfil de
liberacdo (CRUZt al, 2006; FONTANAet al, 2009, FONTANAet al, 2010).
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1.3  Preparacdes de nanocapsulas poliméricas

Um dos métodos de preparacdo de nanocapsulas poamé o da deposicao
interfacial do polimero pré-formado, proposto pes$t e colaboradores em 1988. Através
deste método as nanocapsulas poliméricas sédo ®lotidao uma suspensao coloidal formada
a partir de uma fase organica e uma fase aquofseforganica composta por um tensoativo
de baixo valor de EHL (equilibrio hidrofilo/lipoéi), oleo, solvente, polimero e
eventualmente um farmaco de caracteristica hidicdoB injetada sob agitacdo na fase
aguosa contendo um tensoativo de alto EHL. Quanddasg orgénica € injetada
adequadamente na fase aquosa, 0 solvente orgaificulel para a agua gerando uma
turbuléncia interfacial (6leo/agua) e o polimeregpita em torno das goticulas de dleo,
formando assim as nanocapsulas poliméricas (FESS) 1988).

As nanocapsulas de nucleo lipidico foram desendadsina Ultima década como um
novo tipo de particula. Esse tipo de nanoestrutlifere das nanocapsulas poliméricas
anteriormente descritas por apresentarem em sdeondima dispersdo de um lipidio solido
em Oleo (lipidio liquido) envolto por uma membramdimérica. O método de preparacéo das
nanocapsulas de nucleo lipidico é semelhante aquditeado para preparar nanocapsulas
poliméricas, porém com a substituicdo do tensoati@ofase organica por um tensoativo
sélido (monoestearato de sorbitano), que fica digpeo 6leo (triglicerideos de cadeia média)
situado interior da cavidade polimérica. Desta &0 obtidas particulas com caracteristicas
distintas, principalmente quanto ao seu nucleo (MER et al, 2001; JAGERet al, 2009;
OURIQUEEet al, 2010).

Os oOleos utilizados na preparacdo de nanocapsoliasdpicas sdo em geral de origem
sintética que possuem funcdes importantes comdiivér substancias ativas, melhorar a
estabilidade das formulacdes, aumentar a efici&eiancapsulacdo bem como controlar a
liberacdo do farmaco a partir dos nanosistemas FEAZICK et al, 2003). O oleo
também deve ser atoxico e, no caso das nanopadi@dliméricas, ndo reagir com o
polimero a fim de manter a integridade da nanoesauOs 0leos sintéticos obtidos a partir
da mistura de triglicerideos de cadeia média (TG& amplamente utilizados no preparo de
nanocapsulas poliméricas devido a sua capacidadm®ldbilizar uma grande variedade de
farmacos e substancias ativas (MORA-HUERTAS al, 2010) e por apresentar boa
compatibilidade com os materiais poliméricos usealt® empregados. Embora os 6leos de

origem vegetal ndo sejam frequentemente utilizadogreparo desses nanosistemas, isto ndo
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é indicativo de que formulagbes preparadas comsoOlsgetais ndo apresentem bons
resultados. Alguns estudos disponiveis na litepatl@monstram o uso de 6leos vegetais no
preparo de nanoparticulas poliméricas.

Os oOleos de soja e de girassol foram utilizados gaeparar nanoemulsdes e
nanocapsulas poliméricas a partir do copolimerad(gmdtlo lactico-co-acido glicélico)
(PLGA) contendo penicilina , conforme relatado pantos-Magalhdes e colaboradores em
2000. As formulacbes apresentaram caracteristidgagodquimicas dentro da faixa
nanometrica e estabilidade de até quatro mesegjuda e colaboradores (2000) avaliaram
a influéncia do tipo de 6leo no preparo de nanadapgoliméricas, incluindo o éleo de soja,
a partir do polimero poli(acido lactico) (PLA).

Em outro estudo, Friedrich e colaboradores (20€@8zaram o 6leo de girassol com o
objetivo de melhorar a eficiéncia de encapsulagéfiidnaco dexametasona em nanocapsulas
utilizando a poli¢-caprolactona) como polimero. O éleo de girassol alferou o indice de
encapsulacao do farmaco, porém ficou demonstratizbdidade de utilizar este 6leo vegetal
no preparo de nanocapsulas poliméricas. Ouriqueolabaradores em 2008 também
utilizaram oleo de girassol para preparar nanodapsoliméricas contendo tretinoina, a fim
de aumentar a fotoestabilidade do farmaco. A éten € um dos compostos mais utilizados
na atualidade contra os efeitos do envelhecimerdoope da pele e para o tratamento de
diversas doencas de pele como acne, ictiose eapspgporém, a molécula da tretinoina é
muito instavel frente aos efeitos da luz. O estlelmonstrou que as nanocapsulas poliméricas
preparadas contendo o 6leo de girassol protegeieil@néemente o farmaco contra os efeitos
de degradacédo da luz e, além disso, os autoreeesugeformulacdo pode ser incorporada em
formas farmacéuticas semissolidas para uso tépico.

Os Oleos de semente de uva e de améndoas doceltliaatdos no desenvolvimento
de sistemas nanoestruturados visando uso cosnpé&ticAlmeida e colaboradores em 2009.
Foram preparadas nanocapsulas poliméricas e nafs@@suwtilizando estes dois 6leos como
nucleo e empregando BZ3 como substancia ativa moAdBZ3 foi eficientemente associada
em ambos os sistemas nanoestruturados indeperdienipo de Oleo vegetal utilizado. A
associacdo da BZ3 aos sistemas nanoestruturadosaltéiaram significantemente as
propriedades fisico-quimicas, cujos resultados pereteram adequados por até seis meses
apos o preparo. Ainda neste estudo, as nanocamsu@soemulsdes foram submetidas a um
estudo de fotoestabilidade onde foi demonstradooguais tipos de nanoestruturas auxiliam

a retardar a degradacédo da BZ3 provocada pela;éadidy .



Revisao Bibliografica 34

Em outro estudo desenvolvido pelo nosso grupo dguiea em 2010 foi também
avaliada a fotoestabilidade e a atividade antioxila vitro de nanocapsulas poliméricas e
nanoemulsdes contendo rutina, preparadas utilizanddeo de sementes de uva, como
componente da fase oleosa destas formulacfes. SDkarks demonstraram que a rutina
associada a ambos os tipos de nanoparticulas afeseenores taxas de fotodegradacdo em
relacdo a uma solugdo etandlica de rutina. Os esuargeriram que tais formula¢des podem
ser aproveitadas para desenvolver produtos farrtiaggule uso cosmeético para o tratamento
de doencas relacionadas ao estresse oxidativouindol o envelhecimento cutaneo
ocasionado por radicais livres.

Os estudos até entdo relatados demonstram as jpditlades de alguns Oleos vegetais
no preparo de formulacdes de base nanotecnolégina carreadores de diversas substancias
ativas. Tendo estes estudos como base, os Olemrsade soja e girassol foram utilizados no
estudo de fontes alternativas no preparo de nasolz@pde nucleo lipidico. Até o0 momento
nao existem estudos disponiveis na literatura seénecapsulas de nucleo lipidico contendo
estes 0Oleos vegetais, tampouco sobre a caractifiaco-quimica e estudos de liberacéo de

farmacoin vitro a partir desses nanosistemas.

1.4  Sistemas nanoestruturados e o impacto ambiental

O desenvolvimento de produtos de uso farmacéutiaseético com base em
nanotecnologia vem crescendo em um ritmo acelemn,resultados bastante promissores,
conforme comentado anteriormente. Atualmente, umatque vem sendo bastante discutido
Sao 0s riscos que nanoparticulas podem oferecmeaoambiente. Por isso, 0 conhecimento
dos mecanismos subjacentes da interacdo entre aréicafas e sistemas biologicos através
de estudos vivo é de fundamental importancia para garantir qusoode nanoparticulas seja
realizado de forma segura, sem causar qualquerctmpabiental significativo (BARRENA
et al, 2009; BYSTRZEJEWSKA-PIOTROWSKAL al,, 2009).

A nanotecnologia pode ser conceituada como a @é&muiolvida no desenvolvimento,
sintese, caracterizacdo e aplicagdo funcional deensas com tamanho de particula
dimensionado na escala nanométrica (SAHE@L, 2007). Os principais motivos que levam
a conducédo de estudos sobre riscos ambientaisaeapsaiiide sdo o tamanho extremamente

pequeno de particula e a diversidade de matériamprue podem ser utilizadas na sintese
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destes sistemas, uma vez que pode ocorrer 0 acénalteracoes em sistemas biologicos por
estes sistemas, conforme j4 demonstrado em algturos (NOWACK & BUCHALLI, 2007).

O uso de plantas como indicadores biologicos peahiaa a toxicidade de produtos &
bastante eficiente devido a sensibilidade destgan@mos ao entrarem em contato com
algum produto toxico (NIEMI & McDONALD, 2004). A bela @Allium cepd € um vegetal
utilizado para estudos de toxicidade através dbserdas alteracfes genéticas das células das
raizes deste vegetal, apds entrarem em contato atlgom produto que potencialmente
ofereca riscos a saude e ao meio ambiente. Esse tesie padronizado rotineiramente
indicado como um eficiente organismo-teste paréiava citotoxicidade e genotoxicidade de
produtos por possuir crescimento rapido da raiduzielo nimero de cromossomos, facil
visualizacdo e por apresentar um grande nimercélldas em divisdo (FISKEJO, 1985;
KNOLL et al, 2006; FACHINETTCet al, 2007).

Kumari e colaboradores (2009) estudaram os efeittméOxicos e genotdxicos de
nanoparticulas de prata através do teste que autliium cepa como indicador de
genotoxicidade. A atividade antimicrobiana degie tie nanoparticula esta sendo investigada
para o uso em produtos cosmeéticos como desodoram@ssolucdes de limpeza. Os autores
concluiram que as nanoparticulas de prata podesragit com componentes intracelulares,
causando danos a divisdo celular, incluindo abeesgelulares. Além disso, esse teste
também foi utilizado para avaliar a atividade awfiferativa de farmacos encapsulados em
comparacdo com o farmaco na forma livre, por Fattine colaboradores em 2008. As
formulacdes contendo farmaco associado as nantgasuapresentaram uma diminuicdo
significativa do indice mitético em comparagdo caw farmacos ndo encapsulados,
demonstrando, portanto, que a encapsulacdo dosdésrem nanoparticulas poliméricas
apresenta um aumento na atividade antiproliferativé/o, empregando modelo vegetal.

Os estudos sobre nanotoxicologia ainda sdo escassrstem muitas duavidas com
relacdo a seguranca de nanosistemas pela sociesegeral, sendo que toda a contribuicéo
cientifica sobre este assunto deve ajudar a regukam o uso e o desenvolvimento de
produtos farmacéuticos com base em nanotecnologi@ando em contas estas consideracgoes,
este trabalho também avaliou os possiveis riscdseamais dos nanosistemas desenvolvidos
neste trabalho através de um estimdeivo de genotoxicidade. O protocdiwo vivo escolhido
como indicador bioldgico de genotoxicidade utiliaacebola como organismo vivo e
apresenta além das vantagens ja mencionadas alddeilde utilizar as suspensfes de

nanocapsulas preparadas sem a necessidade daalpoéyia.
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CAPITULO 1: Formulacdes fotoprotetoras contendo 6leo de amadeo
soja: propriedades reoldgicas, espalhabilidadéoe di@ protecdo solam vitro

1.1 Introducéo

O uso de formulagBes cosméticas fotoprotetorasopcama protecdo contra os efeitos
deletérios provocados pela radiacédo solar inclueritema e cancer de pele. Além disso, a
exposicao excessiva a radiacao solar induz a péodde radicais livres, cujos efeitos estéao
relacionados com o envelhecimento cutaneo (GALLABGRELEE, 2006). Entre os diversos
tipos de filtros solares quimicos, a BZ3 é a mdizada no preparo de formulagbes
fotoprotetoras, aprovada pela ANVISA na concentrad@ 10% (ANVISA, 2000). Produtos
de origem vegetal que apresentam atividade antokd sdo de grande interesse no
desenvolvimento de formulacdes fotoprotetoras. iAdedmente, compostos naturais
bioativos que possuem estrutura quimica similarfitogs solares sintéticos sdo capazes de
absorver a radiacdo solar sendo um agente fotepratatural (VELASCOet al, 2008a;
VELASCO et al, 2008b). Os Oleos de arroz e de soja apresentansu@a COmMpPOSICAO
compostos com funcgdes antioxidantes, justificandeso destes produtos em formulagbes
fotoprotetoras (JULIANCet al, 2005; SIGERet al, 2007). Além disso, estes Oleos podem
auxiliar no preparo destas formulagbes ao solw@ilsibstancias sintéticas, o que permite
reduzir a concentracao de solventes organicosreesmo tempo melhorar as caracteristicas
fisico-quimicas do produto. A escolha da forma tr@utica e a avaliacdo das caracteristicas
fisico-quimicas também sdo de fundamental impoiddnma vez que estes fatores séo
fundamentais no momento da escolha de um prodtdprfitetor pelos usuarios. Geralmente,
géis hidrofilicos e géis-creme sdo muitas vezedoawmas farmacéuticas preferidas por
apresentarem menor teor de lipidios e aspecto marioeso (TANNER, 2006).

Até o momento ndo existem trabalhos que demonstrassociacdo dos 6leos de arroz
ou de soja em formulacdes fotoprotetoras. Portaste, capitulo descreve o desenvolvimento
de formulacdes fotoprotetoras do tipo gel-cremeteatdo os Oleos de arroz ou de soja e a
avaliacdo das caracteristicas fisico-quimicas, cor@amento reoldgico e espalhabilidade da
formulagéo fotoprotetoras utilizando a BZ3 comtrdilsolar sintético. Neste capitulo também
é abordado o estudén vitro da influéncia destes Oleos no FPS da formulacéo.
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Abstract

The presence of rice bran or soybean oil at diffecencentrations (3 and 5 %) in gel-creams
containing benzophenone-3 (BZ-3) was evaluated-cé&ams were prepared with Carbopol
UltreZ® (polymer) at 0.5 % (w/w). The influence of riceahror soybean oil was evaluated on
the pH values, rheological behavior, spreadabditgin vitro sun protection factor (SPRII
formulations showed a cream-like aspect and pH &&tw6.5 and 7.0. Rheological analysis
showed pseudoplastic Non-Newtonian behavior for falimulations according to the
Herschel-Bulkley model, regardless of the preseatehe oil. However, formulations
containing BZ-3 showed higher shear rates and smalpreadability factors than blank
formulations. On the other hand, formulations witigher concentration of vegetable oil
showed higher spreadability factors and smalleashates than formulations without it. The

presence of oil showed no influence on the SPFegatd gel-creams.

Key-words: Benzofenone-3, Gel-cream, Rice bran oil, Soybélavegetable oils.



Capitulo 1 41

1. INTRODUCTION

Skin exposure to sun radiation (ultraviolet radia}i can generate several
complications such as erythema (sunburn), imunessgjn, or skin cancet UV
exposition is largely responsible for producingcteee oxygen species (ROS) damaging the
antioxidant system of the skin tissue and therefpremoting photoaging®. Such
complications depend on the time of exposure, sija,type, and genetic predisposition. On
the other hand, it is known that the moderate skposure to UV radiation is essential in the
synthesis of vitamin b

In this context, cosmetic sunscreen formulationsehaeen developed to protect the
skin from the deleterious effects of UV exposireéSeveral studies have shown a decrease in
the number of skin diseases caused by sun radiatioflequent users of sunscreéns
Moreover, the World Health Organization (WHO) aégsabout the importance of using
sunscreens dafty Consequently, the consume and the number of dofaqis containing
sunscreen ingredients (lotions, emulsions, or gelsthe market have been increasing
recently.

There are basically two categories of sunscreeredhignts: organic and inorganic
filters. The organic filters (usually composed obraatic rings) protect the skin by the
absorption of radiation and the inorganic filtebagically metallic oxides) by its reflectidh
Benzophenone-3 (BZ-3) (2 — hydroxy — 4 — methoxyphe) (Fig. 1), known as
oxybenzone, Eusolex 4380methanone, or diphenylketone, is one of the mestl organic
filters in sunscreen formulations. Food and Drugmistration (FDA) has approved its use
as a safe and effective over-the-counter (OTC) sees ingredien?. BZ-3 presents good
chemical stability and absorbs efficiently both U¥Ad UVB radiation. However, BZ-3 does
not show an adequate solubility in water to allésvimcorporation in hydrogels without using
organic cosolvents™. On the other hand, hydrogels and gel-creams arg/rimes preferred
compared to creams due to their lower greasy aspedtlower concentration of fatty

components.

OH

CHs

Figure 1. Chemical structure ot benzophenone-g:(82.22).
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Nowadays, the development of sunscreens contaathey bioactive compounds is of
great interest, since this allows the use of log@rcentrations of organic filters reducing the
adverse effects of these compounds. This way, segisdormulations containing agents with
known antioxidant activities have been developedhtain a better protection to the skin,
especially against the ROS production originatexinfrsun exposuté’*. Rice bran and
soybean oil contain substances as polyphenols @rwpherols with recognized powerful
antioxidant activity"*® Furthermore, the presence of vegetable oils ématics can alter the
sun protection factor of such formulations duehe presence of various substances in their
compositior®%°

In this context, the aim of this study was to ea#duthe influence of the presence of
rice bran or soybean oil at two different concemdres (3 or 5 %) on the physicochemical
characteristics, rheological behavior, spreadgbikindin vitro UVB sun protection factor
(SPF) of gel-creams containing BZ-3. To the besbwf knowledge, until now there is no
report in the scientific literature which shows tlmpact of using these oils in the

development of gel-creams to the obtaining of alives to sunscreen formulations.

2. MATERIALS AND METHODS

2.1 Chemicals

Benzophenone-3 and imidazolidinyl urea were pumtiasom Pharmaspecial and
Alpha Quimica (Porto Alegre, Brazil), respectiveBolysorbate 80 and soybean oil were
purchased from Henrifarma and Bunge SA (S&o P&rkyil), respectively. Rice bran was
supplied by Irgovel (Pelotas, Brazil). Triethanolaenand Carbopol Ultrez 10 NFwere
purchased from DEG (Séao Paulo, Brazil). Butylhygtoluene (BHT) and ethanol PA were
supplied by Delaware (Porto Alegre, Brazil) and émp(Novo Hamburgo, Brazil),
respectively. All other reagents were of analyt@lde and used as received.

2.2 Preparation of gel-creams

An aqueous phase was prepared dispersing Carlidipez 10 NF (acrylic acid
polymer) and solubilizing imidazolidinyl urea (pezgative) in part of water in order to swell
the polymer chains. After, an oily phase [BZ-3, Bwve8®, BHT and the oil (rice bran or
soybean oil)] was prepared at 40 °C. This phasesleagdy added to the aqueous phase under
constant stirring. Additional water was added ttaob100 g. This dispersion was neutralized

with triethanolamine to obtain an adequate semudsédirmulation for skin application.
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Formulations were prepared with rice bran oil (RBar 5% (GC-BZ3-R3, or GC-BZ3-R5,
respectively) or soybean oil (S) at the same canaton (GC-BZ3-S3, GC-BZ-S5). Table 1

shows the quali-quantitative composition of therfalkations.

Table 1. Quali-quantitative composition of semigsli

Component GC-BZ3-R3GC-BZ3-R5 GC-BZ3-S3 GC-BZ3-S5 H-BZ3
Carbopol Ultrez 10 NE(g) 0.5 0.5 0.5 0.5 0.5
Imidazolidinyl urea (g) 0.6 0.6 0.6 0.6 0.6
Triethanolamine (%) 0.2 0.2 0.2 0.2 0.2
BZ-3 (%) 10 10 10 10 10
Rice Bran Oil (%) 3 5 - - -
Soybean QOil (%) - - 3 5 -
BHT (%) 0.5 0.5 0.5 0.5 0.5
Tween 86 (%) 0.8 0.8 0.8 0.8 0.8
Distillated water ad 100 g ad 100 g ad 100 g addlo0 ad 100 g

Gel-creams without BZ-3 were prepared at the sasneentrations of components as
listed in Table 1 and were called as GC-R3, GC-86-S3, and GC-S5 for gel-creams
containing rice bran oil at 3 and 5 % and soybetratbo3 and 5 %, respectively. For
comparison purposes, formulations (hydrogels) withgegetable oils but containing BZ-3,
polysorbate 80 and BHT were also prepared (H-B2A3).formulations were prepared in

triplicate (n = 3).

2.3 Characterization of gel-creams

2.3.1 Determination of pH
pH values of gel-creams (n = 3) were determinetthéndispersion of an aliquot of the
formulation in ultrapure water (10 %, w/v) usingcalibrated potentiometer (MPA-210

Model, MS-Tecnopon, Sao Paulo, Brazil).
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2.3.2. Evaluation of rheological behavior

Rheological analyses were carried out at 25 + uS{dg a rotational viscosimeter
(LVDV lI+ Pro model, Brookfield, USA) with a SC4-2§pindle and a small sample adapter.
The data obtained were analyzed with the Rheoastevare (V3.1-1 version, Brookfield,
USA). The shear stress ramp was applied for 120@venty different points were recorded
using a shear rate interval of 0.05 & order to establish the rheological behavibeagrams
were analyzed using different flow models: Cassadeh (Eq. 1), Ostwald model (Eq. 2),
and Herschel-Bulkley model (Eqg. 3).

1= .[.00.5+ r]O.WOE (1)
T=ky>® 2)
T=To+ Ky’ (3)

wherez is the shear stress, is the yield stress; is the viscosityn is the index of flowg is

the index of consistencgndy is the shear rafg.

2.3.3 Determination of the spreadability

The spreadability of formulations was evaluatedoating to the methodology
previously described by Borghetti and Knorst (2606The sample was introduced in a
central hole (1 cm) of a mold glass plate. The nulte was carefully removed and the
sample was pressed subsequently with glass platesoan weights with intervals of 1 min
between each plate. Spreading areas reached byesabgiween each addition of a glass
plate were measured in millimeters in the vertmadl horizontal axes. Results represent the
mean of three determinations and were expressens of the spreading area as a function

of the applied mass. The spreading area was ctdduéccording to the following equation
(Eq. 1):

S = d2n/4 1)

in which S is the spreading area (mm?)fter the application of a determined ma&y) and
d is the mean diameter (mm) reached by each samipéespreading area was plotted against
the plate weights to obtain the spreading profilBlse spreadability factor {Swas also
calculated and represents the spread a formulaiable to expand on a smooth horizontal



Capitulo 1 45

surface when a gram of weight is added on it unitier conditions described in the
methodology above. The following equation (Eq. Zswsed to calculate the spreadability

factor?>:

S= AW 2

in which § (mnt.g) is the spreadability factor resulting from tha&io between (A) the
maximum spread area (Mnafter the addition of the sequence of weightsduse the

experiment and (W) the total weight added (g).

2.3.4 Determination of the in vitro UVB sun proteotfactor (SPF)

The in vitro UVB SPF was determined according to the spectrophotmnmeethod
developed by Mansur and co-workers (188&ince the main photoprotective activity of BZ-
3 is against UVB radiation. The amount of 0.25 ggavheach formulation was dissolved in
50 mL of ethanol. An aliquot of 1 mL was transfert® a 25 mL volumetric flask and the
volume was completed with ethanol. Absorbances weeasured at 290 to 320 nm
(Shimadzu UV-1201 UV-VIS Spectrophotometarsing ethanol as blank.

2.4. Statistical Analysis

Results are expressed as mearSD (standard deviation). Two-way or one-way
analysis of variance (ANOVA) was used to compagedkperimental data. Post-hoc multiple
comparisons were done by Tukey’s test for signifteaatp-values< 0.05. All analyses were

run using the SigmasStat Statistical Program (Ver8i®, Jandel Scientific, USA).

3. RESULTS AND DISCUSSION

Several factors are decisive for the use of suessréy population such as fragrance,
packaging, and price. More specifically, if the scieen shows greasy or sticky aspects, these
factors supplant all the othéts Gel-creams are oil-in water formulations presenta
thickener in the external aqueous phase. They eqmdpared from a gel preparation in which
an emulsifying agent is incorporated in conjunctiath an oily phase (mineral or vegetable
oil). Carbopol was chosen in our study due to @smon use as a thickener in these types of
formulations. Its structure contains a small lipidiphin addition to a large hydrophilic
portion, such as oil in water emulsifiers. This weys possible to obtain stable formulations
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that do not require a large quantity of oily phaseachieve a good level of viscosity
Regarding our study, all formulations showed homeges aspect, glossy, slightly greenish
color, and satisfactory organoleptic charactesstizespite the poor aqueous solubility of BZ-
3 (0.004 mg.mb)?, the use of both vegetable oils at 3 or 5 % wasugh to promote its
adequate incorporation in the gel-creams. pH vatidiesd! formulations containing rice bran
or soybean oil were compatible with the cutanequdieation (Table 2), regardless of the

presence of BZ-3.

Table 2. pH values and spreadability factors ofmi@ations containing the vegetable oils and
BZ-3 (mean + standard deviation).

Formulation pH Spreadability factor (mmd)g
GC-BZ3-R3 6.99 £+ 0.10 1.49 +0.47
GC-BZ3-R5 7.02 +£0.20 1.56 £ 0.37
GC-BZ3-S3 6.76 £ 0.10 1.39+0.46
GC-BZ3-S5 7.02 £ 0.00 1.60 +0.34
GC-R3 6.53 £ 0.80 2.15+0.86
GC-R5 6.85+0.10 1.88+0.24
GC-S3 6.82 +0.10 1.90 +1.09
GC-S5 6.74 £ 0.20 248 +1.14

For comparison, a formulation prepared without BZr8l the vegetable oils presented
similar pH values (6.57 = 0.20) than those contegrihe compounds. According to a two-
way analysis of variance, neither the presenceZeBmBior the concentration of the oil showed
influence on the pH values of gel-creams (p > 0.@8) the other hand, the presence of BZ-3
showed a significant influence on the spreadabifittor (Table 1). Formulations containing
BZ-3 showed lower spreadability factors comparedhtmse prepared without it (p 0.05).
This result can be better observed comparing theag@ability profile of the different
formulations (Figure 2). Regarding the presenceegktable oils, formulations containing the

higher concentration of oil showed better spreddgliprofile.
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Figure 2. Graphic representation of spreadabilitygel-creams (n = 3): (A) gel-creams
containing vegetable oils with BZ-3; (B) gel-creacmsntaining vegetable oils without BZ-3.

To be highly effective, the sunscreen formulatiomsincoat the skin surface
uniformly. The spreadability is an essential chaastic of semisolid pharmaceutical dosage
forms for dermal application, since it is relatedhe application of these formulations in the
action site. Furthermore, products containing stgests must promote easy spreadability to
ensure the nominal SPF

The viscosity of semisolids is highly related tceithspreadability behavior. In
addition, their flow properties influence each stagf the pharmaceutical development
process, such as filling, mixing, packing, and reatofrom the container before the
applicatio’®. This way, rheological characteristics of semibotiosage forms have a
fundamental importance, since they serve as a supppredicting their quality and stability,
as well as in evaluating the influence of some coments in their formulatioAS In order to
evaluate the influence of the BZ-3 and the vegetalds on the flow properties of the gel-
creams, rheological studies were carried out. Ttuelysof the rheological behavior of
semisolid formulations is an important tool for theod application and efficiency of such
formulations, mainly sunscree€fis’ Figure 3 shows the rheogram (applied shear mta a
function of the shear stress) of gel-creams coimginice bran or soybean oils in different
concentrations in the presence of BZ-3.



Capitulo 1 48

1200 1 A 1900 - B
~ 1000 A
S S 1000 -
x =
g 8001 % 800 -
o o
) | 0
= 600 @ 600 -
§ —— GC-BZ3-R3 @
& 4001 ---®--- GC-BZ3-R5 $ 400 A
— & - GC-BZ3-S3 o
200 1 —X—- GC-BZ3-S5 200
0 T T T T 1 0 T T T T ]
0,0 0,2 04 06 08 1, 0,0 0,2 0,4 0,6 0,8 1,0
Shearrate (s-%) Shear rate (s-1)

Figure 3. Rheological behavior of gel-creams contg vegetable oils with (A) or without
(B) BZ-3 (n = 3).

As can be observed, all formulations showed nonileian pseudoplastic behavior,
where the flow curves (shear stress versus shéay ase non-linedr, regardless of the
presence of BZ-3 or the vegetable oils at differemmcentrations (3 or 5 %). However,
formulations without BZ-3 exhibited lower valuessifear stress at higher shear rate than the
formulations containing BZ-3. An increase in theahstress with the increasing of the shear
rate means a decrease in the apparent vis€osityggesting lower apparent viscosity for
formulations without BZ-3 compared to formulatioc@ntaining BZ-3, as can be better seen
in Figure 4A and 4B.
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Figure 4. Graphic representation of viscosity (rsPaf gel-creams in relation to the shear

rate (§") (n = 3): (A) gel-creams containing BZ-3; (B) ggkams without BZ-3.

Formulations containing lower concentration of wabé& oils showed higher shear
stress values. The viscosity of the sunscreen dhdrdrease during the high shear process of
spreading (application on skin), so the producti¢@mover the skin evenl§”. Thixotropic
phenomenon can be observed by the enclosed aréasebeascendant and descendent
curves. Thixotropy consists in the decrease ofogsg with time when flow (shear rate) is
applied to a semisolid and the subsequent recafergcosity when the flow is discontinued.
This occurs basically due to the breakdown of tireg-dimensional internal structure of the
system and further to the rebuilding of the streetiecause of the Brownian motfor:

Sunscreen formulations should exhibit non-Newtonkahavior with preferable
pseudoplastic profile. Formulations presenting éhasaracteristics reduce the viscosity when

subjected to flow (shear rate), so the formulapoovides the formation of a protective film
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on the skin surfaé@ On the other hand, most Newtonian systems faibtm a protective
film on the skin, since they spread on the skirywapidly and compromise the effectiveness
of the product. Film thickness and uniformity oétbunscreens are the required properties to
be optimally regulated during the formulation preg&

Several mathematical models are available in tieealure to analyze the rheological
behavior of semisolid formulations, which can bedigo establish the flow index)(of
different now-Newtonian systems, such as Cassotydls$ (Power Law), and Herschel-
Bulkley models. In order to establish the best nhéateour formulations and to calculate and
compare the consistency indices of the differemifdations, these models were used to
analyze their rheograms. Table 3 shows the regmessiefficients obtained for the different

formulations, regardless of the presence of BZ«tae concentration of the vegetable oil.

Table 3. Regression coefficient (r2) for variouswil models in shear rate-shear stress curve

(mean + standard deviation).

Formulation Casson Ostwald Herschel-Bulkley
GC-BZ3-R3 0.9710 £ 0.0026 0.9777 £0.0047 0.9977 + 0.0006
GC- BZ3-R5 0.9737 £ 0.0110 0.9753 £ 0.0070 0.9980 + 0.0020
GC-BZ3-S3 0.9757 £ 0.0029 0.9820 + 0.0010 0.9973 + 0.0006
GC-BZ3-S5 0.9747 £ 0.0046 0.9750 + 0.0050 0.9967 + 0.0012
G-R3 0.9923 + 0.0023 0.9797 £ 0.0070 0.9980 + 0.0020
G-R5 0.9810 = 0.0045 0.9787 +0.0055 0.9970 + 0.0000
G-S3 0.9870 = 0.0006 0.9663 + 0.0086 0.9963 = 0.0015
G-S5 0.9760 + 0.0004 0.9817 + 0.0057 0.9977 +0.0021

The regression coefficient was higher than 0.99afbformulations according to the
Herschel-Bulkley’'s model. This way, the consisteimices and tha values were calculated
according to its equation (Table 4). Flow indiceslolw 1.0 confirm the pseudoplastic

behavior of such gel-creaffis
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Table 4. Consistency (k) and flow indices (n) fdt fmrmulations (mean + standard

deviation).

Formulation n k(mPa.s)

GC-BZ3-R3 0.27 £0.10 147520 + 34968

GC-BZ3-R5 0.37£0.20 121926 + 28839

GC-BZ3-S3 0.43 +0.06 112589 + 8922

GC-BZ3-S5 0.49+0.14 100207 + 14406
GC-R3 0.63 +0.09 73974 + 33370
GC-R5 0.53+0.16 86403 + 11572
GC-S3 0.56 £+0.71 76063 + 14366
GC-S5 0.39 £0.02 95199 + 804

A two-way analysis of variance with formulationsntaining BZ-3 showed no
influence of the concentration of the vegetable @il the consistency indices of the
formulations (p > 0.05). On the other hand, a $igant influence could be observed
according to the type of oil in the formulation<{®.05). This influence did not depend on the
concentration of the oil (3 or 5 %) in the gel-aresa(p > 0.05). In fact, gel-creams containing
rice bran oil showed higher consistency indices tihase prepared with soybean seed oil (p
0.05). This result can be explained by the highscosity of the rice bran oil (67.87 + 3.40
mPa.s) compared to the soybean seed oil (53.3T#MPa.s). Moreover, the presence of BZ-
3 led to an increase in the consistency indicethefgel-creams, regardless of the type of
vegetable oil or its concentration €0.05). These results corroborate the results oddafor
spreadability as previously discussed.

Finally, we evaluated the influence of the pregeoicthe vegetable oils on thevitro
UVB sun protection factor (UVB SPF) values of such falations containing BZ-3 (Table
5).
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Table 5.In vitro SPF values of gel-creams and hydrogels containémgophenone-3 (mean +
standard deviation).

Formulation SPF
GC-BZ3-R3 7.69 +0.41
GC-BZ3-R5 7.33+1.08
GC-BZ3-S3 7.83+0.84
GC-BZ3-S5 8.25 +0.50
H-BZ3 8.23+0.38

A formulation prepared without vegetable oil wagdiss a control (H-BZ-3). These
results showed that no statistical differences vaérserved among the values achieved for all
formulations (p > 0.05) regardless of the oil grdbncentration. This way, the presence of the
vegetable oils studied (rice bran oil or soybedhdnes not change the UVB SPF values of
the semisolids, confirming their potential use tegare cosmetic sunscreen formulations with

adequate physicochemical and rheological charatiti

4. CONCLUSION

In this study we demonstrated the feasibility t@pgare new sunscreen gel-cream
formulations containing two vegetable oils with ko antioxidant activities: rice bran and
soybean oil. The presence of the oils at two difiérconcentrations changed neither the pH
values nor the rheological behaviors of the getare (pseudoplastic and tixotropic profile).
The rheograms of all formulations fit better to tHerschel-Bulkley model. However, the
presence of the oils at 3 or 5 % in the gel-crebatdo lower consistency indices and better
spreadability profiles compared to the formulatwithout hydrogels, which are favorable for
sunscreen formulations. Furthermore, the presehbeth vegetable oils at 3 and 5% did not
change thén vitro UVB SPFE Taking all these considerations together, we cartlode that
the use of rice bran and soybean oils to prepdrergams is a promising alternative to obtain
aqueous-based formulations containing BZ-3 andsspa@ate this sunscreen with natural

antioxidant components in a skincare cosmetic,autithanging its in vitro SPF value.
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CAPITULO 2: Nanocapsulas de nucleo lipidico contendo 6leostaeye

alternativos: desenvolvimento e estud@ivo de genotoxicidade

2.1 Introducéo

Sistemas coloidais nanoestruturados estdo sendtaraeme estudados no campo
farmacéutico para melhorar o preparo de formas de@uicas devido seu tamanho
submicrométrico e por proporcionar vantagens conmaumento da biodisponibilidade, da
estabilidade bem como o controle da liberacdo dest&ocias ativas (ZILet al, 2005;
OURIQUEEet al, 2008; FONTANAet al, 2009; FONTANAet al, 2010). Recentemente, um
novo tipo de nanoparticula foi descrito na literaijichamada de nanocapsulas de nucleo
lipidico (MULLER et al, 2001; JAGERet al, 2009; OURIQUEet al, 2010). A estrutura das
nanocapsulas de nucleo lipidico difere das nanot@pgoliméricas, pois apresenta em seu
nucleo a dispersdo de um lipidio sélido em 6leamdaindo existem trabalhos na literatura
sobre a utilizacdo dos 0Oleos de arroz, soja osgpiano preparo de nanocapsulas de nucleo
lipidico, apenas alguns trabalhos com a preparag@o nanocapsulas poliméricas
convencionais contendo estes 6leos (SANTOS-MAGALBA&Eal, 2000; MOSQUEIRAet
al., 2000; FRIEDRICHet al, 2008). Além disso, considerando o0 crescentaesse no
desenvolvimento de sistemas nanoestruturados coarmcarreadores de farmacos e
nanocosmeticos, o impacto ambiental que esses i@IDAS possam causar deve ser
avaliado a fim de garantir a seguranca destes egara a salude e para o0 meio ambiente
(BARRENA et al, 2009).

Portanto, o capitulo a seguir descreve pela pramggz o desenvolvimento de
nanocapsulas de nucleo lipidico contendo os Oleesadoz, soja e girassol como
nanocarreadores e 0 impacto ambiental através destudo de genotoxicidade que utiliza a

cebola como modelo de vegetal de tastavo.
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Abstract

The aim of this study was to evaluate the feagjbdf using rice bran (RB), soybean (SB) or
sunflower seed (SF) oils as alternative oily congmis to prepare lipid-core nanocapsules
(LC-NC). Firstly, the compatibility of such oils thi the polymeric material was checked by a
swelling test. LC-NC containing RB, SB or SF oilsre& prepared by interfacial deposition of
the preformed polymer method. Physicochemical ateristics of the formulations were
monitored up to 3 months of storage by particlee,sizolydispersity index, pH, and zeta
potential. The relative physical instability pheremon was evaluated by multiple light
scattering analyses. The environmental safety effthmulations was carried out by an
vivo protocol, theAllium cepatest. After preparation, all LC-NC showed negatreta
potential (around — 7.0 mV) and adequate nanotdobimal characteristics as mean size
(between 220 and 230 nm) and polydispersity (<)0.@Mich remained adequate until 3
months after preparation. The presence of the palyaround the nanodroplets was
fundamental to avoid the formation of micrometriarttle population. All formulations
showed a Newtonian rheological behavior and didpnesent instability phenomenon typical
for colloidal systems. Thén vivo environmental safety evaluation showed that LC-NC
containing RB, SB or SF oils did not present gexiotopotential; although a slight
antiproliferative activity was found depending & type of the oily phase. In conclusion, we

can suggest that these nanoparticles do not afferamental damage or risk.

Key-words: Allium cepa Environmental safety, Nanocapsules, Nanoparfic\éeegetable
Oils.
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1. INTRODUCTION

Nanosystems have been studied in the pharmadeiigicbto improve the preparation
of pharmaceutical dosage forms due to their sulwmetric size (less than 1 um) and
advantages such as making the preparation of plecatmeal dosage forms containing poor
water soluble drugs easier (Zili et al., 2005; Blaet al., 2006; Ourique et al., 2010; Zhang et
al.,, 2010). These nanosystems cover different gharttypes, such as nanocapsules,
nanoemulsions, liposomes, and dendrimers, amorggotRolymeric nanocapsules have been
widely employed in the preparation of drug delivepgtems due to the possibility to sustain
the drug release (Fontana et al., 2009; Fontaah, &t010; Friedrich et al., 2008), to improve
the stability of drugs (Ourique et al., 2008; Alcheiet al., 2009; Almeida et al., 2010), and to
protect active substances against biological fl¢@ls et al., 2006).

Innovative polymeric nanocapsules, called lipidecoanocapsules, were proposed in
the last decade (Mller et al., 2001; Jager e2@DY). They present a different core compared
with the original nanocapsules proposed by Fessi ao-workers (1988). Lipid-core
nanocapsules are characterized by a lipid core osetpof a mixture of oil and a solid lipid,
as sorbitan monostearate (Jager et al., 2009; @aiagal., 2010).

Some studies have been reported in the literappeoaching polymeric nanoparticles
prepared with alternative vegetable oils. The usesaybean and sunflower seed oils to
prepare penicillin-loaded poly (D,L-lactic-acid-gbscolic acid) nanocapsules was reported in
2000 by Santos-Magalhédes and co-workers. The méi®f different oily phases, including
soybean oil, on the physicochemical properties afatapsules was studied by Mosqueira
and co-workers (2000). Some years later, Friedaiath co-workers (2008) used sunflower oill
aiming to improve the encapsulation efficiency oexamethasone into polymeric
nanocapsules. The feasibility of preparing nanagdagsand nanoemulsion using oil with a
high cosmetic appeal (grape seed and almond keif)evas demonstrated by Almeida and
co-workers (2009). Such formulations were suitable delay benzophenone-3
photodegradation.

Rice bran oil is rich in natural antioxidant suck @copherols, tocotrienols, and,
especially;y-orizanol (Chen and Bergman, 200%rizanol is a great antioxidant compound
(Juliano et al., 2005) responsible for hypochoked¢enic effects (Ha et al., 2005; Wilson et
al., 2007). It is not present in other vegetabls.ol'he soybean oil presents phytosterols
(sitosterol and stigmasterol) and tocopherols @ierh et al., 2001; Careri et al., 2001;
Benites et al., 2009), which also has antioxidamivily (Amadou et al., 2009). Sunflower

seed oil is composed of polyunsatured fatty acldHR) such as Omega-6 (linoleic acid) and



Capitulo 2 61

Omega-9 (oleic acid). The unsaponifiable portioswfflower seed oil containstocopherol
and B-sitosterol, which present antioxidant activity (ifeé et al., 2004). In a recent study,
Odabasoglu and co-workers (2008) have reportedhbatunflower oil has anti-inflammatory
and gastroprotective properties.

Considering that vegetable oils show high concéptraof phytochemical compounds,
which present known antioxidant activities, sucHs ocould be very interesting for
pharmaceutical and cosmetic purposes. Free radicalgvolved in several diseases such as
cardiovascular complications, neurodegenerativeadiss, and the acceleration of aging skin
(Bruckdofer, 2008; Herrling et al., 2003).

Furthermore, concerning the growing interest imgsianomaterials as nanomedicines
and nanocosmetics as well as in consumer prodtiuts,presence and safety of such
nanoparticles in the environment should be consitieCritical interest in the impact of this
emerging technology has grown lately therefore w iksue in this field is to evaluate its
potential toxicity (Barrena et al., 2009). Someeseshers have reported that limited studies
have been conducted on the toxicity of nanopadidldussain et al., 2005) being the
nanotoxicology in its infancy. Furthermore, few @gs on genotoxic and cytotoxic behavior
of nanoparticles in plant cells are found in ther&ture.

The utilization of biologic assays for the monitayiof the extract bioactivity, fractions
and isolated chemical compounds has been frequaddgd in the phytochemical research in
the identification of some potential toxic subses¢Noldin et al.2003). Plant system tests,
mainly theAllium cepa have been used to study the effects of plantetgrfor genotoxic
detection (Teixeira et al., 2003; Knoll et al., BQBachinetto et al., 2007; Lubini et al., 2008).
Moreover, theAllium cepatest has already been used asirarvivo model to test the
antiproliferative activity of nanoencapsulated arah-encapsulated drugs, such as tretinoin
and dexamethasone (Fachinetto et al., 2008; Maickioal., 2010). In addition, Kumari and
co-workers (2009) described recently a study orcthetoxic and genotoxic impacts of silver
nanoparticles using root-tip cells &fllium cepaas an indicator organism. The authors
concluded that silver nanoparticles may interfergh vintracellular components, causing
damage to cell division, including chromosomal adgons. In this way, they suggested that
plants, as an important component of the envirotaheand ecological systems, need to be
included in the evaluation of the overall fate,ngport, and exposure pathways of
nanoparticles in the environment.

In this context, the aim of this study was to eatduthe feasibility of using three

alternative vegetable oils (rice bran, soybean aundflower oils) to prepare lipid-core
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nanocapsules as potential nanocarriers and to sthdy environmental impact by
genotoxicity, using am vivo vegetal model, thallium cepatest. The advantage of using this
test is the use of formulations without dilutiodloaing the maintaining of the original
properties during the experiment. Nanoparticlessweepared by the method of deposition of
preformed polymer, using poly-€aprolactone) as biodegradable polymer. Formulatio
were characterized in terms of mean particle diameiolydispersity, zeta potential, pH,
relative physical stability, and morphological arssd by transmission electron microscopy.
The compatibility of the different oils with the lymer was evaluated by a swelling test. To
the best of our knowledge, there is no study inliteeature reporting the use of such oils to
prepare lipid-core polymeric nanocapsules or tle@vironmental impact using an vivo

protocol.

2. Materials and methods
2.1. Materials

Poly(e-caprolactone) (PCL) (MW: 80,000) and sorbitan nstearate (Span 8pwere
purchased from Sigma-Aldrich (S&o Paulo, BrazilceRbran, soybean and sunflower seed
oils were purchased from Irgovel (Pelotas, BraBl)nge (S&o Paulo, Brazil) and Henrifarma
(Sao Paulo, Brazil), respectively. Polysorbatev@is supplied by Henrifarma (S&o Paulo,
Brazil). All other chemicals and solvents usedhis tstudy presented pharmaceutical grade

and were used as received.

2.2 Swelling polymer experiments

Films of polyg-caprolactone) were obtained by squeezing in adwitrpress for 5 min
at 5 Tons (Hydraulic Press P30000, Bovenau, Bragdy each experiment the films were
exactly weighed and placed in glass amber flasksaount of RB, SB or SF oil enough to
cover the film was added. The flasks were closetistéored at room temperature. After 5, 10,
15 and 30 days, the films were sieved and thetdithe surface was carefully removed with

absorbing paper. Thereafter, the films were weighed

2.3 Preparation of nanoparticles

Lipid-core nanocapsules (LC-NC) were prepared byerfacial deposition of
preformed polymer (Miller et al., 2001; Jagger let 2009). Two solutions were prepared
(organic and non-organic phases). The organic pbagsisted of a solution containing the

solvent (acetone) with a film-forming component ljge-caprolactone), the oil (rice bran,
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soybean or sunflower seed oil) at 3 % (v/v) andladdipid at room temperature (sorbitan
monostearate) at 0.77 % (w/v). The non-organic @h@sjueous phase) contained water
supplemented (0.77 % wi/v) by a hydrophilic surfatf@olysorbate 80). The organic phase
was added slowly with moderate magnetic stirring ithe aqueous phase. The magnetic
stirring was maintained for 10 min and then acetoras removed and the aqueous phase
concentrated by evaporation (bath at 40°C) undiraed pressure. The final formulation was
adjusted to 25 ml. LC-NC containing rice bran, s or sunflower seed oil were called as
LC-NC-RB, LC-NC-SB or LC-NC-SF, respectively. Indar to evaluate the influence of the
polymeric coating on the oily droplets, nanoemuisigNE) composed only of oil-in-water
droplets surrounded by an hydrophilic surfactaotygorbate 80) were prepared, omitting the
addition of the film-forming component in the orgaphase (NE-RB, NE-SB or NE-SF). All
formulations were prepared in triplicate, storedoamtm temperature (25 + 2°C) and protected

from light (amber glass flasks).

2.4. Nanoparticle characterization
2.4.1. Particle size, polydispersity index and zedtential analysis

Particle size and polydispersity index were deteadiby light diffraction (Mastersizer,
Malvern Instruments, Worcestershire, UK) considgitime volume of the particles as well as
by photon correlation spectroscopy (3 measuredib&aeuns of 30 s/measure, 25 °C) after
adequate dilution of an aliquot of the suspensionpurified water (Zetasizer Nanoseries,
Malvern Instruments, Worcestershire, UK). Zeta pbéts were measured using the same
instrument at 25 °C, after the dilution of the séaspn 10 mM NaCl aqueous solution (3

measures/batch; 10 runs/measure, 25 °C).

2.4.2. pH measurements
pH values of formulations were determined diregtlyhe dispersions using a calibrated
potentiometer (MPA-210 Model, MS-Tecnopon, S&o &aBtazil).

2.4.3. Morphological analysis

Morphological analyses were carried out at CenteoMicroscopia of the Federal
University of Rio Grande do Sul (Porto Alegre, BlaZAnalyses of LC-NC were conducted
by transmission electron microscopy (TEM; Jeol, JERO ExIl, Japan) operating at 80 kV.

Diluted suspensions were deposited on specimen (@ramvar-Carbon support films,
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Electron Microscopy Sciences), negatively stainé&tl wranyl acetate solution (2 % w/v) and
observed at different magnifications.

2.5. Rheological analysis
Rheological analyses were performed using a rotatigiscosimeter (LVDV IlI+ PRO
Digital Viscosimeter, Brookfield Instruments, UK)quwpped with ultra low viscosity

apparatus. The analyses were carried out at 25Ct 1

2.6 Backscattering analysis

In order to predict phenomena of physical instahilLC-NC containing RB, SB or SF
oils were analyzed by multiple light scattering ngsiTurbiscan LabExpert equipment
(Formulaction Co., L’Union, France). The detect®ystem consists of a light beam in the
near infrared 4= 880nm) and two detectors (one for transmissiorand another of
backscatteringdS, which receive light at different angles of theident light beam. The
system detector performs a scanning from the bottotine top of the cuvette (55 mm), which
contains the sample, acquiring d@tandBS The profiles are expressed in the absolute (total
values of T or BS) and reference mode (delta vaioes de first scan). To run the analyses,
approximately 44 mm height of the cuvette wasdiNgth the formulation. The samples were
analyzed at room temperature (5 within a period of 1 h using the multiple scaiqnimode

(one scan every five minutes).

2.7 Stability studies

The effect of storage time of the LC-NC-RB, LC-N8-8nd LC-NC-SF formulations
was monitored up to 3 months of storage by parside, polydispersity index, zeta potential
and pH. Formulations were stored at room tempezat@b+ 2°C) and protected from light

(amber glass flasks).

2.8. In vivo genotoxicity study

For the onion root-tip cell test, thir@llium cepabulbs were used, divided into five
groups of six onion bulbs for each treatment (figstiwater, as negative control; glyphosate
20%, as positive control; acetone, LC-NC-RB; LC-88; LC-NC-SF). For each treatment,
all bulbs were rooted in distilled water for thrdays and after they were placed in their
respective treatment for 24 h. The negative cogtmip remained in distilled water. After 24

hours of treatment, control and experimental bullese collected and fixed in 3:1 (v/v)
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ethanol:acetic acid for 24h before being placeddr®o (v/v) aqueous ethanol and refrigerated
(4 £ 2 °C) until analysis. For each bulb, two slidesewmade using two root-tips hydrolyzed
in AN hydrochloric acid for 5 min and washed intidlesd water (Guerra & Souza, 2002).
Slides were stained with 2 % (w/v) acetic orceiauffields of each slide were assessed by
bright-field optical microscopy at 400X magnifiaati and the number of interphase,
prophase, metaphase, anaphase and telophase agliesorded. At least 4000 cells for each
treatment and controls were scored. Mean valueshfodifferent cell cycle phases, mitotic
index (MI) and the percentage of division inhititi (%) in relation to the control (distilled
water) were calculated (Patra et al., 2005; Marctgbal., 2010). Chromosome aberrations
were observed during cell division and counted @als (all mitotic phases), bridges and

laggards (telophase and anaphase).

2.9. Statistical analysis

All formulations and experiments were prepared amalyzed in triplicate. Results are
expressed as mean + SD (standard deviation). Ogeanalysis of variance (ANOVA) was
employed for comparison of the experimental datastfhoc multiple comparisons were
executed by Tukey's test pdvalue< 0.05 (SigmaStat Statistical Program, Version Jahdel
Scientific, USA). Cell chromosomal irregularitiekd anaphasic bridges, breaks and laggard
chromosomes were registered when occurred. Stalistata analyses were carried out using
they” test at p- values = 0.05 (BioEstat 5.0)

3. Results and discussion

3.1. Swelling polymer experiment

In order to evaluate the feasibility of using ttreee different oil components as
suitable excipients for preparing lipid-core narpmdes, firstly we evaluated the
compatibility of the polymeric material in contagith the different vegetable oils by means
of a swelling polymer experiment, as a preformolatiest. As observed in Table 1, the
weight of the polymeric films did not show any sigrantly difference (ANOVA, p > 0.05)

after 30 days in contact with the vegetable oils.



Capitulo 2 66

Table 1.Percentages afeight of polymeric films after contact with thegegable oils during
5, 10, 15 and 30 days. Values represent the meimesf independent experiments.

% of weight

Vegetable oil
5 days 10 days 15 days 30 days
Rice bran oll 98.75 97.21 96.59 97.71
Soybean oil 97.69 97.91 97.77 98.10
Sunflower seed oil 96.73 97.27 98.25 98.93

This means that RB, SB and SF neither solubilizesmeell the polymer. This result
shows the potential use of such vegetable oils h@ investigation of alternative oil

components to prepare LC-NC for the developmentobmedicines and nanocosmetics.

3.2. Nanoparticle characterization
At first we evaluated the size range of particlgddser diffraction analysis after the

preparation of LC-NC. All LC-NC formulations showadunimodal particle size distribution
at the nanoscale range (Figures 1A, 1B and 1Cydégss of the oily component.
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Fig. 1. Particle sizes distribution of (A) LC-NC-RBE3) LC-NC-SB, (C) LC-NC-SF
(D) NE-RB, (E) NE-SB and (F) NE-SF.
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This result showed that the quali-quantitative cosifgon of such formulations did not
form micrometric particles concomitantly, and thhey are suitable to be further studied. In
order to evaluate the effect of the presence optiilgmer in these colloidal dispersions, oil-
in-water nanoemulsions (NE) were also prepared amatacterized by laser diffraction.
Although the formation of nanodroplets could beeslied, the absence of the polymeric layer
led to the concomitant formation of particles a thicrometric range (Figures 1D, 1E and
1F). The control of the mean size at a nanoscalieindamental to the development of
adequate drug nanocarriers. In this way, our reshdived that the presence of the polymer
was fundamental to obtain adequate colloidal dspas, considering the quali-quantitative
composition selected in this study. Thus, furthsailgses were carried out only with LC-NC
suspensions.

Table 2 shows the physicochemical characteristidSCoNC prepared with the three
different oily components (LC-NC-RB, LC-NC-SB an@iNC-SF).

Table 2. Physicochemical characteristics of lipidecnanocapsules containing rice bran (LC-
NC-RB), soybean (LC-NC-SB) or sunflower (LC-NC-S#p after preparation(n=3).

Formulation pH Particle size (nm) PDI* Zeta potah{mV)
LC-NC-RB 5.20+0.04 229+ 8 0.15+0.02 -7.01 2.
LC-NC-SB 5.28 + 0.07 226 + 10 0.17 £0.02 -7.17.430
LC-NC-SF 5.22 +0.10 226 + 14 0.15+0.02 -8.81113

*PDI: Polydispersity index.

Particle size and polydispersity have been invastd) by photon correlation
spectroscopy, which is more sensible for mateaalkhe nanoscale. All formulations showed
similar particle size between 220 nm, with low pbépersity index (below 0.20). No
influence of the type of oil was observed on themparticle size and polydispersity index of
formulations (ANOVA, p > 0.05). pH values betweefl &nd 5.5 and negative zeta potentials
around — 7 mV were observed for all formulationsie3e values of zeta potential are a
consequence of the particle/emulsion coating wittygorbate 80, acting as a physical
stabilizer at the interface particle/water and niegative surface density of charge due to the
presence of oxygen atoms in the molecules (Jagat.,e2007). Mean particle sizes in the

range of 200 to 300 nm and negative zeta poteatiand — 8 mV are characteristics of
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nanocapsules and LC-NC prepared by interfacial sigpo method with polyester polymers
using non-ionic stabilizing agents (Reis et alQ@0Ourique et al., 2008; Fontana et al., 2009;
Ourique et al., 2010). Considering the statistarzlysis, the vegetable oils employed in the
preparation of LC-NC did not show any influence their physicochemical properties
(ANOVA, p < 0.05). Furthermore, morphological analysis bynsraission electron
microscopy showed homogeneous spherical-shapedclpsrt whose diameters were in
agreement with those obtained by photon correlap@ttroscopy (Figure 2).

Fig. 2. Transmission electron microscopy image@PL.C-NC-RB, (B) LC-NC-SB, (C) LC-
NC-SF. [bar = 200 nm (150,000x)].

3.3 Rheological analysis

Regarding the rheological profile, all formulatiostsowed a Newtonian behavior. The

viscosity value did not change with the increasohthe shear rate value (Fig. 3).
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Fig. 3. Rheological behavior of LC-NC containindfelient vegetable oiln=3).

However, LC-NC prepared with RB or SF oils showaghbr viscosity (1.58 + 0.02 and
1.56 = 0.06 mPa.s, respectively) than that prepavéd SB oil (1.36 + 0.01 mPa.s).
Considering that polymeric nanoparticles are padéoarriers to improve the parenteral drug
delivery (Joshi & Miiller, 2008), the Newtonian beiwa presented by the formulations under
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development in this study are interesting for tleeafiopment of parenteral nanomedicines
(Allahham et al., 2004; Ourique et al., 2010).

3.4 Backscattering analysis

In order to predict the type of physical instalgilghenomenon [particle migration
(sedimentation, creaming) and/or size variatioralgscence, flocculation)] that may occur in
the colloidal suspensions, LC-NC prepared with ttimee oil components (RB, SB or SF)
were analyzed by multiple light scattering. Thesalgses were carried out without dilution
of samples. All transmission profiles showEdelow 0.2% for nanocapsules indicating that
only backscattering profile88@ could be considered for their characterization.ddanges at
the center of the cuvettes were observed for athédations suggesting that no size variations
occurred within the period of analysis. In additidime analyzed formulations did not show
any instability phenomenon evidence since no vandtigher than 5 % of BS at the top or at
the bottom of the cuvette was observed. Backsaagtgurofiles for all formulations are
presented in Figure 4 as a function of time, froghtrto left of the profiles representing from

bottom (0 mm) to top of the cell (40 mm).
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Fig. 4. Backscattering analysis of (A) LC-NC-RB gBj LC-NC-SBand (C) LC-NC-SF.
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3.5 Stability studies

Taking into account the potential use of these tdations as nanocarriers for drugs or
cosmetic substances, they were stored at room tatope (25° C) and protected from light in
order to evaluate their stability under storagee Tésults of mean size, polydispersity index,
zeta potential, and pH were monitored for 3 months.

As can be observed in Table 3, after 3 monthsarbge the three formulations (LC-
NC-RB, LN-NC-SB and LC-NC-SF) showed similar pH, aneparticle size as well as

polydispersity index compared to the initial valuegjardless of the type of vegetable oil.

Table 3. Physicochemical characteristics of lipidecnanocapsules containing rice bran (LC-
NC-RB), soybean (LC-NC-SB) or sunflower (LC-NC-S#ls after storage time (3 months).
(n=3).

Formulation pH Mean size (nm) PDI* Zeta potentraM)
LC-NC-RB 5.12 +0.12 239+5 0.17 +£0.06 -13.53. 71
LC-NC-SB 5.13+0.20 237 +10 0.18 +0.03 -11.86.24
LC-NC-SF 4.95 +0.10 227 +8 0.14 +0.01 -0.59 4%3.

* PDI: Polydispersity index.

For all formulations the zeta potential remainedatie and presented a slight increase
(in module) during storage time. These resultsimr@greement with other studies that have
described the stability of LC-NC prepared with dafeaprylic triglycerides mixture as oil
(Fontana et al., 2009; Ourique et al., 2010), ai a® with the backscattering analysis

previously discussed.

3.6. In vivo genotoxicity study

The use of vegetable oils such as RB, SB or SFimitee preparation of LC-NC is
innovative. As we are looking for alternatives tegare nanocarriers for the development of
nanomedicines and nanocosmetics, it is imperativevialuate their environmental safety.
Thus, we carried out a genotoxicity study usingAleim cepavegetal test. Table 4 presents
the number of cells observed in the different phaddhe cell division during thallium cepa
cell cycle and the respective mitotic index (Ml &ach treatment.
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Table 4. Number of cells in different cell cycle (interplkeagprophase, metaphase, anaphase,
and telophase) and the mitotic index (MI) Allium ceparoot-tips treated with distillated
water (negative control), glyphosate 20% (positientrol), acetone and the LC-NC
containing rice bran (LC-NC-RB), soybean (LC-NC-SB)sunflower (LC-NC-SF) oil. The

total number of cells analyzed for each treatmea 4000.

Treatment Interphase  Prophase Metaphase Anaphasdophdase MI (%)*
Negative control 3713 127 42 20 44 5.8
Positive control 3892 115 127 13 32 7.1
LC-NC-SF 3767 100 32 15 36 45
LC-NC-RB 3809 81 33 18 52 4.6
LC-NC-SB 3816 65 12 10 21 2.7

* Means, in column, with the same letter are nghilicantly different byy” test.

The positive control (glyphosate 20%) differed gigantly from the negative control
(x2 =5.998) and the other treatments, showing amease of the cell division with the highest
value of mitotic index (7.1 %). All lipid-core foratation showed a significant inhibition of
the cell division compared with the negative cohtt@€-NC-SB formulation presented higher
inhibition of cell division &2= 47.861) compared with LC-NC-SF and LC-NC-RB%6.339
and x2=6.074, respectively). Moreover, the number ofscel the interphase in the treatment
with LC-NC-SB was higher than LC-NC-RB and LC-NC-%E-NC-SF and LC-NC-RB did
not differ significantly in their antiproliferativeffect ¢2=0.003). The proliferative capacity
of a substance, as the positive control, is gelyeealsociated with environmental harmful
consequences. The development of organisms mayehapp an accelerated rate or
inappropriate way, damaging the balance. On thdaragn LC-NC showed a trend of a
decrease in the cell division, highlighting thaitigoroliferative capacity as observed by their
mitotic index values. In this way, it is imperatite evaluate if this difference in the mitotic
index could lead to genotoxic alterations.

Table 5 shows the mitotic aberrations, the numbércells with abnormal

chromosomes as well as the type of changes.
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Table 5.Mitotic aberrations in théllium ceparoot-tips treated with LC-NC containing rice
bran (LC-NC-RB), soybean (LC-NC-SB) or sunflower(@C-NC-SF).

Alteration type

Treatment Anaphasic bridge Chromosomal break Tethhumber
with alterations*

Glyphosate 17 135 152
LC-NC-RB 1 4 5
LC-NC-SF 2 1 3
LC-NC-SB 1 2 8

* Means, in column, with the same letter are notiigmtly different byy” test.

The positive control showed 152 cells with altemasi (70 cells with bridges in
anaphase or telophase and 135 with chromosome fre@kis result was statistically
different from the negative controx3=149.218). LC-NC-RB showed a single cell displayin
an anaphasic-bridge (Figure 5A) and four cells atlkrrations of type chromosome breakage
(Figure 5B), which means 2.7% of alteration considggthe dividing cells in this treatment.

o

'

Fig. 5. Mitotic phases cells @fllium cepatreated with different nanocapsules formulations:
(A) cell with chromosomal break (arrow) treated hwitC-NC-RB, (B) arrow indicating
anaphasic bridge cell treated with LC-NC-RB; (Qparindicating chromosomal break of the
cell treated with LC-NC-SF; (D) cell treated wittCINC-SF, arrow indicating anaphasic
bridge; (E) cell treated with LC-NC-SB, arrow indimg chromosomal break; (F) arrow
indicating anaphasic bride of the cell treated Wi@NC-SB. Scale bar 10 micrometers.
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If we consider all cells (dividing and non-dividingnalyzed in this treatment (4000
cells) this value drops to 0.125%. The treatmerth iC-NC-SF showed cells with two
anaphasic-bridges (Figure 5C) and one cell witlblmsome breaks (Figure 5D).

Similar results were found for the treatment witG-NC-SB: one cell with anaphasic-
bridge (Figure 5E) and two cells with chromosomeaks (Figure 5F). It is important to
highlight that considering the number of dividinglls when compared with the positive
control, the LC-NC containing RB, SB or SF oils esffno environmental risk because
chromosomal abnormalities are not significant (€ab). All LC-NC formulations showed a
similar behavior compared with the negative confx8=2.999, 2.999 and 4.997 for LC-NC-
SF, LC-NC-SB and LC-NC-RB, respectively), regardle$ the oil type. These results are in
agreement with those obtained for conventional ocapsules containing only liquid oil in
their core (Fachinetto et al., 2008; Marchiorilet2010).

4. Conclusion

Lipid-core nanocapsules prepared with rice bramflswer or soybean oil showed
adequate physicochemical properties regarding tm@mnometric characteristics. These
formulations did not show any instability phenomersoich as aggregation or sedimentation.
Their physicochemical properties remained uncharigeantil 3 months of storage. The
vivo study showed that LC-NC containing RB, SB or SFs @b not present genotoxic
potential. This result suggests that these nanofestdo not offer environmental damage or
risk, being alternatives, as nanocarriers, for thevelopment of nanomedicines and

nanocosmetics.
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CAPITULO 3: Controle do perfil de liberacdo de farmaco a paeir
nanocapsulas de nucleo lipidico: influéncia do tdpaleo vegetal

3.1 Introducéo

No capitulo anterior foi apresentada a viabilidaéeobtencdo de nanocapsulas de
nacleo lipidico contendo os 6leos de arroz, sgaassol como fontes alternativas para o seu
preparo. As formulacbes apresentaram caractedstiseco-quimicas adequadas durante o
tempo de armazenamento e ndo demonstraram efedtaasthbilidade caracteristicas de
suspensdes coloidais durante o tempo de acompant@mn® estudo de genotoxicidade
demonstrou que as nanocapsulas de nucleo lipidicberndo esses Oleos vegetais nao
oferecem danos ou riscos ambientais, demonstrardguaanca destes nanosistemas.

O presente capitulo apresenta um estudo de viatididle associacdo e controle de
liberacdain vitro de uma substancia ativa modelo a partir das nasatas de nucleo lipidico
preparadas com os Oleos de arroz, soja e gir@@smlopionato de clobetasol (CP), um anti-
inflamatorio ndo-esterdide, foi escolhido como facm modelo devido as suas caracteristicas
promissoras de encapsulacdo em nanocapsulas, feamse® nanoemulsdes e seu
comportamento prolongado de liberaci@o vitro a partir de sistemas nanoestruturados,
conforme observado em estudos anteriores do gi@bITANA et al.,2009; FONTANAet
al., 2010).
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ABSTRACT

The aim of this study was to evaluate the influeocthe type of liquid lipid (vegetable oils)
of lipid-core nanocapsules on the control of thegdrelease profile. Clobetasol propionate
was selected as a model drug. Lipid-core nanocapsulere prepared by interfacial
deposition of preformed polymer [poly-¢aprolactone)] method using three different
vegetable oils (rice bran, soybean or sunfloweid sa&® as the main component of their
hydrophobic core. The physicochemical charactessfpH, mean size, polydispersity index
and zeta potential) were monitored up to 3 monthstarage.In vitro drug release profile
from formulations was evaluated by the dialysis agthod. All formulations presented
nanometric mean size (between 228 and 235 nm),dpplgrsity index below 0.20 and
negative zeta potential, which remained adequatingiuthree months of storage time,
regardless the type of the vegetable Aibiphasic drug release profile was observed fbr al
formulations. After 168 hours, the concentration dstig released from the formulation
containing sunflower seed oil was lower (0.36 mg)riiian formulations containing soybean
(0.40 mg/mL) or rice bran oil (0.45 mg/mL). Thelugnce of the type of vegetable oil on the
drug release profile could be demonstrated by thedgcorrelation between consistency
indices of the solid lipid dispersion of the cork ranocapsules prepared with different
vegetable oils and their burst and sustained i@tetants of drug release (r > 0.94). The type
of vegetable oil influences the consistency indéthe solid lipid core of nanocapsules and
modulates the drug release from these nanosystems.

Key-words: Drug release, Lipid-core, Nanoparticles, Vegetalike
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Polymeric nanoparticles are a viable and promisimgtegy for the development of
medicines based on the new properties gave by rateoias. They have the ability to
overcome some drawbacks of conventional pharmasduliosage forms such as the poor
bioavailability* and photostabili§®. These nanosystems have been prepared from differe
methods and raw materials, according to the nektiein application.

According to the literature, some polymeric nambples are being prepared using
alternative vegetable oils as oily ph4$€* In this context, rice bran (RB), soybean (SB) or
sunflower seed (SF) oils could be very interesforgpharmaceutical and cosmetic purposes
because they present high concentration of phytooa compounds with known
antioxidant activity’** Drug release control from polymeric nanocapswdepends on
several events such as desorption, diffusion, gargrosion or the combination of these
factors ’. Moreover, the presence of the oily core in théymeric nanocapsules and its
viscosity characteristics may influence the dreigase control properties from nanocapsules
3,15,16‘2

Recently, innovative polymeric nanocapsules cdil@d-core nanocapsules (LC-NC)
were proposed’!® They present a different core compared to thgimal nanocapsules
proposed by Fessi and co-workers (1988)ipid-core nanocapsules are characterized by a
lipid core composed of a dispersion of an oil arsbkd lipid, as sorbitan monostearaté.
These studies were carried out using a mixture efliom chain triglycerides, as the oil
component of the core. Furthermore, our researashpgreported recently the development of
LC-NC containing RB, SB or SF oil, as potential oearriers®. RB, SB or SF oils did not
show influence on the physicochemical charactegsti these formulations. In line with the
growing interest in using nanomaterials as nanoongek or nanocosmetics, emvivo model
environmental safety evaluatioAlljum cepatest) showed that LC-NC containing such oils
does not offer environmental damage or risk.

Taking these considerations into account, the dirthis work was to evaluate the
influence of the type of liquid lipid (vegetablds)iof lipid-core polymeric nhanocapsules on
the modulation of the drug release profile, usilapetasol propionate as a model drug. Three
different oily phases (RB, SB or SF oils) were eattd. This influence was correlated to the
viscosity of such oils and the consistency indetheflipid cores (dispersion of the solid lipid
in a liquid lipid) of the nanocapsules.

Fatty acid composition analysis of the vegetabls by gas chromatography was
performed. RB, SB and SF oils were saponified inthasolic KOH solution and then

esterified in methanolic 80, solution?’. Fatty acid methyl esters (FAME) were analyzed
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using an Agilent Technologies gas chromatograph §B®0) fitted with a capillary column
DB-23 (50% cyanopropyl-methylpolysiloxane, 60 m 2% mm x 0.25um) and flame
ionization detection. The temperature of the imjegort and the detector was set at 250°C;
the carrier gas was nitrogen (0.6 ml/min). Aftejeation (1 ul, split ratio 50:1), the oven
temperature was held at 120°C for 5 min, increas&#0°C at a rate of 4°C mih and held

at this temperature for 10 min. Standard fatty awe&thyl esters (37-component FAME Mix
and polyunsatured fatty acid no. 2 from Sigma, Skouis, MO, USA) were run under the
same conditions and the subsequent retention tivees used to identify the fatty acids. Fatty
acids were expressed as percentage of the totgldeid content. The fatty acids analysis
revealed considerable differences between the thegetable oils (Table 1). The RB oil

presents higher concentration of myristic, palmatic oleic acid than SB and SF oils.

Table 1. Fatty acid composition of rice bran, s@yber sunflower seed oils, expressed in

percentage.
. Palmitic  Stearic Oleic Linoleic . .
M|r|st|c acid acid acid acid Ll_nolemc
acid (14:0) 1.0y  (18:0) (18:1) (182) 2¢d(183)
Rice bran oil 0.23 18.88 1.94 40.49 34.21 1.58
Soybean oil 0.04 10.89 3.56 25.58 52.62 5.62
Sunflower 4 5g 9.54 3.63 2206 5830 3.08
seed oil

Lipid-core clobetasol propionate-loaded nanocapsweere preparedng€3) by
interfacial deposition of preformed polym&r'® Briefly, an organic solution containing the
solvent (acetone) with a film-forming component ljge-caprolactone)], oil (rice bran,
soybean or sunflower seed oil) at 3 % (v/v), clabet-propionate at 0.5% (v/v) and a solid
lipid at room temperature (sorbitan monostearate)).a7% (w/v) was added into a non-
organic solution that contains water supplemen@d7(% w/v) by a hydrophilic surfactant
(polysorbate 80), under moderate magnetic stir¢it@ min). Finally, acetone was removed
and the aqueous phase concentrated by evaporatitem teduced pressure (bath at 40°C) to a
final volume of 25 mL (0.50 mg/mL of drug). The drioaded lipid-core nanocapsules
containing rice bran, soybean or sunflower seexlwére called as LC-RB-CP, LC-SB-CP or
LC-SF-CP, respectively. All formulations were stbrat room temperature (25 £ 2°C) and

protected from light (amber glass flasks) untillgsis.
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Total drug content (mg/mL) was determined=3) after solubilization of the
formulations in methanol (1 mL of suspension to rBk of methanol) and assayed by
previously validated LC methéd Free -clobetasol propionate (non-associated to
formulations) was determined in the ultrafiltratg bsing the ultrafiltration/centrifugation
technique (Ultrafree-MC 10,000 MW, Millipore) at Q@0 rpm for 5 min. Encapsulation
efficiency (%) was determined by the quotient & thrug entrapped and total drug content.
pH values of the suspension were determined dyréctthe formulations using a calibrated
potentiometer (MPA-210 Model, MS-Tecnopon, Sao ®awrazil). Particle sizes and
polydispersity indices nE3) were determined by light diffraction (Mastegsiz Malvern
Instruments, Worcestershire, UK) considering thiew@ of the particles as well as by photon
correlation spectroscopy (3 measures/batch; 2 afirf0 s/measure, 25 °C) after adequate
dilution of an aliquot of the suspensions in pedfiwvater (Zetasizer Nanoseries, Malvern
Instruments, Worcestershire, UK). Zeta potentiadsenmeasured using the same instrument
at 25°C, after the dilution of the samples in 10 mBICI aqueous solution (3 measures/batch;
10 runs/measure at 25 °C). The effect of storage tf the LC-RB-CP, LC-SB-CP and LC-
SF-CP formulations was monitored up to 3 monthstofage by particle size, polydispersity
index, zeta potential and pH. Formulations wereestat room temperature (25+ 2°C) and
protected from light (amber glass flasks).

All lipid-core nanocapsule formulations showed amodal particle size distribution
at the nanoscale range (data not showed), regartiiestype of vegetable oil. This showed
that the quali-quantitative composition of suchniatations did not form concomitantly
micrometric particles. The physicochemical chandsties of the LC-NC are presented in
Table 2.

Table 2. Physicochemical characteristics of lipadec clobetasol propionate-loaded
nanocapsules containing rice bran (LC-RB-CP), sagl{& C-SB-CP) or sunflower seed (LC-
SF-CP) oils after preparation<3).

Drug content Polydispersity  Zeta potential
Formulation Particle size (nm) pH
(mg/mL) index (mV)
LC-RB-CP 0.46 £0.01 2357 0.17+£0.01 -8.1+04 53%0.1
LC-SB-CP 0.45 +£0.03 228+ 2 0.16 £ 0.03 -79+£0.7 53%+0.1

LC-SF-CP 0.49 +0.03 231+3 0.16 £0.02 -7.8+0.1 54+0.1
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All formulations showed drug content values in ademce with the theoretical value
(0.5 mg/mL) and encapsulation efficiency higherntf29%. The formulations presented
particle sizes in the nanometric range scale (2ZZB+#m), negative zeta potentials around -8
mV, pH values between 5.29 and 5.45 and polydiggersgdex below 0.18, indicating the
homogeneity of the formulations. These charactesistemained unchangeable up to 3
months after the preparation ¥p0.05). Furthermore, morphological analysis by draission
electron microscopy showed homogeneous spheriegleshparticles, whose diameters were
in agreement with those obtained by photon coimrlapectroscopy (Figure 1).

Figure 1. Transmission electron microscopy imadeé?) LC-RB-CP, (B) LC-SB-CP and
(C) LC-SF-CP [bar = 200 nm (150,000x)].

Considering the statistical analysis, rice brarybsan or sunflower oil used in the
preparation of LC-NC did not show any influencetba physicochemical or encapsulation
characteristics (p > 0.05).

The in vitro CP release profiles from LC-RB-CP, LC-SB-CP and $&CP were
evaluatedrf = 3) by the dialysis bag method using water/polysat&i/polyethylene glycol
400 (60:0.5:40 v/v) pH 7.60 as medium, at 373°Che dialysis bag (Spectra Por 7, 10 Kd)
containing 1 mL of the sample (0.5 mg/mL) was pubia 250 ml erlenmeyer which
contained 200 mL of release medium under constamtenate stirring. The amount of 2 mL
of the external medium was withdrawn from the systat predetermined time interval,
replaced by an equal volume of fresh medium aner&tl through a 0.45 pum membrane. As
control, an ethanolic solution of free clobetasobponate (CP-ES) at 0.5 mg/mL was
prepared in order to evaluate the diffusion of eocapsulated drug across the dialysis bag.
CP was assayed by liquid chromatogr&phy
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Figure 2 shows CP release profiles from LC-RB-CB;3B-CP and LC-SF-CP as
well as the diffusion profile of the CP ethanolagion (CP-ES). CP showed a fast diffusion
through the dialysis bag from the CP-ES.

100
80 -
2
2
=060 -
D
'll’ - -
&0 ¢LC-RB-CP
=
a ELC-SB-CP
20 ALC-SF-CP
X EtOH Sol.
0 T T T T T T 1
0 24 48 72 96 120 144 168

Time (hours)

Figure 2.In vitro CP release profiles from ethanolic solution (CP-ES)l &om lipid-core
nanocapsules prepared with rice bran LC-RB-CP)bsay (LC-SB-CP) and sunflower seed
(LC-SF-CP) oils. The lines correspond to the fgtio the biexponential equation.

Regarding the drug release profiles from the foatohs we can observe that the type
of vegetable oil influenced on the drug releasetrobnAfter 168 hours (7 days), the
concentration of clobetasol propionate releasethftbe lipid-core formulation containing
rice bran oil (LC-RB-CP) was 0.45 mg/mL. At the saperiod, the total drug release from
the lipid-core nanocapsules containing soybean $B3CP) or sunflower seed (LC-SF-CP)
oils were 0.40 mg/mL and 0.36 mg/mL, respectively.

To better understand the characteristics underlitegdrug release profile from LC-
NC, a mathematical modeling was performed usingrditath® Scientis? for Windows™
software® *> The selection of the model that best fitted #ease profiles was based on the
best correlation coefficient and the best modedctein criteria (MSC), both provided by the
software. The model that best described the relpasile for all formulations was the

biexponential model (Table 3).
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Table 3. Rate constants, correlation coefficieatsy MSC obtained by fitting the release
profiles of clobetasol propionate-loaded from lhoimke nanocapsules formulations containing
rice bran (LC-RB-CP), soybean (LC-SB-CP) or suntoweed (LC-SF-CP) oils according to

the biexponential equation.

LC-RB-CP LC-SB-CP LC-SF-CP

ki (h) 0.2509 + 0.1167 0.0676 + 0.0170 0.0510 + 0.0328

ko (h™) 0.0143 + 0.0020 0.0076 + 0.0023 0.0064 + 0.001%

a (mg mL?) 0.0840 + 0.001 0.1964 + 0.0379 0.1897 + 0.1087
b (mg mL? 0.9207 +0.0210  0.8179 + 0.0307 0.8157 +0.1142
r (range) 0.9964 + 0.0063 0.9971 + 0.0016 0.9995)8@1L
MSC (range) 6.4276 + 0.5629 4.7962 + 0.7535 6.3662003

2PMeans, in line, with the same letter are not sigaitly different (p< 0.05).

This profile characterizes a biphasic release -inéral burst release followed by a
rather slow drug release process. Concentrati@Pofesponsible for the bursf) @nd for the
sustainedly) release phases from LC-NC ranged between 0.004dfidmg/mLand 0.41 and
0.46 mg/mL, respectively. These values represattatound 80-90 % of drug was entrapped
within LC-NC and that about 10-20% was adsorbedhenparticle surface. This result is in
agreement with another work of our group where @B released from lipid-core
nanocapsules prepared using a mixture of mediunm ¢chglycerides, was also biexponential.
On the other hand, the rate constants for the Igki)shnd the sustained#,] phases among the
formulations were statistically different ¢ 0.05). The LC-RB-CP formulation had higher
rate constants for both burst and sustained phises0.2509 + 0.1167 ankb = 0.0143 +
0.0020) than LC-SB-CFk{= 0.0676 + 0.0170 ankh= 0.0076 + 0.0023) or LC-SF-CR;E
0.0510 £ 0.033 ankb = 0.006 + 0.001) formulations.

We hypothesized that the differences betwieeandk, rate constants from the LC-NC
formulations could be explained by the solubiliaatiof the polymer by such oils or by
differences in their viscosity. The first hypottesan be discarded due to our previous report
showing no significant interaction between thede aid the polyme?. In order to check our
second hypothesis, the viscosity of three oils wesasured using a Brookfield rotational

viscosimeter (model DV 1+ PRO, Brookfield Enginegy, USA) with an ultra low adapter
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(ULA). The data obtained were analyzed with the dtiaéc software (V3.1-1 version,
Brookfield, USA). This analysis was carried ou&t 37 and 50 °C. The viscosity values at
25 °C for RB, SB and SF oils were 59.49, 46.87 4845 mPa.s, respectively. At 37 °C, the
RB, SB and SF oils showed viscosity values of 48393 and 33.33 mPa.s, respectively.
When the temperature was increased to 50 °C, guwsity values decreased to 24.09, 21.31
and 21.69 mPa.s for RB, SB and SF oils, respegtivEhese results showed a linear
correlation between the viscosity and temperatoreafl oils (r? > 0.99). Analyzing the
viscosity values of the different oils, we can alsethat there was no relation between their
viscosities and the control of drug release, siRBeoil had higher viscosity and the LC-NC
formulation prepared with this vegetable oil showeder control of drug release (higher
release rates). Thus, the second hypothesis wasedilged.

Considering that the structure of lipid-core narpstédes presents a dispersion of a
liquid oil (in this case, the vegetable oils) anso#id lipid (sorbitan monostearate) in the core,
the rheological analysis from this dispersion sbdag considered. Thus, our third hypothesis
was that the type of vegetable oil has influencéhenviscosity of this solid dispersion, which
is an important factor governing the drug releassfilp from LC-NC'. To reproduce the
lipid-core of these nanosystems, sorbitan monaasteaiSM) and the vegetable oils were
mixed at the same concentration used to preparéotirailations®. RB, SB or SF oils were
added (22 mL) into an acetone solution containihg(5.65 g) previously dissolved. Acetone
was removed under reduced pressure and the ligipediions containing the rice bran,
soybean or sunflower seed oil and sorbitan moncateavere called RB-SM, SB-SM and SF-
SM, respectively.

After preparation, all lipid dispersions showed a@acnoscopic homogeneous solid
appearance, like an ointment, regardless of the ¢ywegetable oil. In order to verify the real
influence of the vegetable oils on the viscositytltd dispersion, rheological analysis of the
lipid dispersions were analyzed at 50 °C. This terajure was chosen due to the possibility
of using the same apparatus as described forghelloils. The linear regression observed for
the viscosity of liquid oils at different tempereda (25, 37 and 50 °C), as previously
commented, supports this analysis.

Considering that all dispersions showed a non-ticeave of shear stress as a function
of the shear rate (Figure 3), mathematical modedsewused to analyze the rheological
behavior in order to establish the flow and coesisy indicesr{ andk, respectively) of the

different systems.
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Figure 3. Graphic representation of viscosity (rPaf the dispersions composed by rice
bran (RB), soybean (SB) or sunflower seed (SHyiti the sorbitan monostearate (SM) (RB-
SM, SB-SM or SF-SM) in relation to the shear rat8,(at 50°C.

The best fitting to the data of the following maglelere used to calculate these indices
at 50°C: Herschel-Bulkleyt (= 1o + ky>?), Cassont = 1,>°+ n°3°) and Ostwaldt = ky*).
According to the regression coefficient (r > 0.981)lipid dispersions followed the Herschel-
Bulkley model. Flow indexes were below 1.0 for lgdid dispersions, regardless of the type
of oil, which is related to non-Newtonian pseudaspic rheological behaviofs. Regarding
the consistency indices, the RB-SM showed lowesist@ncy indexK = 31.6) than SB-SM
(k = 34.5) and SF-SMK(= 34.3). These consistency values can be clealdyed to the drug
release rates from the lipid-core nanocapsulesfiraing our third hypothesis. A good
correlation can be found between the consistendigéis and the constant rates for the burst
release phase®(r 0.9414) or the constant rates for the sustaiakhse phase®(r 0.9814).
Higher consistency index of the core of such napsaies led to the higher drug release
control in both phases (burst and sustained phasks) way, we demonstrated in this study
that the choice of liquid lipid (in this case thegetable oil) is an important factor governing
the control of drug release from LC-NC.

In conclusion, lipid-core nanocapsules prepareth wde bran, sunflower or soybean
oil present adequate physicochemical propertieardagg their nanometric characteristitrs.
vitro drug release study from LC-NC formulations showedtighasic controlled release
profile of clobetasol propionate, regardless oftiype of vegetable oil. However, the control
of the drug release could be modulated changindigoe lipid due to its influence on the
consistency indices of the resulting solid lipigmirsions (liquid lipid plus solid lipid) which
composes the core of these nanocapsules. Ther#ierehoice of the liquid lipid (oil) helps
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to modulate the control of drug release from lipate nanocapsules during the development

of nanomedicines.
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DISCUSSAO GERAL

O estado do Rio Grande do Sul é tradicionalmerntenteecido no cenario nacional
como um dos estados lideres na producédo de gr@@sis e oleaginosas, destacando-se no
cultivo de arroz, soja e girassol (IBGE, 2010).d=0s vegetais obtidos a partir do produto,
no caso da soja e do girassol, e do subprodutoasm do 6leo de arroz, destas culturas tém
sido amplamente estudados em relacdo ao metabotisnipidios enddgenos (efeitos anti-
hiperlipidémicos e anti-arterioscleréticos), devidoatividade antioxidante de compostos
polifendlicos presentes nestes 6leos (JULIAMDal, 2005; AUSMANN et al, 2005;
SIGER et al, 2006; WILSONet al, 2007). Compostos com atividade antioxidante sao
produtos de interesse para a industria farmacéuticaosmética porque ha grande
envolvimento dos radicais livres na progressédo denchs cardiovasculares e cutaneas
(ICHIHASHI et al, 2003; BRUCKDORFER, 2006).

Partindo destas consideracdes, foi estudada mabgdho a viabilidade tecnologica de
desenvolver formulacdes cosmeéticas fotoprotetagass-{creme) e de base nanotecnolégica
(nanocapsulas de nucleo lipidico) contendo os dleasroz, soja ou girassol, avaliando-se as
propriedades fisico-quimicas e a influéncia de dgmtade 6leo sobre as caracteristicas de
cada formulacéo.

Considerando a tendéncia mundial em desenvolvedupye fotoprotetores com
concentragdo reduzida de substancias sintéticastentdo compostos bioativos oriundos de
produtos naturais, formulacdes fotoprotetoras fopa@paradas contendo os 6leos de arroz ou
soja em duas concentracdes distintas (3 e 5 %iyamilo a BZ3 como filtro solar quimico
(Capitulo 1). Formas farmacéuticas do tipo gel-erdoram escolhidas a fim de obter um
produto com menor concentracdo de lipidios e confen aspecto menos untuoso as
formulacg@es, cujas caracteristicas sdo fundamemagiseferéncia de produto fotoprotetor. A
influéncia da presenca destes 6leos vegetais maufagdo foi avaliada quanto ao pH,
comportamento reoldgico, espalhabilidade e fatgrdeecaan vitro.

ApOs o preparo, as formulacbes apresentaram aspemtwogéneo e coloracao
ligeiramente esverdeada em razdo da coloragdoahgitedominante dos proprios 6leos
vegetais utilizados, com valores de pH compatipaia 0 uso cutdneo. Com relacdo a baixa
solubilidade aquosa da BZ3, o uso de ambos os gkgetais a 3 ou 5% foram suficientes
para solubilizar e incorporar a BZ3 de forma addgquaas formulacdes. Para fins

comparativos, formulagbes sem a presenca da BZBnf@reparadas, cujos valores de pH



98

foram similares em relacdo as formulacdes contenB@3. A analise estatistica confirmou
que a presenca da BZ3 ou dos Oleos vegetais naxerdids concentracfes avaliadas nao
influenciou significativamente os valores de pH>(p.05). Por outro lado a presenca da BZ3
nas formulagdes influenciou significativamente eaceeristica da espalhabilidade, sendo que
as formulacbes preparadas com BZ3 apresentaram emornfator de espalhabilidade em
comparacdo com as formulagbes sem a BZ8 (p05). Com relacdo a presenca dos 6leos
vegetais, as formulacées com maior concentracamedeapresentaram um melhor perfil de
espalhabilidade, independentemente do tipo de \@getal. Considerando que a topografia
da pele é bastante irregular, um produto fotopsotdeve espalhar facilmente sobre a area
aplicada a fim de garantir a eficacia do produtaNINER, 2006).

A viscosidade das formulacdes semissolidas eséxioglada com o seu perfil de
espalhabilidade. Além disso, as caracteristicagst®sidade também influenciam nas etapas
do processo de fabricacado das formulagcdes bem eorabrada do produto da embalagem.
Portanto, a compreensdo do comportamento reolédm® formulacbes semissolidas,
principalmente as formulacdes fotoprotetoras, dumelamental importancia (GASPAR &
MAIA CAMPOS, 2003). As formulacdes fotoprotetorasvdm apresentar comportamento
reoldgico ndo-Newtoniano preferencialmente com ilp@deudo-plastico. Sendo assim a
viscosidade da formulacdo diminui no momento dacagho, espalhando de maneira
uniforme, sendo capaz de formar um filme homogé&neabrindo toda a area aplicada.

Todas as formulacbes preparadas apresentaram dampoto reoldgico nao-
Newtoniano pseudo-plastico, onde as curvas de fasaendentes e descendentes ndo sao
lineares, independentemente da presenca da BZ3osuékbos vegetais nas diferentes
concentragdes. Porém, as formulacdes sem a prederi8a3 apresentaram menores valores
de tensdo de cisalhamento em relacdo as formulagdmetendo BZ3, demonstrando a
influencia que a BZ3 exerce sobre as caractersstaalogicas. Além disso, entre os modelos
matematicos utilizados para tratamento dos dadimstas formulagcées seguiram o modelo
Herschel-Bulkley, onde os indices de fluxo calcatatbram abaixo de 1.0, confirmando o
comportamento pseudo-plastico das formulacdes (CBRIA& RICHARDSON, 2008). Nas
formulacdes contendo BZ3 nao houve influéncia decentracdo dos 6leos vegetais no indice
de consisténcia (p > 0.05); entretanto, o tipo b dnfluenciou esta caracteristica. As
formulacfes contendo 6leo de arroz apresentaramresaindices de consisténcia que aquelas
preparadas com 0Oleo de soja. Este fato pode sécadp pela viscosidade superior do 6leo
de arroz (67.87 + 3.40 mPa.s) em relacéo ao Olenjdg53.37 + 0.17 mPa.s).
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Por fim, o primeiro capitulo encerra com a avalkada influéncia dos 6leos vegetais
sobre o FP$ vitro. Como controle, uma formulagé&o contendo somentefBifpreparada. A
analise estatistica demonstrou que nao houve darsignificativa entre os valores de FPS
das formulagbes contendo ou ndo BZ3, independeotdipd de Oleo ou concentracao
utilizada (p > 0.05). Isto indica que ndo houvesliatdo entre a BZ3 e os 6leos vegetais,
confirmando o potencial uso destes 6leos vegegsterntipo de formulacdo pela sua néo
interferéncia com a fotoprotecdo. Assim, demonsisarpela primeira vez a promissora
viabilidade de utilizar os Oleos de arroz ou de s formulacdes cosméticas fotoprotetoras
inovadoras contendo BZ3 com propriedades fisicoagpais e reoldgicas adequadas.

O segundo capitulo abordou desenvolvimento de @msotas de nucleo lipidico
contendo os Oleos de arroz, soja ou girassol comtgrias-primas lipidicas alternativas no
preparo desses nanosistemas. As formulacfes fagarpdas pelo método da deposicao do
polimero pré-formado, usando a podicaprolactona) como polimero biodegradavel. As
formulacbes foram caracterizadas quanto ao pH, etif@mmédio de particula, indice de
polidispersdo, potencial zeta, analise morfologideavés da microscopia eletronica de
transmissado, analise reoldgica, estabilidade fistativa e em funcdo do tempo (MORA-
HUERTAS et al, 2010). A compatibilidade dos 6leos vegetais compobmero utilizado
também foi avaliada através do teste de inchammfmlimero. Além disso, a fim de avaliar
um possivel impacto ambiental, as formulactes paelpa foram submetidas a um estudo
vivo de genotoxicidade. Existem alguns estudos disp@iva literatura sobre o preparo de
nanocéapsulas poliméricas contendo 6leo de sojeeairdssol (SANTOS-MAGALHAE St
al., 2000; MOSQUEIRAet al, 2000; FRIEDRICHet al, 2008; OURIQUEet al, 2008) e
nenhum estudo sobre o preparo de nanocapsulasct® hipidico contendo algum dos trés
Oleos selecionados neste estudo (6leos de arjazsgirassol).

Primeiramente, o experimento de inchamento do gobnfoi conduzido como um
teste de pré-formulacédo a fim de avaliar se ossdtparroz, soja ou girassol sdo matérias-
primas adequadas para a preparacdo as nanocaggulasicleo lipidico. O polimero
permaneceu em contato com os 0Oleos vegetais pgrenindo de trinta dias consecutivos,
cujo peso do material polimérico ndo apresentoereliica estatistica durante o tempo
experimental (p > 0.05), demonstrando que taissfém reagem com a podi§aprolactona)

e podem ser utilizados no desenvolvimento dessescaaeadores. As nanoparticulas
apresentaram distribuicdo de tamanho de particuilmagdal dentro da faixa nanomeétrica,
independentemente do tipo de 6leo, sem a formagaoomitante de microparticulas. O

polimero desempenhou um papel fundamental paraessiéado, visto que as nanoemulsdes,
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também preparadas contendo os 6leos vegetais ipar@admparativos, apresentaram uma
distribuicBo de tamanho de particula dentro daafaixicrométrica. Por esse motivo, a
continuidade das analises foi realizada somenteassuspensdes de nanocapsulas de nucleo
lipidico.

As formulagBes apresentaram pH entre 5 e 5.5, pialereta negativo e indice de
polidispersdo abaixo de 0,2, sem diferenca estatishtre as formulacdes preparadas com o0s
trés os 6leos vegetais (p > 0.05). Esses result@pi@sentados pelas formulagdes coloidais
estiveram de acordo com os valores normalmenten&nacios para as nanocapsulas de nucleo
lipidico (JAGERet al, 2009; OURIQUEet al, 2010). Com relacéo ao perfil reoldgico, todas
as formulacdes apresentaram um comportamento NEwwtnro que sugere o uso deste tipo
de formulac&o no desenvolvimento de formulacdeadieinistracdo parenteral (ALLAHAM
et al, 2004; OURIQUEet al, 2010).

Com o objetivo de obter informacdes sobre a egdabié fisica das formulagdes,
analises de espalhamento multiplo de luz (trangmissretroespalhamentimram realizadas.

Os resultados demonstraram que as formulacdes préseataram qualquer evidéncia de
fendbmenos de instabilidade tipicos de suspensdeglas como agregacao, floculagcdo ou
coalescéncia. Através da estabilidade das formetaei funcdo do tempo, pode-se observar
um ligeiro aumento do potencial zeta (em moduloppgadas as formulagdes, o que pode
contribuir de maneira positiva para a estabiliddde nanossistemas. Esses resultados estao
de acordo com outros estudos de estabilidade a€akz com nanocapsulas contendo
triglicerideos de cadeia média (TCM) como contelidico (FONTANA et al, 2009;
OURIQUEget al; 2010).

O estudo de genotoxicidade vivo demonstrou que os nanosistemas desenvolvidos
nao oferecem riscos ao meio ambiente, independdmtBpo de 6leo vegetal. A andlise
genética das células das raizes da cebola apdstataccom as formulacdes ndo apresentou
aberracbes cromossdmicas consideraveis em compacagd 0 controle positivo. Estes
resultados estdo de acordo com formulagBes de @pswas convencionais contendo
somente um Oleo liquido dentro da cavidade policaé(FACHINETTO et al, 2008;
MARCHIORI et al, 2010).

O terceiro e ultimo capitulo apresentou a prepara&céaracterizacdo das suspensodes
de nanocapsulas contendo um farmaco modelo ewgitila do tipo de 6leo vegetal sobre as
suas propriedades de liberaci#ovitro. A analise dos componentes lipidicos dos Oleos

vegetais por cromatografia gasosa também foi @iz Diferencas consideraveis entre a
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composicao dos trés Oleos vegetais pode ser obiser@a 6leo de arroz apresentou maior
predominio dos acidos palmitico, miristico e linmdédo que os 6leos de soja e girassol.

AplOs o preparo, as formulagcdes de nanocapsulasespaegam teor de farmaco
proximo ao tedrico, eficiéncia de incorporacdo prix a 100 %, pH em torno de 5,0,
potencial zeta negativo, indice de polidispersdixabde 0,2 e didmetro médio de particula
na faixa nanométrica, com particulas apresentandofologia esférica regular. Na
comparacao dos resultados obtidos entre as fordmgagcontendo o farmaco modelo com
aqueles obtidos a partir das formulacbes sem amgasdo farmaco (Capitulo 2) nédo foi
possivel observar a influéncia da presenca do freabre as caracteristicas fisico-quimicas
dos nanosistemas. Os resultados de didmetros médlitises de polidispersdo e potenciais
zeta apresentados pelas formulagbes coloidais eestiv de acordo com os valores
normalmente encontrados para este tipo de nancydar{ALMEIDA et al, 2009; JAGERet
al., 2009; FONTANAet al, 2009; FONTANAet al, 2010; OURIQUEet al, 2010).

Os resultados da estabilidade das formulactes egadudo tempo de armazenamento
também demonstraram um aumento do potencial zetan@dulo) para todas as formulaces,
contribuindo com a estabilidade dos nanossisterB&3HAFFAZICK et al, 2003). Os
parametros de pH, potencial zeta e tamanho médipatiécula permaneceram estaveis
durante o periodo de armazenamento, conforme tancbémos resultados observados nas
formulacbes preparadas sem a presenca do farmap@fo 2).

O estudo da liberacam vitro do farmaco modelo a partir das nanoparticulas foi
realizado através do método dos sacos de diahske, foi observado que tipo de dleo vegetal
influenciou na liberacdo do farmaco modelo. Em weriqulo de 168 horas, as nanocapsulas
contendo o 6leo de girassol apresentaram maioraterde liberagdo com 0,36 mg/mL de
farmaco liberado enquanto que as formulactes cdates Oleos de soja e arroz liberaram
0,40 e 0,45 mg/mL, respectivamente. De acordo comdelagem matematica, para todas as
formulacbes de nanocapsulas, foi observada umaadjiieracdo inicial seguida de uma
liberacdo mais lenta do farmaco seguindo o modelepbnencial. Através da modelagem
também foi demonstrado que em torno de 80-90 %adodco encontra-se retido no interior
das nanocapsulas e que cerca de 10-20 % esta iddspavsua superficie, independente do
tipo do tipo de Oleo vegetal. Entretanto, a suspeme nanocapsulas contendo 6leo de arroz
apresentou diferenca significativa nas constanéssfdses lenta e rdpida de liberacdo em
comparacao com as outras formulacdes preparadassoieos e soja ou girassol{[®.05).
Primeiramente, levantou-se a hipotese de que axs dlegetais estariam solubilizando o

polimero em diferentes graus; porém, isto ndo eapissa diferenca visto que os 6leos sdo
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compativeis com o polimero, conforme observadoastsdos de inchamento apresentado no
Capitulo 2. A nossa segunda hipétese consideragaaqiiferenca de viscosidade entre 0s
Oleos vegetais governasse a velocidade da liberagéseja, o 6leo vegetal que apresentasse
maior viscosidade proporcionaria maior controle lid@racdo. Esta analise foi feita em
diferentes temperaturas: 25, 37 e 50 °C. A analksddgica dos Oleos vegetais puros
demonstrou que o Gleo de arroz possui maior vidadsi do que os 6leos de soja e de girassol
independentemente da temperatura. Estes resultgutesentaram correlacdo linear entre
viscosidade e temperatura para todos os 6léos (.99); porém, através destes dados,
também ndo foi possivel atribuir alguma relacdoeeas viscosidades dos 6leos vegetais e o
controle da liberacdo uma vez que o Oleo de armesantou maior viscosidade e a
formulacdo de nanocéapsulas preparada com estaesentou menor controle da liberagao.
Assim, a segunda hipétese também foi desconsiderada

Considerando que o nucleo das nanocapsulas deonligldico é formado pela
dispersao de um lipidio s6lido em um lipidio liquich analise reolégica dessa disperséao foi
realizada. Sendo assim, nossa terceira hipotesevistigar se haveria influéncia do tipo do
Oleo vegetal na viscosidade das dispersfes ligidides dispersdes lipidicas foram
reproduzidas nas mesmas concentracoes utilizadaeparo das formulacoes.

A analise reoldgica das dispersoes lipidicas falizadas a 50°C. Esta temperatura foi
escolhida para que fosse permitido utilizar o meagessoério do viscosimetro utilizado para
as analises dos 0leos vegetais puros. Todas asrsbeg lipidicas apresentaram curvas de
fluxo de tensdo de cisalhamento em funcédo da taxeishlhamento nao-lineares. Entre os
modelos matematicos utilizados para descrever gpodamento reoldgico das dispersoes,
todas seguiram o modelo Herschel-Bulkley, com gslide fluidez abaixo de 1.0, o que
caracteriza um comportamento ndo-Newtoniano psplastico.

Considerando o indice de consisténcia das dispetgibdicas, a dispersdo contendo
6leo de arroz apresentou menor valor do que aasdispersdes contendo os 6leos soja ou de
girassol. Com esse resultado podemos atribuir tralerda liberacdo do farmaco a partir das
formulacdes de nanocapsulas, o que confirma nessaira hipotese. As formulagbes de
nanocapsulas que apresentaram maior controle el@ad¢®o do farmaco foram aquelas onde
foram observados os maiores valores de indice dgisténcia da disperséo lipidica. Através
disso, ficou demonstrado que o controle da liberagdpartir destas formulacbes de
nanocapsulas foi modulado pelo tipo de 6leo vegiaildo a sua influéncia sobre o indice de

consisténcia da disperséo lipidica que compde rod@as nanocapsulas.
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CONCLUSOES

* Foi possivel a preparacdo de formulacbes cosaséfatoprotetoras do tipo gel-
creme com os Oleos de arroz ou de soja nas coacéatr de 3 e 5% contendo BZ3
como filtro solar organico. A presenca destes Oleegetais em ambas as
concentracdes nao alterou as caracteristicas dagyi,0 comportamento reoldgico

das formulacdes (pseudoplasticidade e tixotropia);

» As formulagdes fotoprotetoras desenvolvidas amtesam valor de FPS em torno de
10, independente do Oleo vegetal e da concentragidimada. Entretanto, as
formulagbes contendo maior concentracdo de 6leesaptaram melhor perfil de
espalhabilidade em comparacdo com as formulacbepam@das com menor

concentracéo de 6leo;

* Foi possivel a preparacdo de formulacdes de apsatas de nudcleo lipidico
contendo os 6leos de arroz, soja e girassol. Estasparticulas apresentaram pH
meédio de 5, tamanho de particula nanométrico, baixiice de polidispersédo e
potencial zeta negativo. Estes parametros permiearecestaveis até 3 meses de
armazenamento com excec¢ao do potencial zeta, dreusam leve aumento (em
modulo). Considerando os fenémenos de instabilidfisiea, este resultado é
positivo. Além disso, as formulacdes apresentai@md esférica e comportamento
reologico Newtoniano, caracteristica que interegasa 0 desenvolvimento de

formulagGes de administracao intravenosa;

» Pode-se sugerir que nenhuma das formula¢des decaysulas desenvolvidas
contendo os Oleos estudados oferece riscos ao amgldente, uma vez que nao
houve evidéncias de efeitos genotdxicos atravéssiodoin vivo em modelo

vegetal;

» As formula¢des de nanocapsulas contendo o farmmactelo também apresentaram
parametros fisico-quimicos adequados, comparaeeis agjueles das nanocapsulas
sem a presenca do farmaco, indicando que essasl&gpdes podem ser utilizadas

como nanocarreadores de farmacos. Além disso, weda liberagaan vitro
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demonstrou que a diferencga entre os indices dast@énsia das dispersdes lipidicas
que compdem o nucleo das formulagdes governou trobenda liberacdo do
farmaco. A modelagem matematica demonstrou o caarpento biexponencial da

liberacdo do farmaco para todas as formulagdes.

* Os trabalhos realizados apontam que os Oleogalg aoja ou de girassol podem ser
utilizados como fonte alternativa de matéria-prifipidica no preparo de
formulacdes fotoprotetoras do tipo gel-creme eatenfilacdes de nanocépsulas de
nuacleo lipidico.
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