UNIVERSIDADE FEDERAL DE SANTA MARIA
CENTRO DE CIENCIAS DA SAUDE A
PROGRAMA DE POS-GRADUACAO EM CIENCIAS FARMACEUTICAS

Nathdli Schopf Pegoraro

FORMULACOES NANOESTRUTURADAS CONTENDO A
ASSOCIACAO COENZIMA Q10 E VITAMINA E ACETATO:
DESENVOLVIMENTO E AVALIACAO DE ATIVIDADES
BIOLOGICAS

Santa Maria, RS, Brasil
2016



Nathali Schopf Pegoraro

FORMULACOES NANOESTRUTURADAS CONTENDO A ASSOCIACAO
COENZIMA Q10 E VITAMINA E ACETATO: DESENVOLVIMENTO E
AVALIACAO DE ATIVIDADES BIOLOGICAS

Dissertacdo apresentada ao Curso de Pos-
Graduagio em Ciéncias Farmacéuticas, Area
de Concentragdo em Desenvolvimento e
Avaliacdo de Produtos Farmacéuticos, da
Universidade Federal de Santa Maria (UFSM,
RS), como requisito parcial para a obtencao do
titulo de Mestre em Ciéncias Farmaceéuticas.

Orientadora: Profa. Dra. Leticia Cruz

Co-orientadora: Profa. Dra. Sara Marchesan de Oliveira

Santa Maria, RS, Brasil
2016



Nathali Schopf Pegoraro

FORMULACOES NANOESTRUTURADAS CONTENDO A ASSOCIACAO
COENZIMA Q10 E VITAMINA E ACETATO: DESENVOLVIMENTO E
AVALIACAO DE ATIVIDADES BIOLOGICAS

Dissertagdo apresentada ao Curso de
Pés-Graduagao em Ciéncias
Farmacéuticas, Area de Concentragio
em Desenvolvimento e Avaliacdo de
Produtos Farmacéuticos, da
Universidade Federal de Santa Maria
(UFSM, RS), como requisito parcial para
a obten¢do do titulo de Mestre em
Ciéncias Farmacéuticas.

Aprovado em 28 de marco de 2016:

-1

/

k_-/,@' A e C g‘/”’ /\r—'

Dra. (UFSM)

Cristiane de E‘mﬁ da Silva, Dra. (UFSM)

) ':{ ~ \\-‘CCQ \C&(C( \::;,y N \Lv,/

Leticia Marques Colomé, Dra. (UNIPAMPA)

L .
-/&-\Ll‘wu M [ ﬁa_w@um—.anm

Liliane de Freitas Bauermann, Dra. (UFSM)

Santa Maria, RS
2016




Dedico esta dissertagdo a minha familia,
especialmente a minha mde e irma,

por todo o apoio e amor incondicional

a mim dedicados.



AGRADECIMENTOS

Gostaria de agradecer, primeiramente, a Deus, por me proteger e sempre guiar as
minhas escolhas, sejam elas pessoais ou profissionais.

A minha mée, Marizane, e 2 minha irmé, Gabriella, por serem 0 meu porto seguro, por
todo o amor, carinho e apoio. Ao meu pai, Gilberto, quando ainda em vida, pelo suporte e
pelo incentivo em continuar estudando. A minha avé Eva e meu avd Paulino, 4 Fran e a toda a
familia, por serem fonte de incentivo e, principalmente, de muito amor.

Agradeco a minha orientadora, Leticia Cruz, por todo o ensinamento, paciéncia,
compreensdo e confianga no meu trabalho, e também por ser para mim um exemplo de
profissional. Obrigada pela oportunidade de fazer parte do LabTec e por me permitir ajudar
no crescimento do nosso grupo de pesquisa ao longo destes quatro anos sob a tua orientacao.

A professora Sara Marchesan de Oliveira, por ter abracado a ideia do trabalho e ter
aceito fazer a minha co-orientacdo, colocando o seu laboratério a minha disposi¢do para os
experimentos, além de compartilhar comigo muito do seu conhecimento.

A professora Scheila Schaffazick, pelos conhecimentos repassados a mim, por toda a
sua ajuda, carinho e amizade. Também a professora Cristiane de Bona pela gentileza no
empréstimo do ZetaSizer.

Aos colegas do Laboratério de Tecnologia Farmacéutica Patricia, Tainara, Veronica,
Cristina, Taiane, Carolina, Flabio, Marila, Milena, Gabriela, Gabriele, Luan, Luiz Eduardo,
Felipe, Verciane, Fernanda, Daniela, Camila e Estevan pela amizade, bons momentos
compartilhados e pela convivéncia agraddvel no laboratério. A Juliane, por ter sido
fundamental na minha formagao, por todos os ensinamentos e experiéncias compartilhadas e
pela amizade.

A Luana, Mailine, Alessandra e Laura pelos tantos momentos de aprendizado juntas,
pela ajuda nos experimentos, boas conversas e pela amizade.

Especialmente, a Allanna, que esteve comigo nestes dois anos, por toda a ajuda nos
experimentos, mas também pelos bons momentos que dividimos, conselhos e apoio em todas
as horas. Tua amizade e companheirismo foram muito importantes durante estes dois anos.

A Camila pela disponibilidade e toda a ajuda nos meus experimentos, ensinamentos,
6tima convivéncia e amizade ao longo de tantos anos. Também agradeco aos demais alunos
do LabNeuro pelo acolhimento em seu laboratério e contribui¢des na realizacdo deste
trabalho.

Aos meus bons amigos do Colégio Sant'Anna, companheiros de sempre, pela
compreensio, pelo carinho e amizade. As gurias da Turma 13, minhas colegas de faculdade,
especialmente a Luciana, Jéssica, Julia e Lais, pelo amparo nos momentos mais dificeis,
conselhos, pelo carinho e amizade. Muito obrigada, voc€s sdo muito importantes!

Aos colegas do Laboratério de Desenvolvimento Farmacotécnico e Controle de
Qualidade pelas trocas de conhecimento, ajuda e coleguismo. A funciondria Rose, pela ajuda,
boas conversas e por todo o carinho.

Agradeco também a Professora Elizandra Braganhol e sua aluna Elita, pela parceria
com os experimentos de citotoxicidade, pela contribui¢do com o crescimento do nosso grupo
de pesquisa.



A Universidade Federal de Santa Maria e ao Programa de Pés-Graduagdo em Ciéncias
Farmacéuticas pela oportunidade de crescimento pessoal e profissional e a CAPES pelo
suporte financeiro.

Enfim, agradeco a todos aqueles que, de alguma maneira, contribuiram para a
realizacdo deste trabalho.



RESUMO

FORMULACOES NANOESTRUTURADAS CONTENDO A ASSOCIACAO
COENZIMA Q10 E VITAMINA E ACETATO: DESENVOLVIMENTO E
AVALIACAO DE ATIVIDADES BIOLOGICAS
AUTORA: NATHALI SCHOPF PEGORARO
ORIENTADORA: LETICIA CRUZ
CO-ORIENTADORA: SARA MARCHESAN DE OLIVEIRA

A coenzima Q10 € uma molécula sintetizada endogenamente que apresenta atividade
antioxidante e participa¢do no processo de respiracdo celular e sintese de ATP. Além disso,
possui atividade neuroprotetora, anti-inflamatéria e efeito hepatoprotetor, dentre outros. No
entanto, constitui-se de uma molécula de alto peso molecular, baixa solubilidade em dgua e,
consequentemente, baixa biodisponibilidade quando administrada por via oral, além de ser
fotolabil, o que dificulta sua utilizacdo terapéutica. Neste sentido, nanocarreadores podem
constituir uma interessante alternativa na veiculagdo desta substancia ativa. No primeiro
momento, este trabalho objetivou o desenvolvimento de nanocdpsulas de poli-g-caprolactona
contendo a associacdo de dois antioxidantes, coenzima Q10 e vitamina E acetato, e a
avaliacdo da fotodegradacdo da coenzima Q10 associada as nanoestruturas e do seu efeito
antitumoral in vitro. Estas suspensdes de nanocdpsulas apresentaram caracteristicas fisico-
quimicas satisfatérias para este tipo de sistema de liberacdo de farmacos, altas taxas de
eficiéncia de encapsulamento e de teor de farmaco. Ainda, verificou-se a influéncia da
concentracdo de vitamina E sobre a degradacdo da coenzima Q10 por exposi¢do a radiacdo
ultravioleta do tipo C, a qual foi menor quanto maior a concentragdo de vitamina E. Ainda, a
coenzima Q10 e vitamina E nanoencapsuladas reduziram a viabilidade celular das células
tumorais de melanoma (linhagem A375) e glioma humano (linhagem C6). Na segunda
abordagem deste trabalho, a partir das suspensdes de nanocdpsulas, foram preparadas
formulacdes semissolidas pela adi¢do de goma gelana, um polissacarideo de origem natural.
Estas formulacdes foram, entdo, utilizadas para a investiga¢do do efeito antiedematogénico,
anti-inflamatério e antioxidante em um modelo de edema de orelha induzida por radiacao
ultravioleta do tipo B (UVB) em camundongos. Todas as formulacdes testadas, com exce¢ao
do veiculo (goma gelana e 4gua), levaram a reducao do edema de orelha e da atividade das
enzimas mieloperoxidase (MPO; indicador da infiltragio de neutréfilos) e N-acetil-
glucosaminidase (NAGase; marcador da infiltracio de macréfagos). Além disso, as
formulacdes semissolidas contendo coenzima Q10 nanoencapsulada levaram ao decréscimo
dos niveis de marcadores de estresse oxidativo (niveis de tidis ndo proteicos e peroxidacao
lipidica). Considerando os resultados obtidos, as formulacdes de coenzima Q10 e vitamina E
acetato desenvolvidas sdo uma alternativa interessante para o controle de células tumorais
assim como para lesoes inflamatdrias de pele induzidas por radiagdo UVB.

Palavras-chaves: nanocdpsulas, coenzima Q10, vitamina E acetato, citotoxicidade in vitro,

atividades bioldgicas.



ABSTRACT

NANOSTRUCTURED FORMULATIONS CONTAINING THE ASSOCIATION
BETWEEN COENZYME Q10 AND VITAMIN E ACETATE: DEVELOPMENT AND
EVALUATION OF THE BIOLOGICAL ACTIVITIES
AUTHOR: NATHALI SCHOPF PEGORARO
ADVISOR: LETICIA CRUZ
CO-ADVISOR: SARA MARCHESAN DE OLIVEIRA

Coenzyme Q10 is an endogenous synthesized molecule that presents antioxidant activity and
acts on cellular respiration process and ATP synthesis. Besides, it presents neuroprotective
effect, anti-inflammatory and hepatoprotective effects, among others. However, this molecule
has high molecular weight, poor water solubility and, consequently, low bioavailability when
administered by the oral route. Besides, coenzyme Q10 is photolabile, that difficults its
therapeutic use. In this sense, nanocarriers constitute an interesting alternative to the delivery
of this active substance. In the first step, this study aimed the development of poly-¢-
caprolactone nanocapsules containing the association of two antioxidant compounds,
coenzyme Q10 and vitamin E acetate, and the evaluation of the photodegradation of Q10
associated to nanostructures and their in vitro antitumoral effect. This nanocapsule
suspensions presented suitable physicochemical characteristics for this type of drug delivery
system, high encapsulation efficiency rates and drug content. It was also verified the influence
of vitamin E concentration on coenzyme Q10 degradation by ultraviolet C radiation exposure,
which was smaller with the increase of vitamin E concentration. Moreover, nanoencapsulated
coenzyme Q10 and vitamin E reduced cell viability of tumoral cells melanoma (A375 line)
and glioma (C6 line). In the second part of this work, semisolid formulations were prepared
from nanocapsule suspensions by the addition of gellan gum, a natural polysaccharide. These
formulations were employed in the investigation of the antiedematogenic, anti-inflammatory
and antioxidant effects in a model of ear edema induced by ultraviolet radiation type B (UVB)
in mice. All formulations tested, excepting the vehicle (gellan gum and water), led to a
reduction of the ear edema in mice and in the activities of the enzymes myeloperoxidase
(MPO; marker of neutrophil infiltration in the tissue) and P-N-acetylglucosaminidase
(NAGase; marker of macrophage infiltration). Besides, semisolid formulations containing
nanoencapsulated coenzyme Q10 led to a decrease on oxidative stress biomarkers levels (non-
proteic thiols and lipid peroxidation). Considering obtained results, developed formulations of
coenzyme Q10 and vitamin E acetate are an interesting alternative to the control of tumoral
cells growing, as well as to inflammatory skin wounds induced by UVB radiation.

Keywords: nanocapsules, coenzyme Q10, vitamin E acetate, in vitro citotoxicity, biological
activities.
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A coenzima Q10, que é também conhecida como ubiquinona ou ubidecarenona, é um
antioxidante endégeno de carater lipofilico com fun¢do expressiva na cadeia transportadora de
elétrons (CRANE et al., 1957). Esta substancia lipossolivel pode ser obtida a partir da dieta,
mas também € sintetizada por algumas células do organismo, principalmente em 6rgaos como
figado, rins, coracdo e pancreas. Ela é encontrada principalmente nas mitocondrias celulares,
desempenhando papel importante na producdo de ATP. Seu efeito antioxidante tem sido
estudado principalmente no desenvolvimento de produtos cosméticos "anti-aging” (MULLER
et al., 2007) e promotores da hidratacao da pele JUNYAPRASERT et al., 2009; PARDEIKE,
J.; SCHWABE, K.; MULLER, R. H., 2010), assim como as atividades neuroprotetora,
antitumoral, anti-inflamatdria, além de outras, tem sido investigadas (FULLER et al., 2006;
YOUNG et al., 2007; FOUAD; AL-MULHIM; JRESAT, 2013; MACHADO et al., 2013).

Sua molécula € formada por uma quinona, que estd ligada a uma cadeia lateral
1soprenodide, a qual contém 10 unidades de cinco atomos de carbono cada (CRANE, 2001). A
presenca desta longa cadeia lateral torna esta coenzima pouco solivel em dgua, e sua elevada
massa molecular (863,3 g/mol) leva a uma baixa biodisponibilidade oral, fatores que
contribuem para a dificuldade da sua utilizacdo terapéutica (SIEKMANN; WESTESEN,
1995; BHAGAVAN; CHOPRA, 2006). Diante disto, e aliado ao fato de ser um composto de
carater fotoinstavel (HOPPE et al., 1999; BULE; SINGHAL; KENNEDY, 2010), a coenzima
Q10 constitui um potencial farmaco candidato a nanoencapsulacdo, estratégia que vem sendo
utilizada no sentido de contornar obstaculos relacionados a terapéutica de farmacos.

A nanoencapsulacdo pode conferir vantagens a utilizacdo terapéutica de farmacos,
como a vetorizagdo dos mesmos a sitios de acdo especificos no organismo e sua liberacao
sustentada, aumento da eficécia e a redugdo da toxicidade (MOHANRAJ; CHEN, 2006; REIS
et al., 2006; MORA-HUERTAS et al., 2010; ALMOUAZEN et al., 2012). Dentre os sistemas
carreadores de farmacos desenvolvidos em nanoescala, encontram-se as nanocdpsulas,
nanoesferas, nanoemulsdes e lipossomas (ANTON; BENOIT; SAULNIER, 2008;
VAUTHIER; BOUCHEMAL, 2009; SANTOS et al., 2013).

As nanoparticulas poliméricas, que apresentam diametro médio geralmente na faixa de
100 a 500 nm, compreendem as nanocépsulas e as nanoesferas (QUINTANAR-GUERRERO
et al., 1998; MORA-HUERTAS et al., 2010). Nanoesferas sdo sistemas matriciais, nos quais
o farmaco pode encontrar-se disperso molecularmente, retido fisicamente ou adsorvido no
polimero. Nanocdpsulas, diferentemente, sdo sistemas vesiculares nos quais um invélucro

polimérico encontra-se disposto ao redor de um nucleo, geralmente oleoso. O farmaco pode
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encontrar-se dissolvido neste nucleo e/ou adsorvido a parede polimérica (MEGENHEIM;
BENITA, 1991; COUVREUR et al., 2002).

A associacdo de substincias antioxidantes pode constituir uma estratégia vantajosa
quando se pretende a fotoestabilizacdo de um farmaco. Além disto, esta associacdo pode
também ser util no sentido de incrementar diferentes atividades bioldgicas conferidas pelos
componentes. Neste contexto, este trabalho propde a associacdo de coenzima Q10 e vitamina
E acetato em nanocdpsulas, visando a avalia¢do de seu efeito nestas duas abordagens.

A vitamina E € um antioxidante natural que se apresenta sob a forma de tocoferois e
tocotrienois. Esta vitamina € obtida da dieta principalmente pela ingestdo de améndoas, nozes,
castanha-do-pard, abacate e alguns dleos vegetais (ZIGONEANU et al., 2008; PEH et al.,
2015). Ela apresenta importante atividade antioxidante que, aliada ao fato de se apresentar sob
a forma de um O6leo, vem sendo explorada pelas industrias farmacéutica e cosmética
(CONSTANTINIDES et al., 2006; PARDEIKE, J.; HOMMOSS, A.; MULLER, R. H., 2009;
NICULAE et al., 2014). Outras atividades biologicas também ja foram descritas para a
vitamina E, tais como: atividade antioxidante, antiproliferativa, neuroprotetora, entre outras
(SHIREEN et al., 2008; JIANG, 2014; PAWAR et al., 2014; ULATOWSKI; MANOR,
2015). Devido ao exposto, a vitamina E acetato foi selecionada para constituir as
nanocépsulas preparadas, uma vez que tratando-se de um 6leo, pode compor o nicleo oleoso
destas nanoestruturas.

Devido as atividades ja relatadas para ambos os compostos ativos, a associacdo dos
mesmos poderia levar a uma formulacdo com potenciais atividades bioldgicas. Dentre estas,
avaliou-se a protecdo da fotodegradacio da coenzima Q10 nanoencapsulada pela presenca da
vitamina E acetato e, in vitro, a performance antitumoral das mesmas frente a linhagens de
melanoma e glioma. Além disso, foram desenvolvidas formulacdes semissdlidas a partir da
incorporacdo de goma gelana as suspensdes de nanocdpsulas e investigou-se a atividade das
mesmas sobre alteracdes inflamatorias e oxidativas em um modelo de inducido de edema de
orelha por radiacio UVB em camundongos.

Destaca-se a importancia deste trabalho para a pesquisa cientifica e seu cardter
inovador, uma vez que, até o presente momento, nao foram encontrados estudos na literatura
que reportem a associacdo de coenzima Q10 e vitamina E acetato em nanoparticulas
poliméricas, tampouco a incorporagdo de ambos os componentes em nanoparticulas e sua

adi¢do em formulag@o semissdlida.
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1.1 Objetivo geral

Desenvolver nanocdpsulas contendo a associacdo coenzima Q10 e vitamina E acetato
e avaliar a fotoestabilidade e a atividade antitumoral in vitro destas formulacdes, bem como
investigar as atividades antiedematogénica e antioxidante em um modelo de inflamagdo in

vivo induzida por radiacdo ultravioleta do tipo B.

1.2 Objetivos especificos

e Preparar nanocdpsulas de poli-g-caprolactona contendo a associacdo coenzima Q10 e
vitamina E acetato pelo método de deposi¢do interfacial do polimero pré-formado;

e Caracterizar as formulagdes desenvolvidas quanto ao teor de farmaco, eficiéncia de
encapsulamento, pH, didmetro médio de particula, indice de polidispersao e potencial
zeta;

e Avaliar a fotoestabilidade da coenzima Q10 incorporada as preparagdes frente a
radiacdo ultravioleta do tipo C (UVC);

e Avaliar a atividade antitumoral in vitro das nanocapsulas frente a linhagens de
glioma (C6) e melanoma humano (A375);

® Preparar formulagOes semissOlidas a partir da incorporagdo de goma gelana as
suspensodes de nanocédpsulas;

e Caracterizar as formulacdes semissOlidas quanto a teor de farmaco, pH,
espalhabilidade e comportamento reoldgico;

¢ Avaliar a atividade antiedematogénica das formulagdes semissélidas empregando um
modelo de edema de orelha induzido por radiagcdo ultravioleta do tipo B (UVB) in
Vivo;

e Investigar a possivel infiltracio de células inflamatérias no tecido da orelha de
camundongos submetidos a radiacio UVB e tratados com as formulacdes
desenvolvidas através de métodos enzimdticos e histologico;

e Avaliar o potencial antioxidante das formulagdes semissOlidas preparadas
empregando os ensaios de espécies reativas ao 4acido tiobarbittirico (TBARS),

hidroperdxidos e tidis ndo-protéicos (NPSH).
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1.1 Nanoparticulas poliméricas: preparacio e caracterizacio

Nos ultimos anos, € crescente o interesse pelo estudo de sistemas nanotecnolgicos
para liberacdo de farmacos no organismo. Este interesse se deve, em grande parte, as
inimeras potencialidades farmacéuticas associadas as nanoparticulas (LETCHFORD; BURT,
2007; BRIGGER; DUBERNET; COUVREUR, 2012). Neste sentido, diversas substincias
antioxidantes tem sido associadas a estes sistemas, tais como a vitamina E e a coenzima Q10,
topicos que serdo abordados na sequéncia desta revisao.

O desenvolvimento de nanocarreadores se da com o objetivo de alcancar a estabilidade
adequada, absorcdo melhorada e liberagdo controlada do ativo no organismo, de modo a obter
uma melhora no perfil terapéutico (SPEISER, 1991; PANYAM; LABHASETWAR, 2003;
NAGAVARMA et al., 2012). Devido a capacidade em controlar e/ou sustentar a cedéncia de
farmacos ao sitio de a¢do no organismo, estes sistemas podem ser utilizados a fim de
aumentar o indice terapéutico de farmacos, aumentando sua eficicia e/ou reduzindo sua
toxicidade (REIS et al., 2006; LASALLE; FERREIRA, 2007).

Os sistemas nanoestruturados, caracterizados como dispersdes de ordem coloidal,
compreendem as nanoparticulas poliméricas, as nanoemulsdes, os lipossomas e as
nanoparticulas lipidicas s6lidas, além de outros. As nanocédpsulas e nanoesferas, denominadas
nanoparticulas poliméricas, apresentam didmetro médio geralmente inferior a 500 nm e
diferem entre si quanto a composi¢do e organizacdo estrutural. Nanocdpsulas sdo sistemas
vesiculares constituidos por um invélucro polimérico disposto ao redor de um nicleo,
geralmente de carater oleoso. Nestas, o farmaco pode estar dissolvido no nucleo e/ou
adsorvido a parede do polimero (SCHAFFAZICK et al., 2003; REIS et al., 20006).

Nanoesferas sdo sistemas matriciais, em que o fairmaco pode ficar retido ou adsorvido
ao polimero. Assim, ndo apresentam 6leo em sua composi¢ao (VAUTHIER; BOUCHEMAL,
2009). Na Figura 1, podem ser observadas as diferencgas estruturais entre as nanoparticulas

poliméricas.

Figura 1 - Representacdo esquematica das nanocdpsulas e nanoesferas.

Nanoeapsulas Nanoesteras

Farmaco Nucleo - Polinmero
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Virios métodos para a preparagdo de nanoparticulas poliméricas sdao descritos. Estes
métodos podem ser classificados em métodos baseados na polimerizacdo in situ de
monomeros dispersos, nos quais a formacao do polimero acontece no momento da preparacao
das nanoparticulas, ou na precipitacdo de polimeros pré-formados, em que o polimero ji se
encontra formado no momento da preparacio das nanoparticulas (QUINTANAR-
GUERRERO et al., 1997; REIS et al., 2006).

A escolha do método de preparacdo € bastante criteriosa e deve levar em conta as
caracteristicas fisico-quimicas do firmaco a ser associado, a fim de propiciar uma eficiente
associacdo deste com o nanocarreador. Deve considerar também alguns fatores como o tipo
de sistema nanométrico pretendido, o sitio de aplicagdo da formulacdo e o tamanho de
particula requerido (RAO; GECKELER, 2011). Independente do método utilizado para a
preparacdo, os produtos obtidos s@o suspensdes coloidais aquosas (SCHAFFAZICK et al.,
2003).

No que se refere aos métodos baseados na precipitacio de polimeros pré-formados,
alcancam maior destaque os métodos de nanoprecipitacdo e deposicao interfacial do polimero
pré-formado. Também conhecido como método de deslocamento do solvente, o0 método de
nanoprecipitacdo foi descrito primeiramente por FESSI e colaboradores (1989). Tal técnica
tem como principio a deposicao interfacial do polimero apds o deslocamento de um solvente
semipolar, miscivel com a dgua, em uma solugcdo lipofilica. Esta técnica é de féacil
reprodutibilidade, e tem sido empregada principalmente quando se objetiva a preparacio de
nanoparticulas de poli (dcido latico) (PLA) e poli (4cido latico-co-glicdlico) (PLGA) (FESSI
et al., 1989; MORA-HUERTAS; FESSI; ELAISSARI, 2011).

O método de deposicao interfacial, o qual foi utilizado para preparacdo das
nanoparticulas deste estudo, consiste basicamente em verter uma fase orgénica, contendo um
solvente miscivel com dgua, o polimero, o 6leo, um tensoativo de baixa hidrofilia e o
farmaco, em uma fase aquosa contendo um tensoativo de alta hidrofilia (FESSI et al., 1989).
A formacdo das nanoestruturas acontece instantaneamente, enquanto ocorre difusdo do
solvente pela fase aquosa, e o polimero, insolivel na fase oleosa, precipita na interface dos
componentes imisciveis. Este método € de grande importancia e utiliza¢do, pois conduz a
obtencdo de elevadas eficiéncias de encapsulamento de farmacos lipofilicos. As nanocédpsulas
preparadas por este método apresentam diametro médio normalmente entre 200 e 500 nm
(QUINTANAR-GUERRERO et al., 1998; REIS et al., 2000).

Os constituintes das nanoparticulas sdo, basicamente, um ou dois tensoativos, um

polimero (que deve ser biocompativel, podendo ou ndo ser biodegradavel, dependendo da via
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de administragdo pretendida), um 6leo (no caso das nanocépsulas) e o farmaco associado
(LETCHFORD; BURT, 2007).

Apés a preparacao dos sistemas nanocarreadores, faz-se necessdria a etapa de
caracterizacao fisico-quimica destas suspensdes coloidais. Uma vez que se trata de particulas
de tamanho muito reduzido, diversas andlises de suas propriedades devem ser conduzidas. Os
parametros mais frequentemente avaliados para as nanoparticulas sdo: diametro médio de
particula/goticula, indice de polidispersao, potencial zeta, pH e eficiéncia de encapsulamento
de farmaco/ativo (SCHAFFAZICK et al., 2003; MORA-HUERTAS; FESSI; ELAISSARI,
2010).

Dentre os polimeros mais utilizados na composi¢do de sistemas nanoestruturados
figuram os poliésteres de origem sintética, tais como a PCL, o PLA, o PLGA e os derivados
acrilicos comumente conhecidos como Eudragit's™ (KHOEE; YAGHOOBIAN, 2009). A PCL
(Figura 2) é um poliéster alifatico semicristalino, insolivel em dgua, degradado no organismo
humano pela hidrélise das ligacdes éster (SINHA et al., 2004). Por ser um polimero
biodegraddvel e biocompativel, e de degradacdo mais lenta quando comparado a outros
poliésteres, ¢ muito utilizado em formulagdes nanoestruturadas, podendo prolongar a
liberagdo de farmacos por longos periodos de tempo (AMIRTHALINGAM,;
NAYANABHIRAMA; MUTALIK, 2014; XU et al., 2014; KUMAR; VERMA; SINGH,
2015). Além disso, por sua biodegradabilidade e baixa toxicidade, este polimero pode ser
administrado pelas vias oral, intravenosa, ocular e topica, o que o torna muito versatil
(SINHA et al., 2004; DAMGE; MAINCENT; UBRICH, 2007; LAREDJ-BOUREZG et al.,
2015; SILVA et al., 2015).

Figura 2 - Estrutura quimica da PCL.

Recentemente, formulacdes nanoestruturadas tém sido direcionadas a aplicacdo por
via tépica, com finalidade cosmética e terapéutica (CHUNG et al., 2010). Devido ao tamanho
reduzido e capacidade de apresentar propriedades bioadesivas, o tempo de residéncia das

particulas na pele € prolongado. Além disso, as formulagdes nanoestruturadas podem
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proporcionar aumento da estabilidade quimica de farmacos e da biodisponibilidade dos
mesmos na pele, podendo levar, assim, ao aumento do efeito farmacoldgico da substancia

ativa (KOVACEVIC et al., 2011).

1.2 Estresse oxidativo e antioxidantes

O estresse oxidativo é definido como o desequilibrio entre a producdo de espécies
reativas de oxigénio/nitrogénio (ERO's e ERN's, respectivamente) e os mecanismos de
compensagdo antioxidantes do organismo humano (PERSSON; POPESCU; CEDAZO-
MINGUEZ, 2014). Estas espécies reativas, que compreendem radicais livres (RL) e
moléculas que ndo apresentam elétrons desemparelhados, das quais alguns exemplos sdao o
anion superéxido (O, 7), o peréxido de hidrogénio (H,0O,), o radical hidroxila (-OH) e o 6xido
nitrico (NO,), apresentam elevada reatividade, devido a sua instabilidade, e tempo de meia-
vida muito curto. Desta forma, podem reagir com biomoléculas e provocar alteracdes e dano
as células. Dentre os componentes celulares que podem ser afetados, destacam-se as
macromoléculas: proteinas, lipidios e dcidos nucleicos (MELLO FILHO; HOFFMAN;
MENEGHINTI, 1983; LEONARDUZZI; SOTTERO; POLLI, 2010; PISOSCHI; POP, 2015).

O dano a lipidios, o qual € denominado peroxidacdo lipidica, ocorre por reagdes que
compreendem 3 estdgios e leva a formacdo de produtos como os hidroperdxidos lipidicos e
malondialdeido (MDA). Na primeira etapa da reacdo, a iniciag¢do, € onde ocorre o processo de
ataque de um grupo metileno do lipidio pelo radical livre, etapa esta que culmina na formacao
de um radical peroxil (ROO’). Na segunda etapa, a propagagdo, o radical peroxil reage
retirando hidrogénios de cadeias adjacentes e formando o perdxido lipidico (ROOH).
Também, nesta etapa, pode ocorrer a reacdo do radical peroxil com uma ligacdo dupla na
cadeia de acido graxo, levando a formacdo de um perdxido ciclico. Por fim, na terceira etapa,
denominada terminacdo, ocorre a formacao de produtos estaveis (ndo-radicais), devido a acao
de antioxidantes ou auséncia de moléculas reativas (KOHEN; NISKA, 2002).

Devido ao ataque as biomoléculas e, consequentemente, ao dano as estruturas
celulares, o estresse oxidativo tem sido associado ao desenvolvimento de patologias. Dentre
estas, pode-se destacar: doencas cardiacas, neurodegenerativas (mal de Parkinson, doenca de
Alzheimer e outras), inflamatorias e neoplasias. Além disso, o processo de envelhecimento
cutdneo também esta associado ao estresse oxidativo (LOPEZ-ALARCONA; DENICOLA,
2013; MAULIK et al., 2013).
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A geracdo de ERO's e ERN's ocorre em decorréncia de processos aerdbicos, como
respiracdo celular, infec¢des microbianas que envolvem ativacdo fagocitdria, ou acdo de
poluentes e toxinas, como o tabagismo, ingestdo de bebidas alcodlicas e outros (POLJSAK;
SUPUT; MILISAV, 2013; PISOSCHI; POP, 2015). A radiacdo ultravioleta também pode
desencadear estresse oxidativo, o qual pode ser detectado através da peroxidagdo lipidica pelo
aumento da concentragdo de espécies reativas ao dacido tiobarbiturico (TBARS) e
hidroperéxidos lipidicos e reducdo dos niveis de tidis ndo-protéicos (LEE et al., 2000;
ROSSATO et al., 2010; TERRA et al., 2012).

Nos organismos aerdbicos, existem sistemas antioxidantes enzimdticos e nao-
enzimaticos que sio responsaveis por manter o equilibrio entre a producdo de espécies pro-
oxidantes e antioxidantes (LEONARDUZZI; SOTTERO; POLLI, 2010). As enzimas
superdxido dismutase (SOD), catalase (CAT) e glutationa peroxidase (GPx) representam os
sistemas antioxidantes enzimdticos, enquanto que os sistemas nao-enzimaticos sao compostos
pela glutationa, algumas proteinas (ferritina, transferrina, albumina e outras), substincias do
complexo coenzima Q e 4cido drico (POLJSAK; SUPUT; MILISAYV, 2013). Por outro lado,
os antioxidantes exdgenos, como carotenoides, vitaminas C e E, substancias pertencentes a
classe dos flavonoides, dentre outros, sio compostos provenientes da ingestdo de alimentos
(WILLETT, 2006; PHAM-HUY; PHAM-HUY, 2008).

Os sistemas antioxidantes, enddégenos ou exdgenos, enzimaticos ou ndo-enziméticos,
tém a funcdo de inibir ou reduzir os danos causados por espécies reativas através de diversos
mecanismos de acdo. Dentre os principais mecanismos de a¢do pelos quais atuam, estdo a
doacgdo de atomos de hidrogénio ao radical livre, estabilizando-o e interrompendo a reagcdo de
oxidagdo em cadeia, € a remocdo do oxigénio presente no meio, dtomo que atua na
propagacao da reacdo de oxidacdo (RAJENDRAN et al., 2014).

Entretanto, quando hd excesso na producdo de ERO's e esta ndo consegue ser
compensada, as defesas antioxidantes enddgenas se esgotam, e entdo se faz necessdria a
ingestdo de substincias antioxidantes no intuito de minimizar o dano oxidativo (WILLETT,
2006; SANTHAKUMAR; BULMER; SINGH, 2014). Neste sentido, acredita-se que terapias
por meio de agentes antioxidantes possam ser efetivas em proteger contra danos causados pela

radiacao ultravioleta e outros processos geradores de ERO's.

1.3 Coenzima Q10
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A coenzima Q10 (2,3-dimetoxi-5-metil-6-decaprenil-benzoquinona) (Q10), também
denominada ubiquinona ou ubidecarenona, composto ativo de interesse deste estudo, € um
importante antioxidante intracelular que também desempenha fun¢ao na cadeia transportadora
de elétrons e producao de ATP. Esta molécula € essencial durante o processo de producao de
energia e, por isso, encontra-se presente em maior concentracao nos 6rgaos de maior demanda
energética, como figado, rins, coragdo e cérebro (ERNSTER; DALLNER, 1995; LOPEZ-
MARTIN et al., 2007).

Esta molécula € sintetizada endogenamente a partir de compostos intermedidrios da
sintese do mevalonato, mesma via bioquimica que dd origem ao colesterol (Esquema 1)
(ERNSTER; DALLNER, 1995). Estima-se que cerca de 50% da Q10 disponivel em nosso
organismo seja sintetizada endogenamente, enquanto que os 50% restantes sao obtidos a partir
da dieta, pelo consumo de carne, ovos, peixes e vegetais, ou também pela ingestdo de

suplementos alimentares (BHAGAVAN; CHOPRA, 2006; LEE et al., 2012).

Esquema 1 - Rota bioquimica de sintese da Q10 (BUHAESCU; IZZEDINE, 2007).
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A Q10 € caracterizada como um po cristalino, de coloracdo amarela, com ponto de
fusdo de 48°C (BALAKRISHNAN et al., 2009). Sua estrutura quimica é formada por uma
quinona, que estd ligada a uma cadeia lateral isoprendide, contendo 10 unidades de cinco
atomos de carbono cada (CRANE, 2001). A presenca desta longa cadeia lateral isoprendide
na molécula torna esta coenzima pouco solivel em &dgua, e sua elevada massa molecular
(863,3 g/mol) leva a uma baixa biodisponibilidade oral, dificultando seu uso farmacéutico e
cosmético (SIEKMANN; WESTESEN, 1995; BHAGAVAN; CHOPRA, 2006). Além disso,
apresenta também instabilidade frente a luz (HOPPE et al., 1999; BULE; SINGHAL,;
KENNEDY, 2010). A estrutura quimica da Q10 € mostrada na Figura 3.

Figura 3 - Estrutura quimica da Q10.

H,C

HC~q N H

Desde que foi descoberta, em 1957, esta molécula tem sido intensamente estudada.
Muitos trabalhos investigam suas aplicacdes na terapéutica, sugerindo seu emprego no
tratamento da doenca de Alzheimer (WADSWORTH et al.,, 2008; SPINDLER; BEAL,;
HENCHCLIFFE, 2009; MANCZAK et al., 2010), mal de Parkinson (SHULTS et al., 2004;
NEZHADI et al., 2011; SIKORSKA et al., 2014), neuropatias e nefropatias associadas a
diabetes (HERNANDEZ-OJ EDA et al., 2012; SOURRIS et al., 2012). Além disso, em termos
de aplicabilidade cosmética, sua utilizacdo também promove beneficios no tratamento do
envelhecimento cutaneo, hidratacio da pele e fotoprotecdo, além de outros
(SCHOLERMANN et al., 1998; PARDEIKE; SCHWABE; MULLER, 2010; YUE et al.,
2010).

Apesar de muitos estudos avaliarem a atividade antioxidante da Q10, poucos sdo os
trabalhos que abordam a atividade antioxidante deste ativo em sistemas nanoestruturados.
Desta forma, como o objetivo deste trabalho foi a preparagdo de nanoestruturas, trabalhos
envolvendo esse tipo de sistema serdo comentados a seguir.

ZHANG e WANG (2009) prepararam lipossomas de Q10 revestidos com trimetil

quitosana e realizaram a administracdo das formulacdes (5 pL suspensdo/20 g de peso
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corporal) desenvolvidas em regido ocular de coelhos com catarata induzida, objetivando
avaliar o efeito anti-catarata com base na sua atividade antioxidante. Este estudo foi o
pioneiro em mostrar a eficidcia da Q10 como profildtica no desenvolvimento de catarata e
também no combate a progressdo da lesdo, a partir da reducdo da peroxidacdo lipidica
avaliada a partir do conteido de MDA no tecido ocular dos animais.

YUE e colaboradores (2010) desenvolveram carreadores lipidicos nanoestruturados
(CLN) contendo Q10 e investigaram seu efeito sobre os niveis de peroxidagdo lipidica e de
ERO's apds dano celular induzido por radiacio UVA. No que diz respeito ao nivel de MDA,
indicativo de peroxidacdo lipidica, o mesmo apresentou-se 1,7 vezes maior no grupo emulsao
de Q10 do que no grupo de Q10 associada aos carreadores lipidicos nanoestruturados. O
mesmo resultado foi encontrado para os niveis de ERO's: apresentaram-se mais elevados no
grupo emulsao do que no grupo CLN-Q10.

Em outro estudo, SWARNAKAR e colaboradores (2011) desenvolveram
nanoparticulas de PLGA contendo Q10 e também estudaram o efeito antioxidante desta
coenzima associada ao nanocarreador. Estudos in vitro em culturas celulares (macréfagos -
linhagem RAW 264.7) indicaram que a Q10 associada as nanoparticulas, em concentra¢des
acima de 3 pg/mL, apresentou eficdcia em eliminar ERO's cerca de 10 vezes superior a Q10
nao-nanoencapsulada.

Recentemente, BRUGE e colaboradores (2013) associaram a Q10 oxidada ou reduzida
a carreadores lipidicos nanoestruturados e avaliaram seu efeito antioxidante através dos niveis
intracelulares de ERO's e funcionalidade mitocondrial. Para isto, empregaram linhagem de
fibroblastos humanos como modelo, na qual o estresse oxidativo foi induzido por radiagdo
UVA. As células incubadas com CLN sem Q10 ou com a mesma em sua forma oxidada
mostraram maiores niveis de ERO's, em comparagdo ao controle de células irradiadas e com o
CLN contendo Q10 em sua forma reduzida. Igualmente para a funcionalidade mitocondrial,
somente o tratamento CLN contendo Q10 em sua forma reduzida apresentou a capacidade de
reverter a despolarizagdo mitocondrial induzida por UVA, o que sugere potencial aplicagdao
destes sistemas em formulagdes cosméticas antienvelhecimento.

Com relacdo ao efeito antiproliferativo, existem poucos relatos na literatura para a
Q10. Esta atividade tem sido atribuida, por muitos autores, as propriedades antioxidante e
anti-inflamatdria que esta substancia apresenta (BAHAR et al., 2010; KIM; PARK, 2010).
Em um dos estudos em que foi realizada esta avaliacdo, SWARNAKAR e colaboradores
(2014) investigaram a eficdcia antitumoral e seguranca da combinagdo do tratamento com

nanoparticulas contendo doxorrubicina e nanoparticulas contendo Q10 via oral, em modelo de
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cancer de mama em ratos, em comparacdo com o tratamento com doxorrubicina por
administracdo via intravenosa. A administracdo das nanoparticulas de doxorrubicina e de
nanoparticulas de Q10 levou a efeito 4,5 vezes maior do que a administragao de doxorrubicina
ndo-nanoencapsulada por via intravenosa. Os autores correlacionaram este efeito com outros
testes que mostraram que a nanoencapsulacdo levou a maior potencial de apoptose celular e
maior dano ao DNA.

LOHAN e colaboradores (2015) desenvolveram carreadores lipidicos
nanoestruturados de tamanho muito pequeno (aproximadamente 85 nm) contendo Q10 e
avaliaram seu efeito sobre cultura de queratindcitos humanos (HaCaT) pelo método de
reducdo do sal tetrazolio (XTT). Nas concentragdes-teste de 10, 25 e 50 pg/mL ndo houve
reducdo da viabilidade celular, enquanto que para a concentragdao de 100 pg/mL o declinio de
viabilidade celular observado foi de aproximadamente 27%.

Poucos relatos na literatura mostram a atividade anti-inflamatéria da Q10, a qual tem
sido associada a reducao da produgdo de citocinas pro-inflamatdrias, como o fator de necrose
tumoral alfa (TNFa) (SCHMELZER et al., 2008). Os estudos presentes evidenciam elevado
potencial nesta atividade, potencial que € ainda mais expressivo quando esta molécula €
associada a sistemas nanoestruturados. Em um destes estudos, SWARNAKAR e
colaboradores (2011), investigaram a atividade da Q10 associada a nanoparticulas em modelo
de inflamacao de pata induzida por carragenina em camundongos. Neste, observaram que as
nanoparticulas com farmaco levaram a reducgdo de até 89% do edema induzido, enquanto que
o farmaco ndo-associado a nanoparticulas mostrou reducao de cerca de 60%.

TAWFIK e colaboradores (2015) avaliaram o efeito da Q10 administrada por via
intraperitoneal (10 mg/kg) sozinha ou combinada ao metotrexato (MTX) (2 mg/kg) na
progressdo de artrite em ratos induzida pelo adjuvante completo de Freund (CFA). A
administracao de Q10 concomitante foi capaz de potencializar o efeito do MTX no tratamento
da artrite e, além disso, de reduzir a hepatotoxicidade associada ao tratamento com 0 mesmo,
constituindo uma potencial alternativa teraputica aos farmacos antirreuméticos

convencionais.

1.4 Vitamina E acetato

O o¢leo, constituinte do nidcleo das nanocédpsulas, onde o farmaco pode estar
dissolvido, deve proporcionar alta solubilizagdo do mesmo, ndo deve apresentar toxicidade

nem ser capaz de solubilizar o polimero. Além disso, o 6leo € de fundamental importincia em
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formulacdes direcionadas para o uso cosmético, uma vez que apresenta capacidade de conferir
emoliéncia, conduzindo ao aumento da hidratacdo da pele. Por isso, sua escolha adequada é
fundamental para a viabilidade da preparag¢dao de nanocdpsulas (SCHAFFAZICK et al., 2003;
MORA-HUERTAS; FESSI; ELAISSARI, 2010).

Neste sentido, por tratar-se de uma substancia oleosa, a vitamina E acetato pode
constituir o nucleo das nanocapsulas desenvolvidas. O termo vitamina E refere-se as
diferentes formas dos compostos tocoferois e tocotrienois, que estdo naturalmente presentes
em diversos alimentos de origem vegetal. O tocoferol € um nutriente essencial ao organismo
humano, que pode ser obtido da dieta a partir da ingestdo de nozes, castanha, améndoas e
derivados de cereais (ITO et al., 2006; ULATOWSKI; MANOR, 2015). No organismo, 0s
principais reservatérios deste nutriente sdo o tecido adiposo e as glandulas supra-renais
(HERRERA; BARBAS, 2001).

Os tocoferois e tocotrienois sdo compostos derivados do 6-cromanol, dos quais cada
um apresenta quatro formas, que sdo designadas por a, B, vy, € 8, de acordo com o nimero e
posicdo dos grupos metilicos ligados ao anel aromético. Dentre estes, o a-tocoferol constitui a
forma mais abundante e mais ativo biologicamente in vivo, sendo considerada a forma
genuina da vitamina E. Todos estes compostos apresentam uma hidroxila altamente
eletrofilica ligada ao anel aromadtico, a qual se deve a capacidade de extinguir espécies
radicalares, o que torna a vitamina E uma substincia com potente atividade antioxidante
(LIEN et al., 1999; HERRERA; BARBAS, 2001; CRAFT, 2015).

O o-tocoferol acetato, ou vitamina E acetato, ¢ um éster obtido pela reacdo entre o
acido acético e o tocoferol, e constitui a principal forma da vitamina E comercializada para
uso cosmético. Este € caracterizado como um liquido viscoso oleoso, insolivel em édgua e
instdvel na presenca de dlcali, luz e oxigénio (HERRERA; BARBAS, 2001). Na Figura 4,
encontram-se as estruturas quimicas do tocoferol e tocoferol acetato.

Diversas atividades bioldgicas ja foram descritas para a vitamina E, tais como
atividade antioxidante, antiproliferativa, neuroprotetora, entre outras (SHIREEN et al., 2008;
JIANG, 2014; PAWAR et al., 2014; ULATOWSKI; MANOR, 2015). Todas as formas de
vitamina E apresentam potente atividade antioxidante, a qual se da através da eliminagdo de
radicais de peroxidacdo lipidica pela doacdo do hidrogénio fendlico do anel cromanol ao
radical (JIANG et al., 2000).

Além da capacidade de doar o dtomo de hidrogénio, as formas de vitamina E nao-
substituidas na posicdo 5, como € o caso do y-tocoferol, conseguem reter eletréfilos, dentre

estes as espécies reativas de nitrogénio (por exemplo, NO, e peroxinitrito), que tem sua
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producdo aumentada durante processos inflamatdrios. Diferentemente, esta atividade ndo €
apresentada pelas formas de vitamina E com um grupamento metil associado a posi¢do 5,
como o o-tocoferol (JIANG et al., 2000).

Ainda no que diz respeito a sua atividade anti-inflamatéria, a vitamina E,
principalmente nas suas formas a-tocoferol e y-tocoferol, atua em processos inflamatorios
pela inibicdo da formagdo de prostaglandinas dos tipos D, e E, (PGD, e PGE,,
respectivamente) mediada pela cicloxigenase 2 (COX-2), atividade que ja foi demonstrada

experimentalmente por JIANG e colaboradores (2000; 2008).

Figura 4 - Estruturas quimicas do tocoferol e tocoferol acetato, respectivamente.
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Devido a suas importantes propriedades em sistemas bioldgicos, os efeitos benéficos
da vitamina E vem sendo explorados pelas induistrias farmac€utica e cosmética
(CONSTANTINIDES; HAN; DAVIS, 2006; PARDEIKE; HOMMOSS; MULLER, 2009;
NICULAE et al., 2014). Além disso, tem sido objeto de estudo de inimeras pesquisas
cientificas (PARDEIKE; HOMMOSS; MULLER, 2009; HATANAKA et al., 2010;
CARVALHO et al., 2013). No que diz respeito aos estudos que reportam a associacao de
vitamina E a nanoparticulas, cabe ressaltar os trabalhos a seguir.

BYUN e colaboradores (2011) desenvolveram nanoparticulas de PCL contendo o-
tocoferol pelo método de emulsificagdo-evaporacdo do solvente e ultrasonicacdo e avaliaram
a influéncia da concentracdo de PCL (3 ou 5 g/100 mL), do tipo de solvente na fase orgénica
(diclorometano ou diclorometano/acetonitrila) e o tempo de ultrassonicagdo (1, 2 ou 3
minutos) nas caracteristicas das particulas produzidas. Observaram reducdo na eficiéncia de

encapsulamento do a-tocoferol com o aumento do tempo de ultrassonicacdo de 1 para 3
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minutos (de 87,73% para 57,45%) e o mesmo foi encontrado para os valores de tamanho de
particula. A formulacdo contendo concentracdo de PCL de 5 g/100 mL empregando
diclorometano como solvente e tempo de ultrassonicacdo de 3 minutos apresentou as
melhores caracteristicas quando comparada a outras formulacoes.

Em outro estudo, NORONHA e colaboradores (2013) prepararam e otimizaram
nanocdpsulas de PCL contendo a-tocoferol preparadas pelo método de nanoprecipitagdo. A
melhor quantidade de ativo para encapsulacdo encontrada neste estudo foi de 200 mg,
resultando em eficiéncia de encapsulamento préxima de 100%, diametro médio de particula
em torno de 190 nm e indice de polidispersao de 0,11.

Recentemente, NICULAE e colaboradores (2014) desenvolveram formulagdes de
nanoparticulas contendo a-tocoferol direcionadas a fotoprote¢do. Neste contexto, avaliaram a
influéncia do composto antioxidante na fotoestabilidade de um filtro solar UVA incorporado a
nanoparticulas lipidicas solidas frente a radiagdo UVC. As nanoparticulas produzidas foram
avaliadas quanto ao fator de protecdo solar e eritema. Verificaram que a presenga do o-
tocoferol levou a uma diminui¢cdo do eritema quando coencapsulado com o filtro solar,
comparado a encapsulacdo somente do filtro solar. Ainda, o a-tocoferol provou ser eficaz na
fotoestabilizacdo do filtro UVA instavel encapsulado.

No ultimo ano, ALQAHTANI e colaboradores (2015) formularam e caracterizaram
nanoparticulas de PLGA e PLGA-quitosana contendo o-tocoferol e y-tocotrienol, avaliando
suas atividades antioxidante, antiproliferativa e a captacdo celular in vitro destes sistemas. As
nanoparticulas, quando comparadas a formulacdes micelares de tocoferol e tocotrienol, foram
capazes de aumentar a captacdo dos mesmos pelas células Caco-2, sem provocar toxicidade,
sendo que esta absor¢do fo1 3,5 vezes maior para as particulas de PLGA-quitosana. Ainda, os
sistemas demonstraram maior capacidade para inibir a oxidac@o do colesterol e citotoxicidade

elevada frente a linhagens de cancer de mama (MCF-7 e MDA-MB-231) (ICs < 20 uM).

1.5 Aspectos gerais da pele e formulacoes semissolidas a base de nanoparticulas

A pele, revestimento externo do corpo, desempenha fungdes vitais para o organismo,
mantendo a homeostase, protegendo contra a invasdo de microorganismos e oferecendo
protecdo frente a danos provocados pelo calor, agentes quimicos e toxinas. Mais
especificamente, também protege frente a perda de dgua e danos provocados por radiagao,
executa a regulacdo da temperatura corporal, além de outras fun¢des fundamentais

(FIRESTEIN, 2004; ROBERTS; WALTERS, 2008).
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Este 6rgao apresenta elevada drea superficial (aproximadamente 2 m’) e representa
cerca de 16% do peso total do corpo. Quanto a sua estrutura, € composta por trés camadas:
epiderme, derme e hipoderme. A camada epidérmica € composta majoritariamente por
queratindcitos, mas também estdo presentes melandcitos, células de Langerhans e células de
Merkel, enquanto que na derme encontram-se fibroblastos e fibras de coldgeno e elastina,
vasos sanguineos e terminacdes nervosas. Por fim, a camada mais inferior da pele, hipoderme,
¢ constituida principalmente por adipécitos (VENUS; WATERMAN; MCNAB, 2010;
KHAVKIN; ELLIS, 2011).

A administragdo de farmacos no tecido cutaneo pode possibilitar um efeito local do
mesmo ou sua absor¢do sistémica. Ainda, apresenta outras vantagens, tais como a menor
incidéncia de efeitos adversos sistémicos e aplicacdo especifica no local acometido pela
patologia, além de ser uma via de administracio ndo-invasiva (TING; VEST;
SONTHEIMER, 2004).

Neste sentido, nas ultimas décadas, o desenvolvimento de novos sistemas de liberacao
de farmacos, como as nanoparticulas, tem constituido uma abordagem promissora no aumento
da penetra¢do e permeacdo de firmacos na pele e o controle de sua liberacio (MULLER;
RADTKE; WISSING, 2002; ALVAREZ-ROMAN et al., 2004). Diferentes tipos de
nanoparticulas tem sido formuladas como carreadores de farmacos para aplicagdo cutinea,
visando tanto aplicacdes cosméticas, como terapéuticas: nanoparticulas lipidicas sélidas
(NLS), carreadores lipidicos nanoestruturados (CLN), nanocdpsulas, lipossomas e outros
(JUNYAPRASERT et al., 2009).

No entanto, estes sistemas nanoestruturados sdo obtidos como suspensodes liquidas, o
que dificulta sua aplicacdo e permanéncia no local de aplicacdo (SCHAFFAZICK et al.,
2003). Neste sentido, uma estratégia que tem sido empregada recentemente é a incorporacao
destes nanosistemas em formulacdes semissélidas, tais como os hidrogéis (LIPPACHER;
MULLER; MADER, 2001). Esta nova abordagem vem ganhando destaque uma vez que as
nanoparticulas podem conferir inimeras outras vantagens ao tratamento tépico, tais como a
possibilidade de actiimulo nos foliculos pilosos, atuando como sistemas reservatérios, além da
capacidade de atingir estruturas funcionais em camadas mais profundas da pele
(LADEMANN et al., 2007).

Em vista disso, JUNYAPRASERT e colaboradores (2009) compararam nanoemulsoes
de triglicerideos de cadeia média (TCM) e carreadores lipidicos nanoestruturados de
TCM/palmitato de cetila contendo coenzima Q10 incorporados em hidrogéis de goma xantana

quanto a permeacao in vitro em epiderme humana. Em seu estudo, os autores mostraram que a
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oclusdo promovida pelas formulacdes foi 0 maior promotor de penetragdo de coenzima Q10
na pele, que também foi afetada, porém em menor intensidade, pela quantidade de dleo
presente nas NLC.

TERROSO e colaboradores (2009) desenvolveram formulagdes cosméticas
semissOlidas a base de Carb0p01® 940 contendo nanocapsulas de coenzima Q10 ou o po
obtido a partir de secagem destas suspensdes. Os autores obtiveram formulagdes com
caracteristicas fisico-quimicas e propriedades reoldgicas adequadas, demonstrando assim a
viabilidade de preparacdo de hidrogéis a partir destes produtos intermedidrios contendo
coenzima Q10.

No ano de 2010, MARCHIORI e colaboradores prepararam e caracterizaram hidrogéis
de Carbopol Ultrez® 10 NF contendo dexametasona associada a nanocdpsulas poliméricas no
sentido de aumentar a eficdcia deste farmaco no tratamento topico. Para isso, as suspensoes de
nanocépsulas foram avaliadas quanto a sua atividade antiproliferativa empregando o modelo
Allium cepa, as quais demonstraram um menor indice mitético celular para o grupo contendo
as nanoestruturas comparado ao farmaco livre (4,62 % e 8,60%, respectivamente). Os
semissOlidos preparados apresentaram pH acido e foram capazes de proporcionar liberacdo
controlada do farmaco encapsulado.

Além dos carbomeros, outra classe de substiancias que tem despertado interesse no
desenvolvimento de formulagdes semissoOlidas a partir de sistemas nanoestruturados sao as
gomas naturais. Esta classe de compostos apresenta vantagens na sua utilizacdo, como
biocompatibilidade e baixo custo (OSMALEK; FROELICH; TASAREK, 2014). Dentre estas,
destaca-se a goma gelana, um polissacarideo produzido pela bactéria Sphingomonas
(Pseudomonas) elodea que possui capacidade de formar um gel elastico (RINAUDO;
MILAS, 2000; BAJAIJ et al., 2007; PRAJAPATI et al., 2013).

Sua estrutura constitui-se de um esqueleto anidnico linear, composto de unidades
repetidas de o-L-ramnose, B-D-glucose e B-D-glucoronato, na propor¢cdo molar de 1:2:1
(MILAS; SHI; RINAUDO, 1990). Sua forma de ocorréncia natural apresenta dois
substituintes acila (L-glicerila e acetila), os quais sdo removidos por hidrdlise alcalina dando
origem a gelana desacetilada, denominada "low-acetyl" ou "low-acyl". Ambas as formas,
natural e desacetilada, apresentam a propriedade de formagdo de hidrogéis na presenca de
cations mono-, di- ou trivalentes (KANG et al., 1982; OSMALEK; FROELICH; TASAREK,
2014).

TAYEL e colaboradores (2013) empregaram a goma gelana no desenvolvimento de

géis a partir de nanoemulsdes contendo cloridrato de terbinafina, objetivando propor uma
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alternativa para administracdo ocular deste fadrmaco. Para tal, realizaram a incorporacio das
nanoemulsdes em dispersdoes de goma gelana (0,2%) e caracterizaram-nas em termos de
transparéncia, comportamento reolégico, mucoadesividade, liberacdo de farmaco e andlise
histolégica para avaliacdo de irritacdo. Os hidrogéis obtidos tiveram coloracdo transparente,
fluxo do tipo pseudopléstico, mucoadesividade e liberacdo controlada de farmaco.
Recentemente, D’ARRIGO e colaboradores (2014) desenvolveram um nanohidrogel
de goma gelana para liberacdo simultdnea dos farmacos prednisolona e paclitaxel e sua
utilizacdo nas terapias antitumoral e anti-inflamatdria. Neste nanohidrogel, a prednisolona
encontrava-se quimicamente ligada aos grupos dacidos carboxilicos da goma gelana, e o
paclitaxel estava retido fisicamente. O nanohidrogel estudado pelos autores promoveu melhor
efeito citotéxico in vitro em diferentes linhagens de células tumorais devido ao sinergismo

promovido pela associacdo de um farmaco antitumoral e de um anti-inflamatério.
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Abstract

The present study showed the development of nanocapsules containing the association
of coenzyme Q10 and vitamin E acetate, purposing this formulation as an alternative to the
treatment of malignant glioma and melanoma cells. In order to investigate if nanocapsules are
able to protect the coenzyme Q10 from degradation under UVC radiation, a photostability
study was carried out. For this, three concentrations of vitamin E acetate were evaluated (1, 2
or 3%). Nanocapsules presented suitable physicochemical characteristics and were able to
protect the coenzyme Q10 from photodegradation. Besides, this protection was influenced by
higher vitamin E acetate concentrations, attributing to this oil an important role on coenzyme
Q10 photostabilization. Regarding to anticancer activity, tested nanocapsules presented the
capability to reduce cell viability of glioma and melanoma cell lines. In this sense, these
formulations represent interesting platforms to the delivery of coenzyme Q10 and vitamin E

acetate to the treatment of these types of cancers.

Keywords

Coenzyme Q10, vitamin E, antioxidants, nanocapsules, cell culture, in vitro cytotoxicity,

antitumoral activity.
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1 Introduction

Coenzyme Q10, also called ubiquinone or ubidecarenone (2,3-dimethoxy-5-methyl-6-
decaprenyl-1,4-benzoquinone) (Q10), is a lipophilic molecule that presents important
antioxidant activity, by scavenging free radicals and inhibiting lipid peroxidation (ABERG et
al., 1998; ERNSTER; DALLNER, 1995; BHAGAVAN et al., 2007). Q10 molecule is
synthesized in the human body through mevalonate pathway and is composed by a
benzoquinone ring and by an isoprenoid side chain, the last comprising 10 isoprene units
(BHAGAVAN et al., 2007).

Concerning to its biological activities, Q10 acts as a cofactor in the mitochondrial
electron transport chain, being essential for the ATP synthesis (ERNSTER; DALLNER,
1995; BHAGAVAN et al., 2007; GUEVEN; WOOLLEY; SMITH, 2015). This molecule also
presents other important activities as neuroprotective, cardioprotective, antiinflammatory and
antitumor effects, among others (JOO, 2005; MANCZAK et al., 2010; LOHAN et al., 2015).

Another substance with expressive biological activities is vitamin E (VitE). This
vitamin is composed by tocopherols and tocotrienols and also presents antioxidant activity.
This function of VitE is due to its capability to stabilize reactive species (JIANG et al., 2000).
Beyond this effect, it also presents anticancer function (PRASAD et al., 2003; DONG; GU,
2009).

Melanoma is the most dangerous type of skin cancer, affecting all age groups and
representing the main cause of death from skin disease (WHO, 2010). Around the world, the
incidence of this type of cancer is continuing to increase in the last years (ERDEI; TORRES,
2010). The treatment of this cancer varies depending of the stage of the disease (NIEZGODA;
NIEZGODA; CZAJKOWSKI, 2015).

Gliomas are tumors of neuroepithelial tissue which occur on glial cells line and
constitute the most common malignant tumor of the central nervous system, representing
about 77% of cases. Although the occurrence of this type of tumor is rare, they present rapid
proliferation and represent one of the most fatal malignancies (BEHIN et al., 2003;
SCHWARTZBAUM et al., 2006).

Despite the advances on medicine in the treatment of cancers, it is still difficult, since
most of all malignant tumors present resistance to therapeutic strategies. In this sense, new
approaches on therapeutics of these tumors are required. In the last few years, nanocarriers
have emerged as alternative platforms for cancer therapy (PEER et al., 2007).

Polymeric nanocapsules are vesicular systems formed by a polymeric wall

surrounding a liquid drug-containing core, generally oily (MISHRA; PATEL; TIWARI,
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2010). They present relevant advantages that allow these systems to constitute an alternative
to drug delivery on cancer therapy: controlled drug delivery, possibility of funcionalization of
nanoparticles surface and tumor-specific deposition of nanoparticles, due to the enhanced
permeability and retention (EPR) effect (GREF et al., 2000; GU et al., 2007; WANG et al.,
2012). Taking into account the potentialities of Q10 and VitE in respect to antitumor effect
and the advantages of nanoparticles, it is relevant to study the association of these molecules
on nanocapsules in order to purpose an alternative for cancer treatment. In addition to its
potentialities, VitE is used in this work to form the liquid core of nanocapsules since it is an
oily substance.

Considering all of this, the aim of this study was to prepare and characterize
nanocapsules containing the association Q10 and VitE, as well as to evaluate their anticancer
activity against glioma and melanoma cells and their ability to protect Q10 from

photodegradation.

2.1 Materials

Q10 and vitamin E acetate were obtained from Mapric (Sao Paulo, Brazil). Poly-g-
caprolactone (PCL), polysorbate 80 (Tween® 80) and sorbitan monooleate (Span® 80) were
provided by Delaware (Porto Alegre, Brazil). Acetone was purchased from Proquimios (Rio
de Janeiro, Brazil). Anhydrous ethanol and methanol (both HPLC grade) were obtained from
Tedia (Sao Paulo, Brazil). Dulbecco's modified Eagle's medium (DMEM),
penicillin/streptomycin, 0.25% trypsin/EDTA solution, Fungizone and fetal bovine serum
(FBS) were obtained from Gibco (Gibco BRL, Carlsbad, CA, USA). Dimethylsulphoxide
(DMSO) was purchased from Sigma Chemical Co. (St. Louis, MO, USA). All other reagents

and solvents were of analytical grade and used as received.

2.2 Methods
2.2.1 Dissolution/swelling experiments of polymer films

With the aim to evaluate the compatibility between the polymer and the oil used to
prepare the polymeric nanocapsules, the assay of dissolution/swelling of PCL films was
performed. For this, PCL films weighing about 20 mg were prepared employing hydraulic
press (5 tons during 5 min). In the sequence, these films (n=3) were completely immersed in
VitE in flasks maintained at room temperature. During 60 days, the weight variation of the
films was evaluated by removing them of the contact with the oil and drying with an

absorbing paper. An analytical balance was used to determine weight variation.
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2.2.2 Preparation of nanocapsule suspensions

Nanocapsules were prepared following the interfacial deposition of preformed
polymer method, according to described by Fessi and co-workers (1989). For this, an organic
phase constituted by PCL (0.100 g), Span® 80 (0.077 g), VitE (0.100, 0.200 or 0.300 g - 1, 2
or 3%, respectively), coenzyme Q10 (0.010 g) and acetone (27 mL) was kept under moderate
magnetic stirring at 40°C during 60 min. After the complete dissolution of the components,
this phase was added into an aqueous phase containing Tween®80 (0.077 g) and the magnetic
stirring was sustained for 10 min. After this, the organic solvent and part of the water were
eliminated by evaporation under reduced pressure in order to obtain a final volume of 10 mL,
corresponding to 1.0 mg/mL of Q10 in the suspensions. With comparison purposes,
formulations without the active compound were also prepared. All the formulations were
prepared in triplicate. The formulations were abbreviated as following: NCP1 (Q10-loaded
nanocapsules containing 1% of VitE), NCP2 (Q10-loaded nanocapsules containing 2% of
VitE), NCP3 (QI10-loaded nanocapsules containing 3% of VitE), NBP1 (nanocapsules
without Q10 containing 1% of VitE), NBP2 (nanocapsules without Q10 containing 2% of
VitE) and NBP3 (nanocapsules without Q10 containing 3% of VitE).

2.2.3 Apparatus and chromatographic conditions

The HPLC system used consisted of a Shimadzu LC-10A system (Kyoto, Japan)
equipped with a LC-20AT pump, an UV-VIS SPD-M20A detector, a CBM-20A system
controller and a Rheodyne valve sample manual injector with 20 pL loop. Chromatographic
conditions were as described by Mattiazzi and co-workers (2014), with some modifications.
The column used for the chromatographic separation was a Gemini C;g Phenomenex column
(150 mm x 4.60 mm, 5 um, 110 A), fitted with a guard column (SecurityGuard C;3 4 x 3.0
mm), both maintained at room temperature. The mobile phase was a mixture of anhydrous
ethanol and methanol (90:10 v/v) that was filtered through a 0.45 pm regenerated cellulose
membrane and degassed by sonication before its use. The flow rate of mobile phase was 1
mL/min and the analyses were performed at isocratic conditions. The injection volume was 20
pL. The detection was made at 275 nm. Shimadzu LC Solution was the software program

used to integrate peak areas.
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2.2.4 Physicochemical characterization of nanocapsule suspensions
2.24.1 pH

The pH values of nanocapsule suspensions were measured by direct immersion of the
electrode of a calibrated potentiometer (Model pH 21, Hanna Instruments, Brazil) in the
nanosuspensions. The measures were made at room temperature (25 + 2°C) and conducted in

triplicate.

2.2.4.2 Particle size analysis, polydispersity index (PdI) and zeta potential

Particle sizes and polydispersity indexes (n = 3) were evaluated using ZetaSizer Nano
Series Malvern Instruments (UK), by photon correlation spectroscopy method, after diluting
samples in ultrapure water (1:500). Zeta potentials (n = 3) were determined by
microelectrophoresis using the same equipment, after diluting samples in 10 mM NaCl

(1:500).

2.2.4.3 Coenzyme Q10 content and encapsulation efficiency

Total Q10 content in nanocapsule suspensions (n=3) was evaluated by diluting an
aliquot of the sample in anhydrous ethanol (10 mL), followed by sonication during 15 min to
extract the drug. Before injecting the samples into the chromatographic system, they were
filtered through a 0.45 pym membrane.

For the encapsulation efficiency assay, an aliquot of the suspensions was placed into
Amicon®Ultra centrifugal filter devices (10,000 MW; Millipore) and free drug was separated
from the nanostructures employing ultrafiltration/centrifugation technique (2200 xg during 10
min). Free Q10 content was determined in the ultrafiltrate by HPLC analysis. The
encapsulation efficiency (%) was calculated as the difference among total and free
concentrations of coenzyme Q10 determined in the nanocapsule suspensions and in the

ultrafiltrate, respectively, employing the following equation:

Total content — Free content
EE = x 100
Total content

2.2.5. Photostability evaluation

Aiming to evaluate the effect of photodegradation by UV light, an ethanolic solution
of Q10 (1.0 mg/mL) (ES Q10) and an aliquot of the samples (NCP1, NCP2 and NCP3) were
placed in plastic cuvettes and exposed to UVC radiation (Philips lamp - UVC long life, 30 w)
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during 4 h in a mirrored chamber (dimensions: 1 m x 0.25 m x 0.25 m). The samples were
placed at a fixed distance of 20 cm from the light source. A dark control (plastic cuvette
containing the Q10 ethanolic solution protected from radiation with aluminum paper) was
also evaluated, in order to discard degradation by temperature or the influence of other
experimental conditions. The remaining Q10 was quantified by HPLC. The experiment was

conducted in triplicate.

2.2.6 Cell culture and viability assay

C6 and A375 cell lines were obtained from American Type Culture Collection
(Rockville, MD, USA). The cells were maintained in low-glucose DMEM containing 0.1%
Fungizone and 100 U/L penicillin/streptomycin and supplemented with 5 or 10% FBS at
controlled temperature of 37°C and 5% CO, humidified atmosphere. The cells (5 x 10%) were
plated in 96-well plates and 24 h after plating, treatments were performed. Treatment groups
were: control (DMEM), vehicle (DMSO), non-encapsulated Q10 (free Q10), non-
encapsulated vitamin E (free vitamin E), nanocapsule NCP2 and NBP2. Free molecule (Q10)
was first dissolved in sterile DMSO at a concentration of 100 mM (stock concentration) and
after all formulations were diluted in DMEM with 5% or 10% FBS to give final concentration
of 100 uM in the well.

Cell viability assay was conducted employing sulforhodamine B dye method (SRB)
(OUAISSI et al., 2008). After 48 h treatment, cells were washed and 50% trichloroacetic acid
was added in the fridge for cells fixation during 45 min. After this period, the acid was
removed and plates were washed with distilled water for 5 times to complete removal of the
reagent. After, the well was covered with sulforhodamine B solution (0.4% acetic acid),
followed by 30 min incubation to stain proteins in solution. Subsequently, cells were washed
with 1% acetic acid for five times to remove uncomplexed dye with proteins. Finally, the dye
was solubilized with Tris HCI solution pH 10.5 at 10 mM. The plate was stirred in orbital

shaker and the absorbance was verified employing spectrophotometer at 530 nm.

2.2.7 Statistical analyses

Formulations were prepared and analyzed in triplicate. The results were expressed as
mean + SD (standard deviation). The software GraphPad Prism version 5 (GraphPad, USA)
was used. For 7 test and analyses of variance (ANOVA) one way followed by post-hoc
Tukey's test or two way and Bonferroni's post test. Values of p<0.05 were considered to be

statistically significant.
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3 Results
3.1 Dissolution/swelling experiments of polymer films

The compatibility between PCL and VitE to prepare the nanocapsule suspensions was
evaluated by monitoring the weight change in the polymer films during 60 days of immersion
in the oil (Figure 1). Compared to the initial weight of the films, no significant difference was
observed, indicating that there was no swelling/dissolution of the polymer films during the

time they were in contact with the oil (p>0.05).

3.2 Physicochemical characterization of nanocapsule suspensions

Table 1 shows the physicochemical characteristics of coenzyme Q1l0-loaded
nanocapsules and blank nanocapsules, prepared with different concentrations of VitE (1, 2 or
3%). All formulations presented mean diameter in nanometric range, between 184 and 241
nm, and the values of polydispersity index were less than 0.17. Zeta potentials were close to -
11 mV and pH values were in the neutral range. Regarding to Q10-loaded nanocapsules, the
total drug content was close to theoretical values (0.97 - 1.00 mg/mL) and encapsulation
efficiency was high (above 99%).

The results showed that the increase in VitE concentration in nanocapsule
formulations resulted in a tendency of increasing mean diameter and Q10 content of the
nanocapsules, but this increase was significant only for NCP1 compared to NCP3 (p<0.05).
On the other hand, this parameter did not influence pH, polydispersity index and zeta
potential of the nanocapsules suspensions (p>0.05).

Considering the macroscopic aspect, all formulations presented white/bluish

opalescent aspect (Tyndall effect), without visible precipitation.

3.3 Photostability evaluation

Considering that coenzyme Q10 is referred as a photolabile substance (ZHANG;
WANG, 2009), the ability of nanocapsules to prevent its degradation under UVC light was
evaluated (Figure 2). After 4 h of exposure, ES Q10 showed a decrease more pronounced,
resulting in 24.00% of Q10 content. In contrast, it was proved that these nanosystems are
capable to protect the drug from degradation, since Q10 remaining contents were 59.00%,
71.44% and 74.39% for NCP1, NCP2 and NCP3 respectively. For dark control, the Q10
concentration was close to 100.00%, which indicates that there was no influence of the

temperature or other experimental factors on drug degradation.
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The ability of the nanocapsules to delay coenzyme Q10 photodegradation was evident.
NCPI1 conferred a protection of Q10 degradation that was 2.5 times higher than ES Q10; for
NCP2 and NCP3 the protection was 3 and 3.1 times higher than ES Q10. This effect was
statistically significant for all nanocapsules from 30 min of experiment compared to ES Q10
(p<0.05). It was also noted that VitE concentration in nanocapsules had an important effect in
Q10 photoprotection. The higher the VitE concentration, the greater Q10 remaining content.
The reduction of drug content in NCP1 was significant higher in 180 and 240 min compared
to NCP2 and NCP3 (p<0.05). In addition, compared to the initial drug content,
photodegradation in ES Q10 began at 30 min of assay, while in NCP1 and NCP2 the
photodegradation started at 60 min and, in NCP3, photodegradation began at 120 min of
experiment (p<0.05).

3.4 Cell viability assay

In order to evaluate the in vitro antitumor effect, nanocapsule suspensions NCP2 and
NBP2 were tested against glioma (C6) and melanoma (A375) cell lines by the SRB method.
As illustrated in Figures 3 and 4, at 100 uM both formulations presented the ability to reduce
the viability of tumor cells (p<0.05). In contrast, free Q10 and VitE at the same concentration

were not able to induce cell viability reduction (p>0.05).

4 Discussion

In the preformulation step, it is extremely important to evaluate the compatibility
between the oily component and the polymer employed to prepare nanocapsule suspensions,
in order to know if the core-shell structure will be formed (SCHAFFAZICK et al., 2003;
MORA-HUERTAS; FESSI; ELAISSARI, 2010). In this sense, the swelling/dissolution test is
generally employed (SANTOS et al., 2013; SANTOS et al., 2014; CHASSOT et al., 2015). It
should be emphasized that if the oil and the polymer interact with each other, the formation of
micelles could occur rather than the shell-core structure of nanocapsules (GUTERRES et al.,
2000). During 60 days of immersion in VitE, PCL films showed no interaction with this oil,
presenting no variations in their weights, neither gain or loss weight. In this sense, these
constituents are considered suitable to develop nanosystems as nanocapsules (COUVREUR et
al., 2002).

Considering that the development of nanosystems requires a detailed physicochemical
characterization, in this study different parameters were evaluated (Table 1). Employing PCL

and vit E to prepare the nanocapsules, it was possible obtain particles with average diameter
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in agreement with other reported nanosystems obtained by the same preparation method and
polymer (BERNARDI et al.,, 2009; TERROSO et al., 2009; BULCAO et al., 2014;
CHASSOT et al., 2015; CORADINI et al., 2015). Also, in this study it was proved that the
increase of VitE concentration promote an increase in mean diameter of nanocapsules.
KHAYATA and co-workers (2012) also observed different mean diameters of nanocapsules
prepared with 50, 100 and 150 mg of VitE, which was justified by the high viscosity of VitE.
PdI values were below 0.17, indicating that the systems presents suitable homogeneity in
terms of particle size distribution (SCHAFFAZICK et al., 2003; MORA-HUERTAS; FESSI;
ELAISSARI, 2010; RIGO et al., 2015).

Another analysis commonly used to characterize the nanosystems is the measure of
zeta potential, which reflects the surface potential of the particles (SCHAFFAZICK et al.,
2003; MOHANRALJ; CHEN, 2006; CHO et al., 2013). This parameter can be useful to predict
stability of nanocapsule suspensions and it is mainly affected by the polymer nature. In their
study, TERROSO and co-workers (2009) also developed coenzyme Q10-loaded nanocapsules
employing PCL and obtained negative values of zeta potential, close to -10 mV. Furthermore,
as reported by SCHAFFAZICK and co-workers (2003), this value is appropriate to
nanocapsules prepared with PCL and polysorbate 80.

Regarding pH measurement, the values obtained for this nanocapsule suspensions
were near to the neutral range (6.4 to 7.2). According to MORA-HUERTAS and co-workers
(2010), nanocapsules prepared by interfacial deposition of preformed polymer method present
pH values between 3.0 and 7.5. These values are in accordance to those normally found on
literature for other PCL nanocapsules (CATTANI et al.,, 2010; CORADINI et al., 2014;
CHASSOT et al., 2015).

Coenzyme Q10 content in nanocapsules was close to the theoretical value for all
formulations (between 97 and 100 %), indicating that there was no loss of this drug during the
preparation process. Encapsulation efficiency, as expected, was about 100 % and can be
attributed to the high lipophilicity of Q10 and its affinity with VitE.

In relation to the photostability study (Figure 2), it can be clearly observed the
influence of the nanosystems on Q10 content. The photoprotection conferred to Q10 can be
attributed to the polymer wall presence in nanocapsules, which could acts as a barrier
reflecting and/or scattering the UV radiation (OURIQUE et al., 2008; ALMEIDA et al., 2010;
SANTOS et al., 2014). Besides the polymer wall, the effect of VitE in controlling Q10
photodegradation was also observed. The increase of VitE content in nanocapsules core

avoided a decrease in drug remaining concentration at the end of the UV exposure. The
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efficiency of this oil in Q10 photostabilization can be related to its composition riched in
tocopherols and tocotrienols, substances that present high antioxidant activity and prevent
oxidation reaction propagation (LIEN et al., 1999; HERRERA; BARBAS, 2001; CRAFT,
2015). SANTOS and co-workers (2014) showed an increased protection of clotrimazole
photodegradation by coconut oil in nanocapsules, which was attributed to the antioxidant
properties of this oil.

It is already known that nanoparticles present physical and structural properties that
attract much attention in the search for new strategies for cancer treatment (ZU; LIAO, 2015).
Furthermore, molecules that present antioxidant activity can be considered promising
alternatives to the cancer therapy (HAMID et al., 2010; JAIN et al., 2013). By combining
both approaches, the nanocapsules developed in this work were evaluated in two different
cancer cell lines: a brain cancer model (glioma C6 cell line) and a skin cancer model (human
melanoma A375 cell line). It is worth noting that this two approaches, the effects of coenzyme
QI0 on skin and brain, are the most studied applications for formulations developed
containing this compound (WADSWORTH et al, 2008; SPINDLER; BEAL;
HENCHCLIFFE, 2009; LEE; TSAI 2010; SANTOS et al., 2010; SCHWARZ et al., 2013;
LOHAN et al., 2015).

SRB test, which evaluates cell viability based on the measure of protein content
(SKEHAN et al., 1990), showed that in the concentration of 100 uM, both nanocapsules
(Q10-loaded and unloaded) were capable to induce death of tumor cells (p<0.05), while free
compounds had no effect on cell viability (p>0.05). Furthermore, in unloaded nanocapsules,
this cytotoxic effect may be due to VitE, the compound present in nanocapsules core which
also presents an important antioxidant activity and reported antiproliferative effects in several

cell lines (KLINE; YU; SANDERS, 2004; STONE et al., 2004; ALQAHTANI et al., 2015).

S Conclusion

It was possible to prepare Ql0-loaded nanocapsules containing three different
concentrations of vitamin E, and also the respective unloaded nanocapsules. This
nanocapsules presented suitable physicochemical characteristics (average diameter, Pdl, zeta
potential, pH and drug content) and encapsulation efficiency of Q10 close to 100%. The
presence of Vitamin E in nanosystems showed an important role in the reduction of coenzyme
Q10 photodegradation. Additionally, nanocapsules prepared showed important antitumor

activity, reducing viability of C6 and A375 cell lines.
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Figure 1 - Weight of PCL films during 60 days of immersion in VitE.
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Figure 2 - Photodegradation profiles of Q10 versus exposure time. The asterisks denote the
significant levels when compared to Q10 ethanolic solution (ES Q10) (two-way ANOVA) (*)
p<0.05. NCP1 means: Q10-loaded nanocapsules containing 1% of VitE; NCP2 means: Q10-
loaded nanocapsules containing 2% of VitE; NCP3 means: Q10-loaded nanocapsules

containing 3% of VitE.
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Figure 3 - In vitro cytotoxicity assay of free coenzyme Q10 (Q10), VitE and Q10-loaded and
blank nanocapsules in C6 glioma cell line. Asterisks (*) denote significant difference from
control group. Sharp (#) in NCP2 denotes significant difference from free Q10 and in NBP2

denotes significant difference from VitE (p<0.05).
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Figure 4 - In vitro cytotoxicity assay of free coenzyme Q10 (Q10), VitE and Q10-loaded and
blank nanocapsules in A375 human melanoma cell line. Asterisks (*) denote significant
difference from control group. Sharp (#) in NCP2 denotes significant difference from free

Q10 and in NBP2 denotes significant difference from VitE (p<0.05).
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Table 1 - Physicochemical characterization of coenzyme Q10-loaded nanocapsules and blank

nanocapsules.

. . Coenzyme
Formulation pH Mean(r?;?f] eter Pdl Zeta(Pmo\t;;nUal Q10 content

(mg/mL)

NCP1 7.2+0.6 195 + 06 0.14 £ 0.01 -104+£13 0.97 £ 0.01
NCP2 6.9+03 226 + 19 0.16 +£0.03 -12.0+£0.8 0.98 +0.02
NCP3 6.5+0.1 241 +£20 0.14 £ 0.02 -11.4+£0.8 1.00 £ 0.01
NBP1 6.4+0.2 184 £ 10 0.13+0.02 -103+£1.0 -
NBP2 6.6 0.6 202+ 12 0.15+0.03 -114+£1.6 -

NBP3 6.6 +0.2 220+ 11 0.17+0.03 -11.6 £3.2 -
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Abstract

This study evaluated the feasibility of the development of semisolid formulations
based on nanocapsule suspensions containing the association of coenzyme Q10 and vitamin E
acetate from the addition of gellan gum (2%) to the suspensions. Moreover, we studied their
application as an alternative to the treatment of inflammation induced by ultraviolet B (UVB)
radiation. For this, an animal model of injury induced by UVB-radiation was employed. All
semisolids presented pH close to 5.5, drug content above 95% and mean diameter on the
nanometric range, after redispersion in water. Besides, the semisolids presented non-
Newtonian flow with pseudoplastic behavior and suitable spreadability factor values. The
results showed also that the semisolid containing coenzyme Q10-loaded nanocapsules with
the higher concentration of vitamin E acetate reduced in 73 + 8% the UVB radiation-induced
ear edema. Moreover, all formulations tested were able to reduce inflammatory parameters
evaluated through MPO activity and histological procedure on injured tissue and the
encapsulated hydrogel formulation containing coenzyme Q10 reduced oxidative parameters

assessment through of the non protein thiols levels and of the lipid peroxidation.

Keywords

Coenzyme Q10, vitamin E, nanocapsules, ear edema, UV radiation.
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1 Introduction

The skin is often exposed to several harmful sources, among these ultraviolet (UV)
radiations. UV radiation consists of wavelengths shorter than visible light and is classified as
UVA, UVB and UVC. Among these, UVB radiation is the main responsible by skin cytotoxic
events, inducing a number of pathologic changes in skin such as erythema, edema,
hyperplasia, sunburn, immune suppression and skin cancer. It leads to changes and often to
destruction of skin structures, which can result in changes in their normal function (VALKO
et al., 2007; BHATIA et al., 2011; ALSHAAL et al., 2011).

One of the major alterations that UV radiation lead to deleterious outcomes on the skin
is the production of the highly unstable products, called reactive oxygen species (ROS), that
contribute to oxidize and cellular damage (BRIEGER et al., 2012; KVIETYS et al., 2012).
Sunscreens are recommended for protection against UV light-induced skin damage. They
contain organic or inorganic filters, which absorb, reflect or scatter UV light. However, often
these sunscreens can cause adverse effects such as allergic reactions and contact dermatitis
which limit their use (NOHYNEK et al., 2010; RIGO et al., 2015).

In this sense, the search for new sunscreen alternatives is growing especially
sunscreens associated with antioxidant molecules which can be an useful strategy in
prevention and repair UV-mediated cutaneous damage, through benefic effects such as anti-
inflammatory, antioxidant and DNA repair (MUKHERJEE et al., 2011; RAMOS et al., 2013).

Coenzyme Q10, also known as ubiquinone or ubidecarenone (2,3-dimethoxy-5-
methyl-6-decaprenyl-1,4-benzoquinone) (Q10) is a lipophilic antioxidant essential in human
body (MOLYNEUX et al., 2007). It plays a key role on ATP synthesis, being fundamental on
mitochondrial electron transport chain. This compound can be obtained in diet from sources
as red meat, fish and poultry or from supplementation (DOS SANTOS et al., 2009).
Numerous studies have shown the potentialities of Q10 in health. Among these, its function in
Parkinson's and Alzheimer's diseases, neuropathy and nephropathy associated to diabetes and
others have been investigated (MANCZAK et al., 2010; SOURRIS et al., 2012; SIKORSKA
et al., 2014). Moreover, concerning to cosmetic applications, there are studies showing
benefits on anti-aging therapy, skin hydration and photo-protection (PARDEIKE,;
SCHWABE; MULLER, 2010; YUE et al., 2010; BRUGE et al., 2013).

In addition to Q10, other antioxidant substance which has biological activity is
Vitamin E (VitE) which is composed by tocopherols and tocotrienols. This vitamin can be
obtained from diet by the ingestion of vegetable oils, nuts, almonds (PEH et al., 2015). Its

antioxidant function is due to its capability to stabilize reactive species (JIANG et al., 2000)
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and provides benefits in anticancer therapy, ischemic heart failure, protection against
atherosclerosis, among inflammatory disorders and others (PRASAD et al., 2003; DONG;
GU, 2009; IDRIS et al., 2014; JIANG, 2014). Besides, its cosmetic use was described on
association with UV filters, based on its antioxidant properties that play an essential role on
skin repair (JACOB; BAKER; FARRIS, 2012; MERCURIO et al., 2015).

In the last decades, nanoparticles have emerged as promising alternatives on drug
delivery systems. Nanocapsules are vesicular systems composed by a central core, generally
an oily core, surrounded by a polymeric wall and have been extensively studied mainly due to
their ability to control drug release and to improve drug stability (MIYAZAKTI; ISLAM, 2007;
FRANK et al., 2015). Their promising applications have been demonstrated for the treatment
of several diseases and also their administration by different routes (SANTOS et al., 2014;
CHASSOT et al., 2015; KLIPPSTEIN et al., 2015).

In this context, in this study, we verified the effect of nanocapsules containing the
association of Q10 and VitE acetate incorporated in a semisolid formulation on ear edema
induced by UVB irradiation in mice, comparing to the semisolid formulations containing non-

encapsulated compounds.

2 Materials and methods
2.1 Materials

Coenzyme Q10 and vitamin E acetate were obtained from Mapric (Sdo Paulo, Brazil).
Poly-g-caprolactone (PCL), polysorbate 80 (Tween® 80) and sorbitan monooleate (Span® 80)
were provided Delaware (Porto Alegre, Brazil). Gellan gum was kindly donated by CP Kelco
(Georgia, USA). Acetone was purchased from Proquimios (Rio de Janeiro, Brazil).
Anhydrous ethanol (HPLC grade) were obtained from Tedia (Sao Paulo, Brazil).
Dimethylsulphoxide (DMSO) was purchased from Sigma Chemical Co. (St. Louis, USA). All

other reagents and solvents were of analytical grade and used as received.

2.2 Methods
2.2.1 Preparation of nanocapsule suspensions and semisolid formulations

Nanocapsule suspensions were prepared following the interfacial deposition of
preformed polymer method, according to described by Fessi and co-workers (1989). An
organic phase constituted by PCL (0.100 g), Span® 80 (0.077 g), VitE (0.1 or 0.3 g - 1 or 3%,
respectively), Q10 (0.0100 g) and acetone (27 mL) was kept under moderate magnetic stirring

at 40°C during an hour. After the complete dissolution of the components, this phase was
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added into an aqueous phase containing Tween®80 (0.077 g) and the magnetic stirring was
sustained for 10 min. After this, the organic solvent and part of the water were eliminated by
evaporation under reduced pressure in order to obtain a final volume of 10 mL and 1.0 mg/mL
of Q10. Formulations without the active compound were also prepared. The formulations
were abbreviated as following: NCP1 (Q10-loaded nanocapsules containing 1% of VitE),
NCP3 (Q10-loaded nanocapsules containing 3% of VitE), NBP1 (nanocapsules without Q10
containing 1% of VitE and NBP3 (nanocapsules without Q10 containing 3% of VitE).
Semisolid formulations were prepared using mortar and pestle by adding 0.2 g of
gellan gum (2%) directly in nanocapsule suspensions (10 mL), in order to obtain about 10 g
of semisolids. For semisolid formulations containing free compounds, both Q10 (1mg/g) and
VitE (3%) were solubilized in DMSO (1 mL) and added into a dispersion of gellan gum (2%)
in water (9 mL). Vehicle was prepared following the same methodology, but only dispersing

gellan gum at the same concentration in water (10 mL).

2.2.2 Characterization of semisolid formulations
2.2.2.1 pH determination

pH values were evaluated by immersing a calibrated potentiometer (Model pH 21,
Hanna Instruments, Brazil) in a dispersion of the semisolid formulations in ultrapure water

(10%, wiv).

2.2.2.2 Evaluation of mean particle size
The evaluation of mean particle size of nanoparticles in the semisolid formulations
was carried out using ZetaSizer Nano Series Malvern Instruments (UK), by photon correlation

spectroscopy method, by dispersing an aliquot of the samples in ultrapure water (1:500).

2.2.2.3 Coenzyme Q10 content

The analysis of total Q10 content in the prepared semisolids was performed by HPLC
employing the methodology described by Mattiazzi and co-workers (2014), with some
modifications. For this, an aliquot of the semisolid was solubilized in ethanol and submitted to
sonication for 10 min. Then, the sample was centrifuged at 3000 rpm (664 xg) during 10 min.
Subsequently, the samples were filtered through a 0.45 pm membrane and injected into HPLC

system.

2.2.2.4 Determination of spreadability
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Spreadability of semisolid formulations was evaluated according to the parallel plate
method described by Borghetti and Knorst (2006) and Rigo and co-workers (2012). For this,
an aliquot of the sample was put in a central hole of a mold glass plate, that was in the surface
of a scanner (HP Officejet, model 4500 Desktop). Then, the mold glass was carefully
removed and upon the sample were placed glass plates with known weights. Each plate was
placed with an interval of 1 min of the subsequently plate, in a total of 10 plates. One image
was captured at each interval of 1 min, employing the desktop scanner and the software
Image] (Version 1.49q, National Institutes of Health, USA) was used to calculate the spread
areas of the captured images. The spreadability profiles were obtained by plotting spreading
area versus cumulative weight of the plates. Finally, the spreadability factor (Sf) was also
calculated for all formulations. This factor represents the ability of the formulation in expand
on a smooth horizontal surface when a gram of weight is added on it, under the conditions of

the test. This equation (Eq. (1)) was employed to calculate the spreadability factor:

Sf = A
W
in which Sf is the spreadability factor (mm2 g'l), (A) is the maximum spread area (mmz) after

addition of the total number of plates, and (W) is the total weight added (g).

2.2.2.5 Rheological behavior

Rheological analyses were conducted at 25 + 1°C employing viscometer (RVDV-I-
PRIME model, Brookfield, USA) with a RV06 spindle. For this, about 50 g of the
formulations was used and submitted to a range of speed between 5-100 rpm. The data
obtained were analyzed to the best fit using Bingham, Casson, Ostwald and Herschel-Bulkley
models (Eq. 2 - 5) (KIM et al., 2003), employing graphical model, in order to determine

rheological behavior.

(2 T=TotnYy
(3) TO'S — T8.5 + .',’0.5 y0.5
4) T= Ky"

(5) T= 19+ Ky",
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where 7 is the yield stress, i is the viscosity, n is the index of flow, K is the index of

consistency, T is the shear stress and y is the shear rate (KIM et al., 2003).

2.2.3 Animals

Male Swiss mice (25-30 g; n total = 114) were used in all experiments. Animals were
kept under controlled temperature (22 + 2°C) on a 12 h light-dark cycle and with standard
laboratory chow and water ad libitum. The animals were habituated to the experimental room
at least 1 h before the experiments. All of the experiments were carried out between 8:00 a.m.
and 5:00 p.m. The experiments were performed in accordance with current ethical guidelines
for the care of laboratory animals (ZIMMERMANN, 1983) and all procedures were approved
by our Institutional Ethics Committee (Process number 4921060715/2015). Animals were
randomly assigned in different treatment groups and the all experiments were performed
blindly. The number of animals and intensity of stimuli was the minimum necessary to

demonstrate the consistent effects of treatments.

2.2.4 UVB irradiation model

The UVB source of irradiation consisted of a Philips TL4A0W/12 RS lamp (Medical-
Eindhoven, Holland) mounted 20 cm above the table on which the mice were placed, and
which emitted a continuous light spectrum between 270 and 400 nm with a peak emission at
313 nm. UVB output (80% of the total UV irradiation) was measured using a model IL-1700
Research Radiometer (International Light, USA; calibrated by IL service staff) with a
radiometer sensor for UV (SEDO005) and UVB (SED240). The UVB irradiation rate was 0.27
mW/cm” and the dose used was 0.5 J/cm®. The mice were firstly anesthetized (90 mg/kg of
ketamine plus 3 mg/kg of xylazine) with a single intraperitoneal injection and then exposed to
UVB irradiation. Only right ear of each animal was exposed to UVB irradiation

(CASAGRANDE et al., 2006; VICENTINI et al., 2010).

2.2.5 Formulation administration and experimental design

Swiss mice were randomly divided into nine groups with six animals in each
following groups: Naive (non-irradiated); untreated irradiated; treated with vehicle (gel base),
treated with hydrogel containing non-encapsulated Q10 and VitE (FH), treated with hydrogel
containing encapsulated Q10 and VitE 1% (NCP1), treated with hydrogel containing
encapsulated VitE 1% without Q10 (NBP1), treated with hydrogel containing encapsulated
Q10 and VitE 3% (NCP3) and treated with hydrogel containing encapsulated VitE 3%
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without Q10 (NBP3). As positive control to treat the burn was used silver sulfadiazine (3%).
Mice were topically treated on the ear surface with different semisolid formulations (15
mg/ear) immediately after to UVB irradiation (GODWIN et al., 2006). Non-irradiated and

untreated irradiated groups were included in the experiments.

2.2.6 Ear edema measurement

Skin photodamage was induced by UVB irradiation and the inflammatory process was
assessed through ear edema formation. Edema was measured by the increase in ear thickness
after the inflammatory stimuli. Ear thickness was evaluated before and 24 h after UVB
irradiation using a digital micrometer (Digimess) in animals anesthetized with isofluorane
(SILVA et al., 2011). The micrometer was applied near the tip of the ear just distal to the
cartilaginous ridges. The thickness was expressed in um. To minimize variation, a single

investigator performed the measurements throughout each experiment.

2.2.7 Assessment of leukocyte infiltration
2.2.7.1. Myeloperoxidase (MPO) and N-acetyl-B-Dglucosaminidase (NAGase) activities

The UVB irradiation-induced leukocytes migration in the skin was assessed using the
MPO and NAGase activities assay as previously described (OLIVEIRA et al., 2014; RIGO et
al., 2015). The activity of MPO and NAGase enzymes is used as biochemical marker of the
polymorphonuclear leukocyte influx (mostly neutrophil and macrophages, respectively) to the
injured tissue. Twenty-four hours after UVB irradiation, the mice were euthanized and the
ears were removed to determine MPO and NAGase activities. Tissue samples were
homogenized in  acetate buffer (80 mM, pH 54) containing 0.5%
hexadecyltrimethylammonium bromide and kept at 4°C. Immediately before assay, the tissue
homogenate was centrifuged at 11,000 xg for 20 min and the supernatant was collected for
assay.

For evaluation of MPO enzyme activity, sample was incubated with acetate buffer and
3,3°,5,5 -tetramethylbenzidine solution (18.4 mM) for 3 min at 37 °C. The reaction was
stopped on ice by addiction of acetic acid. The color formed was analyzed by a
spectrophotometer at 630 nm. Otherwise, in order to determine NAGase enzyme activity, the
sample was mixed with sodium citrate buffer (50 mM, pH 4.5) and p-nitrofenil-2-acetamide-
B-D-glucopyranoside (NAG 2.25 nM) and incubated for 60 min at 37 °C. After incubation
time, the reaction was stopped on ice by addition of glycine buffer (0.2 uM, pH 10.4). The

color formed was analyzed by a spectrophotometer at 405 nm. Both reactions were read on a
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Fisher BiotchMicrokinetics BT 2000 microplate reader. The results were expressed as optical

densities (OD)/mL of the sample.

2.2.7.2 Histology

Separate groups of mice were used to evaluate histological changes in ear tissue 24 h
after UVB-irradiation or UVB-irradiation plus hydrogel formulations. Mice were euthanized
and the right ear were removed and fixed in an alfac solution (16:2:1 mixture of ethanol 80%,
formaldehyde 40% and acetic acid). Each sample embedded in paraffin was sectioned at 5 um
and stained with hematoxylin-eosin. A representative area was selected for qualitative light
microscopic analysis of the inflammatory cellular response with a 20x and 40x objectives
(OLIVEIRA et al., 2014; PIANA et al., 2016). To minimize a source of bias, the investigators
did not know the group that they were analyzing.

2.2.8 Oxidative stress evaluation

In order to verify the effect of different hydrogel formulations on oxidative damage
induced by UVB irradiation we determined the non protein thiol levels and lipid peroxidation.
After 24 h of UVB irradiation, the mice were euthanized and the ears were removed and
homogenized with Tris/HCI buffer (50 mM, pH 7.4) and centrifuged at 665 xg for 10 min.
The supernatants were used to continue the analysis. To determine non protein thiol (NPSH)
levels, the protein supernatant was precipitated with TCA 10% and centrifuged at 5000 g for
10 min. The deproteinized supernatant was incubated with Tris/HCI (200 mM, pH 8.9) and 5-
5’dithiobis- (Z-nitro-benzoicacid) (DTNB — 2.5 mM) at room temperature for 5 min
(ROSSATO et al., 2010). The color of the solution resulting from the reaction was measured
at 405 nm with a Fisher BiotchMicrokinetics BT 2000 microplate reader.

The lipid peroxidation was determined through of the measurement of lipid
hydroperoxide and thiobarbituric acid reactive substances (TBARS) assay. The concentration
of lipid hidroperoxide was estimated by the FOX assay. For this purpose, the tissue
homogenate supernatant was incubated with FOX reagent (sulfuric acid 250 mM, xylenol
orange 0.8 uM, ferrous sulfate and ammonium sulfate 3 pM and butyl hydroxytoluene 0.04
mM) at 37 °C for 30 min. After, the absorbance of the solution was read at 560 nm
(MANNA et al., 2008). The lipid hydroperoxide content (WM) was calculated using the molar
extinction coefficient of 4.6 x 10"M/cm.

The extent of lipid peroxidation in terms of malondialdehyde (MDA) formation was

measured by TBARS assay. The supernatant was incubated with TBA 0.8%, acetic acid
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buffer and sodium dodecyl sulfate (SDS) 8.1% at 90 °C for 90 min. The solution color
resulting from the reaction was measured at 535 nm with a Fisher BiotchMicrokinetics BT
2000 microplate reader. Both the lipid peroxidation by TBARS and non protein thiol contents
were corrected for mL of sample (SILVA et al., 2014).

2.2.9 Statistical analysis

The results are presented as mean + SEM with exception of the IDsy values (dose
required to reduce the responses of the treated groups by 50% relative to the control group),
which are reported as geometric means plus their respective 95% confidence limits. The
maximum inhibitory effect (En.x) was calculated based on the response of the control groups.
The statistical significance between the groups was assessed by one-way analysis of variance
(ANOVA) followed by a post hoc Newman-Keuls test. All tests were carried out using
GraphPad 5.0 Software (San Diego, CA, USA).

3 Results
3.1 Characterization of semisolid formulations
3.1.1 pH determination

The characteristics of semisolid formulations are presented in Table 1. pH values were
in the acid range, close to 5.5 for all formulations, which is compatible with skin pH and
suitable for cutaneous administration (SCHMID-WENDTNER; KORTING, 2006; PROW et
al., 2011). Semisolids containing NCP1, NBP1 and NBP3 nanocapsule suspensions presented
higher pH values (p<0.05) than vehicle (gellan gum + water).

3.1.2 Evaluation of mean particle size

The measures of mean diameter of the semisolids after redispersion in water are
showed in Table 1. Nanostructured formulations and vehicle (dispersion of gellan gum in
water) presented mean diameter on the nanometric range. For the nanostructured ones, values
of mean diameter were significantly higher to the nanoformulations containing coenzyme Q10
(NCP1 and NCP3) (p<0.05). All formulations showed significant difference when compared

to vehicle mean diameter (p<0.05).

3.1.3 Coenzyme Q10 content
Concerning Q10 content, the semisolid formulations containing NCP1 and NCP3

nanocapsules and free compounds revealed Q10 content close to 100%. The presence of
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nanostructures or vitamin E concentration on the samples did not influenced this parameter

(p>0.05).

3.1.4 Determination of spreadability

In relation to spreadability evaluation (Figure 1), the values of spreadability factors
were 4.61 + 0.83 and 4.63 + 0.86 mmz/g for NCP1 and NCP3 semisolid formulations,
respectively (Table 1). For NBP1 and NBP3 they were 3.79 + 0.35 and 3.63 + 0.67 mm’/g,
respectively. In this case, concentration of VitE or drug presence on nanocapsules presented

no influence on spreadability factor (p>0.05).

3.1.5 Rheological behavior

Regarding the rheological properties of semisolids, all samples evaluated showed non-
Newtonian flow with pseudoplastic behavior. The rheograms, that were analyzed using
different models, fit better to Herschel-Bulkey model (Figure 2 and Table 2). Flow index (n)

and consistency index (K) were also established (Table 3).

3.2 In vivo experiments
3.2.1 Assessment of ear edema and leukocyte infiltration-UVB irradiation-induced

An UVB irradiation-induced ear edema model was used to assess the influence of Q10
and VitE nanoencapsulation on inflammatory parameters induced by UVB irradiation. The
UVB irradiation on the ear in mice induced a marked increase in ear thickness with an E,.x of
108 +5 pm when evaluated 24 h after UVB irradiation. Upon topical treatment with hydrogel
formulations the UVB irradiation-induced ear edema and inflammatory cell infiltration were
reduced effectively. All hydrogel formulations tested, except gel base (vehicle), caused a
decrease of ear edema of mice with inhibitions of 33 + 7%, 29 + 3%, 66 + 5%, 38 + 9% and
73 + 8% for FH, NBP1, NCP1, NBP3 and NCP3, respectively. Silver sulfadiazine, used as a
positive control, was able to reduce UVB irradiation-induced ear edema in 70 + 5% (Figure
3A).

MPO and NAGase play an important role in the innate immune system and they are
considered biochemical markers of the inflammatory cells infiltration in the injured tissue
(mostly neutrophil and macrophage, respectively). In order to evaluate the effect of the
hydrogel formulations on inflammatory cells infiltration, the MPO and NAGase activities
were assessed 24 h after UVB irradiation. The irradiation with a UVB source promoted an

increase of MPO and NAGase activities in the untreated and vehicle-treated irradiated groups
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when compared with naive group. All hydrogel formulations tested, except gel base (vehicle),
were able to decrease the MPO activity induced by UVB irradiation with a maximum
inhibition of 44 + 6%, 27 + 4%, 42 + 5%, 28 + 8% and 64 + 5% for FH, NBP1, NCP1, NBP3
and NCP3, respectively. On the other hand, only encapsulated hydrogel formulations
containing VitE at the concentration of 3% (NBP3 and NCP3) reduced the NAGase activity
with a maximum inhibition of 28 *+ 7% for NBP3 and 25 * 4% for NCP3. The positive
control, silver sulfadiazine, decreased MPO and NAGase activities in 60 * 3% and 40 + 5%,
respectively (Figures 3B and 3C).

Since MPO and NAGase enzyme activities indicated the inflammatory cells
infiltration in untreated and vehicle-treated animals, we carried out histological analysis to
confirm the inflammatory cell infiltration. We observed that UVB irradiation promoted
intense inflammatory cell infiltration (92 + 6 inflammatory cell per field) when compared
with the naive (9 + 2 inflammatory cell per field) group. The topical treatment with
encapsulated hydrogel formulations decreased the cell infiltration (21 + 4 and 26 + 1
inflammatory cell per field to NCP1 and NCP3, respectively) when compared with untreated
UVB irradiation group (Figures 4A and 4B).

3.2.2 Oxidative stress evaluation

It has been reported that UV radiation generates ROS and their production is involved
in UV-induced skin inflammatory and photodamage process. To investigate the possible
antioxidant action of the coenzyme Q10 nanoencapsulated in hydrogel formulations, we
evaluated the capacity of the treatments to reduce oxidative stress parameters through non
protein thiols levels and lipid peroxidation. UVB irradiation promoted an increase in all
oxidative stress parameters assessed. The nanoencapsulated hydrogel formulations containing
coenzyme Q10 increased non protein thiols levels (100% to NCP1, NBP3 and NCP3) and
decreased lipid peroxidation through lipid hydroperoxide content (100% to NCP1 and NCP3)
and through TBARS assay (28 + 4% and 100% to NCP1 and NCP3, respectively) (Figures
5A, 5B and 5C).

4 Discussion

Gellan gum has advantageous physicochemical properties that led to multiple
applications on different industries: food, personal care, pharmacy and others. In
pharmaceutical area, among the advantages of its use, can be emphasized: non-toxicity,

biodegradability, rapid gelation in cations presence and mucoadhesive potential,
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characteristics that allow its use as component of oral, ophthalmic, nasal and other
formulations. Due to this, it was chosen to the development of these semisolid formulations
(OSMALEK; FROELICH; TASAREK, 2014).

Some analyses were made aiming to prove the suitable characteristics of these
formulations. pH values were around 5.5, which is compatible with skin pH range (SCHMID-
WENDTNER; KORTING, 2006; PROW et al., 2011). This result is in agreement the study of
TERROSO and co-workers, which also developed nanohydrogels of Carbopol® 940
containing coenzyme Q10 and PCL. After redispersion in water, the nanoformulations
showed mean diameter values on the nanometric range, confirming the existence of the
nanostructures on the semisolids. Regarding Q10 content, all values were close to 100%,
indicating that no loss or minimal loss occurred during the incorporation of Q10-loaded
nanocapsules in the semisolids.

In the formulation of semisolids, spreadability and rheological analysis are usually
carried out. The efficacy of a topical therapy depends on its ease of spread on the substrate
(GARG et al., 2002). Values of spreadability of the developed semisolids were between 3.63
+ (.35 and 4.63 + 0.86 mm?/g. The higher this value, the greater the ease of spread and less
force 1is required for application (GARG et al., 2002).

With respect to rheological properties, this evaluation can help to predict the stability
of the semisolids and to control the influence of the components on the flow behavior of the
formulations. All samples presented pseudoplastic non-Newtonian flow behavior, which is
interesting for topical application. In this type of flow behavior, when an external force is
applied, the formulation become less viscous, that favors its topical application (CHHABRA;
RICHARDSON, 2008). This semisolids developed present suitable physicochemical and flow
characteristics required to a formulation aimed to a topical administration.

Exposure to UV radiation, particularly UVB radiation (280-315 nm) causes skin
photodamage, resulting in sunburn, immunosuppression and cancer. The skin damage
promotes an inflammatory process which is characterized by the edema formation and
inflammatory cell infiltration to the injured tissue (BISHOP et al., 2007; GUSTORFF et al.,
2013). Moreover, UVB irradiation-induced inflammation can be mediated in affected tissue
through impairment of the oxidant/antioxidant balance, which generates an increase in the
cellular levels of ROS leading to damage of cellular proteins and lipids and deoxyribonucleic
acid (DNA) oxidation (VALKO et al., 2007; FONSECA et al., 2010).

Sunscreens are recommended to prevent UV irradiation-induced skin injury. However,

the use of the synthetic molecules in sunscreens can generate an allergic skin reaction which



71

limits its use long-term. This way, there is growing the search for formulations with natural
compounds as new sources of protective agents (MUKHERIJEE et al., 2011; YIN et al,,
2013). Here, we demonstrated that hydrogel formulations, except gel base (vehicle), reduced
the ear edema UVB irradiation-induced, suggesting that these formulations can inhibit some
skin inflammatory responses caused by UVB exposure. The inflammatory events occur once
the exposure to UVB light leads to development of skin edema, which can be considered a
marker of the skin inflammation (BHATIA et al., 2011; RIGO et al., 2015). The encapsulated
formulations containing coenzyme Q10 and VitE (NCP1 and NCP3) were more effective in
reducing ear edema than non-encapsulated formulations containing coenzyme Q10 and VitE
(FH) (Figure 3A). Besides, the coenzyme Q10 nanoencapsulation (NCP1 and NCP3)
enhanced the antiedematogenic effect when compared with encapsulated formulations without
coenzyme Q10 (NBP1 and NBP3), suggesting that not only the encapsulation process or
vitamin E but also the presence of coenzyme Q10 contribute for the antiedematogenic
property of NCP1 and NCP3. These results can be associated with the ability of nanocapsules,
due to their small size, to penetrate and be situated in different layers of the skin (PROW et
al., 2011). Additionally, these nanostructures can be retained in hair follicles which act as
reservoirs of nanoparticles after topical administration (LADEMANN et al., 2007).

UVB irradiation promotes edema and cells inflammatory recruitment to the injured
tissue (NOTARA et al., 2015). Neutrophil and macrophage tissue infiltration after UVB
irradiation can be evaluated by MPO and NAGase enzymes activities. All hydrogel
formulations, except gel base (vehicle), decreased neutrophil infiltration induced by UVB
irradiation and NCP1, NBP1 and NBP3 were as effective as FH in reducing cell infiltration
(Figure 3B). On the other hand, NCP3 presented better effect than FH, NBP1, NCP1 and
NBP3 on neutrophil infiltration. Probably the presence of the vitamin E 3% in NCP3
contributed for this effect. Besides, NCP3 presented similar effect to silver sulfadiazine.
Otherwise, only nanoencapsulated hydrogel formulation with vitamin E 3% was able to
reduce NAGase activity since this formulation presents higher content of vitamin E (Figure
3C). These results demonstrate greater anti-inflammatory efficacy of encapsulated hydrogel
formulation than non-encapsulated hydrogel formulations.

Furthermore, ROS production UVB irradiation-induced also contributes to
development of inflammatory process, such as neutrophil and macrophage recruitment
(HATTORI et al.,, 2010; DHANASEKAR et al., 2015). The encapsulated hydrogel
formulations containing coenzyme Q10 were significantly more effective to reduce oxidative

stress parameters than the encapsulated hydrogel formulations NBP1 and NBP3 (without
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coenzyme Q10). Moreover the results indicate that the antioxidant capacity of the
encapsulated hydrogel formulation is due to the coenzyme Q10 presence, but also by
nanoencapsulation contribution.

The in vivo results suggest the potential of the purposed nanohydrogels containing the
association coenzyme Q10 and vitamin E acetate in reduce effects induced by UVB
irradiation on skin (inflammation and oxidative damage), showing an interesting formulation

with anti-aging and anti-inflammatory properties.

S Conclusion

In this study, we developed for the first time semisolid formulations based on
nanoparticulate systems by the simple addition of gellan gum in nanocapsule suspensions.
Furthermore, we have investigated anti-edematogenic, antiinflammatory and antioxidant
activities of the semisolid formulations of coenzyme Q10 and VitE associated to nanocarriers
and we have demonstrated their promising effects in animal model of UVB irradiation-

induced inflammation.
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Table 1 - pH values, drug content, mean diameter and spreadability factors of semisolid

formulations.

. Coenzyme Q10 Mean diameter Spreadability
Formulation pH content (mg/g) (nm) factor (mm?® g'l)
Vehicle 5.2+0.06 - 283 £ 16 -

Free 5.3+£0.08 0.95 £0.07 - -

NCP1 5.7+0.10 1.06 £0.03 331 £15 4.61 £0.83
NCP3 54 +0.08 1.05 £0.06 346 + 23 4.63 £0.86
NBP1 5.5+£0.13 - 219 £20 3.79 £0.35
NBP3 5.5+£0.13 - 145+ 13 3.63 +£0.67

Table 2 - Regression coefficient (r) for various flow models in shear rate—shear stress curve

obtained for semisolids.

Formulation Bingham Casson Ostwald Herschel-Bulkley
NBP1 0.920 £ 0.034 0.926 + 0.029 0.955 £ 0.052 0.990 = 0.001
NBP3 0.899 +0.009 0.940 +0.012 0.984 +0.009 0.989 + 0.006
NCP1 0.901 £0.019 0.947 £0.013 0.989 + 0.004 0.994 = 0.005
NCP3 0.885 +0.015 0.935+0.014 0.983 +0.004 0.990 = 0.001
Free 0.909 + 0.007 0.951 +0.007 0.989 +0.003 0.993 +0.001
Vehicle 0.895 +0.022 0.939 £ 0.015 0.985 = 0.005 0.994 +0.003

Table 3 - Flow index (n) and consistency index (K) of semisolid formulations, according to

Herschel-Bulkley flow model.

Formulation n K

NBP1 0.106 £0.031 4370 £ 745
NBP3 0.114 £ 0.006 4481 + 345
NCP1 0.122 £0.010 4124 + 401
NCP3 0.115 £0.003 4664 + 499
Free 0.133 £0.009 4371 £ 391

Vehicle 0.137 +0.009 3856 + 273
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Figure 1 - Spreadability (mm?) of semisolid formulations of gellan gum with
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Figure 3 - Anti-inflammatory effects of hydrogel formulations on UVB irradiation-induced
skin injury in mice. Ear edema (A) and Myeloperoxidase (B) and NAGase (C) activities in
mice submitted to UVB irradiation (0.5 J/cmz). All formulations (15 mg/ear) were applied
immediately after UVB irradiation. Ear edema and cell infiltration were measured 24 h after
irradiation. Each bar represent the mean + SEM (n=6-7); #P<0.001 when compared with the
naive group. ¥*P<0.05, **P<0.01 and ***P<0.001 when compared with the untreated group.
“4p<0.01 shows significant different between encapsulated formulations containing
coenzyme Q10 (NCP1 and NCP3) with encapsulated formulations without coenzyme Q10
(NBP1 and NBP3). One-way ANOVA followed by post hoc Newman-Keuls test.
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Figure 4 - Anti-inflammatory (cell infiltration) effects of hydrogel formulations on UVB
irradiation-induced skin injury in mice. Ear representative light microphotographic (arrows
indicate polymorphonuclear cells) and quantification of polymorphonuclear cells per field (B)
of the ear tissue of mice 24 h after UVB irradiation or UVB-irradiation plus hydrogel

formulations. Each bar represent the mean+ SEM (n=6-7); P

<0.001 when compared with
the naive group. ***P<0.001 when compared with the untreated group. One-way ANOVA

followed by post hoc Newman-Keuls test.
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Figure 5 - Effect of hydrogel formulations on stress oxidative parameters induced by UVB
irradiation in mice. Non protein thiols (NPSH) levels (A) and lipid peroxidation (B) and (C)
in mice submitted to UVB irradiation (0.5 J/cmz). The oxidative stress parameters were
evaluated 24 h after UVB irradiation. Each bar represent the mean+ S.E.M (n=6-7); #P<0.05,
#P<0.01 and " P<0.001 when compared with the naive group. *P<0.05 and ***P<0.001
when compared with the untreated group. “P<0.05, ““P<0.01 and “**P<0.001 show
significant different between encapsulated formulations containing coenzyme Q10 (NCP1 and
NCP3) with their encapsulated formulations without coenzyme Q10 (NBP1 and NBP3). One-
way ANOVA followed by post hoc Newman-Keuls test.
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A nanotecnologia, nas ultimas décadas, tem sido proposta como uma importante
alternativa as formulacdes convencionais na aplicacdo de farmacos pelas diferentes vias de
administracdo. Isto se deve as inimeras vantagens conferidas pelas nanoparticulas, tais como
a vetorizagdo de farmacos ao sitio especifico de acao e sua liberacao controlada no organismo,
podendo resultar na reducdo da dose administrada e sua frequéncia, assim como na reducao de
efeitos adversos. Por isso, diversas classes de farmacos ja t€m sido incorporadas a diferentes
tipos de nanoestruturas, visando beneficios na terapéutica de inimeras doengas e condicdes.
No que diz respeito as caracteristicas do farmaco incorporado, os nanocarreadores podem
ainda conferir aumento da solubilidade e protecdo frente a degradacdo, sendo muitas vezes
utilizados no sentido de reduzir alguns tipos de instabilidade destas moléculas.

A coenzima Q10 € uma substancia ativa que apresenta indmeras limitacdes quando se
trata do desenvolvimento de formulacdes farmacéuticas: elevada massa molecular, que
implica em baixa solubilidade e baixa biodisponibilidade oral, e instabilidade frente a luz. No
entanto, apresenta indmeras potencialidades na terapéutica, as quais ainda sdo, de certa forma,
comprometidas por estas limitacdes. Neste sentido, buscou-se o desenvolvimento de uma
formulacdo alternativa, com o propdsito de ampliar o leque de aplicagdes terapéuticas desta
molécula antioxidante.

Como primeira abordagem deste trabalho, foram desenvolvidas suspensdes de
nanocdpsulas contendo coenzima QI0 na concentragdo de 1 mg/mL, empregando como
polimero a PCL. Paralelamente, tentou-se desenvolver a mesma formulagdo com a utilizagao
do polimero Eudragit® RS100, porém o mesmo apresentou interacio com a vitamina E acetato
no teste de inchamento/dissolucdo de filme polimérico sendo, portanto, esta formulacdo
excluida do estudo. Associou-se a vitamina E acetato em trés concentragdes (1%, 2% e 3%) as
nanocdpsulas de PCL, uma vez que, tratando-se de uma matéria-prima de caréter oleoso,
poderia formar o nicleo das nanocapsulas.

Estas formulagdes foram primeiramente utilizadas para investigar a capacidade do
sistema desenvolvido em proteger a coenzima Q10 frente a degradacdo por radiacdo,
empregando, para isto, camara espelhada com lampada UVC acoplada. Para a determinacdo
do teor remanescente de coenzima Q10 nas suspensdes nanoestruturadas, utilizou-se
metodologia analitica previamente validada por MATTIAZZI e colaboradores (2014) para a
determinagdo por cromatografia liquida de alta eficiéncia (CLAE). A metodologia analitica
foi validada para os seguintes parametros: linearidade, especificidade, precisdo, exatidao e

robustez.
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No estudo de fotoestabilidade, observou-se que, quanto maior a concentragdao de
vitamina E acetato na formulag@o, maior o teor remanescente de coenzima Q10 apds 4 horas
de exposicao a luz UVC, demonstrando assim a importancia da presenca deste 6leo como
componente das nanocdpsulas. Em um estudo paralelo conduzido em nosso grupo de
pesquisa, o qual avaliou a fotoestabilidade da coenzima Q10 associada a nanocapsulas de 6leo
de pracaxi, empregando as mesmas condi¢des experimentais, mostrou-se que estas
nanoestruturas foram capazes de proporcionar teor remanescente de farmaco entre 51 e 56%
(MATTIAZZI, 2014).

Em outro estudo de nosso grupo, o qual avaliou a fotoestabilidade da coenzima Q10
associada a nanocdpsulas com nucleo de 6leo de linhaca ou de 6leo de argan, as mesmas
apresentaram teor remanescente de coenzima Q10 entre 41 e 51% ao final das 4 horas de
exposicao a radiacdo UVC (STANGARLIN, 2014). Estes dois trabalhos ajudam a reforgar a
hipétese de que a vitamina E acetato, devido a sua constituicdo rica em compostos
antioxidantes, teve papel fundamental na fotoestabilizagdo da coenzima Q10.

Como etapa de desenvolvimento de formulagdo, pretendia-se também conduzir o
experimento de liberacdo in vitro da coenzima Q10 a partir das nanocépsulas, utilizando sacos
de didlise. No entanto, devido a elevada lipofilia desta molécula, ndo foi possivel estabelecer,
fazendo o uso da infraestrutura e materiais que dispomos em nosso laboratério, uma condicao
experimental que favorecesse a realizacio do experimento e o estudo do mecanismo de
liberacdo da coenzima Q10 a partir das nanocdpsulas.

Posteriormente, selecionou-se a formulagdo com concentracdo intermedidria de
vitamina E acetato (2%), a qual apresentou caracteristicas fisico-quimicas adequadas e
considerdvel protecdo do fairmaco frente a degradagdo, para os experimentos de citotoxicidade
in vitro. Para isto, o desempenho destas formulacdes foi avaliado contra duas linhagens de
células tumorais de expressiva ocorréncia mundial: melanoma e glioma humano. Mostrou-se
o efeito citotoxico nas duas linhagens tumorais na concentragdo de 100 uM, tanto para as
formulacdes contendo coenzima Q10 e vitamina E acetato encapsulados, quanto para a
formulacdo com apenas vitamina E encapsulada. Diferentes concentra¢des abaixo de 100 uM
foram também testadas, porém as mesmas ndo levaram a morte celular nas condic¢des
experimentais a que foram submetidas.

Para o estudo in vivo, a segunda etapa de desenvolvimento deste trabalho, fez-se
necessdrio o desenvolvimento de um semissélido, uma vez que o modelo de inflamacao

escolhido requer o tratamento dos animais por via topica. Estes semissélidos foram
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produzidos a partir da incorporacdo de goma gelana (2%) as formulacdes de nanocédpsulas
com a maior € menor concentragdo de vitamina E acetato (1% e 3%).

Estudos preliminares conduzidos em nosso laboratério empregando goma gelana
mostraram resultados interessantes no uso deste polimero no desenvolvimento de
formulacdes. Neste sentido, pensou-se em associar 0 mesmo a proposta inicial deste trabalho.
Além da concentracido de 2%, também foi testada a concentragdo de 2,5% de goma gelana
para incorporag@o nas suspensdes de nanocdpsulas. No entanto, as formulagdes resultantes
apresentaram-se muito consistentes, sendo descartado o emprego desta concentra¢iao de goma,
pois isto poderia dificultar a aplicacdo dos semissdlidos.

As formulacdes desenvolvidas foram entdo caracterizadas quanto a pH, teor de
farmaco, diametro médio de particula pds-redispersdio em dgua, espalhabilidade e
comportamento reolégico.

Escolheu-se o modelo de inflamagdo induzida por radiagdo em camundongos, uma vez
que ja tinhamos conduzido o experimento de fotodegradacido da coenzima Q10 e que o foco
principal do trabalho seria a administragdo topica. Além disso, outros fatores levaram a pensar
neste modelo como uma boa proposta: sabe-se da importancia da presenga de antioxidantes na
potencializacdo do efeito de fotoprotetores e dos efeitos provocados por radiacio UV como,
além de inflamac¢do, o dano oxidativo ao tecido cutianeo e seu envelhecimento. Neste estudo,
avaliaram-se diferentes tipos de atividades bioldgicas para as formulagdes desenvolvidas:
antiedematogénica, anti-inflamatdria e antioxidante.

A atividade antiedematogénica foi avaliada a partir da medida da espessura da orelha
irradiada dos camundongos, apds 24 horas de tratamento com a formulacdo. Todas as
formulacdes testadas, exceto o veiculo, foram capazes de levar a inibicdo do edema, sendo
que o maior nivel de inibi¢do, 73 + 8%, foi demonstrado para o semissdlido contendo a
suspensdo de nanocdpsulas com coenzima Q10 e com a maior concentracdo de vitamina E
acetato. Esta atividade foi superior a inibicao provocada pela sulfadiazina de prata, 70 + 5%, a
qual é utilizada como controle positivo do tratamento. Este resultado evidencia ndo s6 a
atividade antiedematogénica da Q10, mas também o efeito da vitamina E acetato variando
com a sua concentragdo na amostra.

Subsequentemente, a atividade anti-inflamatoria foi elucidada a partir da avaliagdo da
atividade de enzimas marcadoras de infiltracao celular no tecido injuriado: MPO e NAGase, e
da andlise histoldgica. Para a atividade da enzima MPO, todas as formulagdes, exceto o
veiculo, levaram a reduc¢do da atividade, cuja maior reducdo foi de 64 + 5%, para o

semissOlido contendo nanocédpsulas com coenzima QI0 e com a maior concentragdo de
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vitamina E acetato, comparada a reducdo de 60 + 3% provocada pelo controle. Para a enzima
NAGase, apenas as formulagdes contendo a maior concentracdo de vitamina E acetato,
contendo ou ndo coenzima Q10, promoveram redugdo da atividade, a qual esteve em torno de
25%, comparada a reducdo de 40 + 5% da substancia controle. Aqui, mais uma vez destaca-se
a importancia, ndo s6 da substancia ativa coenzima Q10, mas também do componente oleoso
na atividade bioldgica da formulag@o.

No intuito de confirmar a infiltracio de células inflamatérias no tecido injuriado,
também foi realizada uma anélise histolégica. Corroborando com o resultado da atividade das
enzimas, esta andlise mostrou a reducao do nimero de células inflamatérias por campo para
as duas formulacOes investigadas: ambas contendo coenzima Q10 e com concentracdes de
vitamina E acetato de 1% e 3%.

Por fim, investigou-se também a capacidade dos tratamentos em reduzir o estresse
oxidativo induzido. As formula¢des contendo coenzima Q10 e vitamina E acetato nas
concentracdes de 1% e 3% (NCP1 e NCP3) e a formulagdo contendo apenas vitamina E
acetato na concentracdo de 3% (NBP3) reduziram o nivel de tidis ndo-protéicos em 100%.
NCP1 e NCP3 reduziram o conteido de hidroperdxidos lipidicos 49 + 6% e 59 = 3%,
respectivamente. No que diz respeito ao contetido de substincias reativas ao 4cido
tiobarbitdrico (TBARS), o mesmo foi reduzido em 28 + 4% pelo tratamento com NCP1 e em

48 + 5% pelo tratamento com NCP3.
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Em conclusdao, o conjunto dos resultados obtidos demonstra que os sistemas
nanoestruturados desenvolvidos com a associag@o entre coenzima Q10 e vitamina E acetato
sdo alternativas promissoras tanto para o tratamento do glioma e melanoma, quanto para
proporcionar protecdo contra lesdo de pele induzida por radiacdo ultravioleta. Por fim, como
perspectiva para a conclusido final deste trabalho e submissdo a periddicos cientificos,
destaca-se a dosagem de citocinas pro-inflamatorias e anti-inflamatérias, a fim de elucidar seu

envolvimento no dano tecidual induzido.
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