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RESUMO

O envelhecimento cutaneo € um fendmeno biolégico complexo que depende da
combinacgdo de fatores intrinsecos, responsaveis pelo envelhecimento cronoldgico e
extrinsecos, responséveis pelo fotoenvelhecimento cutédneo. Outro fator importante a
ser considerado é o aparecimento de rugas causadas pelos movimentos faciais
repetitivos. Atualmente é grande a procura por produtos antienvelhecimento e, uma
das estratégias mais empregada para esse fim é a aplicacdo da toxina botulinica do
tipo A, que é considerada a principal atenuante de rugas. Outro ativo empregado
com a mesma funcéo da toxina botulinica € o acetil hexapeptideo-3, comercialmente
conhecido como Argireline. Este agente antienvelhecimento age de forma similar a
toxina botulinica, reduzindo as linhas e rugas de expressdo, ambos atuam na
liberacdo da acetilcolina na jungdo neuromuscular. Uma das principais diferengas
entre esses ativos esta em sua forma de aplicagdo, enquanto a toxina botulinica é
aplicada por meio de inje¢des intramusculares, o acetil hexapeptideo-3 € empregado
na forma de creme para aplicacdo topica. Considerando que os dois ativos s&o
neuropeptidios hidrofilicos de elevada massa molar, sua penetragéo através da pele
€ improvavel. Assim, o objetivo deste trabalho foi desenvolver, caracterizar e avaliar
sistemas constituidos por nanocarreadores capazes de permitir ou melhorar a
permeacdo destes ativos através da pele. O acetil hexapeptideo-3 foi encapsulado
em lipossomas e a toxina botulinica foi encapsulada em dois sistemas, lipossomas e
nanoparticulas poliméricas. A avaliagdo do acetil hexapeptideo-3 mostrou uma
eficiéncia de encapsulacdo de 95%. As vesiculas apresentaram um potencial zeta
de -31 mV. Os resultados demonstraram que o0 ativo apresentou boa permeagéao
cutdnea e sua encapsulacdo ndo afetou a permeacdo através da pele. A toxina
botulinica foi encapsulada com sucesso em nanoparticulas poliméricas, pelo método
de emulsdo multipla e evaporagdo do solvente. As nanoparticulas apresentaram
tamanho médio de aproximadamente 570 nm e potencial zeta de —-7,40 mV,
caracteristico do poliéster utilizado. Os lipossomas multilamelares obtidos por
hidratacdo do filme lipidico apresentaram didmetro médio de aproximadamente 1370
nm e potencial zeta de -37mV. Foi possivel demonstrar, por meio dos espectros de
infravermelho com Transformada de Fourier, a presenga da toxina botulinica tipo A
nas nanoparticulas poliméricas e nos lipossomas. Os ensaios realizados in vitro
indicaram que os lipossomas contendo a toxina botulinica tipo A apresentaram efeito
sobre os neurotransmissores nos ensaios realizados, entretanto ndo foi possivel
identificar o mesmo efeito nas nanoparticulas contendo a toxina botulinica. Esses
resultados mostraram que a encapsulacdo da toxina botulinica A pode ser uma
alternativa para sua aplicacéo topica, de forma néo invasiva e com muito conforto ao
paciente. Quanto ao acetil hexapeptideo-3, pdde-se constatar que este ativo na
forma livre apresentou a mesma penetracdo através da pele do que o ativo
encapsulado, o que indica que a penetracdo do acetil hexapeptideo-3 nédo sofre



alteracdo quando encapsulado em lipossomas. Desta forma o ativo pode ser
aplicado de forma direta.

Palavras-chave: toxina botulinica, hexapeptideo-3, nanoparticulas, lipossomas,
permeacao cutanea.



ABSTRACT

Cutaneous aging is a complex biological phenomenon that depends on a number of
intrinsic, responsible for chronological aging and the extrinsic factors, which is
responsible for cutaneous photo aging. Another important factor that must be taken
into account is the appearance of wrinkles caused by repeated movements of the
facial muscles. Currently there is a huge demand for anti-aging products and one of
the strategies that is most commonly employed for this end, is the application of
botulinum toxin Type A which is regarded as the principal treatment for the mitigation
of wrinkles. Another active substance which functions in the same way as botulinum
toxin A, is acetyl hexapeptide-3, which is marketed under the name of Argireline. This
anti-aging agent acts in a similar way to botulinum toxin by smoothing out the
expressive lines and wrinkles caused by repeated movements. Both the active
agents are responsible for the release of acetylcholine at the neuromuscular junction.
One of the main differences between these active agents is in their form of
application since, whereas botulinum toxin A is administered by injection, acetyl
hexapeptide-3 is used in the form of a cream for topical application. Given the fact
that the two active agents are hydrophilic neuropeptides of high molecular mass,
their ability to penetrate the skin is improbable. Thus, the purpose of this study was to
develop, characterize and evaluate systems comprising nanocarriers that are able to
allow or improve the permeation of these active agents through the skin. Acetyl
hexapeptide-3 was encapsulated in liposomes and botulinum toxin was encapsulated
through two systems, liposomes and polymeric nanoparticles. The evaluation of the
acetyl-hexapeptide-3 showed an encapsulation efficiency of 95%. The vesicles
showed a zeta potential of -31 mV. The results demonstrated that the active agent
had a good cutaneous permeation and its encapsulation did not affect the
permeation through the skin. The botulinum toxin Type A were successfully
encapsulated into nanoparticles by multiple emulsion method and solvent
evaporation. The nanoparticles had an average size of approximately 570 nm and a
zeta potential of -7,40 mV, which is characteristic of the polyester used. The
multilamellar liposomes were obtained through a method that involved hydrating the
lipid film and showed an average size of approximately 1370 nm and a zeta potential
of -37 mV. It was possible to demonstrate by means of infrared fourier transform
spectroscopy, the presence of botulinum toxin Type A in the polymeric nanoparticles
and the liposomes. The in vitro assays that were carried out suggested that the
liposomes that contained the botulinum toxin Type A had an effect on the
neurotransmitters in the assays that were conducted, whereas it was not possible to
identify the same effect in the nanoparticles that contained the botulinum toxin.
These results showed that the encapsulation of botulinum toxin A can be an
alternative for the topical application of botulinum toxin Type A in a non-invasive way
and with a good deal of comfort to the patient. With regard to acetyl hexapeptide-3, it
can be claimed that this active agent when released shows the same degree of



penetration through the skin as the encapsulated active agent. This suggests that the
penetration of acetyl hexapeptide-3 does not undergo any alteration when
encapsulated in liposomes. Thus, the active agent can be applied topically in this

way.

Keywords: botulinum toxin, hexapeptide-3, nanopatrticles, liposomes, permeation.
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1. INTRODUCAO

As rugas sdo o0s sinais mais expressivos do envelhecimento cuténeo,
resultantes da combinacdo de fatores intrinsecos e de fatores extrinsecos. Outros
fatores secundarios, como movimentos faciais repetitivos causados pela contracdo
dos musculos da face também devem ser considerados (BUCK; ALAM; KIM, 2009).

A contragdo mais ou menos intensa desses musculos pode originar rugas ou
sinais de expressdo, uma vez que ao longo do tempo o musculo torna-se
hipertrofiado e adquire uma tonicidade aumentada. Este fenébmeno natural faz com
que os sulcos e as rugas permanegam aparentes, mesmo quando o musculo ndo
estq contraido. Com o passar do tempo, a pele se torna flacida e as rugas se
acentuam como marcas profundas (BATISTELA; CHORILLI; LEONARDI, 2007).

Atualmente é grande a procura por produtos antienvelhecimento e, um dos
produtos mais empregados para este fim é a toxina botulinica do tipo A,
considerada a principal atenuante de rugas, essa substancia é produzida
naturalmente pelo Clostridium Botulinum, uma bactéria anaerébia, que produz sete
tipos sorolégicos de toxina, sendo a do tipo A usada clinicamente por ser a mais
potente (SPOSITO, 2004).

A toxina botulinica atua impedindo a liberagdo da acetilcolina na jungéo
neuromuscular produzindo paralisia (BLANES-MIRA et al., 2002). A toxina botulinica
do tipo A foi aprovada primeiramente em 1989 para o uso em estrabismo,
blefaroespasmo e espasmo hemifacial. Em 2002 foi aprovada para uso cosmeético
(linhas faciais) e em 2004 para o tratamento de hiperidrose (MAHAJAN,
BURBAKER, 2007).

A toxina botulinica tipo A € um peptideo hidrofilico, de alta massa molar, o
que confere a este ativo uma baixa difusibilidade através da pele, principalmente em
funcdo das caracteristicas lipofilicas do estrato corneo (GOROUHI; MAIBACH,
2009). Desta forma, para que a toxina botulinica exer¢ca sua fungcdo de
rejuvenescimento, precisa ser aplicada por meio de inje¢cdes intramusculares,

causando dor e desconforto ao paciente.
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Outro ativo empregado com a mesma finalidade é o acetil hexapeptideo-3.
Atua de forma similar & toxina botulinica sobre a liberacdo dos neurotransmissores
na juncdo neuromuscular (GOLDSMTH; GRANERA; WOLFE, 2009). Previne e reduz
as linhas de expressao causadas por movimentos repetitivos. Além disso, estimula o
aumento do numero de fibroblastos, reestruturando a formacgao da pele, combatendo
o envelhecimento (BLANES-MIRA et. al, 2002).

Este hexapeptideo-3 é um peptideo hidrofilico sintetizado com a finalidade de
mimetizar a a¢éo proporcionada pela toxina botulinica tipo A (Botox® da Allergan
Pharmaceuticals, Irlanda), entretanto por ser de administracdo tépica, na forma de
creme, seu emprego é mais confortavel ao paciente.

Apesar de atuarem de forma semelhante na liberacdo de acetilcolina na
juncdo neuromuscular (BLANES-MIRA et al, 2002), o acetil hexapeptideo-3
apresenta resultados mais discretos que a toxina botulinica A. Mesmo assim, o acetil
hexapeptideo-3 se apresenta como uma alternativa promissora a toxina botulinica e
para formulagdes antienvelhecimento.

Como uma alternativa para garantir a penetragéo e agao na pele da toxina
botulinica tipo A e do acetil hexapeptideo-3, estes ativos devem ser encapsulados
na forma de lipossomas ou, ainda, de nanoparticulas poliméricas, possibilitando
assim a aplicacao topica da toxina e melhores resultados com a aplicacdo do acetil
hexapeptideo-3.

Na literatura encontram-se poucos estudos sobre a encapsulagcéo da toxina
botulinica. Da mesma forma, sdo raros os relatos sobre o acetil hexapeptideo-3,

destacando-se, assim, a importancia do desenvolvimento do presente trabalho.
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2. OBJETIVOS

Objetivo geral

Desenvolver, caracterizar e avaliar a acdo de nanocarreadores contendo a

toxina botulinica tipo A e o acetil hexapeptideo-3.

Objetivos especificos

e Produzir nanoparticulas poliméricas contendo a toxina botulinica tipo A, a partir
de um poliéster biodegradavel;

e Encapsular a toxina botulinica tipo A e o acetil hexapeptideo-3 em lipossomas;

e Caracterizar os sistemas poliméricos e lipossomais por meio de estudos
morfolégicos e espectroscopicos.

e Avaliar o efeito das nanoparticulas poliméricas e dos lipossomas obtidos a
partir da toxina botulinica tipo A sobre a liberagdo de insulina nos ensaios in
vitro.

e Realizar estudos de permeacdo cutanea dos lipossomas contendo o acetil

hexapeptideo-3.
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3. REVISAO DA LITERATURA

3.1.Estrutura geral da pele e envelhecimento cutaneo

7

A pele é um o6rgdo complexo com diversas fungdes essenciais para
sobrevivéncia humana. E formada por trés camadas principais, a epiderme, derme e
hipoderme (Figura 1). A epiderme, camada mais externa da pele, é essencialmente
celular e totalmente desprovida de vascularizagcéo, previne contra a perda de agua e
de calor, além da impedir a entrada de microorganismos patogénicos e limitar a
penetracdo de agentes quimicos. A derme, é uma camada essencialmente fibrosa,
apresenta vascularizacdo e um pequeno numero de células, dentre as quais se
encontram os fibroblastos, responsaveis pela sintese de importantes proteinas,
como o colageno e a elastina, envolvidos na sustentacdo e elasticidade da pele,
bem como dos glicosaminoglicanos, que compde a substancia fundamental amorfa
(NAYLOR; WATSON; SHERRATT, 2011; SILBERT, 1979). A hipoderme
corresponde a camada mais profunda da pele, logo abaixo da derme e repousa
sobre 0 musculo subjacente, composta principalmente por células adiposas
(KHAVKIN, ELLIS, 2011).

Figura 1 — Estrutura da pele.

hipoderme

Fonte: Adaptado de Khavkin; Ellis (2011)
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A pele sofre alteragdes estruturais importantes no decorrer do tempo, que
caracterizam o envelhecimento. O envelhecimento cutaneo € um fenémeno bioldgico
complexo que depende da combinacdo de fatores intrinsecos e extrinsecos. Os
fatores intrinsecos sé@o responsaveis pelo envelhecimento cronolégico e resultam,
principalmente, de determinantes genéticos e hormonais. Estes fatores ocasionam o
afinamento da epiderme e o aumento de sua fragilidade, promove, ainda, a
diminuicdo da espessura dérmica e da vascularizacdo, reducdo no numero de
fibroblastos e na sua capacidade metabdlica, além de uma resposta menor aos
fatores de crescimento. Em geral, os tratamentos tépicos ndo podem evitar o
envelhecimento intrinseco (KHAVKIN, ELLIS, 2011; BEITNER, 2003).

Por outro lado, os fatores extrinsecos consistem na exposicdo da pele a
diversas agressfes externas, tais como poluicdo atmosférica e, principalmente,
radiacdo ultravioleta (UV), responsavel pelo fotoenvelhecimento cutédneo. As
manifestagdes clinicas correspondentes a esses danos sdo mudancgas na textura da
pele, rugas e hiperpigmentacdo (BEITNER, 2003). Outro fator importante a ser
considerado é o aparecimento de rugas causadas pelos movimentos repetitivos dos
musculos faciais (BUCK; ALAM; KIM, 2009).

3.2. Absorgéo Percutanea

A pele atua como uma barreira que impede a entrada de muitos agentes
quimicos e outros materiais estranhos que possam causar danos ao nosso
organismo. Este fato se deve principalmente ao estrato cdrneo, entretanto, € de
conhecimento que a pele ndo é uma barreira total, e alguns produtos quimicos
penetram na pele, podendo, inclusive, serem absorvidos através dela (POET;
MCDOUGAL, 2002).

A absorgéo percutanea se da por trés vias, uma delas, através dos espacos
intercelulares do estrato corneo (transcelular). Estes espagos séo preenchidos por
lipideos lamelares, o que confere uma barreira a ativos hidrofilicos e favorece a
difusibilidade de ativos lipofilicos, outra pelas céulas do estrato cérneo (intercelular)
(Figura 2), e finalmente, pelos apéndices cutaneos, em especial pelos foliculos

pilosos, que apresentam pouca resisténcia a difusdo, entretanto tem uma area
superficial pequena, o que restringe a absor¢cdo (SCHAEFER; REDELMEIER, 1996).



16

A permeacdo de compostos € dependente de varios fatores, entre eles a
lipofilicidade e o tamanho da molécula.

E consenso que moléculas hidrofilicas e de alta massa molar, apresentam
uma baixa difusibilidade através da pele (GOROUHI; MAIBACH, 2009).

Figura 2- Representacdo esquemética das vias de permeac¢éo cutanea
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Fonte: Adaptado de Moser et al. (2001)

O conhecimento da eficacia da penetracdo e da absorcao de ativos aplicados
na pele € muito importante para o desenvolvimento e otimizacdo de produtos topicos
(LADEMANN et al., 2007).

3.3. Sistemas Nanoparticulados: Nanoparticulas e Lipossomas

A nanotecnologia farmacéutica € a area das ciéncias farmacéuticas envolvida
no desenvolvimento, caracterizacéo e aplicacdo de sistemas terapéuticos em escala
nanométrica ou micrométrica. Estudos de tais sistemas tém sido realizados
ativamente no mundo com o propdsito de direcionar e controlar a liberagdo de
farmacos (SAKATA et al., 2007).
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Os nanossistemas oferecem diversas vantagens, como a protegdo do
farmaco no sistema terapéutico contra possiveis instabilidades no organismo,
promovendo manutencdo de niveis plasméticos em concentracdo constante. Além
disso, ha um aumento da eficécia terapéutica e liberagdo progressiva e controlada
do farmaco pelo condicionamento a estimulos do meio em que se encontram
(sensiveis a variagdo de pH ou de temperatura).

A diminuicdo expressiva da toxicidade pela redugéo de picos plasmaticos de
concentracdo maxima e a diminui¢cdo da instabilidade e decomposicdo de farmacos
sensiveis também deve ser considerada. A possibilidade de direcionamento a alvos
especificos (sitio-especificidade), a incorporacdo tanto de substancias hidrofilicas
quanto lipofilicas nos dispositivos e a diminuicdo da dose terapéutica e do nimero
de administragbes complemementam as principais vantagens desses sistemas.

Embora essas vantagens sejam significativas, alguns inconvenientes
plausiveis ndo podem ser ignorados, como por exemplo, uma possivel toxicidade,
auséncia de biocompatibilidade dos materiais utilizados e o elevado custo de
obtencdo dos nanossistemas comparados com as formulagdes farmacéuticas
convencionais (DUNNE et al., 2003; TAO, DESAI, 2003).

Nos ultimos anos, numerosos estudos demonstraram que a distribuicdo de
um farmaco no organismo pode ser modificada pelo uso de nanossistemas tais
como lipossomas, nanoparticulas ou microparticulas. Estes carreadores podem
proteger o principio ativo da degradacdo e/ou inativagdo; melhoram a
biodisponibilidade por aumento da penetragéo celular e proporcionam a liberagéo do
farmaco no sitio de acdo desejado, eliminando ou minimizando os efeitos colaterais
da terapéutica convencional.

O desenvolvimento de formas farmacéuticas de liberagcdo controlada por
micro e nanossistemas podera permitir um melhor controle na cinética de liberacdo
do farmaco, resultando em niveis plasmaticos terapéuticos, com menores efeitos
toxicos, o que pode repercutir na melhoria da qualidade de vida de milh6es de
pacientes, além do impulso técnico, cientifico e financeiro, potencialmente adquiridos
(PIMENTEL et al., 2007).

A preocupacdo com o sucesso dos tratamentos efetuados com farmacos de
caracteristicas particulares, como toxicidade elevada, faixa terapéutica estreita,
metabolizagdo répida, ou que necessitam ser empregados em esquemas

terapéuticos de longa duracéo, levou os pesquisadores da &rea farmacéutica a
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buscarem novas alternativas de administracdo, além daquelas consideradas
convencionais. O controle da liberacdo de substancias ativas em sitios de acéo
especificos, por meio da utilizagdo de formas farmacéuticas capazes de permitir a
otimizacdo da velocidade de liberacdo e do regime posolégico, € uma area de
pesquisa intensiva nos ultimos anos. Dentre os principais materiais utilizados,
incluem-se os lipossomas, as microparticulas e as nanoparticulas (MAINARDES,
2007).

Lipossomas e nanoparticulas s@o considerados nanossistemas e
microparticulas, emulsées multiplas e microemulsdes sdo microssistemas (SILVA,
2004). Os lipossomas sdo vesiculas aquosas esféricas formadas por bicamada
lipidica podendo servir como veiculo de farmacos a serem encapsulados na
cavidade aquosa da vesicula ou na bicamada lipidica (LASIC, 1998; TYAGI et al.,
2009). Nanoparticulas séo particulas poliméricas na forma de cdpsulas ou matriciais,
nas quais o farmaco esta encapsulado ou adsorvido na malha polimérica
(BRIGGER; DUBERNET; COUVREUR, 2002). O tamanho das nanoparticulas varia
de 10 a 1000 nm e o dos lipossomas de 20 nm a alguns micrometros (PIMENTEL et
al., 2007).

Os lipossomas tém sido amplamente utilizados como veiculo em formulacdes
cosméticas por proporcionar a encapsulacdo de ativos hidrofilicos e lipofilicos
(Figura 3). Os lipossomas podem ser unilamelares, quando as vesiculas séo
compostas de uma Unica bicamada lipidica ou podem ser ainda, multilamelares,

compostas por bicamadas multiplas concéntricas (BRUSCHI, 2010).
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Figura 3 - Representacdo esquematica do lipossoma com os locais de encapsulagéo
dos farmacos
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As nanocapsulas e as nanoesferas diferem entre si segundo sua estrutura e
composicao (Figura 4). As nanocapsulas possuem um invélucro polimérico e um
nucleo lipidico, ja as nanoesferas ndo possuem o nucleo oleoso, apenas uma matriz
polimérica. O farmaco pode estar no nulcleo oleoso ou adsorvido na matriz
polimérica (SHAFFAZICK et. al, 2003).

Pode-se dizer que as nanocépsulas constituem os chamados sistemas do tipo
reservatério, a substancia encontra-se envolvida por uma membrana, geralmente
polimérica, isolando o nucleo do meio externo e as nanoesferas sédo obtidas por um
sistema monolitico, onde ndo € possivel identificar um ndcleo diferenciado
(AZEVEDO, 2002).
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Figura 4 - Diferencas estruturais entre nanocapsulas e nanoesferas
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Fonte: SCHAFFAZICK et al., 2003.

Entre os varios sistemas de liberagdo, as nanoparticulas representam
potencialmente uma das abordagens desse trabalho. As proteinas sao facilmente
degradaveis, devendo assim ser protegidas até chegar em seu local de acdo. Varias
técnicas de polimerizagdo séo utilizadas na incorporacéo de farmacos hidrofilicos no
interior das nanoparticulas. A técnica de emulsdo mdltipla € a mais apropriada para

encapsular farmacos hidrofilicos e proteinas (LAMPRECHT et al., 2000).

3.4.Toxina Botulinica Tipo A

A Toxina botulinica tipo A (Ces7e0 H1o0447 N1743 O2010 S32) € um dos sete subtipos
de toxinas produzidas pelo Clostridium botulinum (A, B, C1, D, E, F e G) (POULAIN;
POPOFF; MOLGO, 2008; YONEDA et al, 2005). Embora cada subtipo da toxina seja
antigenicamente distinto, eles apresentam massas molares e estruturas similares,
com aproximadamente 150 kD e todos consistem de uma cadeia pesada e leve
ligados por uma ligagéo dissulfeto (MAHAJAN; BRUBAKER, 2007).

Vérios destes subtipos estdo sendo investigados para uso clinico, mas
somente a toxina do tipo A estad aprovada para uso cosmético (VARTANIAN;
DAYAN, 2003).

Na década de 1970, o cientista americano Alan Scott realizou experimentos
com diminutas doses de BoNT/A (toxina botulinica tipo A) aplicada

intramuscularmente em primatas, levando ao relaxamento com duracdo de varios
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meses sem apresentar efeito sistémico. Surgiu assim a pioneira em tratamentos
oftalmoldgicos, como estrabismo e blefaroespasmo (JOHNSON, 1999).

Nas ultimas trés décadas, a toxina botulinica tem sido empregada para fins
terapéuticos em inimeras afec¢gdes. A BoNT/A foi aprovada primeiramente em 1989
para o uso em estrabismo, blefaroespasmo e espasmo hemifacial. Em seguida, os
tipos A e B foram aprovados para o tratamento de distonias cervicais e,
posteriormente, o tipo A foi aprovado para fins estéticos (ZAGUI et al., 2008;
ROHRICH et al., 2003).

A toxina botulinica tipo B foi recentemente aprovada pelo Food and Drug
Administration (FDA) dos EUA para o tratamento de distonia cervical e estdo sendo
avaliados os usos clinicos para o sorotipo F (LAM, 2003).

Nos EUA, de 2000 a 2008, os tratamentos cosméticos minimamente invasivos
com a toxina botulinica tipo A tiveram um aumento de 537%, com 5
milhdes de tratamentos por ano, enquanto procedimentos cirlrgicos estéticos, como
a blefaroplastia e facelift apresentaram uma reducéo de 16 e 32%, respectivamente
(JASPERS; PIJPE; JANSMA, 2011).

Carruthers e Carruthers (1991) comecaram a usar BoNT/A para indicagbes
cosméticas no inicio de 1988. Estes autores observaram uma atenuacgdo consistente
nas rugas faciais em pacientes cujos muasculos foram tratados com a BONT/A para o
blefaroespasmo essencial benigno. Este fato levou a realizacdo de ensaios clinicos
utilizando a toxina na &rea glabelar, entre as sobrancelhas.

Para a toxina se tornar ativa, é necessaria uma clivagem proteolitica,
formando assim, duas cadeias, uma pesada de 100kD e uma leve de 50kD, ligadas
por uma ponte dissulfidica. A BONT/A é constituida de trés dominios, o catalitico, de
translocacao e de ligacdo (Figura 5). A cadeia leve é a porgéo catalitica, contém o
ion Zinco, responsavel pelo bloqueio da liberacdo dos neurotransmissores. A cadeia
pesada € formada por dois dominios, o de ligacdo (Hn) e de translocacéo (Hc). O
dominio de ligacdo é uma estrutura helicoidal associada com a atividade de fusédo de
membrana e envolvida com a formacgéo de canais ibnicos voltagem dependente. Ja
o dominio de translocacdo esta envolvido com as ligacdes especificas aos
receptores neuronais existentes na superficie externa dos neurdnios colinérgicos
periféricos. Dessa forma, a cadeia pesada é responsavel pela ligacéo aos receptores

extracelulares e internalizacdo na célula nervosa, além de ajudar a translocacéo da
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cadeia leve para o citoplasma do neurbnio (POLI; LEBEDA, 2004; JOHNSON;
MONTECUCCO, 2008; SWAMINTHAN, 2011).

Figura 5 - Representacdo da estrutura tridimensional da BoNT/A com os trés
dominios: de ligacao (BD), translocacao (TD) e a porc¢éo catalitica (CD).

Fonte: Adaptado de SWAMINATHAM, (2011).

A parte ativa da molécula da neurotoxina é formada por uma Unica cadeia
polipeptidica composta por 1295 aminoacidos. A cadeia leve da toxina botulinica é
composta pelos primeiros 447 aminoacidos e a pesada composta pelos aminoacidos
restantes (Figura 6). A ponte dissulfidica, responsavel pela integridade da atividade
bioldgica, esta localizada entre os aminoécidos 430 e 454 (DRESSLER; BENECKE,
2007; POLI; LEBEDA, 2004).
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Figura 6 - Representagéo da toxina botulinica, mostrando as cadeias leve e pesada,
bem como o sitio de clivagem proteolitica
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As preparacdes da toxina botulinica sdo formadas por um complexo ativo,
representado pela cadeia leve e pesada da toxina e por proteinas néo-toxicas,
constituidas de proteina hemaglutininica (PH) e ndo hemaglutininica (PNH), que
possuem a fungédo de proteger a neurotoxina da degradagédo (SIMPSON, 2000;
DRESSLER; BENECKE, 2007; WENZEL, 2004).

Uma das finalidades da BoNT/A é reduzir as rugas de expressdo, dessa
forma o mecanismo de contracdo muscular deve ser compreendido. Os musculos
sdo contraidos quando os neurotransmissores, mais especificamente a acetilcolina,
sao liberados através de vesiculas na fenda sinaptica. O processo envolve vérias
proteinas, canais e vesiculas. O complexo de proteinas SNARE (soluble N-
ethylmaleimide-sensitive factor [NSF] — attachment protein receptor) é essencial na
liberacdo dos neurotransmissores na sinapse e € composto por trés proteinas:
proteina vesicular, VAMP (vesicle-associated membrane protein), sintaxina
(associada a membrana do neurdnio) e SNAP-25 (proteina de 25 kDa associada a
sinaptossomas) este complexo é como um anzol celular que capta vesiculas e os
aproxima da membrana para permitir a sua fusdo (PUIG; GARCIA-ANTON;
MANGUES, 2006).

A Toxina Botulinica cliva a proteina SNAP-25 de forma irreversivel, e

portanto, o complexo SNARE ndo pode ser montado, assim o sinal nervoso néo
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pode ser retransmitido, 0 musculo ndo pode contrair e é paralisado, impedindo a
formagcdo de linhas e rugas (PUIG; GARCIA-ANTON; MANGUES, 2006;
BHIDAYASIRI; TRUONG, 2005). Atua seletivamente no terminal nervoso periférico
colinérgico, inibindo a liberacdo de acetilcolina. N&o ultrapassa a barreira cerebral e
nado inibe a liberagdo de acetilcolina ou de qualquer outro neurotransmissor a esse
nivel. A cadeia pesada da toxina é seletiva para as terminacdes nervosas
colinérgicas, ligando-se aos receptores especificos da placa motora. A cadeia leve é
liberada no citoplasma da terminagdo nervosa, realizando a quebra das proteinas,
impedindo assim a liberagcdo da acetilcolina para a fenda sinaptica (SPOSITO,
2004).

Essa neurotoxina também inibe a secrecéo das glandulas e induz paralisia no
musculo liso, aumentando assim suas aplicacdes terapéuticas. O exato mecanismo
sobre o musculo liso ndo esta totalmente elucidado, alguns trabalhos sugerem que a
toxina pode inibir a liberagdo de noradrenalina dos neurbnios (SUTCLIFFE;
SANDIFORD; KHAWAJA, 2005).

A BONT/A é isolada a partir de cepas de Clostridium Botulinum em
crescimento, através de precipitacdes éacidas até a formacdo de um complexo
cristalino consistindo da toxina ativa de alta massa molar e uma proteina
hemaglutinina associada. Esse complexo cristalino €, entdo, redissolvido numa
solugéo contendo salina (0,9mg) e albumina (0,5mg) e esterilizado por filtragdo antes
da secagem a vacuo. Essa solucdo ajuda a estabilizar a toxina na grande diluicdo
necessaria para o trabalho clinico (WILBER et al., 2000).

A toxicidade da BoNT/A desaparece quando se realizam diluicbes elevadas,
como nas que sao utilizadas para o tratamento humano. Apds a diluicdo, cada frasco
deve ser utilizado dentro de 4 horas, entretanto, Gartland e Hoffman (1993) ndo
observaram perda significativa de atividade em 6 horas apds a reconstituicdo, mas
em 12 horas, observaram uma reducdo de 43,9% em sua atividade. O
recongelamento apOs a reconstituicdo apresentou reducdo de aproximadamente
70% na poténcia em 1 a 2 semanas. Mesmo com esses resultados, observagdes
clinicas nao foram confirmadas, talvez porque o efeito clinico da BoNT/A nao é
facilmente quantificado (CARRUTHERS; KIENE; CARRUTHERS, 1996).

Estas neurotoxinas estdo entre 0s venenos mais conhecidos e apresentam
uma DL50 de 1-5 ng/kg de peso humano (SWAMINATHAN, 2011), ainda assim, a

administracdo de todo o conteddo de um frasco (100 U) estd bem abaixo da dose
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toxica estimada para uma pessoa de 70 kg (2500 a 3000 U). Além disso, a maioria
das aplicacdes cosméticas utiliza em torno de 20 a 30 U de BoNT/A por sesséo,

sendo altamente vantajoso considerando o risco/beneficio (WILBER et al., 2000).

3.5. Acetil hexapeptideo-3

Os peptideos sé@o biomoléculas que contém de dois a dezenas de residuos de
aminoacidos unidos entre si através de ligagbes peptidicas. Essas substancias
podem exercer diversas fungdes no organismo, como heuropeptideos,
neurotransmisores, antibiéticos naturais ou substratos de proteases (MACHADO,
2004).

O Acetil hexapeptideo-3 (Figura 7) € um peptideo sintético formado por seis
aminoacidos (arginina - &cido glutdmico - &cido glutdmico — metionina - &cido
glutdmico - arginina), que vem sendo utilizado em formulagdes antienvelhecimento,
devido a seu efeito antirrugas (RUIZ et al., 2007).

Esse peptideo sintético apresenta a formula molecular, CssHeoN14012S, massa
molar de 888,99, pH de 2 a 5 quando puro e densidade relativa de 0,94 a 1,04 g/ml
(CHEMBLINK, 2011).

Figura 7 - Molécula do acetil hexapeptideo — 3

Ac-Glu-Glu-Met-Gln-Arg-Arg-MNHS
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O acetil hexapeptideo-3 é um imitador da por¢do N-terminal do SNAP-25 e
compete com a proteina natural para uma posi¢do no complexo SNARE, por isso
desestabiliza a sua formag&o, sem quebrar nenhum de seus componentes. Com o
complexo SNARE desestabilizado a vesicula ndo pode liberar os
neurotransmissores, desta forma a descontragdo muscular € atenuada e o muasculo
esti relaxado ao invés de paralisado, impedindo a formagédo de linhas e rugas
(PUIG; GARCIA-ANTON; MANGUES, 2006). Assim, pode-se dizer que 0 mecanismo
de acdo do hexapeptideo-3 € similar ao da toxina botulinica, entretanto com poténcia
reduzida.

Analises topograficas da pele demonstraram que o acetil hexapeptideo-3 em
uma concentracdo de 10%, quando aplicado na face de voluntarias durante 30 dias,
proporcionou efeito atenuante na profundidade das rugas de até 30% (BLANES-
MIRA et al., 2002).
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5 CAPITULO 1

DEVELOPMENT, CHARACTERIZATION AND ASSESSMENT OF BOTULINUM
TYPE A INCORPORATED IN NANOCARRIERS

Este artigo apresenta o desenvolvimento, a caracterizagdo e avaliacdo da
toxina botulinica tipo A encapsulada em lipossomas e nanoparticulas poliméricas.

As nanoparticulas produzidas foram analisadas por mais de um tipo de
Microscopia. Os lipossomas foram caracterizados através de Microscopia Optica e de
Forca Atomica. Os métodos espectroscopicos para analisar o perfil das
nanoparticulas foram a difracdo de Raios X e o infravermelho com transformada de
Fourier. Os espectros de infravermelho dos lipossomas também foram analisados.

Outros fatores importantes avaliados foram o indice de polidispersdo, a
determinagdo do tamanho médio das particulas e o potencial zeta dos lipossomas e
das nanopatrticulas.

Foi possivel comprovar a formacdo das nanoparticulas e dos lipossomas
carregados com a toxina botulinica tipo A. Observou-se que os lipossomas contendo
a toxina botulinica A apresentaram efeito sobre os neurotransmissores nos ensaios
realizados in vitro, comparativamente as nanoparticulas. Esses resultados
demonstraram que € possivel encapsular a toxina botulinica tipo A na forma de
lipossomas sem alterar sua acéo biolégica.

Este artigo sera submetido & Latin American Journal of Pharmacy.
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ABSTRACT

Botulinum toxin type A is one of the most used products in mitigation of wrinkles and
expression lines by promoting muscle paralysis. Because of their hydrophilic and
high molecular mass, this active agent has low diffusibility through the skin. Thus, to
exert its action as rejuvenation agent, botulinum toxin needs to be applied through
intramuscular injections, causing pain and discomfort to the patient. An alternative to
minimize this problem is encapsulation of the neuropeptide in nanocarriers that can
easily cross the skin barrier. Thus, the aim of this work was to study the feasibility of
encapsulation of botulinum toxin A in polymeric nanoparticles and liposomes. It was
possible to demonstrate the formation of nanoparticles and liposomes loaded with
botulinum toxin A. It was observed that liposomes containing botulinum toxin had an
effect on neurotransmitters most effective in tests in vitro. These results demonstrate
that it is possible to encapsulate botulinum toxin type A in liposome form without

altering its biological action.

Keywords: botulinum toxin type A, liposomes, nanoparticles
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INTRODUCTION

Wrinkles are the most expressive signs of cutaneous aging, which is a
complex biological phenomenon that depends on a combination of intrinsic and
extrinsic factors. The intrinsic factors are responsible for chronological aging that is
genetically determined and one of the main extrinsic factors is exposure to solar
radiation that leads to photo-aging and causes alterations in the skin such as
wrinkles, dry skin, loss of elasticity and irregular pigmentation®.

The accumulation of elastin below the dermal-epidermal junction characterizes
the elastosis that is typical of this aging. Other related characteristics are atrophy and
collagen fragmentation, and elastic fibers®.

In addition, other factors must be considering, such as repetitive facial
movements caused by a contraction of the facial muscles?.

Intense muscle contractions can lead to wrinkles or signs of expressive
wrinkles, since over a period of time muscles become hypertrophied and acquire an
increased tonicity. This natural phenomenon means that the furrows and wrinkles
remain apparent even when the muscle is not contracted. As time passes, the skin
becomes flaccid and the wrinkles accentuated into deep grooves®.

Currently there is an active search for anti-aging products and one of the
strategies for this purpose is to employ botulinum toxin Type A, which is regarded as
the main mitigating method for wrinkles. It is naturally produced from Clostridium
botulinum an anaerobic bacterium that produces seven serological types of toxin,
and Type A is used clinically because it is the most powerful®.

Botulinum toxin acts by preventing the release of acetylcholine in the
neuromuscular junction and causing paralysis®. This neurotoxin was approved in
1989 for use in the treatment of squinting, eye-twitching and hemifacial spasms. In
2002, it was approved for cosmetic use to mitigate facial lines and in 2004 for the
treatment of hyperhidrosis®.

Botulinum toxin type A is a hydrophilic neuropeptide with high molar mass. It
has a low diffusibility through the skin, mainly because of the lipophilic characteristics
of the stratum corneum’. Therefore, to carry out rejuvenation, botulinum toxin has to
be applied by of intramuscular injection; however, this procedure causes pain and

discomfort to the patient.
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Regarding this problem, technological development of new pharmaceutical
methods has proved to be a more promising strategy to allow a free passage of
medicines through the skin. There has been a great interest in the selective release
of medication in the skin and hence there have been several studies of carrier
systems with the aim of improving the selection and efficiency of the formulations®.

Nanoparticles and liposomes are between the most important of these

carriers. Liposomes are spherical vesicles formed by lipid bilayers with a size that
can vary from 20 nm to a number of micrometers. They can be used to encapsulate
hydrophilic drugs in the agueous cavity of the vesicle or lipophilic drugs in the lipid
bilayer®*°.
According to the process and the composition used in the preparation of
nanoparticles, it is possible obtain nanospheres or nanocapsules. Regarding the
nanocapsules the drug is found in a nucleus of the particle and about the
nanospheres the drug is encapsulated or adsorbed in the polymer mesh'!. The size
of the nanoparticles varies from 10 to 1000 nm*2,

In order to alleviating the discomfort of the patient, it is possible to encapsulate
botulinum toxin into liposomes or even into nanoparticles. This can carry out their
topical application and ensure their penetration and activity in the skin.

There were found very few reports in the literature of the encapsulation of
botulinum toxin Type A which underlines the innovative nature of the study being

undertaken here.

MATERIALS AND METHODS

Reagents and solvents

Onabotulinumoxin A (Botox® 100 U, Allergan Pharmaceuticals, Westport, Irlanda);
Poly(vinyl alcohol) (PVA) (Mw 13.000 a 23. 000 g.mol™, Sigma-Aldrich, St. Louis,
USA); Cholesterol (Sigma-Aldrich, St. Louis, USA); Phosphatidylcholine
(EMBRAFARMA, Sé&o Paulo, Brazil); Poly (e-caprolactone) (PCL) (Mw 70.000 a
90.000 g.mol™, Sigma-Aldrich, St. Louis, USA); Other chemicals were analytical
grade. Purified Milli-Q® water (Millipore, Bedford, USA) was used throughout the
study.
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Experimental procedure

Preparation of nanoparticles

The botulinum toxin A-loaded nanoparticles were prepared by a double
emulsion/solvent evaporation technique'®**. The inner aqueous phase (A1) which
consisted of 250 pL botulinum toxin A (20 Ul.mL™) was added to an organic phase
(O) containing 100 mg of poli(e-caprolactona) in 20 mL in MC under vigorous mixing
for 1 minute at 22,000 rev.min™ (UItra—turrax®, model T18 N, IKA®). The resulting
water-in-oil (A1/O) emulsion was further dispersed into 100 ml of PVA (Mw 13,000 —
26,000 g.mol™) aqueous solution 5%, under vigorous mixing (22,000 rev.min™) for 3
minutes resulting in a multiple emulsion (A;/O/A;). Afterwards, this double emulsion
was kept under mechanical stirring (800 rev.min™) for 4 h to allow complete
evaporation of the MC. The nanoparticles were separated by centrifugation at 50,000
g for 20 minutes. Finally, the particles were washed with distilled water to remove the

residual surfactant.

Preparation of the liposomes

Preparation of botulinum toxin A - loaded liposomes

Multilamellar liposomes were prepared according to Esteves (2011)* by the thin film
hydration method. Briefly, L-a-Phosphatidylcholine (PC) 0.192 g and cholesterol (CH)
(0.060 g) were dissolved in chloroform. The lipid mixture was deposited as a thin film
in a round-bottomed flask by rotary evaporator the chloroform under vacuum, at 40°C
in a temperature-controlled water bath for a period of 2 h to ensure complete removal
of traces of solvent. Hydration of the film was performed by adding 3 mL of saline
solution (0,9%) and BoNT/A 250 pL to the flask. The dispersion was mechanically
shaken for 30 min at 25°C. The liposomes remained refrigerated at 4°C overnight.
Following this, the vesicles were lyophilized and stored in a desiccator under vacuum at

room temperature.

Morphological characterization of nanoparticulated systems

Characterization of nanoparticulated systems
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Optical microscopic evaluation

The liposomes and nanoparticles were characterized by optical microscopy
(Nikon Eclipse E200) at 400X magnification for analysis of the vesicle formation and
morphology. Optical micrographs were acquired by a digital Nikon camera coupled to

an optical microscope.

Scanning electron microscopy (SEM)

Samples of nanoparticles were coated with a thin layer of gold by sputtering,
using a Pelco 9100 sputter coater (Pelco, Clovis, CA, USA) and analyzed using
scanning electron microscopy (Shimadzu Corporation, Kyoto, Japan) at an intensity

of 10 kV, captured at various magnifications.

Atomic force microscopy (AFM)

The atomic force microscopy (AFM) analyses were recorded using a SPM9600
Scanning Probe (Shimadzu Corporation) with 20 nm radius of curvature and using
SisN4 (silicon nitride) cantilever in contact mode. The scan size was 20 x 20 ym and

the scan frequency of 2 Hz was selected.

Zeta potential analysis

The zeta potential of liposome and nanoparticles was determined by using a
zetasizer Nano ZS (Malvern, UK). Prior to the analysis, the samples were diluted with
pure water in the ratio 1:10 in pure water. The diluted samples were then analyzed at

a voltage of 4 mV.

X-Ray diffraction analysis

The materials were analyzed with a Shimadzu X-ray diffractometer XRD-6000
(SHIMADZU CORPORATION), scan of 2°.min™" and 26 from 5° to 55°, copper k-
alpha radiation (1 = 1,5418 A) 40mA of current and 40Kv voltage, for the observation

of crystallinity-indicative peaks.
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Spectroscopy evaluation in the infrared region with Fourier transform infrared
spectroscopy (FTIR)

Spectroscopy in the infrared region was carried out in tablets using 4mg of
each sample and 196 mg of spectroscopic grade KBr powder (2% mass), with IR

Prestige-21 equipment (Shimdzu Co.) 64 scans.min™", 4 cm™ resolution.

Determination of the presence of botulinum toxin in the polymer nanoparticles
and liposomes

The determination of the presence of botulinum toxin Type A was carried out
after the release of nanoparticles and liposomes. To obtain released botulinum toxin,
nanoparticles and liposomes containing BoNT/A were weighed to obtain the exact
amount of 0.018g and placed in 10mL of dissolution medium formed of phosphate
buffer pH 6,8 (50 mmol.L™* de KH,PO, e 22,4 mmol.L™* de NaOH). The formulation
was maintained at 37 °C = 0,5 °C, under agitation of 75 rev.min™* for a total period of
24h. The solution was filtered with the aid of a syringe filter with pores of 0,22nm.
Following this, an aliquot of the filtered sample was added to the KBr and the dry
material in the oven at 37 °C. With the use of this material a tablet was prepared

which was analyzed for FTIR in the analytical conditions described earlier.

Evaluation of the effects of botulinum toxin on the acetylcholin involved in the
release of insulin, following the activation of the neurotransmitters

Animals

Male adult Wistar rats (weighing between 200 and 230g) were kept in the
Vivarium of the Biology Dept, in collective cells under controlled temperature
(23£2°C) and lighting (12-hour light-dark cycle). Water and food rations were

supplied at random.

Isolation of Langerhans islets

The isolation of the islets was conducted through the destruction of the
exocrine portion of the pancreas through the collagenase digestion where, after an
incision of the abdominal wall of the Winstar rats to expose the pancreas, an

occlusion was performed of the duodenal extremity of the pancreatic duct. Following
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this, a Hank's solution containing collagenase Type V (1 mg.mL™) was injected in
the hepatic portion of the same duct by means of a syringe connected to a cannula
needle. After it was intumescent, the pancreas was removed and transferred to a
plastic tube, with a stopper, containing 15 mL of Hank’s solution.

After this, the tube was transferred to the water bath at 37°C for 20 minutes
under oxygenation (5%C0,/95%0,). Later on, the tube was agitated manually for
about 1 minute to ensure the dissolution of the pancreatic tissue which was filtered
and transferred to a beaker. The exudate was submitted to repeated cleaning with
Hank’s solution in an ice bath to block the collagenase activity and purify the
pancreatic islets of the exocrine tissue. The islets were then collected and placed
under a magnifying glass with the aid of a pipette. After being isolated, the islets were
separated into groups of 4 and transferred to the plates of a Costar Petri dish

containing 24 wells.

Static insulin secretion

The islets were initially incubated at 37°C for one hour in Krebs-Ringer solution
(1 mL) containing 5.6 mM of glucose. At the end of this period, the pre-incubation
solution was replaced with 1mL of Krebs with 16.7 mM solution of glucose. The
samples that had to be analyzed were added to this solution: 100 pl of the solution of
the nanoparticles containing the BoNT/A (NTB), 100 pl of the solution of the
liposomes containing BoNT/A (LIPOTB) and 100 pl of the BoNT/A. The incubation
lasted for one hour at 37°C. When the incubation period was terminated, the plate
was placed over the ice and with the aid of the magnifying glass the supernatant of
each well was transferred to Eppendorf pipettes and stored at -20°C until the

measurements of the insulin dosages were performed.

Insulin quantification

The insulin that was secreted was quantified by means of a sandwich-type
immunoassay carried out in two places where there were direct chemoluminometric
techniques which used constant amounts of two antibodies. The first antibody is a
mouse monoclonal anti-insulin marked with ester of acridine. The second, in the solid
phase, is a mouse monoclonal anti-insulin antibody which is bonded by the

covalently to paramagnetic particles.
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Statistical analysis
All the data were expressed as an average standard deviation. The statistical
comparisons were used to evaluate the dosing of the insulin. ANOVA statistical

analysis of insulin dose tests (Tukey test).

RESULTS AND DISCUSSION

Characterization of nanoparticulated materials containing BoNT/A
Optical microscopy

In the first stage of the formation of the nanoparticles, it was observed that
there was a multiple emulsion (Figure 7). The formation of this emulsion is

indispensable for the incorporation of hydrophilic remedies like botulinum toxin Type
A 16,17,18.

Figure 7 — Microscopy showing the formation of multiple emulsion in the preparatory
process of the polymer nanoparticles

The formation of liposomes can also be determined by optical microscopy
(Figure 8). The liposomes that are formed appear as concentric and non-concentric
multimellar vesicles, which are the characteristics of liposomes obtained through the

fine film technique®.
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Figure 8 — Optical microscopy showing large formed multimellar vesicles

Morphological and surface analysis

The analysis carried out by AFM shows the nanoparticles containing BoNT/A

(NTB) with a spherical shape and smooth and regular surface (Figure 9)

507.04
[nm]

0
2.00 um 5.00x 5.00 um
Botox 10um

Figure 9 — A photomicrograph of the nanoparticles containing botulinum toxin A by
MFA

Similar characteristics can be observed in the images obtained by MEV
(Figure 10).
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Figure 10 — Photomicrographs showing the morphological features of nanoparticles
containing BoNT/A obtained by SEM, 15K.

The liposomes containing botulinum toxin Type A evaluated in AFM are shown
in Figure 11. It can be seen that the vesicles that are formed have a spherical shape
and regular surface, whereas the liposomes had heterogeneous sizes. This is
probably due to the fact that in the formation of multilamellar vesicles both the
number of lamellae and the shape can vary.

-62.47
[deg]

-66.69

1.00 um 2.00x2.00 um
Dani lipo 3 Zum

Figure 11 — Photomicrograph of the liposomes, obtained by AFM.
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Determination of the average size, polydispersion and zeta potential

The nanoparticles loaded with botulinum toxin A had an average diameter of
578.4 nm. The graphical representation of the distribution of the sizes of the
nanoparticles (Figure 12) shows a single population. The polydispersion index was
0.25, which suggests that there is a uniform distribution of the size of the particles
and that this system is monodispersed.

Statistics Graph (1 measurements)
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100 10000

Size (d.nm)
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Figure 12 — Graphical representation of the nanoparticles containing BoNT/A (NTB)

The results obtained were similar to those found by Paese (2008)%°. These
values show a uniform pattern in the distribution of the size of the particles that
suggests a good level of suspension stability**. The results confirm the observations
made about the analysis of the images carried out by SEM where homogeneous
particles were observed. According to Bouchemal and collaborators (2004) %, the
size of the particle recommended for use in topical formulations (both pharmaceutical
and cosmetic) is lower than 600 nm, and as a result, the average diameter of the
particles will be suitable for topical applications.

With regard to the liposomes, an average size of 1363 nm was observed and
a polydispersion index of 0.57. Figure 13 shows the distribution of the size of the
liposomes containing botulinum toxin Type A. Two sets of liposomes can be
identified, which is also consistent with the optical microscopy images and the AFM
(Figure 11).
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Statistics Graph (1 measurements)
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Figure 13 — Graphical representation of the size of the liposomes loaded with
BoNT/A (LIPOTB)

The zeta potential of the nanoparticles loaded with BoNT/A (NTB) showed
average values of -7.40 mV. The distribution of the zeta potential is represented in
Figure 14. The negative values that are shown are caused by the presence of ester
groups in the PCL '¥?22% | amprecht et al. (2001)** obtained similar results when
working with the PCL nanoparticles. Singh et al. (2006)® used PVA in the
preparation of the PCL nanoparticles and obtained a zeta potential of — 2,6 £ 1,2 mV.

Zeta Potential Distribution
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Figure 14 — Graphical representation of the zeta potential of the nanoparticles loaded
with BoNT/A (NTB)

The liposomes containing botulinum toxin Type A (LIPOTB) showed average
values of the zeta potential of -37.3 mV (Figure 15). This increased load found in the
liposomes determines the degree of the repulsive force between the vesicles brings

about stability and prevents the agglomeration of the particles %,
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Zeta Potential Distribution
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Figure 15 — Graphical representation of the zeta potential of the liposomes loaded
with BoNT/A (LIPOTB).

Particles for cutaneous application with zeta potential (both negative and
positive) are described in the literature "
Characterization by X-ray diffraction

Figure 16 shows the results obtained by X-ray diffraction for the PCL, the

nanoparticles containing botulinum toxin A (NTB) and the hollow nanoparticles (NO).
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Figure 16 — X-ray diffractograms of the PCL(a) Nanoparticles containing botulinum
toxin A— NTB (b) Empty nanoparticles — NO (c).

The X-ray diffractogram of the hollow nanoparticles (NO) used as a negative
control (Figure 16 c) shows a diffraction pattern for crystalline material similar to that
of pure PCL and indicates that the main peaks are at (260) in 21,36° and 23,57°
depending on the semicrystalline property of the polymer that is used, as already
noted by Verger et al. (1998) % and Perez et al. (2000) %°.

The profiles of the crystalline diffraction of the nanoparticles containing
botulinum toxin Type A were similar to the diffractogram of pure PCL. However,
owing to the low concentration of the active agent, it is not possible to establish

whether or not there exists a molecular dispersion *°.
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Evaluation by spectroscopy in the FTIR region

The FTIR spectra of the nanoparticles that contain botulinum toxin type A
(NTB), hollow nanoparticles (NO), botulinum toxin (TB) and released botulinum toxin
A (TBL), are represented in Figure 17. The polycaprolactone spectrum showed a
strong band of 1726 cm™ corresponding to the vibration of the axial deformation of
the C=0 group and two bands at 2944 cm™* and 2865 cm™ which can be attributed to
the stretching of the C-H groups **3%. It can be noted further that the NTB and NO
spectra show the same bands as those of the PCL.

The TBL showed bands similar to those of BONT/A and as well as this, did not
show bands in the range of 2948 cm™and 2859 cm™ which are present in the PCL
and in the hollow nanoparticles (NO), which is a strong indication that the toxin was

encapsulated in the nanopatrticles.

1726

T T T T T
4000 3000 2000

Wavenumber (cm™)

Figure 17 — FTIR spectra of the PCL; nanoparticles containing botulinum toxin A
(NTB); empty nanoparticles (NO), botulinum toxin Type A (BoNT/A) and released
botulinum toxin (TBL).

The spectrum of the liposomes containing botulinum toxin Type A (LIPOTB),
hollow liposomes (LO), botulinum toxin Type A (BoNT/A) and botulinum toxin A



48

released from the liposomes (LIPOL) are represented in Figure 18. The cholesterol
spectrum shows a wide band at 3250 cm™* and 3500 cm™ corresponding to the O-H
vibration. The phosphatidylcholine shows two bands at 2850 cm™ and 2920 cm™
corresponding to CH, and CH3 bonds. The C=0 is represented at 1730 cm™ the P=0
bond is found to be 1088 cm™. It can be noted that within the spectra of the
liposomes containing the BoNT/A and the hollow liposomes (Figure 18), they show
bands that are characteristic of cholesterol and phosphatidylcholine as mentioned
above.

The LIPOL showed bands similar to the bands of BoNT/A as well as not
showing bands in the range of 2850 cm™ and 2920 cm™ which are present in the

liposomes either containing BoNT/A or hollow.
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Figure 18 — FTIR spectra of the liposomes containing botulinum toxin A (LIPOTB),
empty liposomes (empty-L0O), botulinum toxin Type A (TB-BoNT/A) and released
botulinum toxin (LIPOL).

Evaluation of the effects of botulinum toxin on the release of insulin as a result of the
activation of the neurotransmitters

The results of the samples analyzed on the release of insulin are shown in Table 1. It
was observed that the free botulinum toxin type A led to a greater release of insulin,

followed by botulinum toxin type A encapsulated in liposomes (LIPOTB), whereas
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lower accounts of insulin were observed in the samples that were incubated with the
polymer nanoparticles that contained botulinum toxin Type A (NTB) and there was a
negative control for the sample that consisted of glucose solution.

The botulinum toxin A encapsulated in liposomes, showed a significant
difference when compared with the level of control and the botulinum toxin A
encapsulated in nanoparticles. However, there was no significant difference when
compared with botulinum toxin A (free). In contrast, the botulinum toxin encapsulated
in nanoparticles showed a significant difference when compared with botulinum toxin
A (free) but did not show any difference when compared with the negative control.
These results suggest that the activity of the botulinum toxin type A is maintained
after its encapsulation in liposomes but not when encapsulated in polymer
nanoparticles. This fact can be attributed to the loss of botulinum toxin activity after

the preparatory process.

Table 1 — Quantification of the insulin produced in islets of Langerhans after the
incubation of the glucose solution produced by the free botulinum toxin and
encapsulated in nanoparticles and liposomes.

Samples Insulin (mU/mL )

Control (Glucose solution 16.7 mM) 15.9
Botulinum Toxin A encapsulated in nanoparticles 16.9
Botulinum Toxin A encapsulated in liposomes 381.2
Botulinum Toxin (free) 1078.2
CONCLUSION

The viability of producing polymer nanoparticles containing botulinum toxin
Type A can be demonstrated by employing the multiple emulsion and solvent
evaporation methods with a suitable size for application on the skin, although with a
zeta potential that is below the expected values.

It was also possible to demonstrate that the formation of the multilamellar
liposomes containing botulinum toxin Type A could be promising carriers of the

botulinum toxin A.
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Among the nanosystems that were developed, it can be noted that the
liposomes had a better effect with regard to the release of insulin than that shown by

the nanoparticles of botulinum toxin Type A.
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6 CAPITULO 2

LIPOSOMES CONTAINING ACETYL HEXAPEPTIDE-3 (ARGIRELINE):
PREPARATION AND EVALUATION OF SKIN PERMEATION

Este artigo apresenta o desenvolvimento e a caracterizagdo de lipossomas
contendo o acetil hexapeptideo-3. Os lipossomas produzidos foram analisados por
meio de microscopia Optica e microscopia eletrdnica de varredura. Outros fatores
importantes avaliados foram o indice de polidisperséo, a determinacdo do tamanho
médio das particulas e o potencial zeta dos lipossomas.

Um dos pontos mais inovadores deste trabalho foi o desenvolvimento e a
validacdo de um meétodo espectrométrico para a quantificagdo do acetil
hexapeptideo-3. Este método foi, posteriormente, empregado para a determinacao
da eficiéncia de encapsulacdo do acetil hexapeptideo-3 nos lipossomas, bem como
no estudo de permeacdo cutanea in vitro do acetil hexapeptideo livre e encapsulado.

Este artigo foi submetido & International Journal of Cosmetic Science.
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Synopsis

Acetyl-Hexapeptide-3 (Argireline®) is a synthetic neuropeptide that reduces lines and
wrinkles by relieving the intensity of facial muscle contraction and relaxing facial
tension, in a way that acts on the neuromuscular junction. Its large molecular size
and hydrophilic character determines its poor diffusivity through the lipophilic stratum
corneum. As an alternative to minimize this problem, liposomes are employed as
cosmetics and cosmeceutical applications due to their ability to convey actives into
the skin and increase their bioavailability. In the light of this, the aim of this work was
prepare, characterize and assess the skin permeation of liposomes containing acetyl-
hexapeptide-3 (Argireline®). Multilamellar liposomes were prepared by the thin film
hydration method. A simple and efficient method was developed and validated for the
quantification of HP-3 (Argireline®). 96.7% of the active were encapsulated into
liposome. The vesicles showed a zeta potential of - 31 mV. The results demonstrated
that the free Argireline® had good skin permeation and its encapsulation into

liposomes did not affect the rate of permeation through the skin.

Keywords

Argireline, liposome, acetyl hexapeptide-3, penetration, skin barrier, spectroscopy.
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Introduction

The appearance of wrinkles is the most significant sign of aging skin, and is a
common complaint among the elderly population. This complex process is the result
of biochemical changes, which are histological and physiological and may be
aggravated by exposure to environmental and other secondary factors, such as
repetitive facial movements caused by the contraction of the facial muscles [1, 2].
These wrinkles appear as expression lines which are caused by muscular contraction
and do not disappear when stretched [3]. Currently, facial rejuvenation is becoming
very popular. The development of new actives for cosmetics applications, such as
acetyl-Hexapeptide-3 (Argireline®), is an example of a non-invasive cosmeceutical
used for this purpose.

Acetyl-Hexapeptide-3 (Argireline®) is a synthetic neuropeptide containing glutamic
acid, arginine and methionine residues that reduces lines and wrinkles by relieving
facial muscle contraction and relaxing facial tension with regular use by mimicing the
effects of Botulinum toxin. This neuropeptide acts on the neuromuscular junction at
the SNARE complex (N-ethylmaleimide-sensitive factor attachment protein receptors)
[4].

The permeation of molecules through the skin depends on a number of factors,
including size and the number of hydrogen bonding groups in a molecule. Peptides
have a large molecular size and are very hydrophilic. They are always charged at the
skin physiological pH, this fact determines its poor diffusivity through the lipophilic
stratum corneum, the main barrier to skin penetration [5]. As an alternative means of
tackling this problem, liposomes are used in cosmetic and cosmeceutical applications
because of their ability to convey actives into the skin and increase their
bioavailability. In view of this, the aim of this study was prepare, characterize the
liposomes, as well as to evaluate the skin permeation of liposomes containing acetyl-

hexapeptide-3 (Argireline®).

Materials and methods

Reagents and chemicals
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L-a-Phosphatidylcholine =2 99% from egg yolk, and cholesterol were purchased from
Sigma-Aldrich (St Louis, MO, USA); acetyl hexapeptide-3 sol. 0.05% (Argireline®) was
obtained from Galena (Campinas, SP, BR). Other reagents and solvents were of
analytical grade.

Preparation of HP3-loaded liposomes

Multilamellar liposomes were prepared according to Esteves (2011) [6] by the thin
film hydration method. Briefly, L-a-Phosphatidylcholine (PC) 0.192 g and cholesterol
(CH) (0.060 g) were dissolved in chloroform. The hidrophobic mixture was deposited
as a thin film in a round-bottom flask by rota-evaporating the chloroform under
vacuum, at 40°C in a temperature-controlled water bath for a period of 2 h to ensure
complete removal of traces of solvent. Hydration of the film was performed by adding
10 mL of aqueous solution of acetyl hexapeptide-3 (HP3) (Argireline®) to the flask.
The dispersion was mechanically shaken for 1 h at 25°C. The liposomes remained
refrigerated at 4°C overnight. Following this, the vesicles were lyophilized and stored

in a desiccator under vacuum at room temperature.

Characterization of the liposomes
Assessment of optical microscopy
Liposomes were characterized by optical microscopy (Nikon Eclipse E200) at 400x
magnification for estimation of the vesicle formation and morphology. Optical

micrographs were obtained with a Nikon camera coupled.

Scanning electron microscopy (SEM)

The samples were coated with a thin layer of gold by sputtering, using a Pelco 9100
sputter coater (Pelco, Clovis, CA, USA) and analyzed with the aid of a scanning
electron microscope (Shimadzu Corporation, Kyoto, Japan) at an intensity of 10 kV,

by means of various magnifications.

Zeta potential analysis
The zeta potential of the liposomes was measured using a zetasizer Nano series
nano-ZS90 (Malvern, UK). Prior to the analysis, the samples were diluted 1/10 in

purified water. The diluted samples were then analyzed with a voltage of 4 mV.
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Quantification of HP-3

Validation of method for quantification of HP-3

The method was validated according to the guidelines set on the International
Conference on Harmonization (ICH) [7] for the validation of analytical procedures.
The parameters which were used to validate the method were linearity, precision,
limit of detection (LOD), and limit of quantification (LOQ). The linearity was assessed
in the range of ng.mL™". Ten different concentration solutions (100 to 10,000 ng.mL™)
were obtained exactly and the UV measured at 260 nm. The linearity was evaluated
by calculating the correlation coefficient obtained from the linear regression analysis.
The repeatability of the analytical method was assessed by assaying six sample HP-
3 (Argireline®) solutions on the same day under the same experimental conditions.
The intermediate precision was evaluated by analyzing the solutions on three
different days. The absorbance was determined and compared and the precision was

expressed as a relative standard deviation percentage (%CV).

Entrapment Efficiency (%EE of HP-3 loaded liposomes)

The entrapment efficiency of HP-3 loaded liposomes (% EE) was performed by a UV-
VIS spectrophotometer, using the method that had been previously validated. The
samples of HP-3-loaded liposomes were filtered with the aid of a syringe filter, 0.45
pm pore size (Nalgene® Syringe Filters PTFE) and the absorbance of free HP-3 was
measured by UV-VIS at 260nm. The experiments were conducted in triplicate (n=3)

and the entrapment efficiency was calculated by the following equation.

% EE = Mass of HP3 free x theoretical mass of HP3 100
° B theoretical mass of HP3 X

In Vitro Skin Permeation Study

Human skin was used as a model membrane for the skin permeation study.
The skin samples were placed between the two compartments of the vertical
diffusion chamber, with the epidermal side facing upwards and the dermal side facing
downwards. The receptor chamber was filled with 0.1M PBS (pH 7.4) and stirred at

700 rpm with a teflon magnetic bar. The acceptor fluid was stirred magnetically at a
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speed of 700 rpm and the assembled apparatus was adjusted and maintained at
37.0 ' C (x0.5°C).

A 1 mL aliquot was withdrawn at time intervals of 2, 4, 8, 12 and, 24 h and the
same volume was added back into the chamber receptor. The concentration of free

HP-3 was analyzed by UV-VIS spectroscopy at 260 nm, as described earlier.

Results and discussion

Characterization of liposomes

As shown in Fig. 1, the morphological aspects of liposome containing HP-3
(Argireline®) in the light microscope appeared as a large multilamellar and spherical
shape and heterogeneous size.

Figure 1 — Large multilamellar vesicle with heterogeneous size. Optical microscopy
(400X).

Fig. 2 also shows spherical vesicles, although they are smaller than those displayed
in the light microscopy. This difference can be explained by the lyophilization process
that was carried out in preparing the sample for the SEM. This procedure removes
water from the sample and results in a reduction of the size of the liposomes.

Moreover, this is an important procedure to improve the stability of the liposomes [8].
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Figure 2 — Scanning electron microscopy showing spherical-shaped liposomes (18
K).

Validation of method for quantification of HP-3

A method was developed and validates to HP-3 (Argireline) quantification. Regarding
to validation parameters, the linearity (Fig. 3) results on the y = 0.0001x + 0.0004 as
a regression equation for the HP-3 determination. The Pearson correlation coefficient
(r) of = 0.9998 was obtained as a mean value for the three plotted analytical curves.
The calculated values of 380,16 and 1.150,0 ng.mL™" were verified for the detection
and quantification limits, respectively. The results of repeatability and intermediate
precision were 3.9 % (100%) and 1.5 %, which is in accordance with the literature

where less than 5 % is required [9].
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Figure 3 — Analitical curve HP-3
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Entrapment Efficiency

The liposome HP-3 (Argireline) showed a drug content of 96.7 %; this result is in
accordance with the results found for hydrophilic drugs encapsulated in aqueous
systems that are usually around 95% [8]. This could be explained by the large

volume of aqueous MLV [10,11].

In Vitro Skin Permeation Study

The skin permeation study indicated that there was a similar permeation for both free
and encapsulated HP-3 (Argireline®). As shown in Table I, there was not a significant
difference between the percentage rates of permeation at the time when it was

tested.

Table | — Skin permeation of Free HP-3 and HP-3 loaded liposome

Skin Permeation (%)
Time (h) Free HP-3 HP-3 -loaded Liposome

2 7.8 7.3
4 7.8 7.2
8 12.0 10.4
12 16.6 125
24 22.6 25.2

Although it is a peptide, the results indicated that HP-3 (Argireline) can penetrate the
skin in the same way as the loaded liposome. This may have been due to the size
and zeta potential of the liposomes vesicles. However, the encapsulation of peptides
in liposomes can ensure a longer half-life by protecting them from degradation and

by releasing the peptide at a slower rate [12].

Determination of the zeta Potential of the liposomes

The liposomes showed a zeta value of -31 mv (Fig. 4) and zeta deviation of 6,8 mv,
that indicates a good stability of formulation. The Zeta Potential is one of the
important factors affecting (Argireline®) the stability of liposomes, incorporation

efficiency and interactions with the biological system [13].
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The surface properties of liposome formulations depend on the composition of the
phospholipid. Phosphatidylcholine was the phospholipid used to prepare the
liposome; this lecithin which is obtained from either egg or soya, usually results in a

negative zeta potential [14].

Zeta Potential Distribution
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Figure 4 — The Zeta potential of liposome containing Argireline.

Conclusion

The acetyl hexapeptide-3 (Argireline®) was successfully encapsulated into liposome.
A simple and efficient method was developed and validated to quantify HP-3
(Argireline®). The results demonstrated that the free Argireline® had good skin
permeation and its encapsulation into liposome did not affect the rate of permeation

through the skin.
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CONSIDERACOES FINAIS

A grande procura por produtos antienvelhecimento, aliados a nanotecnologia,
impulsiona o desenvolvimento de novos produtos, garantindo, cada vez mais, sua
maior eficiéncia e menor desconforto ao paciente e melhores resultados.

Os nanossistemas desenvolvidos neste trabalho contendo o acetil hexapeptideo-
3 e a toxina botulinica tipo A s@o produtos inovadores e os resultados obtidos
demonstraram que podem ser promissores para uso na industria cosmeética.

Os lipossomas comparando-se as nanoparticulas apresentaram menor custo e
tempo de preparo, sendo uma excelente alternativa de encapsulagéo desses ativos.

E importante ressaltar a necessidade da continuidade da pesquisa com esses
ativos, pois sao produtos de primeira escolha utilizados na prevencdo de rugas e

sinais de expressao.



