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RESUMO

A B-lapachona (B-lap) é um farmaco com diversas propriedades farmacoldgicas
comprovadas, dentre elas atividade anticincer. Entretanto, este firmaco apresenta baixo
indice terapéutico acarretando em toxicidade para as células. Dessa forma, a
incorporagdo da B-lap em sistemas de liberagdo controlada, tais como as microparticulas
representa uma alternativa vidvel para a sua aplicacdo terapéutica. Assim, o objetivo
deste estudo foi desenvolver e caracterizar microesferas ntcleo-coroa de PLGA
revestida por quitosana contendo B-lap com propriedades bioadesivas para a
administracdo oral e avaliar a cinética de liberagdo da B-lap. As microesferas de PLGA
foram preparadas pelo método de emulsdo multipla d4gua em 6leo em dgua seguido de
evaporacgdo do solvente e, posteriormente, revestidas por quitosana (CS), em diferentes
concentragdes, pelo método de adsor¢do (razdo CS:PLGA 0:1, 0.3:1, 0.6:1 e 1:1, p/p). O
perfil de liberacdo da P-lap a partir das microesferas foi avaliado simulando as
condicdes gastrointestinais. As microesferas de PLGA revestidas por quitosana
apresentaram eficiéncia de encapsulacdo da PB-lap variando de 74% a 85% (razdo [3-
lap:PLGA 1:15, p/p). As microesferas de PLGA exibiram tamanho de particula de 6.14
pum (span de 2.38) e potencial zeta de -9.33 mV. Por outro lado, os sistemas
microparticulados revestidos por quitosana apresentaram tamanho de particula entre 5 -
7 um com forma esférica e distribui¢do de tamanho homogénea (span de 2.00 — 2.84) e
potencial zeta positivo, evidenciando a formacdo das microesferas nicleo-coroa. As
andlises de caracterizacdo fisico-quimica por FTIR, DSC e XRD sugeriram a formagao
de interacdo a nivel molecular entre a B-lap e a matriz polimérica. A cinética de
liberacdo da B-lap a partir das microesferas exibiu um padrdo de liberag¢do bifdsico, no
qual o efeito burst foi influenciado pelo revestimento de quitosana nas microesferas,
pois as microesferas de PLGA apresentaram maior efeito burst que as microesferas
revestidas por quitosana. Ademais, os parametros cinéticos calculados pelo modelo
exponencial mostrou que a liberagdo do farmaco a partir das microesferas CS:PLGA 1:1
favoreceram mudangas no padrdo de liberacdo da B-lap. Portanto, a microencapsulacio
da B-lap em microesferas nidcleo-coroa revestidas por quitosana representa uma
alternativa para o desenvolvimento de sistema de liberag¢@o controlada administracio por
via oral devido as propriedades de gastroresisténcia e bioadesividade que facilitam sua

captura pelo epitélio intestinal.

Palavras-Chave: B-lapachona, Microesferas, Caracterizagio fisico-quimica, Cinética.
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ABSTRACT

The B-lapachone (B-lap) is a drug with several pharmacological properties, such
as anticancer activity. However, this drug has a low therapeutic index, resulting in
toxicity to the cells. Thus, the incorporation of B-lap in drug delivery systems, such as
microparticles represents a viable alternative to their therapeutic application. The aim of
this study was to develop and characterize chitosan-coated PLGA core-shell
microspheres containing B-lap with bioadhesive properties for oral administration and
evaluate the B-lap release kinetics. The PLGA microspheres were prepared using water-
in-oil-in-water double emulsion method and subsequently coated with chitosan (CS), in
different concentrations, by adsorption method (CS:PLGA ratio: 0:1, 0.3:1, 0.6:1 and
1:1, w/w). The B-lap release profile from microspheres was evaluated simulating
gastrointestinal conditions. The chitosan-coated PLGA microspheres showed [-lap
encapsulation efficiency ranging from 74% to 85% (1:15 B-lap:PLGA ratio, w/w). The
PLGA microspheres presented particle size of 6.14 pm (span of 2.38) and zeta potential
of -9.33 mV. However, the chitosan-coated microparticles had particle size between 5
and 7 um with spherical shape and homogenous size distribution (span de 2.00 — 2.84)
and positive zeta potential, suggesting core-shell microparticle formation. The
microparticulate systems had particle size between 5 um to 7 um with spherical shape
and regular size distribution. The chitosan-coated PLGA microspheres showed positive
zeta potential, indicating the formation of core-shell microspheres. The physicochemical
analysis by FTIR, DSC and XRD suggested a molecular level interaction between B-lap
and the polymeric matrix. The B-lap kinetic release from microspheres showed a
biphasic release pattern, in which the burst effect was influenced by the chitosan
coating, because PLGA microspheres showed higher burst effect compared to chitosan-
coated microspheres. In addition, kinetic parameters calculated by the exponential
model showed that the 1:1 CS:PLGA microspheres allowed changes in the B-lap release
patterns. Thus, it is possible to presume that the microencapsulation of B-lap into
chitosan-coated core-shell microspheres represents a alternative to oral drug delivery
systems due to their gastroresistance and bioadhesive properties that facilitate their

uptake by intestinal epithelium.

Keywords: B-lapachone, Microspheres, Physicochemical characterization, Kinetics.
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1. INTRODUCAO

A B-lapachona (B-lap, Ci5H 1403, MM 242,3) € uma ortonaftoquinona que pode ser
obtida por semi-sintese do lapachol. O lapachol é uma substancia de coloracdo
amarelada extraido do cerne do caule do Ipé-Roxo (Tabebuia avellanedae Lor), da
familia Bignoneaceae, drvore nativa da América do Sul com alta freqiiéncia no Brasil
(Alves et al., 2008).

A B-lap apresenta um amplo espectro farmacoldgico com diversas atividades
comprovadas, principalmente anticancerigena (Silva et al., 2003) contra diferentes
linhagens de células dos canceres de prostata (Li et al., 1995), mama (Pink et al., 2000)
e pulmio (Cunha-Filho, 2008). Vérios estudos relatam a acdo inibitéria deste farmaco
sobre as enzimas topoisomerases I e II, as quais atuam sob o DNA nos processos de
replicacdo e de transcricdo. A presenga de B-lap induz a formagao de radicais livres, que
por sua vez desencadeiam a apoptose das células cancerigenas (Li et al., 1993a). Além
disso, relata-se que o efeito citotoxico da B-lap é aumentado significantemente pela
presenca da NAD(P)H-quinona oxidorredutase 1 (NQO1), a qual caracteriza-se por sua
super-expressdo em uma variedade de células tumorais (Blanco et al., 2007).

Apesar do potencial farmacolégico comprovado, a B-lap apresenta caracteristicas
limitantes para sua utilizacdo por formas farmacéuticas convencionais relacionadas a
baixa hidrossolubilidade e baixa biodisponibilidade que acarretam em toxicidade as
células sadias, necessitando de alternativas para sua aplicacdo biomédica (Nasongkla et
al., 2003). Dessa forma, a incorporacio da B-lap em sistemas de liberag@o controlada de
farmacos representa uma estratégia tecnoldgica para superar as limitacdes apresentadas
por esta molécula permitindo deste modo, a sua veiculagdo na terapéutica do cancer
(Blanco et al., 2007; Cavalcanti et al., 2011).

Os sistemas de liberagdo controlada de farmacos caracterizam-se por modificar o
perfil cinético do farmaco encapsulado, mantendo a concentracio plasmadtica constante,
promovendo uma vetorizagdo do farmaco as células-alvo, reduzindo a frequéncia de
doses administradas e redugdo dos efeitos colaterais e toxicos (Hamidi et al., 2008;
Singh et al., 2009). Consta na literatura o desenvolvimento de sistemas de liberacdo
controlada para a [B-lap, tais como lipossomas (Cavalcanti et al., 2011) e micelas
(Blanco et al., 2007) para administragdo por via venosa. Entretanto, a administracéo oral

destas formulagdes farmacéuticas se torna invidvel, pois sdo susceptiveis ao meio
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gastrointestinal. Assim, a incorporag¢do da f-lap em microparticulas com propriedades
bioadesivas representa uma proposta inovadora para o uso deste firmaco para
veiculagd@o por administragdo oral.

As microparticulas poliméricas merecem destaque, tendo em vista a estabilidade
fisico-quimica e bioldgica, sendo utilizadas para a encapsulagdo de diferentes
substancias, destinadas principalmente para a via oral de administragdo (Garbayo et al.,
2008; Wischke et al., 2008). As microparticulas apresentam didmetro variando de 1 wm
a 1000 pm, classificando-se em microesferas e microcdpsulas. Polimeros
biocompativeis e biodegraddveis, tais como os poliésteres poli-e-caprolactona (PCL),
poliacido lactico (PLA), polidcido glicélico (PGA) e seus copolimeros de acido lactico-
co-glicolico (PLGA) s@o comumente empregados no desenvolvimento de
microparticulas (Santos-Magalhaes et al., 2000; Fernandez-Carballido et al., 2008).

O PLGA ¢ um polimero sintético amplamente utilizado no desenvolvimento de
sistemas de liberacdo controlada de farmacos, devido a sua biocompatibilidade e
biodegradabilidade (Nafee et al., 2009). Por outro lado, a quitosana, um polissacarideo
obtido a partir a desacetilagdo da quitina, possui além das caracteristicas de
biocompartibilidade e biodegradabilidade, propriedades como mucoadesividade a
superficies negativas, a exemplo da mucosa intestinal, sendo, portanto, amplamente
explorada em sistemas de liberacdo controlada por via oral (Hejazi et al., 2003; Pillai et
al., 2009). Deste modo, torna-se pertinente o desenvolvimento de sistemas
microparticulados revestidos por quitosana formando microparticulas com estrutura
nucleo-coroa para a administracdo de fairmacos por via oral.

Assim, este estudo tem o objetivo de desenvolver microparticulas nicleo-coroa de
PLGA e quitosana contendo B-lap com propriedade bioadesivas para administra¢ao
oral. Além disso, propde caracteriza-los quanto as propriedades fisico-quimicas, assim
como avaliar a cinética de liberacdo da B-lap in vitro. Desta forma, o presente trabalho
viabiliza a ampliacdo dos estudos com a P-lap explorando a tecnologia da
microencapsulacdo, contribuindo como uma alternativa em potencial no avango da

utilizacdo deste principio ativo na terapéutica.
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2. REVISAO DA LITERATURA

2.1. B-lapachona

As quinonas representam uma ampla e variada familia de metabdlitos de
distribuicdo natural. Com base na sua estrutura molecular, as quinonas sdo divididas em
diferentes grupos de acordo com o tipo de sistema aromdtico que sustenta o anel
quinonoidico, classificando-se como benzoquinonas, naftoquinonas e antraquinonas.
Baseado na isomeria das naftoquinonas, o anel naftalénico pode apresentar, dependendo
das disposicdes relativas das carbonilas, diferentes compostos. No arranjo da base
naftal€nica tem-se a forma isomérica 1,2 ou orto-quinonoidica, quando as carbonilas sao
vizinhas (Fig. 1b), ou 1,4, para-quinonoidica, com as carbonilas dispondo-se com dois
carbonos entre si (Fig. 1c). Estas formas isoméricas diferem muito em suas propriedades

fisicas, quimicas e quanto a sua atuacdo bioldgica (Silva et al., 2003).

OH

I
(a) ©

Fig. 1. Estruturas quimicas do lapachol (a), B-lapachona (b) e a-lapachona (c). (Fonte:
Silva et al., 2003).

Dentre as naftoquinonas naturais destaca-se o lapachol (Fig. 1a) encontrado como
constituinte de varias plantas das familias Bignoniaceae, Verbenaceae e Proteaceae,
sendo mais comum na familia Bignoneaceae, particularmente no género Tabebuia
(Fonseca et al., 2004). O lapachol é quimicamente, a 2-hidroxi-3-(3-metil-2-butanil)-
1,4-naftoquinona, uma substincia amarela extraido do cerne do ipé-roxo (Tabebuia
avellanedae Lor) (Fig. 2), arvore nativa da América do Sul com alta freqiiéncia no
Brasil (Alves et al., 2008). O tronco da arvore do ipé roxo (Fig. 2b) é o componente
mais importante no que se refere seu potencial terapéutico, jd que a partir dele se obtém
0s extratos os quais a medicina popular atribui vérias propriedades curativas (Cunha-
Filho, 2008). O lapachol foi avaliado clinicamente nos tratamentos de carcinoma de

Walker-256 e do sarcoma de Yoshida, com a produc@o do medicamento sendo realizada
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pelo Laboratério Farmacéutico do Estado de Pernambuco (LAFEPE). Embora promova
a regressao definitiva de neoplasias em aproximadamente 30% dos portadores com estas
patologias, além de agir como analgésico, seus efeitos colaterais, tais como anemia,
aumento do tempo de coagulagdo e problemas gastrintestinais agravam o quadro clinico

de pacientes com cancer (Silva et al., 2003).

Fig. 2. A arvore do Ipé Roxo (Tabebuia avellandae Lor.). (a) Ipé-roxo com detalhe da
sua floragdo; (b) Cerne do tronco da arvore do Ipé-roxo. (Adaptado de Cunha-Filho,

2008).

A B-lapachona (B-lap) (CsH;403) classifica-se como orto-naftoquinona conhecida
quimicamente por 2-hidroxi-3-(3-metil-2-butanil)-1,2-naftoquinona, derivada do
lapachol (Lee et al., 2005). A B-lap € produzida em larga escala por semi-sintese,
especificamente pela reagdo de ciclizacdo 4cida do lapachol pelo tratamento com 4cido
sulfirico (Cunha-Filho et al., 2009). Tal qual o lapachol, esta orto-naftoquinona
apresenta diversas atividades farmacoldgicas (Silva et al., 2003). A B-lap caracteriza-se
por ser uma substincia de carater hidrofébico (0,16 mM ou 0,038 mg/mL) (Nasongkla
et al., 2003), porém muito solivel em quase todos os solventes organicos. Além disso,

possui uma forma bem definida de cristais aciculares, laranja-avermelhado, visiveis a
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olho nu (Fig. 3). O ponto de fusdo da B-lap estd entre 154 °C e 156 °C e sua massa molar
€ 2423 g/mol (Alves et al., 2008).

(a) (b)
Fig. 3. Aspecto macroscépico (a) e microscépico (b) da B-lapachona (Fonte:Alves et

al., 2008; Cavalcanti et al., 2011).

2.1.1. Atividade Farmacologica da B-lapachona

A B-lap tem sido amplamente estudada com abrangéncia mundial desde a década
de setenta, devido ao seu excelente potencial farmacoldgico in vitro e in vivo (Li et al.,
1999; Li et al.,, 2003). A sua alta toxicidade relacionada a hidrofobicidade e baixa
biodisponibilidade limitam sua utilizacdo farmacéutica, estimulando o desenvolvimento
de novas pesquisas visando sua utilizacdo na terapéutica (Nasongkla et al., 2003;
Cavalcanti et al., 2011). Estudos mostram que a toxicidade aguda (DLsp) em ratos
albinos via intraperitonial do lapachol foi de 1600 mg/Kg, da o-lapachona 350 mg/Kg e
da P-lapachona 80 mg/Kg (Santana et al., 1968). Apesar da B-lapachona possuir
atividades antineopldsica e antibidtica, superiores as do lapachol, este isdmero
apresenta-se 20 vezes mais toxico que o lapachol (Cunha-Filho, 2008).

A PB-lap apresenta uma variedade de efeitos farmacolGgicos, tais como:
antibacteriana (Antunes et al., 2006), antifingica (Guiraud et al., 1994; Medeiros et al.,
2010), tripanossomicida (Goulart et al., 1997; Moura et al., 2001; Silva et al., 2003),
antiviral (Li et al., 1993b) e principalmente atividade antineopldsica contra linhagens
celulares cancerigenas humanas (Woo et al., 2005). Muitos estudos nos ultimos anos

sdo dirigidos a desvendar os mecanismos bioquimicos relacionados a acido antitumoral
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em diferentes tipos de linhagens cancerigenas, como o de mama, pulmao, colo-retal,
préstata, melanomas e leucemias (Planchon et al., 1995; Cunha-Filho, 2008).

Estudos realizados por Antunes e colaboradores (2006) avaliaram a atividade
antimicrobiana de naftoquinonas a exemplo do lapachol, B-lapachona e a-lapachona
frente as cepas Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922 e
Pseudomonas aeruginosa ATCC 27853. Os resultados mostraram que o lapachol e seus
andlogos (200 pg/mL) apresentaram potencial antimicrobiano diante das cepas testadas,
com maior atividade para S. aureus ATCC 25923 e P. aeruginosa ATCC 27853.
Observou-se ainda, que as substancias testadas apresentaram concentra¢io inibitdria
minima (CIM) de 100 pg/mL para as cepas Staphylococcus aureus ATCC 25923 e
Pseudomonas aeruginosa ATCC 27853. Além disso, a B-lap apresentou CIM de 50
pg/mL frente S. aureus.

Considerando a atividade antifingica da B-lap, Medeiros e colaboradores (2010)
investigaram a atividade antifiingica in vivo da B-lap contra infec¢do disseminada por
Cryptococcus neoformans em camundongos swiss. Sete dias apds a infecc¢do, os
camundongos foram divididos em grupos e tratados por via intraperitonial com [B-lap
(10 mg/Kg) por 7 e 14 dias. O tratamento com PB-lap reduziu as leveduras do bago e do
figado ap6s sete dias, e a carga de fungos diminuiu cerca de 10* vezes nos pulmdes e no
cérebro 14 dias apds a infec¢do, quando comparado ao grupo controle (tratados com
tampdo PBS), evidenciando o potencial antifingico da 3-lap.

A atividade tripanossomicida in vitro de vdrias quinonas, dentre elas a B-lap foi
evidenciada por Salas e colaboradores (2008). Os resultados mostraram inibi¢do do
crescimento das formas epimastigotas de 7. cruzi e os compostos testados apresentaram
atividade similar ou maior quando comparado com firmacos tripanossomicida
convencionais, como nifurtimox e benzonidazol. Silva e colaboradores (2003) ressaltam
a acdo mais ativa contra o Trypanosoma cruzi da B-lap quando comparada a do seu
isdmero natural, a-lapachona.

Estudos descritos por Moon e colaboradores (2007) avaliaram o mecanismo
molecular de acdo da B-lap na expressdo do 6xido nitrico (NO), da cicloxigenase (COX-
2), das prostaglandinas E, e das citocinas proinflamatérias (IL-1B, IL-6 e TNF-a) em
células de microglia da linhagem BV2. O tratamento com [-lap inibiu
significativamente o 6xido nitrico e a liberacdo de prostaglandinas E2 na microglia. Liu

e colaboradores (1999) avaliaram a ac¢fo antiinflamatéria da -lap e também puderam
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observar a inibi¢do da produgdo de NO em macréfagos alveolares e em vasos isolados
de ratos. Estes resultados demonstram que a -lap apresenta potencial anti-inflamatério

para atenuar doengas inflamatorias.

2.1.1.1. Atividade antiproliferativa e antitumoral

O crescimento no indice de casos de cancer impulsiona a busca por novos
tratamentos envolvendo o desenvolvimento de agentes antitumorais que alcancem o
efeito terapéutico desejado com conseqiiente reducdo dos efeitos colaterais. Neste
aspecto, a B-lap tem sido amplamente investigada nos dltimos anos, pois esta molécula
possui atividades antiproliferativa e antitumoral comprovadas por diversas pesquisas.
Os estudos de atividade antitumoral da B-lap estdo sendo direcionados a desvendar os
mecanismos bioquimicos relacionados a esta agdo anticancer utilizando diferentes
linhagens celulares de cincer de mama (Pink et al., 2000), colo-retal (Huang et al.,
1999), pancreas (Ough et al., 2005), prdstata (Planchon et al., 2001), melanomas (Li et
al., 2000) e leucemias (Planchon et al., 1995). Sabe-se que células normais sdo
relativamente mais resistentes a B-lap do que as células tumorais em cultura (Li et al.,
2003).

Virios estudos relatam a acdo inibitéria da [-lap sobre as enzimas
topoisomerases I e II, como mostra a Figura 4. Estas enzimas atuam sob o DNA nos
processos de replicacdo e de transcricdo (Li et al., 1993a; Frydman et al., 1997). Os
primeiros relatos relacionaram a atividade da B-lap com a inibicdo da topoisomerase I,
que retém a enzima no DNA bloqueando assim, a continuidade do processo replicativo
e induzindo a apoptose (Boothman et al., 1989; Planchon et al., 1995; Li et al., 1995).
De acordo com Li e colaboradores (1993a), este mecanismo de acdo da B-lap sobre a
topoisomerase I apresenta-se diferente em relag@o a outros farmacos antitumorais, como
a camptotecina, a qual atua estabilizando o complexo enzima-DNA. A incubagio direta
desta substincia com a topoisomerase I, antes da adicdo de DNA como substrato,
aumenta drasticamente o efeito inibitério, sugerindo a interagdo direta da B-lap com a
topoisomerase . Posteriormente, se provou a acdo da [-lap sobre a enzima
topoisomerase II, inibindo sua atividade, o que resulta em citotoxicidade. A
topoisomerase Il € uma enzima fundamental para o funcionamento normal da célula,
pois ela mantém a integridade do DNA, reparando-o quando danificado (Frydman et al.,

1997).
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Fig. 4. Acdo inibitéria da B-lap sobre as enzimas Topoisomerases I e II. (Fonte: Silva

et al., 2003).

Verificou-se que o efeito citotéxico da PB-lap é aumentado significativamente
pela presenca da NAD(P)H: quinona oxidorredutase 1 (NQOI1), uma flavoproteina
super-expressa (até 20 vezes mais do que em células normais) em uma variedade de
células cancerigenas. Na presenca da NQOI1, a B-lap induz o estresse oxidativo nas
células, devido a formacdo de espécies reativas de oxigénio (H,O, e O,), desencadeando
a apoptose das células cancerigenas (Planchon et al., 2001; Reinicke et al., 2005; Blanco
et al., 2007). Pink e colaboradores (2000) mostraram que a resposta citotéxica das
células de cancer de mama a B-lap foi evidenciada pela expressao de NQOI. Nesse
estudo, desenvolveu-se a transfec¢do de uma linhagem celular deficiente na expressdo
de NQO1 (MDA-MB-468) com um plasmideo de expressdo de NQOI1. Observou-se
que apés o tratamento das células com a B-lap (solubilizada em Me,SO e adicionada a
cultura de células na diluicao 1:1000), obteve-se um aumento da resposta apoptdtica e
da letalidade. Planchon e colaboradores (2001) constataram que a expressdo da enzima
NQO1 em células prostdticas cancerigenas (LNCaP) € o fator determinante para a

apoptose e letalidade ap6s exposicio a -lap (concentragdo de 25 UM e solubilizada em

25
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DMSO). Em seus experimentos, células LNCaP deficientes de NQOI1 foram
significativamente mais resistentes a apoptose do que as células expressoras de NQO1.
Os estudos de Ough e colaboradores (2005) mostraram que a B-lap apresentou atividade
antiproliferativa e antitumoral in vitro e in vivo, respectivamente contra células de
cancer de pancreas (MIA PaCa-2), devido a alta expressdo de NQOI. Nos estudos in
vivo, células tumorais MIA PaCa-2 (2 x 10% foram inoculadas por via subcutdnea
nos camundongos. O tratamento dos animais envolveu a administragio da [-lap
solubilizada em DMSO (50 pM, 250 uM ou 500 uM) ou complexada com
hidroxipropil-B-ciclodextrina (50 mg/Kg ou 75 mg/Kg) por via intratumoral ou
intraperitonial. Observou-se que a B-lap solubilizada em DMSO demonstrou maior
inibi¢do tumoral quando administada por via intratumoral em comparacdo a via
sistémica. Além disso, a inibi¢do tumoral da B-lap foi maior quando complexada com a
hidroxipropil-B-ciclodextrina do que dissolvido em DMSO. Além disso, constatou-se
que as células de cancer de pancreas foram mais sensiveis a B-lap do que as células
normais, assim como evidenciado nos estudos de Planchon e colaboradores (2001). Em
todos os estudos descritos (Pink et al., 2000; Planchon et al., 2001; Ough et al., 2005), a
administracdo concomitante do dicumarol, um inibidor de NQO1, com a B-lap protegeu
significativamente as células que expressam NQO/1, bloqueando a resposta apoptdtica e
letalidade, reduzindo assim, a citotoxicidade da B-lap.

Estudos mostram que as células tumorais expressam mutagdo na via p53 (Huang
et al.,, 1999). A B-lap tem mostrado induzir morte celular apoptdtica em linhagens
celulares cancerigenas humanas, como leucemia e cincer de prostata por via pS53
independente (Chau et al., 1998; Li et al., 1999). Huang e colaboradores (1999)
avaliaram o efeito citotoxico da B-lap em células de cancer do célon humano e
constataram que a B-lap induziu a apoptose das células tumorais independente da
expressao da proteina p53.

A B-lap também atua pela ativacdo direta dos checkpoints, pontos de checagem
que ocorrem em cada fase do ciclo catalitico e expressam a acdo da topoisomerase |
como, por exemplo, os pontos de checagem G1 e S. A acdo do checkpoint consiste em
controlar o dano no DNA, perceber os danos, traduzir a informagfo e executar a
resposta ao dano no DNA. As células entdo sofrem apoptose quando o dano é

irreversivel, ou quando as condi¢bes sdo adversas para o seu crescimento. Os
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checkpoints sdo deprimidos nas células cancerigenas, resultando em actimulo de dano
genético (Li et al., 2003).

Outro fator importante no mecanismo de agdo da [B-lap relaciona-se com a
inibi¢do da telomerase, enzima responsdvel pela adi¢do de repeticdes teloméricas
(teldmeros) no fim da replicacdo dos cromossomos (Oulton et al., 2000), os quais
estabilizam o cromossomo prevenindo a perda de informacdo genética. Em células
somdticas humanas normais com pouca ou nenhuma atividade da enzima telomerase, os
DNAs teloméricos diminuem progressivamente com cada divisdo celular. Teldmeros
muito pequenos sugerem uma parada irreversivel de ciclo celular e envelhecimento
celular (Odago et al., 2003). Dessa forma, a B-lap atua nas células de cancer inibindo a
telomerase, contribuindo assim, para a inibicdo de processos tumorais (Woo et al.,

2005).

Li e colaboradores (1999) demonstraram em estudos in vitro e in vivo que a -
lap combinada com outras substancias que atuam em diferentes mecanismos celulares
pode ser uma boa alternativa quimioterdpica. Os experimentos do estudo in vitro foram
realizados com células humanas de cancer do ovario (A2780DDP), préstata (DU145),
mama (MCF-7 and 21 MT), melanoma (Skmel-28), pulmao (G480), célon (HT-29) e
pancreas (ASPC-1). As células foram tratadas com B-lap (4 uM) e taxol (0,02 uM),
isoladamente e com a associag@o dos dois farmacos. Os estudos in vitro mostraram que
o tratamento com B-lap e taxol, isoladamente diminuem parcialmente a proliferacdo
celular, enquanto que a -lap combinada com o taxol constitui uma associagdo efetiva
contra as células humanas de cancer. Por outro lado, foram realizados estudos in vivo,
inoculando células de cincer de ovédrio em camundongos por inje¢do intraperitonial.
Ap6s dez dias de inoculagido do tumor, os camundongos foram tratados com B-lap (25 —
50 mg/Kg) e ap6s 1 h tratados com taxol (1 mg/Kg). Grupos de camundongos também
foram tratados com B-lap (25-50 mg/kg i.p.) e com taxol (I mg/kg i.p), isoladamente.
Observou-se redugdo pronunciada do niimero de tumores (75%) nos animais tratados
com P-lap, enquanto que os animais tratados com taxol evidenciaram menor redugéo
dos nédulos tumorais (60%). Em contrapartida, evidenciou-se um sinergismo na
combinagdo de B-lap e taxol, eliminando os focos tumorais e confirmando os resultados
do estudo in vitro, sugerindo uma possivel quimioterapia em humanos baseada na

combinagdo destes dois farmacos.
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Apesar da comprovada agdo antitumoral da B-lap, as limitacdes relacionadas ao
cardter hidrofébico e a toxicidade tornam este fiarmaco de limitado uso médico,
necessitando, portanto, de uma alternativa eficaz para sua utilizacdo (Silva et al., 2003).
O desenvolvimento de sistemas de liberacdo controlada de farmacos, tais como
microparticulas, que permitam atingir as células tumorais, mais especificamente do que
o farmaco administrado por formas farmacé€uticas convencionais representam uma
alternativa racional para a administracdo da -lap. Dessa forma, é possivel minimizar os
efeitos colaterais causados por este farmaco, favorecendo o aumento da complacéncia

do paciente ao tratamento (Singh et al., 2009).

2.2. Sistemas de liberacio controlada de farmacos

Os sistemas de liberacdo controlada atuam de forma a permitir que o farmaco
tenha sua eficicia e seguranga aumentada durante a terapia, uma vez que eles sdo
absorvidos ou encapsulados nos carreadores, atenuando as complicagdes decorrentes do
tratamento por formas farmac€uticas convencionais. O tratamento por sistemas
farmacé€uticos convencionais pode ocasionar uma baixa eficicia terapéutica, os quais
muitas vezes acarretam risco a saide dos pacientes (Hamidi et al., 2008).

A Figura 5 representa um esquema ilustrativo da farmacocinética de sistemas
farmacé€uticos convencionais e sistemas de liberagdo controlada de firmacos. Pode-se
observar que as formas de dosagem convencional conduzem freqlientemente a picos
altos de concentragdes do fairmaco na corrente sanguinea. A maioria do contetido do
principio ativo € liberado logo apds a sua administracdo, causando rdpido aumento da
concentracdo do farmaco nos niveis plasmdticos. O pico e o declinio sdo agudos,
causando possiveis efeitos colaterais, bem como ineficiéncia (nivel subterapéutico),
respectivamente (Hamidi et al., 2008; Singh et al., 2009). Por outro lado, os sistemas de
liberag@o controlada permitem a aplicacdo de farmacos com baixo indice terapéutico;
liberacdo controlada do farmaco; direcionamento a alvos especificos; protecio do
principio ativo; redu¢do do nimero de doses e quantidade do fairmaco administrado,
bem como manutencdo da concentracdo plasmadtica constante do principio ativo,
diminuindo o aparecimento de doses toxicas e sub-terapéuticas; reducdo de efeitos
adversos; maior conveniéncia para o paciente; e reducio dos custos na saide (Brannon-

Peppas, 1995; Petitti et al., 2008).
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Fig. 5. Farmacocinética de sistemas farmacéuticos convencionais e sistemas de

liberacao controlada de farmacos (Fonte: Lira. 2007).

2.2.1. Microparticulas

A microencapsulagdo surgiu na década de sessenta com o objetivo da
transformac@o de liquidos em pdés com tamanho de particulas na escala micrométrica. A
microencapsulacdo apresentam ampla aplicacdo tecnoldgica nas inddstrias alimenticia,
téxtil, farmacéutica e cosmética, permitindo a protecdo de substincias ldbeis e volateis e
o controle da liberacdo do farmaco encapsulado. Associado a estas vantagens, permite
melhorias na biodisponibilidade e reducio da dose terapéutica e toxicidade do principio
ativo (Pimentel et al., 2007).

Microparticulas poliméricas estdo sendo cada vez mais investigadas por suas
propriedades de liberacdo controlada do farmaco encapsulado. O termo microparticulas
¢ definido como pequenas particulas sélidas e esféricas com diametro variando de 1 a
1000 pm (Tan et al., 2010). As microparticulas poliméricas podem ser classificadas
como microesferas ou microcdpsulas, diferindo com relacdo a estrutura da particula,
conforme representado na Figura 6.

Denominam-se microesferas sistemas de matrizes sélidas onde um material
polimerizado forma uma rede tridimensional, na qual a substincia ativa pode ser
adsorvida, incorporada ou ligada covalentemente na matriz polimérica ou na superficie.
Por outro lado, as microcdpsulas sdo sistemas do tipo reservatério formadas por uma
cavidade central oleosa denominada niicleo e um material de parede ou revestimento,
que circunda a regido central, de modo que o principio ativo pode estd contido no

nucleo oleoso e/ou disperso na parede polimérica (Silva et al., 2003b).

29
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(a)

Fig. 6. Esquema ilustrativo diferenciando os tipos de microparticulas: microesferas (a)

e microcdpsulas (b). (Fonte: Pimentel et al., 2007).

A microencapsulacdo € uma técnica que permite encapsular substincias sélidas
ou liquidas no interior de matrizes poliméricas ou revesti-las com polimeros. De acordo
com Silva e colaboradores (2003b), esta técnica tem sido utilizada, especialmente na

area farmacéutica, podendo ser utilizada com as seguintes finalidades:

. Produ¢do de formas farmacé€uticas de liberagdo controlada, sustentada e
vetorizada;
o Diminuir as flutuagdes plasmaticas de certos farmacos, diminuindo ocorréncia

de efeitos colaterais, especialmente quando administrado por via oral;
o Proteger substincias que degradam facilmente pela acdo de agentes externos,

tais como umidade, luz e oxigénio, promovendo uma melhoria na sua estabilidade;

o Proteger farmacos degradaveis no trato gastrointestinal;
o Mascarar o sabor e/ou odor desagradaveis de certas substincias;
o Conversdo de liquidos em soélidos.

Devido as vatangens da microencapsulacdo, uma variedade de compostos
bioativos das mais diversas classes terapéuticas tém sido incorporados em
microparticulas, como  antibidticos,  anticancerigenos,  antituberculostdticos,
antifingicos, antiinflamatdrios, analgésicos, proteinas, antivirais, dentre outros, e
versatilidade de vias de administracdo (oral, intramuscular, subcutinea, bioadesiva,

injetavel, pulmonar) estando alguns destes exemplos descritos na Tabela 1.
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Tabela 1. Exemplos de sistemas de liberacdo microparticulados de agentes terapéuticos.

Sistema Via de Farmaco Indicacao
microparticulado Administracao Terapéutica
PLGA/quitosana Oral Paclitaxel Antitumoral
(Chakravarthi et al.,
2011)
PLGA Injetavel Lidocaina Anestésico
(Klose et al., 2006)
PLGA Injetavel Acido Usnico Antitumoral

(Ribeiro-Costa et al.,

2004)
PLGA Oral Trans- Hipoglicemiante
desidrocrotonina
(DCTN)
(Morais et al., 2009)
PLGA/Alginato Oral Paracetamol Analgésico
(Wang et al., 2010)
PLGA/Quitosana Nebulizacgdo Rinfampicina Antituberlostética
(Aerosol) (Manca et al., 2008)
Alginato/Quitosana Oral Tamoxifeno Antitumoral
(Coppi et al., 2009)
Alginato/Quitosana Oral Budesonida Anti-inflamatério

(Crcarevska et al.,

2008)

A determinagdo do sistema de liberagdo estd relacionada principalmente, a sua
biodegradabilidade, biocompatibilidade, as propriedades do farmaco e a via de
administracdo (Rossi-Bergmann, 2008). Visando o desenvolvimento de sistemas de
liberacdo controlada da P-lap por via oral, torna-se vidvel a incorpora¢do em
microparticulas poliméricas. A escolha de sistemas microparticulados para

administracdo por via oral tem como suporte estudos que mostram que o uptake celular
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de microparticulas € significativamente aumentado em comparagdo com as
nanoparticulas em células Caco-2 (Chakravarthi et al., 2011). Por outro lado, os
lipossomas apresentam limitacdes para a administracdo por via oral, pois ndo sdo
resistentes as variagdes do trato gastrointestinal, sendo afetados pelos sais biliares que
se incorporam em suas membranas, induzindo mudanga da fase lamelar para micelar,
gerando uma série de desestabilizacdes (Machado et al., 2007).

Consta na literatura o desenvolvimento de complexos de inclusdo P-lap:2-
hidroxipropil-B-ciclodextrina encapsulado em lipossomas. Os resultados mostram a
formagdo do complexo de inclusdo e uma possivel mudanga na farmacocinética da B-lap
(Cavalcanti et al., 2011). Entretanto, objetivando a administragdo oral da -lap torna-se
necessdrio o desenvolvimento de sistemas com propriedades que favorecam a sua
veiculagd@o no transito gastrointestinal e sua associacdo com a mucosa intestinal e uptake
celular. Assim, sistemas microparticulados com estrutura nicleo-coroa constituidos de
PLGA e quitosana apresentam as caracteristicas necessdrias para a veiculacdo de

farmacos por via oral (Chen et al., 2009; Semete et al., 2010; Chakravarthi et al., 2011).

2.2.1.1. Polimeros utilizados na preparacao de microparticulas

Sistemas particulados poliméricos podem ser produzidos em escalas nano e
micrométrica, consistindo em sélidos bioerosiveis capazes de incorporar intmeros
agentes terapéuticos (Wischke et al., 2008). Muitos materiais podem ser utilizados para
a obtencdo de microparticulas, tais como os polimeros naturais (gelatina, goma arabica,
alginato, quitosana e os derivados celuldsicos), assim como o0s polimeros
biodegradaveis sintéticos. Dentre os polimeros sintéticos, destacam-se os poli (ésteres)
alifaticos como o acido lactico (PLA), o acido glic6lico (PGA) e seu copolimero acido
lactico-co-glicdlico (PLGA) que té€m sido alvo de muitos estudos (Ferndndez-Carballido

et al., 2008; Garbayo et al., 2008).
2.2.1.1.1. Acido lactico-co-glicélico (PLGA)
Os copolimeros de PLGA sdo formados por unidades monoméricas de acido

lactico e acido glicélico (Fig. 7). O acido lactico € mais hidrofébico em comparacio ao

dcido glicdlico e dessa forma, copolimeros de PLGA ricos em 4cido lctico apresentam-
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se com caracteristica menos hidrofilica, devido a uma menor absor¢do de &gua,

favorecendo a uma degradac¢do mais lenta (Jain et al., 2000).
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Fig. 7. Estrutura molecular do 4cido glicélico (PGA), do 4cido lactico (PLA) e do 4cido

lactico-co-glicolico (PLGA). (Disponivel em: http://www.drugdeliverytech.com).

Nas dltimas décadas, poliésteres como o PLGA tém sido amplamente utilizados
nas areas farmacéutica e biomédica como sistemas de liberacao controlada de farmacos,
tais como microparticulas e nanoparticulas e, como engenharia de tecidos, devido a sua
biodegradabilidade e biocompatibilidade. Ele ¢ um dos poucos polimeros sintéticos
aprovados para uso clinico em humanos (Fredenberg et al., 2011). Ha cerca de 40 anos,
tais poliésteres alifaticos sintéticos sdo amplamente empregados como suturas médicas,
explorando justamente suas propriedade biodegradaveis e bioreabsoviveis (Wang et al.,
2010). Originalmente usados como fios de sutura (Dexon®, Vicryl®, Maxon®, PDS®,
etc), atualmente podem ser encontrados em diversos produtos comerciais de fixacdo
Ossea, também aprovados pelo Food and Drug Administration (FDA), (Biofix®,
FixSorb®, Neofix®, ResorPin®, etc) (Barbanti et al., 2005).

De acordo com a Figura 8, o PLGA é um polimero relativamente hidrofébico,
instavel em condi¢des de umidade e sua biodegradagao resulta em subprodutos atéxicos
(4cido lactico, 4cido glicdlico, didxido de carbono e dgua). As unidades monoméricas
do PLGA s@o eliminadas pelo organismo através do ciclo de Krebs, como didxido de
carbono e dgua, podendo sua eliminacdo ser feita através da urina e da respiracdo

(Barbanti et al., 2005).
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Fig. 8. Rota metabdlica de bioreabsor¢do dos poliésteres (PLA e PGA). (Fonte: Barbanti
et al., 2005).

A baixa imunogenicidade, baixa toxicidade, boas propriedades mecanicas e uma
cinética de biodegradacgao previsivel sdo algumas das propriedades que justificam o uso
difundido do PLGA na preparacio de sistemas micro e nanoparticulados (Tabela 1) (EI-
Sherbiny et al., 2011).

O desenvolvimento de sistemas microparticulados bioadesivos representa uma
op¢ao vidvel para os sistemas de liberagdo controlada de fairmacos para a administracio
por via oral. Assim, o revestimento da superficie das microparticulas de PLGA por um
polimero bioadesivo, tal como a quitosana favorece a intera¢do das particulas com a
superficie da mucosa intestinal, aumentando a probabilidade do uptake celular (Zheng et

al., 2004; Chen et al., 2009; Semete et al., 2010; Parveen et al., 2011).

2.2.1.1.2. Quitosana

Dentre os polimeros naturais, a quitosana destaca-se por ser um polimero

hidrofilico, biocompativel, biodegraddvel e de baixa toxicidade (Sinha et al., 2004).

34
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A quitosana (Fig. 9a) é um polissacarideo definido como um copolimero linear
de 2-amino-2-desoxi-D-glicopiranose (D-glicosamina) e 2-acetamida-2-desoxi-D-
glicopiranose (N-acetil-D-glicosamina), de composicdo varidvel em funcdo do grau
residual de acetilagdo, cujas unidades sdo unidas por liga¢des glicosidicas B-(1,4)
(George et al., 2006; Pillai et al., 2009). A quitosana pode ser obtida a partir da quitina
pela reagdo de desacetilacdo em solugdes alcalinas (Silva et al., 2006), ou ainda pode
estd presente naturalmente na parede celular de alguns fungos, como aqueles
pertencentes aos géneros Mucor e Zygomycetes (Amorim et al., 2003, Amorim et al.,
2006). A quitina (Fig. 9b) é o segundo polissacarideo mais abundante na natureza
seguido da celulose, sendo o principal componente do exoesqueleto de crusticeos e
insetos, constituindo também a parede celular de fungos e leveduras (Silva et al., 2006;
Onesippe et al., 2008; Zhu et al., 2009). Na quitina, o grau de acetilacdo (DA) é
normalmente 0.90, enquanto na quitosana, um derivado N-desacetilado da quitina, o DA

¢ inferior a 0.35 (Pillai et al., 2009).
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Figura 9. Estrutura quimica da quitosana (a) e da quitina (b).
(Fonte: Pillai et al., 2009).

Na producdo de quitosana pelo processo de desacetilagio da quitina, os
grupamentos acetil (-COCH3) da quitina sdo substituidos em graus variados por

hidrogénio formando grupos amino reativos (-NH;), na posi¢do do carbono-2 de cada
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unidade glicosidica (Antonino, 2007). Devido a presenga de amino grupos primarios na
sua estrutura, a quitosana apresenta propriedades interessantes para utilizagdo na drea
farmacéutica. Comparada a muitos outros polimeros naturais, a quitosana tem a
vantagem de apresentar carga positiva, o que confere & mesma propriedade de
mucoadesividade a superficies negativas, como a mucosa intestinal (Hejazi et al., 2003).

A quitosana tem sido extensivamente utilizada no desenvolvimento de sistemas de
liberag@o de fairmacos, apresentando vantagens relacionadas a habilidade de modificar a
liberag@o de substancias ativas, possibilidade de utilizagdo de técnicas de obtengdo que
ndo envolvam solventes orginicos e, principalmente, a propriedade de
mucoadesividade, que aumenta o tempo de associacdo com a mucosa intestinal (Kumar,
2000). A propriedade de mucoadesdo apresentada pela quitosana representa uma
caracteristica importante na sua aplicacio como polimero de revestimento de
microparticulas veiculadas por administragdo oral. Isto estd relacionado com a interacéo
estabelecida com a mucosa intestinal permitindo um maior tempo de permanéncia das
particulas neste meio e favorecendo o transporte através das células intestinais (Manca

et al., 2008; Chakravarthi et al., 2011).

2.2.2. Métodos de preparaciao de microparticulas

O processo de microencapsulagio € realizado por diferentes métodos
favorecendo a formag@o de microparticulas com tamanho reduzido e com versatilidade
e adaptacdo a uma grande variedade de formas farmacéuticas. As caracteristicas dos
sistemas de liberacdo dependem, dentre outros fatores, do método de preparagdo (Dillen
et al., 2004). Dessa forma, durante a escolha do método de microencapsulacdo é
importante conhecer as caracteristicas fisico-quimicas do farmaco e do polimero, quanto
a polaridade, solubilidade, estabilidade, taxa de degradagdo e o ponto de fusdo. A
propriedade do fiarmaco mais importante a ser avaliada para o estudo inicial da
microencapsulacdo € a sua solubilidade em &gua, em solventes organicos e em
cosolventes (Silva et al., 2003b).

Os sistemas microparticulados podem ser desenvolvidos por métodos distintos,
tais como: a coacervagdo simples, a coacervacdo complexa, a emulsdo e evaporagdao do
solvente, polimerizacdo interfacial e spray drying (Reis et al., 2006).

Dentre os sistemas microparticulados desenvolvidos para formulagdo de

microparticulas de PLGA, o método de formula¢do mais usado é o de emulsificacio
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seguido por evaporacdo do solvente. Manca e colaboradores (2008) desenvolveram
microparticulas de PLGA contendo rifampicina utilizando a técnica de emulsificacdo
seguida de evaporacdo do solvente, obtendo formula¢des com distribuicio homogénea
das particulas e boa eficiéncia de encapsulacdo do farmaco. Resultados semelhantes
foram encontrados por Klose e colaboradores (2010) ao encapsular ibuprofeno em
microparticulas de PLGA por emulsdo multipla 4gua em 6leo em dgua (a/o/a) com

evaporacdo do solvente.

2.2.2.1 Emulsoes

Emulsdes sdo sistemas heterogéneos, termodinamicamente instaveis, definidos
como a mistura intima de dois liquidos imisciveis, um dos quais estd disperso no outro
na forma de glébulos. De acordo com a hidrofilia ou lipofilia da fase dispersante, estes
sistemas classificam-se em 6leo em dgua (o/a) ou dgua em 6leo (a/o). As emulsdes, em
geral sdo compostas por trés fases: fase aquosa, fase oleosa e fase emulsificante
(Florence et al., 1998). As propriedades fisico-quimicas destas fases influenciam o
processo de obtencdo, o comportamento de fases, o tipo e a estabilidade do sistema em
dispersdo (Bouchama et al., 2003). Os agentes tensoativos ou emulsificantes sdo
moléculas com caracteristicas anfifilicas que se adsorvem na interface entre a fase
dispersa e a dispersante durante o processo de emulsificacdo, e podem prontamente
prevenir fendomenos de instabilidade, e conseqiientemente uma possivel separacdo de
fases (Florence et al., 1998).

Os métodos de emulsificacio com evaporacdo do solvente costumam ser
bastante utilizados e envolvem a formagdo de emulsdes com fases aquosas e oleosas
organicas com a retirada do solvente orgénico ao final do processo. O polimero e o
farmaco séo solubilizados nas fases apropriadas e estas sdo emulsificadas em uma fase
continua (aquosa ou oleosa) contendo um emulsificante adequado com um baixo poder
de solubilizag¢do do farmaco. No caso de fases continuas aquosas, o dlcool polivinilico
(PVA) € o emulsificante mais usado. Ao final do processo, os solventes volateis podem
ser removidos por evaporagdo ou por extracdo da fase externa (Wischke et al., 2008).
Os métodos de emulsificagdo desenvolvidos podem ser emulsdes simples ou ainda
emulsdes multiplas.

Emulsdo multipla sdo sistemas onde os dois tipos de emulsdo (a/o e o/a ou o/a e

a/o) existem simultaneamente, podendo assim ser do tipo d4gua em 6leo em dgua (a/o/a)
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ou 6leo em agua em 6leo (0/a/o). Estas emulsdes possuem vdrias aplicagdes em areas da
inddstria cosmética, farmacéutica, alimenticia e quimica em geral (Reis et al., 2006).
Este sistema apresenta propriedades particulares, tais como: (a) capacidade de
incorporagdo de ativos cosméticos ou farmacos; (b) prote¢do da substincia encapsulada
quanto a processo de oxidacdo; (c) habilidade de veicular substancias incompativeis, por
exemplo, com caracteristicas hidrofilico/lipofilico/hidrofilico para emulsdes a/o/a,
respectivamente, em um mesmo sistema e (d) liberacdo prolongada do ativo ou farmaco
encapsulado (Yu et al., 2003). Na formagdo de emulsdes madltiplas usa-se
frequentemente os emulsificantes PEG e PVA para estabilizar a fase interna da emulsdo
simples e a fase continua da emulsdo multipla, respectivamente (Li et al., 2008). O PEG
€ amplamente utilizado na inddstria farmacéutica devido a sua baixa toxicidade e
periculosidade, sendo, portanto aprovado pelo Food and Drug Administration (FDA).
Ribeiro-Costa e colaboradores (2004) relataram que a presenca do PEG como
emulsificante da emulsdo simples na primeira fase aquosa do sistema melhorou a
morfologia das microesferas de PLGA. Além disso, especulou-se que algumas
moléculas do PEG podem formar blendas com o PLGA. Uma fragdo substancial do
PEG € normalmente eliminado no processo de lavagem das microesferas. Por outro
lado, o PVA utilizado na fase continua da emulsdo multipla favorece a uma diminui¢éo
da tensdo superficial entre a fase aquosa e organica, reduzindo o tamanho dos glébulos
da emulsdo madltipla e consequentemente, no tamanho das particulas. O PVA ¢é
eliminado no processo de lavagem das microparticulas (Li et al., 2008).

As técnicas com evaporagdo do solvente apresentam vdrias vantagens, tais
como: possibilidade do uso de polimeros insoldveis em agua, producdo de amostras
monodispersas com controle do tamanho das particulas e consequente da cinética de
liberagdo do farmaco; eficiéncia de encapsula¢do adequada para fairmacos hidrofébicos
e hidrofilicos e a possibilidade de transposicdo para a escala industrial (técnica ja

utilizada em industrias farmacéuticas) (Li et al., 2008).

2.2.3. Absorcao de microparticulas pelo trato gastrointestinal

A administracdo de farmaco por via oral é considerada a via mais conveniente e

segura (Coppi et al.,, 2006; Pinto et al., 2010). A sua caracteristica ndo-invasiva

relacionada a vantagem de evitar a dor e o desconforto associado a aplicacdo de
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injecdes, bem como a eliminag¢do de contaminagdes a torna uma via de administracio
que permite uma maior adesdo do paciente ao tratamento (Rieux et al., 2006).

Entretanto, um farmaco administrado oralmente necessita chegar a circulagio
sistémica a fim de que atinja o local de a¢do na quantidade e velocidades adequadas de
modo a assegurar sua eficacia (Pinto et al., 2010). A biodisponibilidade oral do fairmaco
¢ influenciada por diversos fatores e alguns deles ocorrem mesmo antes que o farmaco
atravesse as membranas do trato gastrintestinal, ou seja, quando o farmaco ainda se
encontra no préprio limen intestinal. Por exemplo, o pH do limen pode afetar a
desintegracio, dissolugdo e a estabilidade do medicamento e do fairmaco. Além disso, a
permeabilidade intestinal varia conforme os locais especificos do trato gastrintestinal
(Wu et al.,1995).

Dessa forma, a administracdo oral de farmacos encapsulados em micro ou
nanoparticulas resistente ao ambiente gastrointestinal e transportado através de células
do epitélio intestinal podem representar uma ferramenta eficaz para melhorar a
biodisponibilidade oral de moléculas caracterizadas pela instabilidade no trato
gastrintestinal e baixa permeabilidade intestinal (Coppi et al., 2010; Makhlof et al.,
2011).

A passagem através do epitélio intestinal é fundamental para obter
disponibilidade sistémica de um farmaco administrado por via oral. O epitélio intestinal
€ formado por uma monocamada de células epiteliais constituidas essencialmente pelos
enterdcitos e células caliciformes, que se ligam nas superficies apicais por juncdes
paracelulares e estdo cobertas a superficie por uma camada de muco (Silva et al.,
2002a). O trato gastrointestinal necessita absorver os compostos essenciais €, a0 mesmo
tempo, ele deve atuar como uma barreira para impedir a entrada dos compostos
indesejados potencialmente toxicos ao organismo. Com isso, o trato gastrointestinal
apresenta mecanismos que funcionam como uma barreira seletiva de permeabilidade
para o transporte através do epitélio intestinal (Ensign et al., 2011).

Alguns mecanismos para a absor¢do de microparticulas no intestino apds a
administracdo oral sdo descritos na literatura (Florence, 1997; Riuex et al., 2006; Coppi
et al., 2009). Trés possiveis rotas sdo identificadas para o transporte através do epitélio
intestinal (Fig. 10): (1) Através das Células-M das Placas de Peyer do tecido linféide
associado ao intestino (GALT); (2) Transporte transcelular através dos enterdcitos; (3)

Transporte paracelular através das jungdes oclusas entre as células.
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Fig. 10. Representacdo das trés possiveis rotas de entrada das microparticulas no
sistema linfatico e circulacdo sanguinea. (1) Células-M das placas de Peyer; (2)
Transporte transcelular via enterdcitos; (3) Transporte paracelular através das

juncgdes oclusas entre as células. (Fonte: Florence, 1997).

As células-M das placas de Peyer sdo células especializadas para transportar via
endocitose materiais microparticulados do limen intestinal para células linféides intra-
epiteliais e, subsequentemente do sistema linfitico para a circulacdo sanguinea
(Florence, 1997; Coppi et al., 2009). De acordo com Lubben e colaboradores (2001),
microparticulas com didmetro menor que 10 um sdo capturadas pelas células-M e
transportadas pelas placas de Peyer, de modo que particulas menores que 5 wm sdo mais
facilmente transportadas através dos vasos linfaticos. Coppi e colaboradores (2006)
mostraram que microparticulas de alginato/quitosana foram absorvidas pelas placas de
Peyer em um modelo animal de ratos, confirmando o tranporte através das células-M,
assim como sua presencga no epitélio intestinal.

O transporte passivo transcelular ocorre com a penetracio do farmaco pela
membrana apical, seguido pela sua difusdo através do citoplasma e subseqiiente
permeacdo pela membrana basolateral. O transporte paracelular ocorre pela passagem
através dos espacos intercelulares. De acordo com Silva e colaboradores (2002a), a
quitosana € capaz de promover o transporte paracelular, pois promove a abertura das

N

jungdes oclusas intercelulares devido a interacdo de seus grupos amino, carregados
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positivamente, com grupos sidlicos, carregados negativamente, das gliproteinas ligadas
a membrana.

O desenvolvimento de microparticulas com estrutura ndcleo-coroa apresenta
caracteristicas vantajosas para a absorcdo pelo trato gastrointestinal. Microparticulas
nudcleo-coroa consistem na formacdo de um nicleo de um polimero circundado pelo
revestimento de um segundo polimero (Wang et al., 2010). Virias formas de
modificacdo da superficie dos sistemas micro/nanoparticulados tém sido relatadas, tais
como o revestimento por polissacarideos como a dextrana, fucana e quitosana (Lira et
al., 2011, Chakravarthi et al., 2011). As particulas nicleo-coroa apresentam vantagens
em comparagdo as microparticulas ndo revestidas, as quais estdo relacionadas,
principalmente a reducdo do efeito burst na liberagdo do farmaco (Wang et al., 2010).

Assim, as microparticulas nucleo-coroa revestidas por quitosana podem ser
aplicadas a administracdo de farmacos por via oral, devido a adesdo celular promovida
pela interacdo da quitosana com superficies negativas, como a mucosa intestinal.
Chakravarthi e colaboradores (2011) e Tahara e colaboradores (2009) demonstraram
que o revestimento das particulas de PLGA com quitosana aumentou significativamente
0 uptake celular independente do tamanho da particula. O revestimento de
micro/nanoparticulas pode ser obtido pelos métodos de adsorcdo, incorporacdo,
copolimerizacdo ou ligacdo covalente (Chakravarthi et al., 2011).

Dessa forma, o desenvolvimento de microparticulas de PLGA revestidas por
quitosana formando particulas com estrutura nicleo-coroa representa uma proposta em
potencial para o tratamento do céncer, especialmente do trato gastro-intestinal. Deste
modo é possivel potencializar a atividade anticancerigica da -lap através de sistemas
microparticulados administrados por via oral, a qual representa uma via de maior

aceitacdo devido a sua natureza nfo invasiva.
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4. OBJETIVO GERAL

Este estudo tem o objetivo de desenvolver microparticulas nicleo-coroa de PLGA
e quitosana contendo B-lap com propriedade bioadesivas para administragdo oral. Além
disso, propde caracterizd-los quanto as propriedades fisico-quimicas, assim como

avaliar a cinética de libera¢ao da B-lap in vitro.

4.1. OBJETIVOS ESPECIFICOS

e FElaborar microparticulas nicleo-coroa de PLGA revestidas por quitosana

contendo B-lapachona;
e Verificar a eficiéncia de encapsulacdo da -lapachona nas microparticulas;

e Caracterizar a formacdo de microparticulas nticleo-coroa através da carga de

superficie das microparticulas com medi¢do do potencial Zeta;

e Caracterizar morfologicamente as microparticulas por Microscopia Eletronica de

Varredura (MEV);
e Avaliar a porosidade das microparticulas pelo estudo de superficie e porosidade;

e (Caracterizar as interagdes quimicas entre os polimeros e a P-lapachona nas
microparticulas por andlise espectroscépica por infravermelho (FTIR) e difracdo

de Raio-X;

e Caracterizar as microparticulas por andlise térmica através das técnicas de

calorimetria diferencial de varredura (DSC);

e Avaliar a cinética de liberacdo in vitro da P-lapachona a partir das

microparticulas.
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ABSTRACT

The purpose of this research was to develop core-shell chitosan/PLGA
microspheres containing B-lapachone (B-lap) with bioadhesive properties for oral drug
delivery. B-lap-loaded PLGA-microspheres were prepared using water-in-oil-in-water
double emulsion method and subsequently coated with chitosan (CS) by adsorption at
different polymer ratios (CS:PLGA=0:1, 0.3:1, 0.6:1 and 1:1 w/w). The microspheres
were characterized according to morphology by eletronic microcopy and
physicochemical properties. Furthermore, the drug release kinetics was evaluated
simulating the gastrointestinal medium. The B-lap encapsulation efficiency in chitosan-
coated PLGA microspheres (1:15 B-lap:PLGA, w/w) ranged from 74% to 85%. The
microspheres had a regular spherical shape and mean diameter less than 7 pm. The
positive zeta potential of ~15 mV for chitosan-coated microspheres suggested the
formation of the core-shell chitosan/PLGA microspheres. In the FTIR spectra, DSC and
X-ray diffraction studies revealed drug—polymer interactions suggesting that B-lap was
molecularly dispersed in polymeric matrix of microspheres. The B-lap kinetic profile
from chitosan-coated PLGA microspheres presented a lower burst effect compared with
the uncoated PLGA-microspheres. The 1:1 CS:PLGA microspheres modified the B-lap
release patterns from microspheres, producing lower diffusion speed k, of 0.09 (pH 1.2)
and 0.08 (pH 7.4) compared the other formulations. Thus, the microencapsulation of 3-
lap into chitosan-coated PLGA-microspheres is proposed as oral delivery systems due
gastroresistance properties, even as bioadhesive promoted by chitosan coating that can

facilitate their uptake by intestinal epithelium.

Keywords: B-lapachone, microspheres, PLGA, chitosan, coating, kinetics.
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1. Introduction

The B-lapachone (B-lap) is a semi-synthethic ortho-naphthoquinone derived from
lapachol, which is isolated from Tabebuia avellanedae (Bignoneaceae family), a native
tree originating in South America and with high frequency in Brazil (Jeong et al., 2009).
The B-lap has shown a variety of pharmacological effects, such as antibacterial (Antunes
et al., 2006), antifungal (Medeiros et al., 2010), antitripanossomal (Salas et al., 2008) and
antineoplasic activity (Ough et al., 2005).

The action mechanism of the antiproliferative activity of B-lap is by inhibion of
DNA topoisomerases, which act in the DNA replication and transcription processes
(Frydman et al., 1997). Moreover, -lap cytotoxic effect is significantly enhanced by the
presence of NAD(P)H: quinone oxidoreductase 1 (NQO1), a flavoprotein found
overexpressed in a variety of human cancers (Blanco et al., 2007), such as pancreas (Li et
al., 2011), prostate (Planchon et al., 2001) and breast (Pink et al., 2000).

Even though the potential of B-lap as an anticancer drug, several drawbacks hinder
its administration by conventional dosage forms due to its poor water solubility (0.16
mM) and low biodisponibility may lead toxicity (Ough et al., 2005; Blanco et al., 2007).
Thereby the encapsulation of B-lap in drug delivery systems such as liposomes,
nanoparticles and microspheres becomes an attractive approach to improve its
bioavailability and efficacy. In this way, Cavalcanti et al. (2011) proposed the
encapsulation of B-lap or its hydroxypropyl-B-cyclodextrin inclusion complexes in
liposomes for parenteral administration. However, the oral administration becomes an
interesting choice, because it received great attention due to their noninvasive nature and
suitability for managed release of various medicinal agents, including anticancer drugs
and proteins (Dudhani and Kosaraju, 2010).

In this research, the incorporation of B-lap in chitosan coated PLGA-microparticles
for oral administration is offered taken into accounting the known biadhesive and
prolonged drug release properties of these systems over the uncoated microparticles
(Manca et al., 2008; Tahara et al., 2009; Semete et al., 2010). Chitosan (CS) is a
mucoadhesive polymer that presents permeation enhancing properties by facilitating the
opening of the epithelial tight junctions (Dudhani and Kosaraju, 2010). Thus, the
development of core-shell chitosan-coated PLGA microparticles present advantages for

drug delivery systems, mainly due to the cellular adhesion promoted by interaction of
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chitosan with the negative surfaces, such as intestinal mucosa (Chakravarthi and
Robinson, 2011). In addition, microparticles would offer several advantages as providing
a controlled drug delivery within therapeutic range, allowing less frequent
administrations and reducing toxic effects, thereby increasing patient compliance
(Wischke and Schwendeman, 2008). According the influence of microspheres particle
size in the mechanism of oral drug absorption, Lubben and co-workers (2001) reported
that microparticles smaller than 10 um are taken up by the M-cells and transported into
the Peyer's patches, whereas microparticles smaller than 5 um are more easily transported
through the lymphatic vessels. Moreover, Coppi et al. (2006) showed that
alginate/chitosan microparticles were absorved by Peyer’s patches in adult rats,
confirming the transport of microspheres across M-cells.

Based on these findings, the aim of this study was to develop and characterize core-
shell chitosan-coated PLGA microspheres containing -lap for oral administration as well
as to evaluate the in vitro release kinetics of B-lapachone for a potential cancer treatment

such as gastrointestinal system cancer.

2. Materials and methods

2.1. Materials

The pure P-lapachone obtained from lapachol by a semi-synthetic route was
purchased from Antibiotics Department of the Federal University of the Pernambuco
(Brazil). The poly(D,L-lactic-co-glycolic)-acid (PLGA 50/50, inherent viscosity of 0.57
dl/g) was purchased from Birmingham Polymers (Alabama, US). The chitosan (low
molecular weight, DD 75-85%), polyvinyl alcohol (PVA, MW of 13,000-17,000 Da),
polyethylene glycol (PEG, MW 4,000 Da) and trehalose were obtained from Sigma-
Aldrich (St Louis, US). Solvents and other chemicals were supplied by Merck

(Darmstadt, Germany). All other reagents were of analytical grade.

2.2. Methodology

2.2.1. Preparation of B-lap-loaded PLGA microspheres and chitosan-coated microspheres

The B-lap-loaded PLGA microspheres were prepared using a water-in-oil-in-water

(w/o/w) emulsion solvent evaporation technique according to Ribeiro-Costa et al. (2004).
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Briefly, a simple emulsion (w/0) was prepared by dissolving the PLGA (225 mg) and -
lap (ranging from 11.3 g to 22.5 g) at different drug:polymer ratios (1:10, 1:15, 1:20 w/w)
in dichloromethane (6 mL) and emulsified with an aqueous solution (2 mL) containing
PEG (125 mg) at 5020 g for 1 min (ultra-turrax T25, IKA, Germany). Subsequently, the
w/o emulsion was transfered to an outer aqueous phase (45 mL) consisted of PVA (1.5%,
w/v) and emulsified at 5020 g for 30 s, resulting in a double emulsion (w/o/w). This
emulsion was then maintained under stirring at 400 rpm for 2 h to allow the solvent
evaporation. The microspheres were then recovered through centrifugation (Kubota KN-
70 centrifuge, Japan) at 7840 g for 10 min and washed three times with deionized water
to remove the excess of emulsifiers. Finally, microspheres were dispersed within 1%
(w/v) trehalose aqueous solution, frozen at —80 °C and lyophilized (EZ-DRY, FTS
System, USA) in equipment operating at 200 bars during 48 h. The storage of lyophilized
microspheres was performed at 25 + 1 °C in a vacuum desiccator.

The chitosan-coating of PLGA microspheres containing -lap was carried out by
adsorption of chitosan on the surface of microparticles previously obtained. First, the
chitosan was dissolved in 30 mL of 1% acetic acid (pH 3.6) at different concentrations
(0.25, 0.5 and 0.75%, w/v). Then, B-lap-loaded PLGA microspheres were added to
chitosan solution at different CS:PLGA ratios (0.3:1, 0.6:1 and 1:1, w/w). After stirring
the mixture for 12 h, the chitosan-coated microspheres were recovered by centrifugation
at 7840 g, for 10 min at 4 °C, washed twice with demineralized water and dispersed
within 1% (w/v) trehalose aqueous solution, frozen at —80 °C and lyophilized as

described.

2.2.2. Characterization of microspheres

2.2.2.1. Drug encapsulation efficiency

Accurately weighed amounts of lyophilized microspheres were dissolved in a
mixture of 25 mL of dichloromethane and methanol (3:2) and sonicated for 10 min. The
amount of B-lap in microspheres was determined by spectrophotometry at 256 nm, using
a standard curve of B-lap at concentrations ranging from 0.5 to 3 pg/mL in methanol. The
experiments were carried out in triplicate. The B-lap content was thus used to calculate

the encapsulation efficiency in microspheres according to EE (%)=[(B-lapsound/P-

1aptheorical)>< 1 00] .
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2.2.2.2. Particle size analysis

The volume mean diameter of microspheres (dv) was measured through laser
diffraction technique using a particle size analyzer (Microtrac® $3500, Montgomery
Ville, USA) and the size distribution (span) was calculated by the equation:
span=d(v,0.9)-d(v,0.1)/d(v,0.5), where d(v,0.9), d(v,0.5) and d(v,0.1) are the volume
mean diameters determined at 90", 50™ and 10™ percentile of counted particles,
respectively. For lyophilized microspheres, measurement was performed redispersing

samples in 0.04% Tween 80® (w/v) and sonicated for 10 min.

2.2.2.3. Zeta potential measurements

The surface charge of microspheres was evaluated through electrophoretic
mobility (LE) measurements using a Nano-ZS90 Zetasizer (Malvern, UK) at 25 °C. The
lyophilized microspheres were dispersed in 1 mM NacCl solution, sonicated for 10 min
and analyzed to determine the zeta potential (Gaumet et al., 2009). Samples were
analyzed in triplicate and the zeta potential results are reported as the mean and standard

deviation.

2.2.2.4. Morphological analysis

The morphology of microspheres was evaluated by scanning electron microscopy
(JSM-5900, Jeol, Japan). For SEM analysis, the samples were prepared from lyophilized
microspheres redispersed in water. After drying, samples were fixed on aluminum stubs
with a carbon-based adhesive tape and were sputtered with colloidal gold. The analysis

was carried out under low vacuum at 10.00 kV and magnification of 5,000 x.

2.2.2.5. Porosity analysis

The porosity parameters of microspheres were evaluated through the surface gas
adsorption technique. Measurements were performed using a porosimetry system (ASAP
2420, Micrometrics, Norcross, USA). Before analysis a sample of lyophilized
microspheres (200 mg) was placed in a volumetric sample tube and degassed under
vacuum at 20 °C for 48 h. The sample tube was then immersed in liquid nitrogen and the
sample exposed to inner nitrogen under precisely controlled pressures. The pressure at
which adsorption equilibrium occurred is measured and the universal gas law applied to
determine the quantity of gas adsorbed on the surface of microparticles.

Adsorption/desorption isotherms at 77 K were plotted from the volume of nitrogen
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adsorbed onto the surface of samples as a function of the relative pressure. The specific
surface area was calculated using the Brunauer—-Emmett-Teller (BET) method. Pore size
distribution was determined by the adsorption branch of the N, isotherm (1.7 — 300 nm

diameter range) using the Barret—Joyner— Halenda (BJH) model.

2.2.2.6. Vibrational spectroscopy
Infrared spectra were recorded on a Bruker Vertex 70 FT-IR spectrometer with a
spectral resolution of 4 cm™. KBr pellets of lyophilyzed microspheres were prepared

from mixtures of 200 mg KBr and 1 mg of sample.

2.2.2.7. Differential scanning calorimetry (DSC)

Thermal analysis was performed by Differential scanning calorimetry (DSC)
using a Diferential Scanning Calorimeter DSC-60 Shimadzu. The samples (5 mg) were
scanned in sealed aluminium pans in nitrogen atmosphere (30 mL/min). DCS
thermograms were scanned in the first heating run at a constant rate of 10 °C/min, and a
temperature range of 25 °C to 250 °C. DSC thermograms of PLGA, chitosan and [-lap-

loaded microspheres were recorded.

2.2.2.8. X-ray diffraction

X-ray diffraction (XRD) measureaments of lyophilized microspheres were
performed using a diffractometer (XRD 7000 SHIMADZU) operating in 6-6 geometry. A
copper pipe (A = A2 = 1.54060 A and 1.54439 A) was used at a voltage of 40 kV and 30
mA, with 0 ranging from 2 ° to 90 °, 0.02 ° step and speed of 1 deg/min.

2.2.3. In vitro release profile

A previous solubility study of B-lap in buffer solutions at pH 1.2 (0.2 M KCI-HCI)
and pH 7.4 (0.2 M potassium phosphate) at 37 °C was performed in order to settle on
suitable sink conditions for in vitro drug release assays.

Samples of uncoated and chitosan-coated PLGA microspheres containing B-lap
(10 mg) were placed in 200 mL of buffer solutions at pH 1.2 and 250 mL of buffer
solutions at pH 7.4, at 37 £ 1 °C under magnetic stirring (100 rpm) for 5 days. At pre-
determined time intervals, samples of the release medium (1 mL) were withdrawn and

replaced with fresh medium, and the B-lap analyzed by spectrophotometry at 256 nm. A
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standard curve of f-lap from 0.5 to 3.0 pg/mL was used to determinate B-lap
concentration in analyzed samples. Kinetics experiments were conducted in triplicate.
The kinetic data were fitted according to an exponential model using the following
equation: M/M.. = (1 —k; . e kzt), where M, and M.. are the absolute cumulative amount
of drug released at time t and initial drug content, respectively; k; is a fitting constant
and k; is the kinetic rate constant. The initial step of the kinetic process (0-6 h) was
analyzed by linear model for determining the constant rates.

The results were expressed as mean + standard deviation. Factorial ANOVA was
used to test data for B-lap kinetic release. The data were statistically analyzed by Tukey

test at a significance level of 5% (p < 0.05).

3. Results and Discussion

3.1. B-lap-loaded PLGA microspheres

The emulsion-solvent evaporation (w/o/w) method has been widely used to
prepare PLGA based microspheres. This method is often used because has several
advantages, including control of particle size and the release kinetics of the
encapsulated drug (Li et al., 2008). A preformulation study of B-lap-loaded PLGA
microspheres prepared with different drug:polymer ratios was carried out in order to
evaluate the B-lap entrapment with high efficiency in the PLGA matrix (Table 1).
Interestingly, the encapsulation process of B-lap in the PLGA matrix of microspheres is
concentration dependent with the optimal at 1:15 drug:polymer molar ratio. As can be
seen, the encapsulation efficiency increased with the augmentation of the drug amount,
reaching the highest entrapment (93.5 £+ 1.31%) with the initial B-lap amount of 15 mg.
However, a decrease in the encapsulation efficiency (74.35 + 2.14%) was observed with
the initial B-lap amount of 22.5 mg (1:10 B-lap:PLGA molar ratio). A satisfactory
entrapment of B-lap into microspheres was due to hydrophobic properties of drug,
favoring its interaction with the PLGA matrix and contributing to the development of
drug delivery systems. According to literature, other drugs with hydrophobic
characteristics similar to B-lap were encapsulated with high encapsulation efficiency in
PLGA based microspheres, such as paclitaxel (Chakravarthi and Robinson, 2011;
Parveen et al., 2011), ibuprofen (Klose et al., 2010), usnic acid (Ribeiro-Costa et al.,
2004) and trans-Dehydrocrotonin (Morais et al., 2009).
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The development of preliminary studies found the highest B-lap EE% in the 1:15
drug:polymer ratio, considered the best suited formulation for subsequent coatings of

chitosan to prepare B-lap-loaded chitosan-coated PLGA core-shell microspheres.

Table 1. Encapsulation efficiency of B-lap into PLGA microspheres.

B-lap (mg) B-lap:PLGA ratio Encapsulation Efficiency
(%)
22.5 1:10 74.35£2.14
15.0 1:15 93.55+1.31
11.3 1:20 61.72 £0.58
PLGA =225 mg

3.2. B-lap-loaded chitosan-coated PLGA microspheres
The development of core-shell microspheres using chitosan as coating polymer
represents an important strategy applied to drug delivery systems by oral administration
due to the bioadhesive properties of chitosan and the ability to control drug release over
than the uncoated microspheres (Manca et al., 2008; Tahara et al., 2009; Coppi et al.,
2010). Thus, chitosan-coated microspheres were developed in order to get a gastro-
resistant and mucoadhesive system that favors the oral administration.
B-lap EE% in chitosan-coated PLGA microspheres was also found as follows: B-lap
EE% = 74.70 = 3.15%, 85.35 + 2.32% and 80.31 + 0.51% for 0.3:1 CS:PLGA, 0.6:1
CS:PLGA and 1:1 CS:PLGA, respectively, as shown in Table 2. These unexpected
results may be due to the increase in viscosity of the chitosan solution as well as its
hydrophilic property when deacetylated in acid solution hinder the -lap encapsulation
(Parveen et al., 2011), resulting in a possible drug loss during the washing process of the
microspheres after preparation. The uncoated -lap-loaded PLGA microspheres presented
particle size of 6.14 um and span of 2.38, whereas the size of chitosan-coated PLGA
microspheres ranged from 5 pm to 7 pm with span values ranging from 2.00 to 2.84
(Table 2), suggesting that the formulations are homogeneous. The particle size of
microspheres was not significantly altered after modifying the surface with chitosan. It
is well known that span values varying from 1.1 to 3.3 classify the particle size

distribution as monomodal and is acceptable for controlled release oral systems
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(Ribeiro-Costa et al., 2009). Chakravarthi and Robinson (2011) also obtained similar
particle size data to chitosan-coated PLGA microparticles by adsorption or conjugation
of chitosan. The results showed that the particle size of microparticles did not
significantly increase after adsorption or conjugation of chitosan.

The zeta potential of uncoated B-lap-loaded PLGA microspheres was -9.33 +
0.10 mV (Table 2), whereas the zeta potential of B-lap-loaded chitosan-coated PLGA
microspheres was less negative for 0.3:1 CS:PLGA microspheres (-6.14 + 0.35 mV) and
positive for 0.6:1 CS:PLGA and 1:1 CS:PLGA microspheres (+10 + 0.70 mV and +15.00
+ 1.22 mV, respectively). These results indicated that the chitosan coating on PLGA
microspheres led to the formation of core-shell microspheres. The positive charge of
chitosan-coated PLGA microspheres is due to the presence of free amines groups on the
chitosan molecules at the surface of microspheres (Yang et al., 2009), while the
negative surface charge of PLGA microspheres is associated to the carboxylic groups of
this polyester (Manca et al., 2008). The zeta potential might influence both particle
stability and cell adhesion. The positive values of zeta potential support the interaction
of particles with the cell membrane, which is negatively charged, such as the intestinal
mucosa. Thus, the cationic microparticles due to chitosan coating can interact with the

cell membrane by ionic interaction and promote cellular uptake (Chen et al., 2009).

Table 2. Size properties, zeta potential and encapsulation efficiency of B-lap in CS-

coated PLGA microspheres.

CS:PLGA Particle Size Zeta Potential EE +sd
(w/w) (mV) (%)
dv (um) Span
0:1 6.14 2.38 -9.33+0.10 93.55+1.31
0.3:1 6.98 2.84 -6.14 £ 0.35 74.70 £ 3.15
0.6:1 5.35 2.51 10.00 £ 0.70 85.35+2.32
1:1 6.33 2.00 15.00 £ 1.22 80.31 £0.51

PLGA =225 mg; 1:15 (w/w) B-lap:PLGA ratio

The morphological characteristics of microspheres containing B-lap performed
by Scanning Electron Microscopy (SEM) are shown in Figure 1. The SEM revealed that
B-lap-loaded uncoated PLGA microspheres (Fig. la) and chitosan-coated PLGA
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microspheres (Fig. 1b) are regular spherical shaped with smooth surface and no free

drug needle-like structures are presented.

Fig. 1. The morphological aspect of microspheres by scanning electron microscopy (SEM):
B-lap-loaded PLGA microspheres (a) and core-shell CS/PLGA-microspheres containing [3-
lap (b). Magnification of 5000 x.

3.3. Porosity analysis

The characterization of microparticles through porosity analysis provides
information about porosity parameters and is determined according to the amount of
nitrogen adsorbed on the surface of microparticles (Sant et al., 2005). Thus, from
nitrogen adsorption isotherms, some basic structural information such as BET surface
area (SAggr), mean pore size and total pore volume can be obtained (Teixeira et al.,
2001). The porosity of the B-lap-loaded PLGA and chitosan-coated PLGA microspheres
was evaluated using the parameters of specific surface area (BET) and pore size

distribution (BJH), as described in Table 3.

Table 3. Porosity measurements for different formulations.

CS:PLGA SAggT Pore Size Total pore volume
(W/w) (m*/g) A) (cm™/g)
0:1 61.04 32.63 0.05
0.3:1 66.32 32.48 0.05
0.6:1 70.65 34.17 0.06
I:1 37.81 35.00 0.03

PLGA =225 mg; 1:15 (w/w) B-lap: PLGA ratio; SA: surface area.
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As seen from Table 3, the B-lap-loaded 1:1 CS:PLGA formulation showed a
lower specific surface area (SAggr = 37.81 mz/g) when compared to other formulations
(SAget = 61.04 m?/g for 0:1 CS:PLGA; 66.32 m*/g for 0.3:1 CS:PLGA and 70.65 m*/g
for 0.6:1 CS:PLGA). According to literature, the specific surface area is directly related
to porosity of the surface, so that the larger the specific surface area greater porosity
(Ravivarapu et al., 2000). Thus, it suggests that 1:1 CS:PLGA microspheres have a
lower porosity degree. The Figure 2 shows the adsorption isotherms of different
formulations. These isotherms belong to type IV curves according to the IUPAC
classification, which is characteristic for mesoporous (from 20 A to 500 A). The BET

equation fits this isotherm.
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Fig. 2. Adsortion isotherms microspheres with N2 at 77 K: 0:1 CS:PLGA ( m ); 0.3:1
CS:PLGA (O); 0.6:1 CS:PLGA (e ); 1:1 CS:PLGA (0)

The data of pore size distribution (BJH) represents an important parameter for
analyze the porous structure, because it is directly related to the particle surface area
(Teixeira et al., 2001). According to Table 3, the microspheres showed pores with
diameter range from 32 A to 35 A, however there was no significant difference between
total pore volume and pore size for different formulations. Figure 3 showed the analysis
of N, adsorption isotherm profiles using the BJH model for the uncoated PLGA and
chitosan-coated PLGA microspheres. According to the IUPAC classification, the BJH
curves showed the presence of a small volume of micropores with a diameter of about

19 A and the higher pore volume at mesopore range (from 20 A t0 500 A). Mesoporous
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solids give rise to type IV isotherms, corroborating the results presented for the surface

area (Fig. 2).

Incremental pore volume (cm?/g)

! | ! | ! | ' | ! | ! | ! | ! |
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Fig. 3. Pore size distribution of microspheres determined using the BHJ method
applied to N, adsorption isotherms: 0:1 CS:PLGA ( m ); 0.3:1 CS:PLGA (1O); 0.6:1
CS:PLGA (®); 1:1 CS:PLGA (0).

3.4. Polymers—drug interaction analysis

3.4.1. FTIR spectroscopy

The FTIR analysis was performed to obtain the characteristic spectra of the
polymers and the B-lap alone and B-lap-loaded microspheres (Fig. 4). According to [3-
lap spectrum, the characteristics IR bands at 1694 cm’ related to the stretching modes
of the C=0 stretching were observed (Fig. 4a). The bands at 1643, 1633, 1598 and
1569 cm™ correspond to the aromatic ring in the B-lap molecule (Cunha-Filho et al.,
2007a; Cunha-Filho et al., 2007b; Cavalcanti et al., 2011). As previously reported, the
chitosan spectrum (Fig. 4b) is characterized by a broad absorption around 1660 cm™
(amide I, C-O stretching mode conjugated with N-H deformation mode) and 1600 cm™

(Ong2 band of non-acetylated NH, groups). The absorption bands at 1154 cm™!
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(asymmetric stretching vibration of the C-O-C bridge), 1083 ¢cm™ and 1038 cm™
(skeletal vibration involving C-O stretching) are characteristic of the polysaccharide
structure (Chakravarthi and Robinson, 2011; Semete et al., 2010; Dudhani et al., 2010;
Chen et al., 2009; Abreu et al., 2008). The PLGA IR spectrum (Fig. 4c) showed an
absorption band at 1755 cm’ characteristic of ester group (C=0 stretching), as well as
bands in a range from 1396 cm” to 1456 cm™ , which represent the CH; group and a
band at 750 cm™ related to CH groups, as described by Ganji and Abdekhodaie, 2010.
The spectra of chitosan-coated PLGA microspheres exhibit peaks at 3420 cm™, related
to the primary amide band of chitosan, suggesting the presence of chitosan on the
surface of PLGA microspheres (Chen et al., 2009).

In order to define the interactions between the drug and the polymers in the core-
shell microspheres, samples of B-lap-loaded chitosan-coated PLGA microspheres were
investigated. The FTIR spectra of P-lap-loaded microspheres showed that the
characteristic peaks of B-lap could not be observed in the chitosan-coated PLGA

microspheres (Fig. 4 e f,g).
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Fig. 4. Infrared spectra of B-lapachone (a), chitosan (b), PLGA (c), B-lap-loaded uncoated
PLGA-microspheres (d), and P-lap-loaded microspheres: 0.3:1 CS:PLGA (e), 0.6:1
CS:PLGA (f), 1:1 CS:PLGA (g).
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3.4.2. Thermal analysis by DSC and X-ray diffractometry

The Figure 5 shows the DSC thermograms of PLGA, chitosan, B-lap and B-lap-loaded
microspheres, which were carried out in the temperature range of 0-250 °C. In
calorimetric studies, the thermogram of PLGA (Fig. 5b) is characterized by the glass
transition temperature of PLGA between 51 °C and 55 °C. Furthermore, the PLGA DSC
curve displays a endothermic event at 98 °C (AH = -1,03 mW mg") related to the
polymer melting point, characteristic of a crystalline substance. The endothermic
degradation event of PLGA does not appear, because it occurs above 300 °C, as reported
in the literature (Mainardes et al., 2006; Silva-Junior et al., 2008). The DSC thermogram
of chitosan (Fig. 5c) showed a broad endothermic peak between 60 °C and 100 °C that
can be attributed to dehydration process associated to hydrophilic groups of polymers
(Ganji and Abdekhodaie, 2010). The exothermic baseline deviation beginning around 225
°C indicates the onset of chitosan degradation. The B-lap-loaded uncoated and chitosan-
coated microspheres showed an endothermic peak like PLGA, except the 1:1 CS:PLGA
microspheres (Fig. 5g), which presented an endothermic peak at 92 °C like chitosan (AH
= -0,5 mW mg'l), suggesting the chitosan coating are more evident than other
formulations. It can be seen that the B-lap DSC curve (Fig. 5a) displayed a sharp
endothermic event at 152.9 °C, which is due to drug melting, characteristic of a
crystalline substance (Cunha- Filho et al., 2007a). In the thermogram of B-lap-loaded
microspheres this endothermic peak was not evident (Fig. 5d-5g). Thus, can be concluded
that the embedding of B-lap in the microspheres is in a molecular form.

Regarding XRD patterns, X-ray diffraction analysis of B-lap, PLGA, chitosan and
B-lap-loaded microspheres were carried out (Fig. 6). The diffractogram of P-lap
exhibited a main sharp peak at 9.5 °20 and other secondary peaks at 12.8, 15.3 and 19.4
°20 (Fig. 6a, insert), as previous reported (Cunha-Filho et al., 2008). The diffractograms
of B-lap-loaded uncoated PLGA (Fig. 5d) and CS/PLGA microspheres (Fig. 6e-6g)
showed no sign of the B-lap peaks, which suggests that B-lap is entrapped at a molecular
level in the amorphous polymeric matrix of microspheres. These results corroborated

with those of FITR analysis.
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Fig. 5. DSC thermograms of B-lapachone (a), chitosan (b), PLGA (c), B-lap-loaded
uncoated PLGA-microspheres (d), and B-lap-loaded microspheres: 0.3:1 CS:PLGA (e),
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Fig. 6. X-ray diffractograms of chitosan (b), PLGA (c), B-lap-loaded uncoated PLGA-

microspheres (d), and B-lap-loaded chitosan coated PLGA-microspheres 0.3:1 CS:PLGA (e),
0.6:1 CS:PLGA (f), 1:1 CS:PLGA (g). The insert (a) is the X-ray diffractogram of B-

lapachone.
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3.5. In vitro release kinetics of B-lapachone from microspheres

The solubility study showed that B-lap solubility in KCI-HCI buffer solution at pH
1.2 was 30.43 ug.mL™" and in sodium phosphate buffer solution at pH 7.4 was 28.14
ug.mL™". The in vitro release kinetics of B-lap from microspheres was carried out
simulating the gastric environment in buffer solution at pH 1.2 (Fig. 7a) and simulating
the intestinal environment in buffer solution at pH 7.4 (Fig. 7b). The release kinetics of
B-lap from microspheres was fitted according to the exponential model My/M.. = (1-k; .
e) and the calculated Kkinetic parameters of [-lap-loaded microspheres are

summarized in Table 4.

Table 4. Calculated release parameters from P-lap-loaded CS-coated PLGA microspheres

using exponential and linear models.

pH 1.2
B-lap-loaded Burst effect Exponential model Linear model
microspheres Yo 2t
M/M =Q1-ke )
k, k, Release rate
(ng/h)
0:1 CS:PLGA  26.46+0.78 0.74 £0.01 0.11 +£0.01 3.97+0.31
(3 h)
0.3:1 CS:PLGA 17.76 £ 0.63 0.92 £0.01 0.12+0.01 5.53+£0.37
(2h)
0.6:1 CS:PLGA  21.24+ 0091 0.89 +0.01 0.11+0.01 4.68 +0.48
(2h)
1:1 CS:PLGA  23.86+2.71 0.89 £0.00 0.09 £0.00 6.93 +1.54
(2h
pH 7.4
B-lap-loaded Burst effect Exponential model Linear model
microspheres Yo 2t
M/M =Q-ke )
k, k, Release rate
(ng/h)
0:1 CS:PLGA  34.89+3.34 0.78 £ 0.01 0.14+£0.01 6.10£1.12
(3 h)
0.3:1 CS:PLGA 14.49 £0.79 0.95+0.01 0.15+0.01 496 +0.48
(2h)
0.6:1 CS:PLGA  20.71+£0.55 0.92£0.02 0.11 +£0.01 2.53+1.17
(2h)
1:1 CS:PLGA 16.82+0.23 0.90 +£0.01 0.08 £ 0.00 5.88 +0.81

(2h)
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The kinetic profile of B-lap from the microspheres showed a biphasic drug release
pattern characterized by an initial burst effect followed by a constant and controlled
release step with different k, (exponential model) and release rate (linear model) values.
The burst effect is characterized by a faster release of drug associated with the surface
of the particles (Siepmann and Siepmann, 2008; Lee et al., 2011). The uncoated PLGA
microspheres showed a B-lap burst effect more pronounced at pH 1.2 (Fig. 7a, insert)
and pH 7.4 (Fig. 7b, insert) compared with chitosan-coated PLGA microspheres.
According to Table 4, the burst effect of uncoated microspheres reached a period of 3 h
with B-lap maximum release of 27% at pH 1.2 and 35% at pH 7.4. On the other hand,
the B-lap burst effect of chitosan-coated microspheres was 2 h with B-lap maximum
release between 18% and 24% at pH 1.2, while at pH 7.4 the maximum release was
from 15% to 21%. It was observed that the values of B-lap burst effect at pH 7.4 differs
significantly between the chitosan-coated formulations when compared to uncoated
formulation (p < 0.05), however at pH 1.2 the data showed no significant difference (p
> 0.05). These results suggest that the microspheres are gastroresistant, presented low
percentage of B-lap release in the 2 initial hours of release as suggests the influence of
chitosan coating on the drug release kinetics at pH 7.4. After the burst step, a gradual
release stage was maintained during 29 h for all the formulations at pH 1.2 and between
30 h and 32 h for the formulations at pH 7.4.

The diffusion is known to be a dominant mechanism in this type of controlled
drug delivery systems (Klose et al., 2008). This result can be confirmed by the good
agreement between kinetics profiles and fickian model. Based on calculations of
mathematical modeling, the constants k; (associated to apparent diffusion coefficients)
of 1:1 CS:PLGA in the conditions at pH 1.2 (k, = 0.09 £ 0.00) and pH 7.4 (k, = 0.08 +
0.00) had lower diffusion speed k, compared with other formulation, changing release
properties (Table 4). It indicates a smaller mobility of B-lap, probably related to an
increased chitosan coating that favors a slower release of the drug (Yu et al., 2008). The
less value of constants k, from B-lap-loaded 1:1 CS:PLGA microspheres indicates the
dependence of chitosan coating, because it serves as an additional barrier for drug

diffusion (Wittaya-areekul et al., 2006; Yu et al., 2008; Manca et al., 2008).
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Fig. 7. In vitro release of B-lap from B-lap-loaded PLGA/CS microspheres in pH 1.2 KCI-HCI
buffer solution (Fig. 7a) and pH 7.4 sodium phosphate buffer solution (Fig. 7b) at 37 °C: 0:1
CS:PLGA (m); 0.3:1 CS:PLGA (O); 0.6:1 CS:PLGA ( @ ); 1:1 CS:PLGA ( 0 ). Each point
represents the mean of three different experiments conducted at 37 °C with error bars. Lines

represent the non-linear fitting using of Fickian diffusion model.

4. Conclusions

The core-shell chitosan-coated PLGA microspheres with a higher encapsulation
efficiency (1:15 B-lap:PLGA ratio, w/w) were obtained by the adsorption method. The
zeta potential and kinetics results confirmed the hypothesis of the formation of core-shell
structured CS/PLGA microspheres proposed as bioadhesive systems. In addition, the
chitosan-coated PLGA microspheres showed regular spherical shaped and smooth
surface with particle size and span values within the acceptable range for oral
administration. Moreover, FTIR, DSC and XRD results indicated a molecular interaction
between P-lap and polymeric matrix. The B-lap release kinetics from microspheres
showed that the chitosan-coated microspheres presented a lower B-lap burst effect
compared the uncoated microspheres. Moreover, the B-lap-loaded 1:1 CS:PLGA
modified release properties at pH 1.2 and pH 7.4 condition due to lower value of k,
diffusion constant obtained by exponential analysis. Thus, the results of the release
kinetics suggest the influence of chitosan coating on drug release from microspheres.
From the results described, it is possible to presume that the chitosan-coated
microspheres have potential for development of oral delivery systems, since has

gastroresistance and bioadhesive properties that facilitate their uptake by intestinal
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epithelium. Thus, these carriers can be proposed as an alternative to use the B-lap in
therapy by oral delivery system. Further studies such as bioadhesive and toxicity will be

conducted to corroborate the results of this investigation.
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5. CONCLUSOES

e O estudo de pré-formulacido das microesferas de PLGA evidenciou que a -lap
foi eficientemente encapsulada, apresentando um comportamento gaussiano com
melhores resultados na razdo fairmaco:polimero 1:15. Por outro lado, a 3-lap foi
incorporada nas microesferas revestidas por quitosana com eficiéncia de

encapulacdo entre 74% - 85%;

e A microencapsulacdo da B-lap produziu microesferas homogéneas e esféricas
com tamanho médio de particula (d,) e polidispersdo (span) favoraveis para o

desenvolvimento de sistemas de liberag@o controlada por via oral;

e O revestimento de quitosana nas microesferas de PLGA foi sugerido pelas
andlises de potencial zeta, a qual evidenciou a formacdo da estrutura nucleo-
coroa das microesferas e o desenvolvimento de um sistema com propriedades de

bioadesdo;

e Os estudos de FTIR, DSC e XRD sugeriram a formagao de interagdo molecular

entre a B-lap e a matriz polimérica;

e Os resultados da cinética de liberacdo da B-lap a partir das microesferas
evidenciaram a influéncia do revestimento de quitosana na liberacdo do farmaco,
devido a reducdo do efeito burst da P-lap nas microesferas revestidas por

quitosana;

e Assim, os sistemas microparticulados nicleo-coroa representam uma alternativa
em potencial para o desenvolvimento de sistemas de liberacdo controlada da B3-
lap por via oral devido as propriedades de biadesdo e gastroresisténcia

favoraveis a interacdo com a mucosa intestinal.
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PERSPECTIVAS
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6. PERSPECTIVAS

e Avaliar a morfologia das microparticulas por Microscopia Eletronica de
Transmissdo (MET);

e Realizar estudos in vivo de bioadesdo celular e avaliar a adesdo celular das
Placas de Peyer por Microscopia de Fluorescéncia;

e Realizar estudo de citotoxicidade e atividade antitumoral;

¢ Produzir cépsulas contendo as microesferas para administragdo por via oral.
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GUIDE FOR AUTHORS

INTRODUCTION

The International Journal of Pharmaceutics publishes innovative papers, reviews, mini-
reviews, rapid communications and notes dealing with physical, chemical,
biological, microbiological and engineering studies related to the conception,
design, production, characterisation and evaluation of drug delivery systems in vitro
and in vivo. "Drug" is defined as any therapeutic or diagnostic entity, including
oligonucleotides, gene constructs and radiopharmaceuticals.

Areas of particular interest include: pharmaceutical nanotechnology; physical
pharmacy; polymer chemistry and physical chemistry as applied to pharmaceutics;
excipient function and characterisation; biopharmaceutics; absorption mechanisms;
membrane function and transport; novel routes and modes of delivery; responsive
delivery systems, feedback and control mechanisms including biosensors;
applications of cell and molecular biology to drug delivery; prodrug design;
bioadhesion (carrier-ligand interactions); and biotechnology (protein and peptide
formulation and delivery).

Note: For details on pharmaceutical nanotechnology, see Editorials in 279/1-2
281/1, and 288/1.

(1) Full Length Manuscripts

(2) Rapid Communications

(@) These articles should not exceed 1500 words or equivalent space.

(b) Figures should not be included otherwise delay in publication will be incurred.
(c) Do not subdivide the text into sections. An Abstract should be included as well
as a full reference list.

(3) Notes

Should be prepared as described for full length manuscripts, except for the
following:

(a) The maximum length should be 1500 words, including figures and tables.

(b) Do not subdivide the text into sections. An Abstract and reference list should be
included.

(4) Reviews and Mini-Reviews
Suggestions for review articles will be considered by the Review-Editor. "Mini-
reviews" of a topic are especially welcome.

This journal has no page charges.

BEFORE YOU BEGIN
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For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and
http://www.elsevier.com/ethicalguidelines.

The work described in your article must have been carried out in accordance with
The Code of Ethics of the World Medical Association (Declaration of Helsinki) for experiments
involving humans http://www.wma.net/en/30publications/10policies/b3/index.html;
EU Directive 2010/63/EU for animal experiments
http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm;
Uniform  Requirements for  manuscripts  submitted to  Biomedical  journals
http://www.icmje.org. This must be stated at an appropriate point in the article.

All authors are requested to disclose any actual or potential conflict of interest
including any financial, personal or other relationships with other people or
organizations within three years of beginning the submitted work that could
inappropriately influence, or be perceived to influence, their work. See also
http://www.elsevier.com/conflictsofinterest.

Examples of potential conflicts of interest include employment, consultancies, stock
ownership, honoraria, paid expert testimony, patent applications/registrations, and
grants or other funding.

Submission of an article implies that the work described has not been published
previously (except in the form of an abstract or as part of a published lecture or
academic thesis), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be
published elsewhere in the same form, in English or in any other language,
including electronically without the written consent of the copyright-holder. To
verify originality, your article may be checked by the originality detection software
iThenticate. See also http://www.elsevier.com/editors/plagdetect.

Each author is required to declare his or her individual contribution to the article: all
authors must have materially participated in the research and/or article
preparation, so roles for all authors should be described. The statement that all
authors have approved the final article should be true and included in the
disclosure.

All authors should have made substantial contributions to all of the following: (1)
the conception and design of the study, or acquisition of data, or analysis and
interpretation of data, (2) drafting the article or revising it critically for important
intellectual content, (3) final approval of the version to be submitted.

This policy concerns the addition, deletion, or rearrangement of author names in
the authorship of accepted manuscripts:

Before the accepted manuscript is published in an online issue: Requests to add or remove
an author, or to rearrange the author names, must be sent to the Journal Manager
from the corresponding author of the accepted manuscript and must include: (a)
the reason the name should be added or removed, or the author names rearranged
and (b) written confirmation (e-mail, fax, letter) from all authors that they agree
with the addition, removal or rearrangement. In the case of addition or removal of
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authors, this includes confirmation from the author being added or removed.
Requests that are not sent by the corresponding author will be forwarded by the
Journal Manager to the corresponding author, Who must follow the procedure as
described above. Note that: (1) Journal Managers will inform the Journal Editors of
any such requests and (2) publication of the accepted manuscript in an online issue
is suspended until authorship has been agreed.

After the accepted manuscript is published in an online issue: Any requests to add, delete,
or rearrange author names in an article published in an online issue will follow the
same policies as noted above and result in a corrigendum.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal
Publishing Agreement' (for more information on this and copyright see
http://www.elsevier.com/copyright). Acceptance of the agreement will ensure the
widest possible dissemination of information. An e-mail will be sent to the
corresponding author confirming receipt of the manuscript together with a 'Journal
Publishing Agreement' form or a link to the online version of this agreement.
Authors whose articles are published in the International Journal for Parasitology
will be asked to transfer copyright for that article to the Australian Society for
Parasitology, Inc. If there are any issues or conflicts of interest which might prevent
the author transferring copyright, they should inform the Editor when submitting
the manuscript.

Subscribers may reproduce tables of contents or prepare lists of articles including
abstracts for internal circulation within their institutions. Permission of the Publisher
is required for resale or distribution outside the institution and for all other
derivative works, including compilations and translations (please consult
http://www.elsevier.com/permissions). If excerpts from other copyrighted works
are included, the author(s) must obtain written permission from the copyright
owners and credit the source(s) in the article. Elsevier has preprinted forms for use
by authors in these cases: please consult http://www.elsevier.com/permissions.

As an author you (or your employer or institution) retain certain rights; for details
you are referred to: http://www.elsevier.com/authorsrights.

You are requested to identify who provided financial support for the conduct of the
research and/or preparation of the article and to briefly describe the role of the
sponsor(s), if any, in study design; in the collection, analysis and interpretation of
data; in the writing of the report; and in the decision to submit the article for
publication. If the funding source(s) had no such involvement then this should be
stated. Please see http://www.elsevier.com/funding.

Elsevier has established agreements and developed policies to allow authors whose
articles appear in journals published by Elsevier, to comply with potential
manuscript archiving requirements as specified as conditions of their grant awards.
To learn more about existing agreements and policies please visit
http://www.elsevier.com/fundingbodies.

This journal offers you the option of making your article freely available to all via
the ScienceDirect platform. To prevent any conflict of interest, you can only make
this choice after receiving notification that your article has been accepted for
publication. The fee of $3,000 excludes taxes and other potential author fees such
as color charges. In some cases, institutions and funding bodies have entered into
agreement with Elsevier to meet these fees on behalf of their authors. Details of



88

these agreements are available at http://www.elsevier.com/fundingbodies. Authors
of accepted articles, who wish to take advantage of this option, should complete
and submit the order form (available at
http://www.elsevier.com/locate/openaccessform.pdf). Whatever access option you
choose, you retain many rights as an author, including the right to post a revised
personal version of your article on your own website. More information can be
found here: http://www.elsevier.com/authorsrights.

Please write your text in good English (American or British usage is accepted, but
not a mixture of these). Authors who require information about language editing
and copyediting services pre- and post-submission please visit
http://webshop.elsevier.com/languageservices or our customer support site at
http://support.elsevier.com for more information.

Submission to this journal proceeds totally online and you will be guided stepwise
through the creation and uploading of your files. The system automatically converts
source files to a single PDF file of the article, which is used in the peer-review
process. Please note that even though manuscript source files are converted to PDF
files at submission for the review process, these source files are needed for further
processing after acceptance. All correspondence, including notification of the
Editor's decision and requests for revision, takes place by e-mail removing the need
for a paper trail.

Authors must state in a covering letter when submitting papers for publication the
novelty embodied in their work or in the approach taken in their research. Routine
bioequivalence studies are unlikely to find favour. No paper will be published which
does not disclose fully the nature of the formulation used or details of materials
which are key to the performance of a product, drug or excipient. Work which is
predictable in outcome, for example the inclusion of another drug in a cyclodextrin
to yield enhanced dissolution, will not be published unless it provides new insight
into fundamental principles.

Please submit, with the manuscript, the names, addresses and e-mail addresses of
three potential referees. Note that the editor retains the sole right to decide
whether or not the suggested reviewers are used.

PREPARATION

It is important that the file be saved in the native format of the wordprocessor
used. The text should be in single-column format. Keep the layout of the text as
simple as possible. Most formatting codes will be removed and replaced on
processing the article. In particular, do not use the wordprocessor's options to
justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one
grid for each individual table and not a grid for each row. If no grid is used, use
tabs, not spaces, to align columns. The electronic text should be prepared in a way
very similar to that of conventional manuscripts (see also the Guide to Publishing
with Elsevier: http://www.elsevier.com/guidepublication). Note that source files of
figures, tables and text graphics will be required whether or not you embed your
figures in the text. See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and
'grammar-check’' functions of your wordprocessor.
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Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should
be numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in
section numbering). Use this numbering also for internal cross-referencing: do not
just refer to 'the text'. Any subsection may be given a brief heading. Each heading
should appear on its own separate line.

Introduction

State the objectives of the work and provide an adequate background, avoiding a
detailed literature survey or a summary of the results.

Material and methods

Provide sufficient detail to allow the work to be reproduced. Methods already
published should be indicated by a reference: only relevant modifications should be
described.

Results

Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A
combined Results and Discussion section is often appropriate. Avoid extensive
citations and discussion of published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section,
which may stand alone or form a subsection of a Discussion or Results and
Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae
and equations in appendices should be given separate numbering: Eq. (A.1), Eq.
(A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and
figures: Table A.1; Fig. A.1, etc.

e Title. Concise and informative. Titles are often used in information-retrieval
systems. Avoid abbreviations and formulae where possible.

e Author names and affiliations. Where the family name may be ambiguous (e.g., a
Double name), please indicate this clearly. Present the authors' affiliation addresses
(where the actual work was done) below the names. Indicate all affiliations with a
lower-case superscript letter immediately after the author's name and in front of
the appropriate address. Provide the full postal address of each affiliation, including
the country name and, if available, the e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all
stages of refereeing and publication, also post-publication. Ensure that telephone and
fax numbers (with country and area code) are provided in addition to the e-mail address
and the complete postal address. Contact details must be kept up to date by the
corresponding author.

e Present/permanent address. If an author has moved since the work described in
the article was done, or was visiting at the time, a 'Present address' (or 'Permanent
address') may be indicated as a footnote to that author's name. The address at
which the author actually did the work must be retained as the main, affiliation
address. Superscript Arabic numerals are used for such footnotes.

A concise and factual abstract is required. The abstract should state briefly the
purpose of the research, the principal results and major conclusions. An abstract is
often presented separately from the article, so it must be able to stand alone. For
this reason, References should be avoided, but if essential, then cite the author(s)
and year(s). Also, non-standard or uncommon abbreviations should be avoided, but
if essential they must be defined at their first mention in the abstract itself. The
abstract must not exceed 200 words.
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A Graphical abstract is mandatory for this journal. It should summarize the
contents of the article in a concise, pictorial form designed to capture the attention
of a wide readership online. Authors must provide images that clearly represent the
work described in the article. Graphical abstracts should be submitted as a separate
file in the online submission system. Image size: please provide an image with a
minimum of 531 x 1328 pixels (h x w) or proportionally more, but should be
readable on screen at a size of 200 x 500 pixels (at 96 dpi this corresponds to 5 x
13 cm). Bear in mind readability after reduction, especially if using one of the
figures from the article itself. Preferred file types: TIFF, EPS, PDF or MS Office files.
See http://www.elsevier.com/graphicalabstracts for examples.

Immediately after the abstract, provide a maximum of 6 keywords, using American
spelling and avoiding general and plural terms and multiple concepts (avoid, for
example, 'and', 'of'). Be sparing with abbreviations: only abbreviations firmly
established in the field may be eligible. These keywords will be used for indexing
purposes.

Define abbreviations that are not standard in this field in a footnote to be placed on
the first page of the article. Such abbreviations that are unavoidable in the abstract
must be defined at their first mention there, as well as in the footnote. Ensure
consistency of abbreviations throughout the article.

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to
the title or otherwise. List here those individuals who provided help during the
research (e.g., providing language help, writing assistance or proof reading the
article, etc.).

Follow internationally accepted rules and conventions: use the international system
of units (SI). If other units are mentioned, please give their equivalent in SI.

Elsevier aims at connecting online articles with external databases which are useful
in their respective research communities. If your article contains relevant unique
identifiers or accession numbers (bioinformatics) linking to information on entities
(genes, proteins, diseases, etc.) or structures deposited in public databases, then
please indicate those entities according to the standard explained below.

Authors should explicitly mention the database abbreviation (as mentioned below)
together with the actual database number, bearing in mind that an error in a letter or
number can result in a dead link in the online version of the article.

Please use the following format: Database ID: xxxx

Links can be provided in your online article to the following databases (examples of
citations are given in parentheses):

e ASTM: ASTM Standards Database (ASTM ID: G63)

e CCDC: Cambridge Crystallographic Data Centre (CCDC ID: AI631510)

e GenBank: Genetic sequence database at the National Center for Biotechnology
Information (NCBI) (GenBank ID: BA123456)

e GEO: Gene Expression Omnibus (GEO ID: GSE27196; GEO ID: GPL5366; GEO ID:
GSM9853)

e MI: EMBL-EBI OLS Molecular Interaction Ontology (MI ID: 0218)

e MINT: Molecular INTeractions database (MINT ID: 6166710)

e NCBI Taxonomy: NCBI Taxonomy Browser (NCBI Taxonomy ID: 48184)
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e NCT: ClinicalTrials.gov (NCT ID: NCT00222573)

e OMIM: Online Mendelian Inheritance in Man (OMIM ID: 601240)

e PDB: Worldwide Protein Data Bank (PDB ID: 1TUP)
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e TAIR: The Arabidopsis Information Resource database (TAIR ID: AT1G01020)
e UniProt: Universal Protein Resource Knowledgebase (UniProt ID: Q9HOHS5)

Present simple formulae in the line of normal text where possible and use the
solidus (/) instead of a horizontal line for small fractional terms, e.g., X/Y. In
principle, variables are to be presented in italics. Powers of e are often more
conveniently denoted by exp. Number consecutively any equations that have to be
displayed separately from the text (if referred to explicitly in the text).

Footnotes should be used sparingly. Number them consecutively throughout the
article, using superscript Arabic numbers. Many wordprocessors build footnotes into
the text, and this feature may be used. Should this not be the case, indicate the
position of footnotes in the text and present the footnotes themselves separately at
the end of the article. Do not include footnotes in the Reference list.

Table footnotes
Indicate each footnote in a table with a superscript lowercase letter.

Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity,
manipulation for purposes of deception or fraud will be seen as scientific ethical
abuse and will be dealt with accordingly. For graphical images, this journal is
applying the following policy: no specific feature within an image may be enhanced,
obscured, moved, removed, or introduced. Adjustments of brightness, contrast, or
color balance are acceptable if and as long as they do not obscure or eliminate any
information present in the original. Nonlinear adjustments (e.g. changes to gamma
settings) must be disclosed in the figure legend.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Save text in illustrations as 'graphics' or enclose the font.

¢ Only use the following fonts in your illustrations: Arial, Courier, Times, Symbol.

e Number the illustrations according to their sequence in the text.

¢ Use a logical naming convention for your artwork files.

¢ Provide captions to illustrations separately.

e Produce images near to the desired size of the printed version.

e Submit each figure as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed information are given
here.

Formats

Regardless of the application used, when your electronic artwork is finalised, please
'save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given
below):

EPS: Vector drawings. Embed the font or save the text as 'graphics'.

TIFF: Color or grayscale photographs (halftones): always use a minimum of 300
dpi.

TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.
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TIFF: Combinations bitmapped line/half-tone (color or grayscale): a minimum of
500 dpi is required.

If your electronic artwork is created in a Microsoft Office application (Word,
PowerPoint, Excel) then please supply 'as is'.

Please do not:

e Supply files that are optimised for screen use (e.g., GIF, BMP, PICT, WPG); the
resolution is too low;

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF, EPS or MS
Office files) and with the correct resolution. If, together with your accepted article,
you submit usable color figures then Elsevier will ensure, at no additional charge,
that these figures will appear in color on the Web (e.g., ScienceDirect and other
sites) regardless of whether or not these illustrations are reproduced in color in the
printed version. For color reproduction in print, you will receive information regarding
the costs from Elsevier after receipt of your accepted article. Please indicate your
preference for color: in print or on the Web only. For further information on the
preparation of electronic artwork, please see
http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting color
figures to 'gray scale' (for the printed version should you not opt for color in print)
please submit in addition usable black and white versions of all the color
illustrations.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not
attached to the figure. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves
to a minimum but explain all symbols and abbreviations used.

Number tables consecutively in accordance with their appearance in the text. Place
footnotes to tables below the table body and indicate them with superscript
lowercase letters. Avoid vertical rules. Be sparing in the use of tables and ensure
that the data presented in tables do not duplicate results described elsewhere in the
article.

Citation in text

Please ensure that every reference cited in the text is also present in the reference
list (and vice versa). Any references cited in the abstract must be given in full.
Unpublished results and personal communications are not recommended in the
reference list, but may be mentioned in the text. If these references are included in
the reference list they should follow the standard reference style of the journal and
should include a substitution of the publication date with either 'Unpublished
results' or 'Personal communication'. Citation of a reference as 'in press' implies
that the item has been accepted for publication and a copy of the title page of the
relevant article must be submitted.

Web references

As a minimum, the full URL should be given and the date when the reference was
last accessed. Any further information, if known (DOI, author names, dates,
reference to a source publication, etc.), should also be given. Web references can
be listed separately (e.g., after the reference list) under a different heading if
desired, or can be included in the reference list.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and
any citations in the text) to other articles in the same Special Issue.
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Reference management software

This journal has standard templates available in key reference management
packages EndNote (http://www.endnote.com/support/enstyles.asp) and Reference
Manager (http://refman.com/support/rmstyles.asp). Using plug-ins to
wordprocessing packages, authors only need to select the appropriate journal
template when preparing their article and the list of references and citations to
these will be formatted according to the journal style which is described below.
Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and
the year of publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al.'" and the year of
publication. Citations may be made directly (or parenthetically). Groups of
references should be listed first alphabetically, then chronologically. Examples: 'as
demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et al.
(2010) have recently shown ' List: References should be arranged first
alphabetically and then further sorted chronologically if necessary. More than one
reference from the same author(s) in the same year must be identified by the
letters 'a', 'b', 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific
article. J. Sci. Commun. 163, 51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New
York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your
article, in: Jones, B.S., Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-
Publishing Inc., New York, pp. 281-304.

Journal abbreviations source

Journal names should be abbreviated according to Index Medicus journal
abbreviations: http://www.nlm.nih.gov/tsd/serials/lji.html; List of title word
abbreviations: http://www.issn.org/2-22661-LTWA-online.php; CAS (Chemical
Abstracts Service): http://www.cas.org/sent.html.

Elsevier accepts video material and animation sequences to support and enhance
your scientific research. Authors who have video or animation files that they wish to
submit with their article are strongly encouraged to include these within the body of
the article. This can be done in the same way as a figure or table by referring to the
video or animation content and noting in the body text where it should be placed.
All submitted files should be properly labeled so that they directly relate to the
video file's content. In order to ensure that your video or animation material is
directly usable, please provide the files in one of our recommended file formats with
a preferred maximum size of 50 MB. Video and animation files supplied will be
published online in the electronic version of your article in Elsevier Web products,
including ScienceDirect: http://www.sciencedirect.com. Please supply 'stills' with
your files: you can choose any frame from the video or animation or make a
separate image. These Will be used instead of standard icons and will personalize
the link to your video data. For more detailed instructions please visit our video
instruction pages at http://www.elsevier.com/artworkinstructions.

Note: since video and animation cannot be embedded in the print version of the
journal, please provide text for both the electronic and the print version for the
portions of the article that refer to this content.
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Elsevier accepts electronic supplementary material to support and enhance your
scientific research. Supplementary files offer the author additional possibilities to
publish supporting applications, highresolution images, background datasets, sound
clips and more. Supplementary files supplied will be published online alongside the
electronic version of your article in Elsevier Web products, including ScienceDirect:
http://www.sciencedirect.com. In order to ensure that your submitted material is
directly usable, please provide the data in one of our recommended file formats.
Authors should submit the material in electronic format together with the article
and supply a concise and descriptive caption for each file. For more detailed
instructions please visit our artwork instruction pages at
http://www.elsevier.com/artworkinstructions.

Submission checklist

It is hoped that this list will be useful during the final checking of an article prior to
sending it to the journal's Editor for review. Please consult this Guide for Authors
for further details of any item.

Ensure that the following items are present:

One Author designated as corresponding Author:

e E-mail address

¢ Full postal address
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