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RESUMO
O presente estudo objetivou sintetizar um polimero sitio-especifico de acido d,l-lactico e glicolico
(PLGA) conjugado ao polietileno glicol (PEG) e ao folato (FOL), desenvolver nanocapsulas
furtivas e sitio-especificas contendo B-lapachona (B-lap), validar um método analitico simples,
rapido e especifico para quantificacdo da p-lapachona em plasma de ratos através da cromatografia
liquida de alta eficiéncia e analisar o perfil farmacocinético da B-lap encapsulada em nanocéapsulas
em comparacdo ao farmaco livre. Primeiramente, o PLGA-PEG-FOL foi sintetizado com um
percentual de conjugacdo de 97% e caracterizado por espectroscopia *H RMN e FTIR. A B-
lapachona foi encapsulada em nanocépsulas convencionais (NC/Blap), PEGuiladas (NC-
PEG/ Blap) e sitio-especificas (NC-FOL/ Blap), as quais foram preparadas pelo método de
deposicdo interfacial de polimero pré-formado. As nanocapsulas foram caracterizadas por tamanho
de particula, indice de polidisperséo, eficiéncia de encapsulacdo, potencial zeta e estudo de cinética
de liberacgdo in vitro. Os resultados demonstraram que o método de preparacdo permitiu a formacao
de nanocapsulas sitio-especificas nanométricas, monodispersas e com uma alta eficiéncia de
encapsulacdo do farmaco. Uma reducdo do potencial zeta em mddulo foi observada nas NC-
PEG/ Blap e NC-FOL/ Blap em relacdo as NC/ Blap, provavelmente devido a presenca do PEG e
folato na superficie destes sistemas. Uma liberacdo de B-lapachona em torno de 80% a partir das
nanocapsulas foi alcancada em 24 h. No estudo de citotoxicidade celular frente as linhagens
celulares KG-1 e HelLa, as nanocapsulas sitio-especificas exibiram um efeito antiproliferativo
relevante quanto comparados ao farmaco livre. Para a validacdo do método analitico, empregou-se
cromatografia em fase reversa com fase mével constituida por mistura de metanol e agua (80:20,
v/v), a um fluxo de 0,9 mL/min. Os analitos foram detectados por UV a 256 nm. A B-lapachona foi
extraida das amostras de plasma apos adicdo de metanol. O tempo de retencdo foi de 4,5 min. Este
método apresentou linearidade na faixa de concentracdo entre 0,5-16 ug/mL ( r = 0,9996), com
limite de quantificagdo de 0,2 ug/mL e exatiddo de aproximadamente 100%. O método analitico
desenvolvido neste trabalho demonstrou especificidade, linearidade, precisdo e exatiddo. O perfil
farmacocinético das NC-FOL/B-lap foi avaliado e comparado ao da B-lap livre, apos injecdo
intraperitoneal (i.p.) em ratos. Os pardmetros farmacocinéticos foram estimados por uma
abordagem nao-compartimental utilizando equagfes classicas. Neste estudo, as nanoparticulas
mostraram alteracGes significativas no perfil farmacocinético das NC-FOL/B-lap. Diante dos
resultados obtidos, sugere-se que as nanocapsulas PEGuiladas e sitio-especificas contendo [3-
lapachona poderdo proporcionar um maior beneficio terapéutico através de sistemas de longa

duracéo e especifico para células cancerosas.

Palavras-chave: PLGA-PEG, folato, nanocépsulas, B-lapachona, citotoxicidade, farmacocinética.



ABSTRACT

The aim of this study was to synthetize a site-specific polymer of lactic and glycolic acid
(PLGA) conjugated to polyethylene glycol (PEG) and folate (FOL), to develop conventional,
PEGylated and targeted nanocapsules encapsulating p-lapachone (B-lap), to validate a simple, fast
and specific analytical method for quantification of B-lapachone in rats plasma by high-performance
liquid chromatography and to analyze the pharmacokinetics profile of B-lap-loaded nanocapsules in
comparison with free drug. Firstly, the PLGA-PEG-FOL was synthesized with conjugation
percentage of 97% and characterized by *H NMR spectroscopy and FTIR. The B-lapachone was
encapsulated into conventional (NC/ Blap), PEGylated (NC-PEG/ Blap) nanocapsules and targeted
(NC-FOL/ Blap), which were prepared by the interfacial deposition of preformed polymer method.
The nanocapsules were characterized for particle size, polidispersity index, encapsulation
efficiency, zeta potential and in vitro release kinetic study of B-lapachone from nanocapsules. The
results demonstrated that the preparation method permitted the formation of nanometers,
monodisperse and with a high drug encapsulation efficiency. A reduction in the zeta potential was
observed in NC-PEG/ Blap and NC-PEG/ Blap compared to NC/ Blap, probably due to the presence
of folate and PEG on the surface of these systems. A B-lapachone release about 80% from the
nanocapsules was reached in 24 h. In the cellular cytotoxicity study against KG-1 and Hela
targeted nanocapsules exhibited an antiproliferative effect as compared to free drug. For the
validation of the analytical method, reverse phase chromatography was used with a mobile phase
consisting of methanol-water (80:20, v / v) at a flow rate of 0.9 mL / min. Analytes were detected
by UV at 256 nm. The B-lapachone was extracted from plasma samples after the addition of
methanol. The retention time was 4.5 min. This method showed linearity in the concentration range
between 0.5 to 16 ug / mL (r = 0.9996), with a quantification limit of 0.2 ug / mL and accuracy of
approximately 100%. The analytical method developed in this study demonstrated specificity,
linearity, precision and accuracy. The pharmacokinetic profile of NC-FOL/B-lap was evaluated and
compared with the free B- lap after intraperitoneal (ip) in rats. Pharmacokinetic parameters were
estimated by non-compartmental approach using classical equations. In this study, nanoparticles
showed significant changes in NC-FOL/B-lap pharmacokinetic profile.

Based on these results, it is suggested that p-lap-loaded PEGylated and targeted
nanocapsules may provide greater therapeutic benefit through of long duration and specific systems

for cancer cells.

Keywords: PLGA-PEG, folate, nanocapsules, B-lapachone, citotoxicity, pharmacokinetics.
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1. INTRODUCAO

Cancer é um termo genérico dado a um conjunto de mais de 100 doencas que tém em comum o
crescimento desordenado de células que invadem os tecidos e 6rgdos. Esta € uma das doencas que
mais atinge a populacdo mundial. A quimioterapia tornou-se um componente integrante do
tratamento anticancerigeno. Atualmente, diferentes agentes quimioterapicos sdo utilizados de
forma eficaz para a terapia anticancerigena, contudo, 0s agentes quimioterapicos convencionais
ainda exibem baixa especificidade em atingir o tecido tumoral, além de frequentemente serem
restritos por uma toxicidade dose-limitante. Desta forma, essa patologia tem estimulado 0s
pesquisadores a buscar novos agentes anticancerigenos como uma estratégia importante para o
estabelecimento de terapias alternativas (GU et al., 2007; PARHI; MOHANTY; SAHOO, 2012;
PARHI; MOHANTY; SAHQOO, 2012).

A B-lapachona é uma orto-naftoquinona que pode ser extraida da casca do Ipé-Roxo (Tabebuia
avellanedae) ou obtida por semi-sintese a partir do lapachol (LI; AVERBOUK; PARDEE, 1993;
ALVES et al., 2008). Estudos tém demonstrado que essa molécula apresenta diversas atividades
bioldgicas, dentre elas, a atividade antineoplasica (WOO; CHOI, 2005). Apesar do seu potencial
terapéutico, a B-lapachona apresenta limitagdes, assim como baixa solubilidade em agua (0,038
mg/mL) (NASONGKLA et al., 2003) e hepatoxicidade (ALMEIDA et al., 2009). Desta forma,
preparacdes farmacéuticas que visem aumentar sua solubilidade em &gua e melhorar sua

biodisponibilidade sdo uma alternativa para garantir o uso terapéutico da B-lapachona.

Atualmente define-se como sistemas de liberacdo controlada aqueles nos quais o agente
ativo é liberado sob uma cinética bem estabelecida. Estes sistemas frequentemente descritos como
“drug delivery systems”, oferecem diversas vantagens em relagdo as formas de dosagens
convencionais, tais como: protegem certos principios ativos labeis da degradacdo e/ou inativacao
pelo suco gastrico, melhoram a biodisponibilidade dos mesmos, aumentam a penetracdo celular de
farmacos, além de reduzir os efeitos toxicoldgicos (PANYAM; LABHASETWAR, 2003).

Existe uma variedade de nanocarreadores descrito na literatura que apresentam diferentes
tipos de aplicacBes. Dentre estes sistemas estdo as nanocapsulas, as quais sdo constituidas por um
invélucro polimérico disposto ao redor de um nucleo oleoso, podendo o farmaco estar dissolvido
neste nucleo e/ou adsorvido a parede polimérica (KUMARI; YADAV; YADAYV, 2010).

O principal obstaculo para a utilizacdo das nanocapsulas convencionais se deve a rapida
remocao destes nanocarredores do organismo pelo sistema fagocitario mononuclear (SFM), contudo
as nanocapsulas podem ser revestidas com moléculas que alterem sua hidrofobicidade,

proporcionando uma camada hidrofilica na superficie. O método mais comum para a modificacdo
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de superficie é a utilizacdo de um polimero hidrofilico e ndo iénico, como o polietileno glicol
(PEG), um processo chamado “PEGuila¢ao” (MOSQUEIRA et al., 2001)

Na tentativa de aumentar a especificidade de interacdo dos nanossistemas com células alvo e
elevar a quantidade do farmaco liberado nestas células, a pesquisa neste campo foi focada no
desenvolvimento de nanoparticulas sitio-especificas. Estes utilizam ligantes acoplados em sua
superficie, que conferem seletividade para distribuir o farmaco encapsulado no sitio de agéo
desejado proporcionando uma maior seletividade e eficAcia em comparacdo ao direcionamento
passivo (SAPRA; ALLEN, 2003).

Uma das mais extensivamente estudada molécula alvo para entrega de farmacos sitio-
especificos € o acido félico (vitamina B9 ou folato) (LEAMON; LOW, 2001). O receptor de folato
(FR) esta presente em praticamente todas as células, porém é expresso em niveis elevados
principalmente em células cancerigenas, tais como, canceres epiteliais de ovario, colo-retal, mama,
préstata, pulmé&o, nariz, garganta, cérebro e leucemia (SUDIMACK; LEE, 2000; LEAMON; LOW,
2001; ALEXIS et al., 2008).

Varios tipos de carreadores de farmacos tém sido conjugados ao folato, incluindo lipossomas,
micelas e nanoparticulas poliméricas. Para o direcionamento dos lipossomas e nanoparticulas, uma
cadeia de PEG ligante é frequentemente requerida. Multiplas moléculas de folato sdo conjugadas a
cada particula, que permite uma elevada afinidade de interagdo com os FR (ZHAO; LI; LEE, 2008).
Além disso, sistemas de liberacdo de farmacos conjugados com folato demonstraram uma alta
citotoxicidade e captura celular de células cancerigenas que expressam o FR (YOO et al., 2004;
ESMAELLI et al., 2008; NIE et al., 2009; LIANG et al., 2011; SHMEEDA et al., 2010; SAXENA;
NAGUIB; HUSSAIN, 2012).

Portanto, o desenvolvimento de sistemas de liberacdo controlada de farmacos, furtivos e/ou
sitios especificos, capazes de viabilizar a administracdo da B-lapachona em uma formulacdo que
melhore sua solubilidade, bem como, aperfeicoe a dose terapéutica diminuindo os efeitos toxicos e
direcione o farmaco para o tumor aumentando a eficacia terapéutica, torna-se uma inovacao util no

desenvolvimento de alternativas para o tratamento do cancer.
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2. REVISAO BIBLIOGRAFICA
2.1 - Cancer

O céncer é uma das doencas mais devastadoras a qual envolve vérias alteragcdes genéticas e
anormalidades celulares. Esta complexidade e heterogeneidade promovem o crescimento agressivo
de células cancerigenas que levam a morbidade e mortalidade em diversos pacientes (PARHI;
MOHANTY; SAHOO, 2012).

Mais de 11 milhdes de pessoas sdo diagnosticadas com cancer a cada ano, e esta doenca €
responsavel por cerca de 7 milhdes de mortes por ano (12,5% das mortes em todo o mundo),
tornando esta doenca um problema de satde publica mundial (PARCK et al., 2008). Segundo a
Organizacdo Mundial da Saude (OMS) é estimado que, no ano 2030, ocorram 27 milhdes de casos
incidentes de cancer, 17 milhdes de mortes por cancer e 75 milhdes de pessoas vivas com cancer
anualmente (INCA, 2011).

No Brasil, as estimativas para o ano de 2012 serdo validas também para o ano de 2013 e
apontam a ocorréncia de aproximadamente 518.510 casos novos de cancer. Os tipos mais incidentes
serdo proéstata, pulmao, colon e reto e estbmago para 0 sexo masculino; e mama, colo do Utero,

célon e reto e glandula tiredide para o sexo feminino (Figura 1) (INCA, 2011).

Figura 1 - Distribuicdo percentual dos dez tipos de cancer mais incidentes estimados para 2012 por

sexo, exceto cancer de pele ndo melanoma.

Localizagén primaria casos novos  percentual Lucalizagéo priméria casos novos  percentual
Prastata 60.180 30,8% Homens Mulheres  Mama Feminina 52.680 27,9%
Traqueia, Branquio e Pulmao 17.210 8,8% Colo do Utero 17.540 9,3%
Colon e Reto 14.180 7,3% Colon e Reto 15.960 8,4%
Estdmago 12.670 6,5% Glandula Tireoide 10.590 5.6%
Cavidade Oral 9.990 5,1% Traqueia, Bronquio e Pulmdo  10.110 5,3%
Esofago 7.770 4,0% Estomago 7.420 3,9%
Bexiga 6.210 3.2% Ovdrio 6.190 3,3%
Laringe 6.110 3.1% Corpo do Utero 4.520 2,4%
Linforma nao Hodgkin 5190 2,7% Linfoma nao Hodgkin 4.450 2.4%
Sistema Nervoso Central 4.820 2,5% Sisterna Nervoso Central 4.450 2,4%

*Numeros arredondados para 10 ou miltiplos de 10

Fonte: INCA, 2011.
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2.1.1 - Tratamentos para o cancer

A remocéo cirurgica de um tumor e dos tecidos circunvizinhos afetados é considerado o
procedimento primario para tumores grandes o suficiente para serem manipulados. Entretanto,
dificilmente a cirurgia é suficiente e, geralmente, € inevitavel a permanéncia de células residuais
afetadas. Além da cirurgia, outros recursos terapéuticos podem ser usados como a quimioterapia
(WANG et al., 2008).

A quimioterapia tornou-se um componente integrante do tratamento anticancerigeno.
Atualmente, diferentes agentes quimioterapicos sdo utilizados de forma eficaz para a terapia
anticancer, contudo, apesar dos ultimos 30 anos de esforco da oncologia em descobrir novos
farmacos, os agentes quimioterapicos convencionais ainda exibem baixa especificidade em atingir o
tecido tumoral, além de frequentemente serem restritos por uma toxicidade dose-limitante (GU et
al., 2007; PARHI; MOHANTY; SAHOO, 2012).

A quimioterapia depende de vérios fatores como os farmacos e as doses utilizadas, a via de
administracdo e a condicdo do paciente. Além disso, durante o percurso até o tumor, o farmaco
pode interagir com outros tecidos e ser metabolizado pelo organismo, comprometendo a sua
biodisponibilidade no tumor e, por conseguinte, sua eficacia (JAIN, 2001; OOYAMA et al., 2008).

A fim de se obter uma terapia eficaz, é necessario aprimorar o conhecimento sobre a
fisiopatologia do céncer, descobrir novos farmacos, e desenvolver novas tecnologias biomeédicas.
Atualmente, a terapia anticancerigena tornou-se uma abordagem multidisciplinar a qual requer uma
estreita colaboracdo entre os clinicos, 0s pesquisadores e 0s engenheiros biomédicos (DANHIER et
al., 2012).

Existem diversos medicamentos aprovados para uso na terapia anticancerigena, porém a
resisténcia ao tratamento e os efeitos colaterais s&o os maiores obstaculos de uma quimioterapia
bem-sucedida. Essa resisténcia resulta em uma resposta terapéutica incompleta, recorrente e que
muitas vezes acarreta metastase (WANG et al., 2011). Numerosos antineoplasicos exibem alta
citotoxicidade ndo-seletiva e baixo indice terapéutico, o que tém impulsionado pesquisas nao
apenas para o desenvolvimento de novos farmacos, mas também novas formas inovadoras para
otimizar a utilizagdo dos farmacos ja existentes (JULIANO; DAOUD, 1990; PETRO; DESIMONE,
2010).
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2.2 — B-lapachona

A B-lapachona (3,4-diidro-2,2-dimetil-2H-naftol (1,2-b)pirano-5,6-diona, B-lap) € uma orto-
naftoquinona (Figura 2) que pode ser extraida da casca do Ipé-Roxo (Tabebuia avellanedae), arvore
nativa da América do Sul com alta frequéncia no Brasil (ALVES et al., 2008). Porém, em larga
escala, a B-lap é obtida por semi-sintese a partir do lapachol por aquecimento ou hidrélise a frio
com acido sulfarico (LI; AVERBOUK; PARDEE, 1993).

Figura 2 - Estrutura quimica da -lapachona.
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2.2.1 - Caracteristicas gerais

Dentre as suas propriedades quimicas gerais, a B-lap caracteriza-se por ser uma
substancia de pigmentacdo laranja-avermelhada, de forma de cristais cilindricos (Figura 3), com
peso molecular de 242,3 Da e ponto de fusdo entre 154,5 — 155,5 °C. E estruturalmente estavel em
pH de 3 a 9 (SILVA; FERREIRA.; SOUZA, 2003). A B-lap € uma molécula hidrofobica, com
solubilidade em agua igual a 0,038 mg/mL ou 0,16 mM, o que limita sua aplicacdo clinica
(NASONGKLA et al., 2003).

2.2.2 - Atividades biologicas

A B-lapachona apresenta inimeras acOGes farmacoldgicas, tais como antibacteriana
(OLIVEIRA et al., 2001; PEREIRA et al., 2006), antifungica (GUIRAUD et al., 1994; MEDEIROS
et al., 2010), tripanossomicida (LOPES et al., 1978; GOULART et al., 1997; MOURA et al., 2001,
SILVA; FERREIRA; SOUZA, 2003), antiviral (SCHUERCH; WEHRLI, 1978; SCAFFBER-
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SABBA et al., 1984; LI et al., 1993), antiinflamatéria (MOON et al., 2007), cicatrizante (KUNG et
al., 2008) e antineoplasica (WOO; CHOI, 2005).

Figura 3 — Microscopia eletronica de varredura da -lapachona com um aumento de 1000x.

Fonte: CAVALCANTI et al., 2011.

Com relacdo a atividade antiproliferativa, a B-lap atua frente a varias linhagens de células
cancerigenas, incluindo cancer de mama (SIEGEL; ROSS, 2000), cancer de prostata (LI et al.,
1999; BLANCO et al., 2007; DONG et al., 2009), mieloma mdltiplo (LI et al., 2000; GUPTA et al.,
2002), hepatoma (LAI et al., 1998), pancreas (OUGH et al., 2005) e leucemia humana (CHAU et
al., 1998).

Desde a descoberta de sua excelente atividade antiproliferativa, a B-lap tem se destacado na
linha de pesquisa de obtencdo de novos quimioterapicos. Consequentemente, varios estudos foram
realizados para determinar a concentracdo minima deste fArmaco necessaria para inibir 50% do
crescimento celular (ICsp). A tabela 1 demonstra a citotoxicidade da B-lapachona em diferentes

linhagens de células tumorais e suas respectivas ICsx.

A utilizagdo da B-lap em combinagdo com outros farmacos quimioterpicos tais como o
taxol, tem sido reportada. Estudos in vivo demonstraram que a administracdo da p-lapachona por
via intraperitoneal nas doses de 25 a 50 mg/Kg, reduziu a formagéo de tumores em camundongos
inoculados com células de cancer de ovario em 75% utilizando uma dose de 50 mg/mL. No
entanto, quando associada ao taxol, houve uma potencializacdo no efeito farmacoldgico,

observando uma reducdo de quase 100% nos nodulos tumorais (LI et al., 1999).
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Tabela 1 - Atividade citotoxica da B-lapachona em diferentes linhagens de células tumorais.

Linhagem celular 1Cs0 (M) Referéncias
1,7 NASONGKLA et al., 2003;
A 3 BENTLE et al., 2007;
MCF-7 (cancer de mama) 4 L1 etal., 1999:
2,5 WUERZBERGER et al., 1998
MDAMB-231 (cancer de mama) 6,6 REINICKE etal., 2005
21MT (células de cancer de mama humana) ~4 Lletal., 1999
HBL-100 (cancer de mama) 0,69 BONIFAZI et al., 2010
PC-3 (cancer de prostata) 3,5 REINICKE et al., 2005;
A ) 7,4 EYONG et al., 2008;
DU-145 (cancer de prostata) 4 Ll etal. 1999
HL-60 (leucemia promielocitica) 1,65 MOON et al., 2010
KB (tumor nasofaringeo) 6,6 KRISHNAN et al., 2001
HCT-8 (cancer de colo-retal) 0,83 SILVA-JUNIOR et al., 2007
Skmel-28 (Melanoma) ~4 Lletal., 1999
A L ~2 Lletal., 1999
A2780DDP (Cancer de ovario) 11 BONIFAZ| et al., 2010

2.2.3 - Mecanismo de acao

Estudos reportam que a B-lapachona inibindo a enzima topoisomerases I, pois a incubagéo

direta desta substancia com a topoisomerase I, antes da adicdo de DNA como substrato, aumenta

drasticamente o seu efeito inibitorio, sugerindo a interacdo direta da B-lap com a topoisomerase |

(PARDEE et al, 2002).

Além disso, ha evidéncias da participacdo da enzima nicotinamida adenina dinucleotideo

fosfato: quinona oxirreductase-1 (NQO1), na ativacdo da B-lap no processo de apoptose. A NQO1 é

expressa em maiores concentracdes em varios tipos de tumores, incluindo os de mama, pulméo e

colorretal, do que em tecidos normais, a qual catalisa a reducdo de dois elétrons das quinonas

usando nicotinamida adenina dinucleotideo fosfato - NAD(P)H - ou nicotinamida adenina
dinucleotideo (NADH) como doador resultando na forma hidroguinona (PLANCHON et al., 2001).
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A B-lap reduzida em dois elétrons ¢ instavel e oxida de volta a forma original de B-lap, que é
novamente reduzida pela NQOI. Esse ciclo entre as formas de quinona e¢ hidroquinona da B-lap
provoca grave reducdo de NAD(P)H e NADH, resultando na deplecdo de adenosina tri-fosfato
(ATP), liberacdo de citocromo C da mitocondria e um aumento na Ca®* citosélico (SUZUKI et al.,
2006). Estes disturbios metabdlicos intracelulares resultam em morte celular por apoptose (PINK et
al., 2000). A formacao de espécies reativas de oxigénio (ROS), durante a redugdo e oxidacdo de B-
lap, também foi relatada como causadora de morte celular (PINK et al., 2000; PARDEE et al.,
2002) (Figura 4). Bey e colaboradores (2007) demonstraram que a B-lap € um agente terapéutico
efetivo capaz de matar células de carcinoma de pulmao, principalmente as células do tipo NSCLC
(cancer de pulmao de células ndo pequenas), por estas conterem maior concentracdo desta enzima.
Esta observacdo abre perspectivas para novas estratégias para a quimioterapia seletiva de alguns

tipos de cancer, como o de pulmao, prostata e de pancreas.

Figura 4 — Mecanismo de acdo proposto para a B-lapachona em células cancerigenas que conduzem

a apoptose.

NQO1

B-Lap —7T> B-Lap hidroquinona
, I 0

NAD(P)H NAD(P)*

ROS 0,

Aumento do Ca™ intracelular
Despolarizagao da membrana mitocondrial
Diminui¢ao na sintese de ATP

|

Apoptose

Fonte: Adaptado de SIEGEL; YAN; ROSS, 2012.
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2.2.4 - Toxicologia

Almeida e colaboradores (2009) avaliaram a toxicidade da [-lap em ratos Wistar de ambos
0s sexos. No estudo realizado em ratas gravidas tratadas via intraperitoneal com doses de 40, 80 e
160 mg/Kg de B-lapachona foi possivel observar alteragdes anatdbmicas em fetos. A B-lap
demonstrou acbes abortivas e teratogénicas nas doses utilizadas, bem como, alteracfes
hematoldgicas no numero total dos leucdcitos, o que indicou a estimulacdo do sistema imunoldgico
pela B-lapachona.

Na avaliacdo do efeito da B-lap ao longo de 21 dias, a analise bioquimica evidenciou um
aumento significante nos niveis das enzimas gama glutamil transferase, fosfatase alcalina e
glutamato piruvato transaminase. Estes resultaram indicaram um dano hepatico, principalmente no
ducto biliar, quando associado ao aumento da bilirrubinemia. Contudo, na anélise histopatolédgica
do figado e rim, ndo foram observadas alteragdes. Ao contrario do baco, onde foram encontrados
foliculos aumentados na polpa branca (ALMEIDA et al, 2009).

Diante do exposto, a B-lap € apontada como um novo e potente agente antitumoral, porém
por apresentar baixa solubilidade em agua e toxicidade, a sua aplicagdo terapéutica é limitada. Desta
forma recentes pesquisas tém voltado a atencdo para a nanotecnologia com o intuito de encontrar
formas mais eficientes de direcionar o farmaco para o alvo tumoral, diminuindo a dose terapéutica
e, em consequéncia, os efeitos adversos relacionados com a biodistribuicdo ndo especifica do

farmaco.

2.3 - Nanotecnologia

A nanotecnologia é uma éarea da ciéncia dedicada ao design, construcdo, e utilizacdo de
estruturas funcionais em escala nanométrica. Colocando este intervalo de tamanho em perspectiva,
uma pequena molécula, um virus, uma bactéria, e uma seccéo transversal de um cabelo humano séo
em torno de 1, 100, 100, e 100.000 nm, respectivamente (Figura 5) (ALEX et al., 2008, PARCK et
al., 2008).

Existem numerosas aplicacdes para a nanotecnologia, dentre entre elas, o tratamento,
diagndstico, monitoramento e controle dos sistemas biologicos tém recentemente sido referidos
como “nanomedicina” pelo Instituto Nacional de Saude (PARK et al., 2008). A nanomedicina é um
dos ramos mais promissores da medicina contemporanea, retendo boa parte dos esforcos cientificos
na busca de novos tratamentos para doencas como o cancer e doencas infecciosas (PISON et al.,
2006; KAGAN; BAYIR; SHVEDOVA, 2005).
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Figura 5 - Comparacéo entre o tamanho de pequenas estruturas. A area destacada em vermelho

mostra a area gque corresponde aos “nanomateriais”.
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Fonte: Adaptado de http://www.ofitexto.com.brconteudoimagens.gif.

A nanotecnologia do cancer € um novo campo da pesquisa interdisciplinar permeando
através da biologia, quimica, engenharia e medicina objetivando levar maiores avancos para 0
diagnostico e tratamento do cancer (WANG et al., 2010). Atualmente, existe um grande foco na
utilizacdo de sistemas de liberacdo controlada de farmacos como uma evolucdo da terapia

tradicional anticancerigena (PARK et al., 2008).

2.4 - Sistemas de Liberacdo Controlada de Farmacos

Atualmente define-se como sistemas de liberacdo controlada aqueles nos quais o agente
ativo é liberado sob uma cinética bem estabelecida. Estes sistemas frequentemente descritos como
“drug delivery systems”, oferecem diversas vantagens em relacdo as formas de dosagens
convencionais, tais como: protegem certos principios ativos labeis da degradacdo e/ou inativagdo
pelo suco géastrico, melhoram a biodisponibilidade dos mesmos, aumentam a penetracéo celular de
farmacos, além de reduzir os efeitos toxicoldgicos (PANYAM; LABHASETWAR, 2003).

Existe uma variedade de nanocarreadores descrito na literatura que apresentam diferentes

tipos de aplicagdes. Dentre os principais vetores utilizados como sistemas de liberagdo controlada,


http://www.ofitexto.com.brconteudoimagens.gif/
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destacam-se os sistemas poliméricos como nanoparticulas (nanoesferas e nanocéapsulas), micelas
poliméricas constituidas de polimeros anfifilicos associados em solucdo aquosa, além de outros
sistemas, como os lipossomas, que séo vesiculas com nucleo aquoso envolvido por uma bicamada
lipidica, e dendrimeros que representam series repetidas de compostos macromoleculares que

formam uma cavidade em seu interior (Figura 6) (RAWAT, 2006; DANHIER; FERON; PREAT,
2010).

Figura 6 — Tipos de nanocarreadores de farmacos atualmente descritos em estudos pré-clinicos e
clinicos.
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Fonte: Adaptado de DANHIER; FERON; PREAT, 2010.

2.4.1 - Nanoparticulas poliméricas

Nanoparticulas sdo estruturas esféricas e solidas em uma escala de tamanho de 10 a 1000 nm
de didmetro, e refere-se a dois tipos de estruturas diferentes, nanoesferas e nanocapsulas, cada uma
com suas caracteristicas, as quais diferem entre si segundo a composic¢ao e organizacdo estrutural.
As nanocépsulas sdo constituidas por um invélucro polimerico disposto ao redor de um nucleo
oleoso, podendo o farmaco estar dissolvido neste nucleo e/ou adsorvido a parede polimérica. Por

outro lado, as nanoesferas, que ndo apresentam 6leo em sua composicao, sdo formadas por uma
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matriz polimérica, onde o farmaco pode ficar retido ou adsorvido (Figura 7) (SOPPIMATH et al.,
2001; KUMARI; YADAYV; YADAYV, 2010).

Figura 7 - Representacdo esquematica das nanoparticulas polimeéricas: a) farmaco dissolvido no
nucleo oleoso das nanocapsulas; b) farmaco adsorvido a parede polimérica das nanocapsulas; c)
farmaco retido na matriz polimérica das nanoesferas; d) farmaco adsorvido ou disperso

molecularmente na matriz polimérica das nanoesferas.
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Fonte: SCHAFFAZICK et al., 2003.

As nanoparticulas poliméricas liberam o medicamento por meio do mecanismo de difusdo
ou erosdo controlada, a partir de um nucleo através da membrana ou matriz polimérica. A
membrana de revestimento atua como uma barreira para liberacdo, portanto, a solubilidade e
difusividade do farmaco na membrana polimérica tornam-se fatores determinantes na liberacdo do
mesmo. Além disso, a taxa de liberacdo também pode ser afetada pela interacdo idnica entre o
farmaco e os excipientes da formulacdo. Havendo a interacdo do farmaco com um dos excipientes
para formar um complexo menos soltvel em agua, a liberacdo do mesmo pode ser muito lenta, e

com um pequeno efeito de liberacdo rapida inicial (Efeito burst) (MUDSHINGE et al., 2011).

Para desenvolver um sistema nanoparticulado eficaz, ambos, o farmaco liberado e a
biodegradacdo polimérica, sdo fatores considerados importantes. Em geral, a taxa de liberacdo do
farmaco depende (1) da solubilidade do farmaco, (2) da dessorcdo na superficie ligada ou farmaco
adsorvido, (3) na difusdo do farmaco através da matriz das nanoparticulas, e (4) da combinacéo do
processo de erosdo/difusdio (MOHANRAJ; CHEN, 2006).

O poli(acido lactico-co-glicolico) (PLGA) é um dos polimeros biodegradaveis mais
utilizados na preparacdo das nanoparticulas, porque a sua hidrélise leva aos mondmeros acido
lactico e acido glicolico, os quais sdo facilmente metabolizados pelo corpo via ciclo de Krebs.
Devido a minima toxicidade associada ao PLGA, este polimero ¢é aprovado pela Administracdo de
Alimentos e Farmacos dos EUA (FDA/US) e pela Agéncia de Medicina Européia (EMA) para seu
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uso em varios sistemas de liberacdo de farmacos em humanos (KUMARI; YADAV; YADAYV,
2010).

2.4.2 - Nanoparticulas furtivas

O principal obstaculo ao uso das nanoparticulas poliméricas é que sdo rapidamente
removidas do organismo pelo sistema fagocitario mononuclear (SFM). Os macrofagos do SFM sao
capazes de remover nanoparticulas desprotegidas da circulacdo sanguinea segundos apos a
administracdo intravenosa, tornando-as ineficazes como dispositivos de liberagdo de farmaco 6rgédo-
especifico. Porém, esses macrofagos ndo podem identificar diretamente as nanoparticulas, mas
reconhecem opsoninas especificas ligadas a superficie dessas particulas. Com efeito, uma vez na
corrente sanguinea, nanoparticulas de superficie ndo modificadas (nanoparticulas convencionais)
séo rapidamente opsonizadas e fagocitadas pelo SFM (SINGH, R.; LILLARD JR, 2009; KUMARI,;
YADAYV; YADAYV, 2010; DANHIER et al., 2012).

Varios metodos de modificagBes superficiais tém sido desenvolvidos para produzir
nanoparticulas que ndo sejam reconhecidos pelo SFM. As nanoparticulas podem ser revestidas com
moléculas que alterem sua hidrofobicidade, proporcionando uma camada hidrofilica na superficie.
O método mais comum para a modificacdo de superficie é a utilizacdo de um polimero hidrofilico e
n&o-idnico, como o polietileno glicol (PEG), um processo chamado “PEGuilagdao” (MOSQUEIRA
etal., 2001) (Figura 8).

Figura 8 - Representacao esquematica de uma nanoparticula PEGuilada.

Cadeia de PEG

fG\/

&

Fonte: Adaptado de DANHIER et al., 2012.

Para contribuir com as caracteristicas “stealth” das nanoparticulas PEGuiladas, existem trés
fatores importantes: (i) o peso molecular da cadeia do PEG, (ii) a densidade das cadeias de
superficie e (iii) a conformacdo. Com a criacdo de uma camada hidrofilica protetora em torno das
nanoparticulas, as forcas de repulsdo estéricas repelir a absor¢do das proteinas opsoninas, desse

modo bloqueando e atrasando o processo de opsonizacdo. Amplamente, tem sido demonstrado que
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a "PEGuilacdo" aumenta o tempo de meia-vida das nanoparticulas na circulacdo sanguinea
(OWENS; PEPPAS, 2006).

Quando apresentadas em uma superficie de nanoparticula, as cadeias de PEG individuais
exibem um Raio de Flory (Rf) que representa o volume que cada cadeia de PEG flexivel ocupa.
Aumentando a densidade de PEG na superficie das nanoparticulas, gera uma reducao na distancia,
D, entre cada molécula de PEG na superficie do nanossitema. Quando D > Rf, as cadeias de PEG
do polimero irdo adquirir uma conformacdo em “cogumelo”. Quando D < Rf, a pressdo lateral entre
as cadeias de PEG forcara a extensdo do polimero resultando em uma conformacdo em “escova”
(Figura 9). O arranjo das cadeias de PEG presente na superficie das nanoparticulas na configuracao
de escova gera uma maior repulsdo das proteinas (opsoninas), e geralmente aumenta o tempo de
meia vida na circulacdo. Contudo, as nanoparticulas sdo frequentemente revestidas com cadeias de
PEG entre 3.400 a 10.000 Da, pois grandes aumentos no raio hidrodindmico das particulas podem
encurtar o tempo de meia vida. (WANG; THANOU, 2010; JOKERST et al., 2011).

Figura 9 - Representacéo de conformacoes diferentes de PEG, formado atraves da sua incorporagdo
sobre as superficies das nanoparticulas em diferentes densidades: A. Conformacéo tipo cogumelo.

B. Conformacéo tipo escova.

A
Rf
<>
D
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B
A
Rf
v
<>
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Fonte: Adaptado de WANG; THANOU, 2010; JOKERST et al., 2011.
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Além disso, estudos relatam que as nanoparticulas poliméricas que apresentam circulagdo
prolongada nos vasos sanguineos, acumulam-se passivamente nos tumores, sugerindo a existéncia
de um mecanismo passivo de retencdo e a potencialidade desses sistemas nanoestruturados em
tratamentos para o cancer (PARK et al.,2008).

A vascularizacdo normal é caracterizada por vasos intactos e continuos. Por outro lado, os
vasos sanguineos tumorais sdo geralmente caracterizados por anormalidades como alta proporcao
de células endoteliais proliferativas e formacdo anormal da membrana, devido a rapida
vascularizagdo necesséria para prover oxigénio e nutrientes para o tumor crescer rapidamente. A
estrutura dos vasos sanguineos de um tumor, composta por fenestras e lacunas, associada a auséncia
de um sistema linfatico intacto, torna os vasos sanguineos neste local permeaveis a macromoléculas
e nanoparticulas. Dessa forma, as nanoparticulas tendem a se acumular nos tecidos tumorais
passivamente. Este fendmeno de atingir o alvo (tumor) passivamente foi chamado de efeito de
permeabilidade e retencdo aumentadas (do inglés Enhanced Permeability and Retention, ou EPR)
(Figura 10) (ALEXIS et al., 2008; PARK et al., 2008; TORCHILIN, 2011).

Figura 10 — Diferencas entre o tecido normal e o tumoral que explicam o direcionamento passivo
dos nanocarreadores através do efeito de permeabilidade e retencdo aumentadas. A. Tecido normal
contendo vasos sanguineos lineares mantidos pelos pericitos. Os vasos linfaticos estdo presentes. B.
Tecido tumoral contendo vasos sanguineos defeituosos com muitas fenestracdes. Os vasos linfaticos

estao ausentes.

A. Tecido Normal

Nanocarreador

Macréfago '@k

Fonte: Adaptado de DANHIER et al., 2010.

Vasos linfaticos

O efeito EPR sera aumentado se o nanocarreador tiver a capacidade de evadir-se do sistema
imune e circular durante um longo periodo. Altas concentracfes de farmacos nanoencapsulados
podem ser encontradas no sitio do tumor, quando comparadas ao tecido normal. Para este fim, pelo

menos trés propriedades sdo particularmente importantes: (i) o nanocarreador ideal deve ter um
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tamanho entre 10 e 100 nm. De fato, para um extravasamento eficiente das fenestracbes na
vasculatura, as nanoparticulas devem ser muito menores que 400 nm. Por outro lado, para evitar a
filtracdo através dos rins, os nanocarreadores precisam ser maiores que 10 nm, e para evitar a
captura de uma determinada pelo figado precisam ser menores que 100 nm; (ii) A carga das
particulas deve ser neutra ou anibnica para uma evasdo eficiente da eliminacdo renal; (iii) As
nanoparticulas devem ser mascaradas, visando o0 ndo reconhecimento pelo sistema reticulo-
endotelial, o qual destroi qualquer material estranho através de opsonizacdo seguido por fagocitose
(IYER et al., 2006; GULLOTTI; YEO, 2009; DANHIER et al., 2010; RUOSLAHTI; BHATIA,
SAILOR, 2010).

2.4.3 - Nanoparticulas sitio-especificas

Na tentativa de aumentar a especificidade de interacdo dos nanossistemas com células alvo e
elevar a quantidade do farmaco liberado nestas células, a pesquisa neste campo foi focada no
desenvolvimento de lipossomas e nanoparticulas sitio-especificas. Estes utilizam ligantes acoplados
em sua superficie, que conferem seletividade para distribuir o farmaco encapsulado no sitio de agéo
desejado proporcionando uma maior seletividade e eficacia em comparacdo com o direcionamento
passivo (SAPRA; ALLEN, 2003).

No direcionamento ativo, os ligantes sitio-especificos sdo acoplados a superficie do
nanocarreador (Figura 11) para a ligacdo a receptores adequados expressos no local alvo (Figura
12). O ligante ¢é escolhido para se ligar a um receptor super expresso por células tumorais e ndo
expresso por celulas normais. Além disso, os receptores-alvo devem ser expressos de forma

homogénea em todas as células-alvo (DANHIER et al., 2010).

Figura 11 — Representacdo esquematica de uma nanoparticula sitio-especifica PEGuilada.
Ligante sitio-especifico
.o ' Camada furtiva
Matriz polimérica
® Firmaco

Fonte: ALEXIS et al., 2008.
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Figura 12 — A. Direcionamento passivo de nanoparticulas. (1) Nanocarreadores atingem tumores.

(2) Farmacos livres difundem livremente dentro e fora dos vasos sanguineos do tumor devido ao

seu pequeno tamanho, ao contrério dos farmacos encapsulados, resultando no efeito EPR. B.

Direcionamento ativo. (1) Ligantes acoplados na superficie de nanoparticulas se ligam a receptores

expressos  por
cancerigenas ou
células
endoteliais

angiogeénicas.
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Fonte: Adaptado de DANHIER et al., 2012.

Alguns exemplos de ligantes de reconhecimento sdo os anticorpos, polissacarideos,

peptideos, proteinas virais e lectinas, que sdo ligados covalentemente a superficie dos nanossistemas

a fim de carrear os farmacos para o local especifico de agdo (BATISTA et al., 2007; EDWARDS;

BAEUMNER, 2006). Atualmente, varios estudos pré-clinicos tém sido publicados, utilizando

diferentes nanossitemas e ligantes sitio-especificos (Tabela 2).
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Tabela 2 — Exemplos de nanocarreadores usando a estratégia de direcionamento ativo sitio-

especifico.
Ligante alvo Nanocarreadores Indicacdo/Célula tumoral Estado Referéncia
Transferrina Lipossomas Cancer de ovario A2780 In vitro KRIEGER et al., 2010
Lipossomas Glioma C6 Pré-clinico YING et al., 2010
Lipossomas Tumor metastatico solido Fase | SUZUKI et al., 2008
Folato Lipossomas KB Humano Pré-clinico GABIZON et al., 2003
Nanoparticulas SKOV3 In vitro ESMAELLI et al., 2008
Micelas KB Humano Pré-clinico YOO; PARK, 2004
EGF Lipossomas MCF-7 Pré-clinico PARK et al., 2002
Lipossomas Cancer de mama MCF-7 Pré-clinico KIRPOTIN et al., 2006
Lectinas Micelas HepG2 In vitro WANG et al., 2008
Lipossomas Melanoma b16 In vitro ELIAZ et al., 2004
Peptideo RGD  Lipossomas Melanoma b16 Pré-clinico XIONG et al., 2005
Nanoparticulas Tumor pancreético Pré-clinico MURPHY et al., 2008

2.4.3.1 - Liberacao de farmacos mediada por receptores de folato

Uma das mais extensivamente estudadas molécula alvo para entrega de farmacos sitio-
especificos é o 4cido félico (vitamina B9 ou folato). O acido félico é uma vitamina de baixo peso
molecular (Mw = 441 Da) requerida pelas células eucariéticas como coenzima na transferéncia de

carbono no metabolismo dos acidos nucléicos e dos aminoacidos (LEAMON; LOW, 2001).

A estrutura quimica do &cido félico estd demonstrada na Figura 13. Devido a dois
grupamentos acidos carboxilicos posicionados nas extremidades distais da molécula, a
permeabilidade passiva através da membrana € minima. Para contornar este obstaculo, a natureza
desenvolveu dois mecanismos para a internalizacdo celular desta vitamina. O primeiro mecanismo
envolve uma proteina de membrana de baixa afinidade (Kp ~1-5 um) que transporta folato
diretamente para o citosol celular. O segundo mecanismo utiliza um receptor glicoprotéico de alta
afinidade (Kp ~100 pm), geralmente referido como receptor de folato (FR), que preferencialmente
medeia a captura do folato para dentro das células por endocitose (LEAMON; LOW, 2001; PARK
et al, 2008).
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Figura 13 — Estrutura quimica do &cido fdlico.
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Fonte: LEAMON; LOW, 2001.

A proteina transportadora de folato est4 presente em praticamente todas as células, enquanto
que o FR de alta afinidade € expresso em niveis elevados principalmente em células cancerigenas,
tais como, canceres epiteliais de ovario, colo-retal, mama, prostata, pulméo, nariz, garganta, cérebro
e leucemia (SUDIMACK; LEE , 2000; LEAMON; LOW, 2001; ALEXIS et al., 2008).

O direcionamento de farmacos mediado por folato foi idealizado logo apés Kamen e
colaboradores (1986) relatarem que o folato entrava na célula via endocitose mediada por receptor.
O processo fisiologico que visa a liberacdo sitio-especifica de farmacos via folato € idéntica ao da
vitamina livre. Como ilustrado na figura 14, o conjugado exdgeno farmaco-folato liga-se ao FR
localizado na membrana celular. Imediatamente apds a ligacdo, a membrana plasmatica circunda o
complexo conjugado/FR comeca a invaginar até a formacéo de uma vesicula interna, denominado
endossomo primario. O pH do limen da vesicula diminui através da acdo de bombas de prétons que
estdo localizadas na membrana endossomal. Esta acidificacdo presumivelmente ir4 protonar os
grupos carboxil existentes na proteina FR promovendo uma mudanca conformacional que permitira
a liberacdo do folato (LEAMON; REDDY, 2004).

Vaérios tipos de carreadores de farmacos tém sido conjugados ao folato, incluindo
lipossomas, micelas e nanoparticulas poliméricas. Para o direcionamento dos lipossomas e
nanoparticulas, uma cadeia de PEG ligante é frequentemente requerida. Multiplas moléculas de
folato sdo conjugadas a cada particula, que permite uma elevada afinidade de interacdo com os FR
(ZHAO; LI; LEE, 2008). Além disso, sistemas de liberacdo de farmacos conjugados com folato
demonstraram uma alta citotoxicidade e captura celular de células cancerigenas que expressam 0
FR (YOO et al., 2004; ESMAELLI et al., 2008; NIE et al., 2009; LIANG et al., 2011; SHMEEDA
etal., 2010; SAXENA; NAGUIB; HUSSAIN, 2012).



34

Figura 14 — Endocitose de conjugados farmaco-folato. Os conjugados farmaco-folato exdgenos
ligam-se especificamente aos receptores de folato (FR) presentes na superficie das células alvo. A
membrana plasmatica sofre invaginacdo circundando o complexo conjugado/FR para formar uma
vesicula intracelular (endossomo). Como o lumem do endossomo acidifica. Os FR sofrem

mudancgas em sua conformacéo e liberam o conjugado no citosol.
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Fonte: LEAMON, LOW, 2001.

Portanto, o desenvolvimento de sistemas de liberacdo controlada de medicamento, furtivos
e/ou sitios especificos, capazes de viabilizar a administracdo da B-lapachona em uma formulacgéo
que melhore sua solubilidade, bem como, aperfeicoe a dose terapéutica diminuindo os efeitos
toxicos e direcione o farmaco para o tumor aumentando a eficicia terapéutica, torna-se uma

inovacdo util no desenvolvimento de alternativas para o tratamento do cancer.
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4. OBJETIVOS
4.1 - Objetivo Geral

Preparar e caracterizar nanocapsulas furtivas e sitio-especificas contendo p-lapachona, assim
como, avaliar a atividade altiproliferativa e a farmacocinética da fB-lapachona encapsulada nesses

sistemas para o tratamento do cancer.

4.2 - Objetivos Especificos
= Sintetizar e caracterizar derivados do copolimero PLGA-PEG conjugado ao folato;

= Obter nanocapsulas furtivas e sitio-especificas (com PEG e folato em suas superficies)

contendo o B-lapachona;
= Determinar as caracteristicas fisico-quimicas das nanocapsulas;
= Estudar a cinética de liberaco in vitro da B-lapachona, a partir das nanocapsulas;

= Desenvolver e validar uma metodologia analitica para quantificacdo da p-lapachona em

plasma de ratos Wistar;

= Analisar a citotoxidade das nanocapsulas furtivas e sitio-especificas frente a vérias linhagens

de células cancerigenas;

= Avaliar a farmacocinética da B-lapachona a partir das nanocapsulas.
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ABSTRACT

In the present study PEGylated and folate conjugated-PEG-PLGA nanocapsules were developed as
an alternative carrier of [B-lapachone. Firstly, the copolymer was synthesized with presenting
conjugation percentage of 98 % and characterized by 'H NMR and FT-IR spectroscopy.
Conventional (NC/B-lap), PEGylated (NC-PEG/B-lap) and targeted (NC-FOL/B-lap) nanocapsules
containing B-lapachone were prepared by the interfacial deposition technique and characterized for
particle size, polydispersity index, zeta potential, encapsulation efficiency. The in vitro drug release
from nanocapsules was evaluated using dialysis method under sink conditions. The effects of
polyetilenoglycol and folate on the nanocapsules surface were evaluated by cytotoxicity studies
using KG-1 and HeLa cell lines. Nanocapsules containing B-lapachone were obtained with a low
polydispersity index, negative zeta potential and high encapsulation efficiency. Through in vitro
release study, it was possible to evaluate the release profile of B—lapachone from nanocapsules with
a maximum drug release in 24 h. In the cytotoxicity study, targeted nanocapsules exhibited relevant
cytotoxicity than the free drug, conventional and PEGylated nanocapsules. The results of the
formulation characteristics and cytotoxicity study suggest that the surface modified nanocapsules

formulation could be a promising carrier for 3-lapachone.

Keywords: Polyethyleneglycol, B-lapachone, folate, nanocapsules, cytotoxicity.
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1. Introduction

B-lapachone (3,4-dihydro-2,2-dimethyl-2H-naphtho[1,2-b]pyran-5,6-dione, B-lap, molecular
weight 242 Da) is an investigational anticancer agent that consists of a small molecule naturally
obtained from the bark of plants of the species Tabebuia avellanedae, or by a semi-synthesis from
lapachol (Li et., 1993). Its cytotoxicity at micromolar (uM) concentrations against a variety of
cancer cells in culture, in particular in prostate cells (Kumi-Diaka, 2002; Dong et al., 2009; Eyong
et al., 2008; Yamashita et al., 2009), lung cells (Yamashita et al., 2009; Blanco et al., 2007),
pancreas cells (Ough et al., 2005; Li et al., 2011), breast cells (Reinicke et al., 2005; Silva-Junior et
al., 2011) and ovaries cells (Li et al., 1999), indicates its potential against tumor growth. However,
the therapeutic use of B-lap still presents limitations, mainly due to its low water solubility (16 mM)
(Nasongkla et al., 2003) and hepatotoxicity (Almeida et al., 2009). Some approaches have been
proposed drug delivery system, including polymer micelles (Blanco et al., 2007) and liposomes
(Cavalcanti et al., 2011), in order to improve the therapeutic effects of B-lapachone and reduce its
side effects.

Drug delivery systems have advantages over conventional therapeutic systems for cancer
treatment. They are capable to maintain constant and within to the therapeutic range drug
concentration in plasma, ensuring a higher bioavailability and reduced collateral effects, decreasing
the doses number required, enhancing, thus the patients adherence to the treatment (Mora-Huertas
et al., 2010). Thus, it becomes essential to develop nanocarriers systems, such as nanoparticles,
which are multifunctional devices, able to diagnose and treat, effectively and safely, diseases with
high mortality such as cancer (Sing and Lillard Jr, 2009).

Conventional nanocarriers are rapidly cleared from the bloodstream. Proteins adsorbed or
attached on the surface, promoting the recognition, capture and removal of carriers from the
bloodstream by phagocytic cells of the mononuclear phagocyte system (MPS) (Mosqueira et al.,
2001a). Structural changes in the surface of these nanoparticulate systems have been proposed in
order to decrease the capture by the monophagocyte system. One of these modifications is the
addition of the polymer chains of polyethylene glycol (PEG) on the surface of the nanoparticles.
The PEG is a hydrophilic polymer, biodegradable and biocompatible, which is used in
pharmaceuticals to reduce the interaction of nanocarriers with blood proteins, reducing opsonization
and increasing the circulation time and, consequently, therapeutic efficacy (Mosqueira et al., 2001b;
Gref, 2000).

Nowadays, PEGylated and targeted drug delivery systems have been extensively exploited
to improve the therapeutic efficiency and reduce severe side effects of anticancer drugs.

Nanoparticles have been widely studied due to its advantages including small size, acceptable
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biocompatibility, high drug encapsulation efficiency especially for hydrophobic drugs, controlled
drug release manner, high cellular internalization efficiency, desired pharmacokinetics, and long
circulation half-life (Moghimi et al., 2001; Zhang et al., 2008; Wang et al., 2010).

To achieve active targeting, nanoparticles should be equipped with functional molecules
which can recognize and adhere to biomarkers on the surface of targeting and delivery of drugs into
tumor cells. The receptor-mediated endocytic delivery is a widely utilized approach and the folate
receptor on the cell membrane is a potential molecular target for tumor-selective drug delivery
(Garcia-Bennett et al., 2011).

Folate has been used as a targeting moiety for enhancing the therapeutic efficacy of many
anticancer drugs. Folate receptor (FR) is a membrane glycoprotein, over-expressed on the surfaces
of many cancer cells, while it is almost absent in most normal tissues (Sudimack et al., 2000;
Hilgenbrink et al., 2005). Various drug carries such as liposomes (Xiang et al., 2008; Tyagi and
Ghosh, 2011), polymers conjugates (Yoo and Park, 2004a), polymeric micelles (Yoo and Park,
2004b; Zhao and Yung, 2008) and nanoparticles (Garcia-Bennett et al., 2011) have been
successfully linked to folic acid for targeted delivery of drug to cancer cells. Recently, it has been
reported that folate-mediated delivery of drug-loaded nanoparticles can enable binding, promote
uptake, and have increased cytotoxicity to cancer cells in vitro (Valencia et al., 2011; Boddu et al.,
2012; Saxena et al., 2012; Zhao et al., 2012).

In the present study, poly (d,l-lactide-co-glycolide)-poly(ethylene glycol)-folate (PLGA-
PEG-FOL) was synthesized to form nanocapsules for encapsulating -lapachone. Characterization
of nanocapsules, including size, zeta potential, drug encapsulation efficiency and in vitro release,

was carried out and their cytotoxic effect against cancer cells were investigated in vitro.
2. Materials and methods

2.1. Materials

B-lapachone (B-lap), obtained from lapachol by a semi-synthetic route was supplied by Dr.
Alexandre Gées (UFPE, Brazil). Poly (d,l-lactide-co-glycolide) (PLGA 50:50, RG502H, Mw:9000)
with terminal carboxylic acid group was purchased from Boehringer Ingelheim (Ingelheim am
Rhein, Germany). Copolymer diblock of PLGA and polyethyleneglycol attached covalently
(PLGA-PEG, Resomer® RGP d50105; PLGA 50/50 45 kDa, containing approximately 10% PEG
5kDa) was supplied by Boehringer Ingelheim (Ingelheim am Rhein, Germany). Poly (ethylene
glycol)-bis-amine (PEG-bis-amine, Mw: 3400), N-hydroxysuccinimide (NHS),
dicyclohexylcarbodiimide (DCC), folate (FOL), Poloxamer 407, soybean oil and 3-(4,5-
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dimethylthiaol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) were obtained from Sigma (St. Louis,
USA). Soybean phosphatidylcholine (PC) (Lipoid S 100®) was purchased from Lipoid GMBH
(Ludwigshafen,  Germany). Dulbecco’s modified Eagle’s medium (DMEM) and
penicillin/streptomycin solution were obtained from Invitrogen (Gaithersburg, USA). Solvents and
other chemicals were supplied by Merck (Darmstadt, Germany).

2.2. Synthesis of the PLGA-PEG-FOL conjugate

The synthesis of folate conjugates followed a four-step reaction: 1) PLGA activation, 2)
conjugation of activated PLGA with PEG-bis-amine, 3) activation of folate, and 4) conjugation of
folate to PLGA-PEG (Fig. 1).

2.2.1. PLGA activation

Briefly, PLGA (0.56 mmol) dissolved in methylene chloride was activated by DCC (1.12
mmol) and NHS (1.12 mmol) at room temperature under nitrogen atmosphere for 24 h (Yoo and
Park, 2004b). The resultant solution was centrifuged (3000 rpm for 30 min) to remove the by-
product dicyclohexylurea (DCU). The activated PLGA (PLGA-NHS) was precipitated by ice-cold
diethyl ether and dried under vacuum. The yield of this reaction was 76 %.

2.2.2. Conjugation of activated PLGA with PEG-bis-amine

Activated PLGA (0.11 mmol) and PEG-bis-amine (0.55 mmol) was dissolved in methylene
chloride in separate flask. After complete solubilization of the polymers, the PLGA solution was
added to PEG solution in a drop-wise manner gentle stirring. The reaction mixture was stirred under
inert nitrogen atmosphere for 6 h. For purification, the reaction solution was added into vigorously
stirred ethanol at room temperature. The precipitated polymer was washed three times with ethanol
and dried under vacuum. A yield of 67 % was obtained. The structure of the product was confirmed
by ‘*H-NMR.

The ethanol solution resulting from the precipitation and washing of PLGA-PEG was
evaporated under reduced pressure to recover the PEG-bis-amine unreacted. After rotaevaporation
of the solvent, the PEG was dried under vacuum, which was recovered 69 % of excess PEG-bis-
amine added in the reaction.
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Fig.1. Synthesis of PLGA-PEG—FOL conjugate.

2.2.3. Activation of folate (formation of folate-NHS)

Folate (1.1 mmol) was first activated with DCC (2.2 mmol) and NHS (2.2 mmol) in
anhydrous DMSO in presence of 0.25 mL triethylamine as a catalyst, under light protected and
nitrogen atmosphere for 24 h. The solution was filtered to remove the dicyclohexylurea by-product,
and then precipitated in cold anhydrous ether. The product was obtained in the dry state following

several steps of ether washing, decantation and vacuum drying.

2.2.4. Conjugation of folate to PLGA-PEG

PLGA-PEG (0.04 mmol) was dissolved in anhydrous DMSO and was mixed with folate-
NHS (0.1 mmol) and DCC (0.1 mmol). The reaction was performed under inert nitrogen
atmosphere at room temperature for 12 h and then mixed with 50 mL of distilled water and
centrifuged at 3000 rpm for 1 h. After discarding the pellet, the supernatant was dialyzed (MWCO=
10 kDa) against distilled water for 72 h and freeze dried. The yield of this reaction was 74 %.
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2.3. Characterization of PLGA-PEG-FOL

The chemical structure of the synthesized PLGA-PEG-FOL was characterized by 'H NMR
spectroscopy (Varian Unity Plus, Varian, California, USA) in dg-DMSO at 400 MHz and FT-IR
spectroscopy (Bruker IFS66, Bruker Optics, Karlsruhe, Germany).

The conjugation percentage was calculated by determining the amount of folate conjugated
in PLGA-PEG-FOL. A known amount of dried PLGA-PEG-FOL was dissolved in DMSO and an
UV absorbance value at 285 nm was measured to determine the concentration of conjugated folic
acid. Serially diluted concentrations of folate in DMSO were used to construct a calibration curve in

the range 1-10 pg/mL.

2.4. Preparation and characterization of S-lap-loaded nanocapsules

Conventional (NC/B-lap), PEGylated (NC-PEG/B-lap) and targeted (NC-FOL/B-lap)
nanocapsules containing B-lapachone were prepared by the interfacial deposition technique
proposed by Fessi et al. (1989). Briefly, PLGA (75 mg), PLGA-PEG (75 mg) or mixing the
polymers PLGA/PLGA-PEG-FOL (67.5/7.5 mg), soybean oil, soybean phosphatidylcholine and -
lap were dissolved in acetone. Organic phase was added slowly and under magnetic stirring in
aqueous phase consisted of poloxamer dissolved in phosphate buffer (pH 7.4). Subsequently, the
colloidal dispersion was concentrated under reduced pressure to obtain a final concentration of 1

mg/mL of B-lap.

2.5. Physicochemical characterization of nanocapsules

The particle size and polydispersity index of nanocapsules was measured by photon
autocorrelation spectroscopy using laser particle analyzer DelsaTMNano-S (Beckman Coulter,
California, USA). Zeta potential of the nanocapsules was determined by electrophoretic mobility
using a ZetasizerNano-ZS9 (Malvern, Worcestershire, UK).

B-lap concentration encapsulated into nanocapsules was determined for HPLC. The
chromatographic analysis was performed in equipment Aliance 2695 (Waters, Milford
Massachusetts, USA) coupled to a photodiode array (PDA) 2998 (Waters, Milford Massachusetts,
USA), operated at 256 nm. Reversed phase column C18 (250 mm x 4,6 mm, 5 mm, XBridge™
Waters) was used with mobile phase composed of methanol and water (80:20, v/v), at a flow rate
of 1 mL/min at 37 °C and injection volume of 50 uL. The calibration curve B-lap was prepared from

dilutions of a stock solution (0.4 mg/mL) and varying concentrations 1-80 pug/mL.
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Drug content was determined after dissolution of nanocapsules (40 uL) in methanol (960 uL).
The solution was stirred for 30 s, centrifuged at 10,000 rpm for 5 minutes, filtered (0.22 um filters,
Millex®, Millipore, Massachusetts, USA) and injected into the HPLC system.

The encapsulation efficiency of B-lap into nanocapsules was determined after submitting
samples to ultrafiltration associated with centrifugation at 10,000 rpm for 1 h using Microcon® filter
units (Millipore, Billerica, USA). The concentration of B-lapachone in the ultrafiltrate was
determined by HPLC and the encapsulation efficiency (%) was calculated by the difference
between the total drug concentrations in the preparation and the unencapsulated (free in the

ultrafiltrate) drug.

2.6. In vitro release kinetics

The in vitro release profile of B-lap from nanocapsules was evaluated using dialysis method
under sink conditions (Cavalcanti et al., 2011). An aliquot of the suspension of NC was placed to a
dialysis bag (cellulose membrane, MWCO = 10 kDa, Sigma-Aldrich, St. Louis USA) which was
subsequently sealed and inserted into a release medium (phosphate buffer pH 7.4). The system was
maintained at 37 °C = 1 °C under agitation. Aliquots of the release medium were collected at
intervals of predetermined time. Each aliquot taken from the release medium was replenished with
the same volume of buffer solution. The concentration of -lap released was quantified by HPLC at

256 nm. The kinetic assays were performed in triplicate.

2.7. Cell culture studies

2.7.1. Cell culture

Cervical carcinomas cell line (HeLa) and human myeloid leukemia cell line (KG-1) obtained
from Rio de Janeiro Cell Bank (Rio de Janeiro, Brazil) were cultivated in DMEM medium
supplemented with 10% fetal bovine serum and 1 % penicillin-streptomycin at 37 °C in a
humidified incubator with 5% CO,. The cells were maintained in an exponential growth phase by

periodic subcultivation.

2.7.2. Cytotoxicity studies

The cancer cells were seeded in 96-well plates at a density of 1 x 10* viable cells per well
and incubated for 24 h to allow cell attachment. The cells were incubated with the free B-lap drug,
and p-lap-loaded targeted or non-targeted nanocapsules suspension at concentrations from 1.0 to

8.0 uM for 48 h. The diluent for preparing the working solution was the DMEM culture medium.
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At designated time interval, 25 uL MTT (5 mg/mL in PBS) was added to each well and the
culture medium containing MTT solution was removed after 3 h. The formazan crystals were
dissolved in 200 uL DMSO and read at 630 nm by a microplate reader (BioTek Instruments,
Winooski, USA). Cell viability was calculated using the following equation: % Cell viability =
(AbSsampte / AbScontror) X 100, where AbSgmpe Was the absorbance of cells incubated with the
samples and Absconiror 1S the absorbance of control cells incubated with cell culture medium only.
The cytotoxicity of samples was expressed as the drud concentration required inhibiting growth of
the cells by 50 % relative to control (ICsp).

3. Results and discussion

3.1. Characterization of PLGA-PEG-FOL

Initially, the carboxylic group end PLGA was activated with NHS in the presence of DCC,
which was then conjugated to primary amine group of PEG-bis-amine. An excess amount of PEG
was used to prevent the formation of PLGA-PEG-PLGA triblock copolymers (Murugesan et al,
2008).

The choice of solvent for the precipitation of PLGA-PEG was of great importance to avoid
co-precipitation of unreacted PEG, which could interfere in the subsequent reaction. Therefore,
some solvents have been tested and the ethanol was chosen for the precipitation and purification of
the PEG-PLGA due to PEG is very soluble in this solvent unlike the PLGA.

After activation, the folate was coupled to PLGA-PEG via amine linkage, where the tH NMR
spectrum of PLGA-PEG-FOL (Fig. 2) confirmed the synthesis of the conjugate copolymer. The
peak at 3.64 ppm corresponded to the -CH, protons of PEG. The multiplets at 1.53-1.58 ppm and
5.15-5.23 ppm are attributed to -CH3 and -CH protons of the d, I-lactic acid repeats, respectively.
The multiplets at 4.66-4.90 ppm correspond to the glycolic acid -CH, protons. The high complexity
of the peaks resulted from mixed d-lactic, I-lactic and glycolic acid sequences in the polymer
backbone (Kasperczyk, 1996). Small peaks at 6.6 ppm, 7.8 ppm and 8.7 ppm were attributed to
aromatic protons associated with folate (Liang et al, 2011; Boddu et al., 2012).
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Fig. 2. *H NMR spectrum of PLGA-PEG-FOL.

The synthesized copolymer PLGA-PEG-FOL was futher confirmed by FT-IR spectrum as
displayed in Fig. 3. In this spectrum are observed the following absorption bands (v, cm™): 2945-
2868 (CH,, CH3), 1760 (C=0), 1455-1358 (CHj3), which characterize the PLGA. A strong band in
1096 cm™ attributed to the stretching vibrations of C-O of the PEG was observed. The bands in
1691 cm™ and 1608 cm™ can be attributed to stretching vibrations C=O and N-H of the folate,
respectively (Stevanovic et al, 2008). All these results demonstrated successful introduction of
folate into the backbone of diblock copolymer PLGA-PEG to form a conjugate.
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Fig. 3. FT-IR spectrum of PLGA-PEG, folate and PLGA-PEG-FOL.

The conjugation percentage of folate on the PLGA-PEG-FOL was determined by ultraviolet
(UV) spectrophotometric analysis of the lyophilized product at 285 nm. The calibration curve was
obtained: Absorption= 0.0705 x [folate] (ug/mL) + 0.0122, R?=0.9999. Based on the theoretical
calculation, the conjugation percentage of folate to PLGA-PEG was 98 %. This percentage of
conjugation was higher than any found in the literature (Yoo and Park, 2004b; Esmaelli et al., 2008;
Nie et al., 2009; Ebrahimnejad et al., 2010).

3.2. Physicochemical characterization of nanocapsules

The nanocapsules containing p-lapachone were prepared by the interfacial deposition
technique, where the physicochemical characteristics are summarized in Table 1.

Particle size and polydispersity index of nanocapsules are an important characteristics to be
evaluated during the development of pharmaceutical formulations, because they indicate the
uniformity of size and dispersion of a formulation. In addition, they can influence drug loading,
drug release, in vivo distribution, and targeting ability of these delivery systems (Fukumori and
Chikawa, 2006; Singh and Lillard Jr., 2009). The nanocapsules samples exhibited narrow size
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distribution and monodisperse unimodal pattern with polydispersity index below 0.3, besides
presenting appropriate sizes for nanoscale colloidal dispersions. As it has been shown in table 1, the
PEGylated and targeted nanocapsules (NC-FOL/B-lap) had a larger size (151.2 and 149.9 nm,
respectively) whereas conventional (NC/B-lap) nanocapsules (137.8 nm). The increased size of NC-
FOL/B-lap may be due to the presence of PEG and folate at the surface of nanocapsules (Mosqueira
et al., 2001b; Esmaeli et al., 2008; Murugesan et al., 2008).

Table 1
Physicochemical characterization of conventional (NC/B-lap) PEGylated (NC-PEG/B-lap) and
targeted (NC-FOL/B-lap) nanocapsules containing 3-lapachone.

Particle Size EE Zeta potential
Nanocapsules PDI
(nm) (% +£S.D.) (mV+SD.,)
NC/B-lap 137.8 0.265 98.9+1.7 -13.0+£0.6
NC-PEG/B-lap 151.2 0.241 98.2+0.9 -6.5+0.2
NC-FOL/B-lap 149.9 0.283 98.5+15 -.4£05

PDI = polydispersity index; EE= encapsulation efficiency.

Zeta potential is another important index for the stability of the nanoparticles suspension.
The high absolute value of zeta potential indicates a high electric charge on the surface of the drug-
loaded nanoparticles, which can cause strong repulson forces among particles to prevent
aggregation (Singh and Lillard Jr., 2009). The zeta potencial value for conventional, PEGylateg and
targeted nanocapsules was —13.0 £ 0.6 mV, -6.5 + 0.2 mV and -5.4 + 0.5 mV, respectively. Since
PEG is non-ionic, this zeta potential decrease demonstrated the presence of PEG layer on the
surface (Gref et al., 1995). The smaller and negative zeta potential of PLGA-PEG was also reported
previously (Park et al., 2005b; Zhao and Yung, 2008).

For the PLGA-PEG-FOL nanocapsules, the protonated amino acid groups of folate may
affect the surface charge present on the surface of PLGA nanocapsules. The small and negative zeta
potential of PLGA-PEG-FOL was also reported in other studies (Esmaeli et al., 2008; Ebrahimnejad
etal., 2010).

The encapsulation efficiency of B-lap into nanocapsules was determined by HPLC. The
calibration curve was obtained: Area = 332127 x [B-lap] (ug/mL) - 137974, r = 0.9998. The B-lap

chromatogram solubilized in methanol showed a defined peak with a retention time of 4.1 min.
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In this study, high values of B-lap encapsulation efficiency in NC/p-lap (98.9 + 1.7 %) NC-
PEG/B-lap (98.2 £ 0.9 %) and NC-FOL/B-lap (98.5 + 1.5 %) nanocapsules were obtained. When
using the interfacial deposition technique, nanocapsules are obtained with high encapsulation
capacity for lipophilic drugs in a reproducible way and effective, due to its central oily cavity
(Cauchetier et al., 2003; Mora-Huerta et al., 2010). Results of the lipophilic drugs encapsulation
efficiency in nanocapsules suspensions around 100 % were observed in several studies (Cauchetier
et al., 2003; Santos et al., 2005).

3.3. In vitro release study

The formulations studied showed a biphasic drug release pattern characterized by an initial
burst phase followed by a release phase. The in vitro release profile of B-lapachone from the
conventional, PEGylated and targeted nanocapsules is showed in Fig. 4. Burst effect of 34 + 1.62
%, 30 £ 0.89 % and 36 + 0.44 % were observed in the first 2 h of B-lap release from NC/B-lap, NC-
PEG/B-lap and NC-FOL/B-lap, respectively. The burst release is probably due to the release of
drug poorly entrapped or associated to the particles surface that is prone to diffuse to the medium
faster (Klose et al., 2008). The maximum drug release was achieved within 24 h around 79 £ 0.29
%, 78 + 0.76 % and 80 £ 0.42 % of its initial content, for conventional, PEGylated and targeted
nanocapsules, respectively. The data reflect the ability of nanocapsules to control drug release in the
phosphate buffer solution under in vitro sink conditions. It is a well-known fact that several factors
have an effect on the release of entrapped drugs in nanocarrier systems. Particle size, solubility or
affinity of the drug to the oily phase and the polymer, and drug loading are common parameters that
govern the kinetic profile of drugs. Thus, in vitro kinetics of nanoparticulated systems, especially in
the case of nanocapsules, remains a challenge in the evaluation of drug release and some lipophilic
drugs presented different profiles when encapsulated into nanocapsules. The usnic acid was
completely released from PLGA nanocapsules within 48 hours (Santos et al., 2005). In opposed, the
release of atovaquone from PLGA nanocapsules was slow, just 18.9 % in three months (Cauchetier
et al., 2003). Comparing the kinetic release of B-lap-loaded conventional, PEGylated and targeted
nanocapsules, the presence of PEG and folate on the surface of nanocapsules did not affect the drug

release rate.
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Fig. 4. Release profile of B-lapachone from the conventional (NC/B-lap) (H) PEGylated (NC-
PEG/B-lap) (@) and targeted (NC-FOL/B-lap) (A ) nanocapsules under sink conditions. Each point

represents the mean of three different experiments + standard deviation.

3.4. Cytotoxicity studies

To evaluate the cell cytotoxicity of the free B-lap and the drug formulated in the
nanocapsules were realized using the KG-1 and HeLa cell lines. Fig. 5 shows the KG-1and HelLa
cell viability of the free B-lap and the drug formulated in the nanocapsules, which were determined
by MTT assay. As the B-lap concentration increased, the cell viability of cancer cells was
decreased. The cells lines exhibit a significant dose-dependent reduction in their viability after

treatment with free B-lap and the drug formulated in the nanocapsules.



59

100

80

60

40

Cell viability (%)

20

B-lapachone concentration (uM)

100

80

60

40

Cell viability (%)

20

0 2 4 6 8

B-lapachone (uM)

Fig. 5. Cytotoxicity of free 3-lapachone (m), conventional (e), PEGylated (A) and targeted (V)
nanocapsules on KG-1 (A) and HelLa (B) cancer cells after 48 h of incubation. Results are mean

values + SD of cell viability percentage (n = 3).

The cytotoxicity of free and encapsulated -lap against HeLa cells was less than of KG-1 cells
(Fig. 5B). However, similar to results obtained with KG-1cells, NC-FOL/B-lap (ICso = 4.8 £ 0.48
uM) exhibited higher cytotoxicity that the free B-lap (ICso = 6.2 £ 0.46 uM), NC/B-lap (ICs0 =5.7 £
0.32 uM) and NC-PEG/B-lap (ICs = 5.5 = 0.81 uM) against the KG-1 and HelLa cells. Thus, the
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enhanced cytotoxic result for targeted nanocapsules can be attributed to the increased cellular
uptake of B-lap, which is also reported in the literature (Zhao and Yung, 2010; Liang et al., 2011;
Saxena et al., 2012).

Table 2
ICso values of free B-lapachone, conventional (NC/B-lap), PEGylated (NC-PEG/B-lap), and targeted
(NC-FOL/B-lap) nanocapsules in KG-1 and HelLa cancer cells after 48 h of incubation. Results are

mean values + SD (n= 3).

I1C5 Values (uM)

Formulation
KG-1 Cells HeLa Cells
B-lap free 2.3+0.03 6.2 + 0.46
NC/B-lap 1.9+0.26 57+0.32
NC-PEG/B-lap 1.8+0.21 55+0.81
NC-FOL/B-lap 1.1+0.16 4.8+0.48
4. Conclusion

In this study, was synthesized and characterized PLGA-PEG-FOL conjugated polymer.
Conventional, PEGylated and targeted nanocapsules containing B-lapachone were obtained with a
low polydispersity index, negative Zeta potential and high encapsulation efficiency of drug into
nanocapsules. Through in vitro release study, it was possible to plot a profile of B-lapachone release
from nanocapsules with a maximum drug release in 24 h. The cell cytotoxicity of the free B-lap and
encapsulated in nanocapsules was evaluated against the KG-1 and HeLa cells, which the targeted
nanocapsules exhibited relevant cytotoxicity than the free drug, conventional and PEGylated
nanocapsules. These results imply that B-lapachone-loaded surface modified nanocapsules could

have high potentials to be used for chemotherapy.
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ABSTRACT

A simple, specific and rapid high performance liquid chromatography (HPLC) method for the
determination of p-lapachone in rat plasma was developed and validated. B-lapachone was
quantified on a Cyg reverse phase column (250 mm x 4.6 mm, 5 mm,) at 40 °C, using a mobile
phase composed of methanol and water (80:20, v/v), at a flow rate of 0.9 mL/min, and with UV
detection at 256 nm. B-lapachone was extracted from plasma samples after the addition of methanol
at 4 °C. The method was proven to be linear over a plasma B-lapachone concentration range of 0.5
to 16 pg/mL with a mean correlation coefficient of 0.9996. The intermediate precision indicated
that the difference between the means was statistically insignificant (p < 0.05). The recovery of -
lapachone from rat plasma was around 100 %. The limit of detection and the limit of quantification
of B-lapachone were determined to be 0.07 pg/mL and 0.22 ug/mL, respectively. The developed

method was successfully applied to assess the pharmacokinetics of -lapachone in rat plasma.

Keywords: -lapachone, plasma, HPLC , validation, pharmacokinetics.
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1. Introduction

B-lapachone (3,4-dihydro-2,2-dimenthyl-2H-napthol [1,2-b] pyran-5,6-dione, B-lap) is a ortho-
naphthoquinone (Fig. 1) which can be extracted from the bark of Tabebuia avellanedae, a native
tree originating in South America and found particularly in Brazil [1]. However, in large scale, j3-

lap is obtained by semi-synthesis from lapachol by heating or cold hydrolysis with sulfuric acid [2].

/

0
CH;

H,C

Fig. 1. Chemical structure of B-lapachone (C15H403).

B-lapachone (B-lap) has been shown to have a variety of pharmacological effects, such as,
antibacterial [3, 4], antifungal [5, 6], trypanocidal [7-10], antiviral [2, 11, 12], anti-inflammatory
[13], antineoplastic [14].

Although many studies involving B-lap, relatively few publications describing methodologies
for its quantification in biological fluids has been proposed. Glen et al. [15] published a high
performance liquid chromatography (HPLC) reverse phase method for determination of B-lap in
human plasma samples. In this study, the mobile phase was a mixture (v/v) of 45 % acetonitrile and
55 % K,HPO, containing 0.003 % triethylamine, and the chloroform, as the extraction liquid, where
a recovery of only 67 % of the drug was obtained. More recently, Savage et al. [16] developed a
method for the quantification of B-lap in a stable hydroxypropyl--cyclodextrin formulation (ARQ
501) in mouse plasma using liquid chromatography/tandem mass spectrometry (LC-MS/MS). The
mobile phase consisted of 0.1 % formic acid in water and 0.1 % formic acid in acetonitrile with a
concentration gradient by varying the percentage of acetonitrile (40-95 %). The samples were
processed using protein precipitation with acetonitrile and the recovery was more than 100 % due to

a small interference of the plasma matrix.
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In this scenario, the objective of this study was to develop and validate a new and simple
analytical method by HPLC for quantification of B-lapachone in rats plasma with sensitivity and in

extraction procedure, to explore the in vivo pharmacological properties of drug.

2. Materials and methods

2.1. Materials

Pure B-lapachone, obtained from lapachol by a semi-synthetic route was supplied by Dr.
Alexandre Goes (UFPE, Brazil). HPLC-grade metanol were supplied by Merck (Darmstadt,
Germany). Purified water was generated by a Milli-Q® ultra-pure water purification system
(Millipore, Massachusetts, USA).

2.2. Chromatographic Conditions

Chromatographic analysis were performed using Aliance 2695 equipment (Waters, Miliford,
EUA) coupled to diode array detector (PDA) 2998 (Waters, Miliford, EUA) under isocratic elution
at 40 °C. Reversed phase column C18 (250 mm x 4,6 mm, 5 mm, XBridge™ Waters) was used
with mobile phase composed of methanol and water (80:20, v/v), at a flow rate of 0.9 mL/min.

Injection volume was 50 pL and the wavelength for UV detection was set to 236 nm.

2.3. Preparation of standards and plasma samples

A stock solution of B-lap (1 mg/mL) was prepared in methanol. Six working standard
solutions containing 6, 12, 24, 48, 96 and 192 pg/mL of B-lap were prepared by further dilution of
B-lap stock solution with appropriate volumes of methanol.

Control plasma was obtained from untreated rats and spiked with -lap standard solutions to
yield calibration standards in plasma at concentrations of 0.5, 1, 2, 4, 8 and 16 pg/mL. Each B-
lapachone-containing rat plasma sample was extracted and deproteinized by mixing it with
methanol at 4 °C. The mixture was briefly vortex-mixed for 30 s and centrifuged at 20.000 g for 10
min at 25 °C. The supernatant was filtered (Millex® filters, 0.22 um, Millipore, Massachusetts,
USA) and injected into the HPLC system.
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2.4. Method validation

The HPLC method to quantify B-lap in plasma was validated by determining its linearity,
recovery, accuracy, precision, specificity, quantification and detection limits, according to
international guidelines of the International Conference on Harmonization of Technical

Requirements for Registration of Pharmaceuticals for Human Use [17].

2.4.1. Linearity

The linearity of the method was verified by the average of three authentic analytical curves
at six different concentration levels of pB-lap (0.5, 1, 2, 4, 8 e 16 ug/mL). The linearity of the
analytical curve was established by linear correlation between concentration, independent variable
(x), and ratio between the areas of the chromatographic peaks of the drug and the internal standard,
dependent variable (y). The correlation parameters were estimated through the least square

regression method.

2.4.2. Recovery

The extraction recovery was determined by comparing the results of plasma samples added
-lap subjected to the extraction process at analyzes of 3-lap samples in methanol not subjected to

this process, in three different concentrations (1, 4 and 16 pg/mL) and three replications.

2.4.3. Accuracy

The accuracy was assessed by analysis of plasma samples for quality control at three
different concentration levels: low (1 pg/mL), medium (4 pg/mL) and high (16 pg/mL). All samples
were prepared in triplicate (n = 9). The coefficient of variation and percentage of recovery were
used to assess the accuracy defined as: Accuracy = (found drug concentration / theoretical drug
concentration) x 100.

2.4.4. Precision

The precision assays were determined using three samples at different concentrations (1, 4
and 16 pg/mL) performed at the same day (intraday) and in two consecutive days by two analysts
(inter-day). Precision was expressed as RSD %. Statistical analyses were performed using Student’s
t-test.
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2.4.5. Limits of detection (LOD) and quantification (LOQ)

Limits of detection (LOD) and quantification (LOQ) were estimated, mathematically, from
the average of three authentic analytical curves. The calculation to determine the corresponding
values based on the standard deviation of the residual of the regression line and its relation to the
slope in the analytical curve. To determine the limit of detection and quantification were utilized
equations: LOQ = (SD /1) x 3.3 and LOQ = (SD / 1) x 10, where LOD is the limit of detection;
LOQ is the limit of quantification, SD is the standard deviation of the intercept with respect to the y

axis and | is the slope of the calibration curve.

2.5. Pharmacokinetic Studies

The experiments were approved by the Ethics in Research Committee of the Federal
University of Pernambuco, Recife, Brazil (Protocol 23076.033910/2012-32). The applicability of
the developed HPLC method for B-lap in rat plasma was demonstrated by the results obtained from
pharmacokinetic studies conducted in three male Wistar rats (250 g - 350 g). The drug was
dissolved in 10 % DMSO plus 3 % Tween 80 (v/v in PBS) to produce stock solutions of 4 mg/mL
and each rat received an intraperitoneal dose of 40 mg/kg of B-lap. A blood sample was collected
from the tail vein into microtubes containing EDTA-K; (VACUETTE®, Greiner Bio-One,
Kremsmuenster, Austria) at 0.5, 1, 2, 4, 8 and 12 h following drug administration. Plasma was
separated by centrifugation and stored at —20 °C until analysis that was processed as described in

sample preparation.

3. Results and discussion

3.1. Method validation

The developed method was specific for B-lap and good separation was obtained with the
plasma components, with retention time of 4.5 minutes, allowing total analysis time for each sample
about 6 minutes. Moreover, the chromatographic peaks obtained were symmetrical with excellent
baseline resolution (Fig. 2). Pharmacokinetic assays generate many samples, so it is interesting that
the analytical methods for these assays show short time analysis.
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Fig. 2. Representative HPLC Chromatograms for (A) the control plasma and (B) the plasma spiked
with B-lap standard solutions (16 pug/mL).

The method was linear between 0.5 to 16 ug/mL. The mean linear regression equation
obtained from three calibration curve was y = 379042 x — 26626. The correlation coefficient
obtained was 0.99996, meaning that 99.99 % of the total variation around the mean is explained by
the linear regression, confirming the suitability of the method to the range evaluated. The data
relative standard deviations (RSD) of the method range are shown in Table 1. The maximum
relative standard deviation was 4.73 %, thus lower than the maximum value of 5 % required by

ICH. Therefore, the analytical method developed has linearity range between B-lap concentrations

of 0.5 to 16 ug/mL.

The extraction recovery of three different concentrations, 1, 4 and 16 ug/mL, was 99.58 +
1.99 %, 99.40 % £ 1.07 and 99.46 + 2.31 %, respectively. The organic solvent used in this study

was methanol at 4 °C unlike previous studies, which used chloroform [15] and acetonitrile [16].
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Table 1

Linearity of the HPLC method for B-lap determination in rat plasma.

[B-laplineoricar (Lg/mL) Area + SD [B-lap]found = SD RSD (%)
0.5 178207 + 3146 0.54 £0.01 1.77
1 349283 £+ 16555 0.99+0.04 4.73
2 724186 + 30563 1.98 £ 0.08 4.22
4 1471627 + 20455 3.95+0.05 1.39
8 3021511 + 112399 8.04 £0.29 3.72
16 6035251 + 144891 15.99 + 0.382 2.40

SD= Standard deviation; RSD (%) = Relative standard deviation.

The accuracy was verified for three concentration levels: low, medium and high. The
experimental data obtained showed an average accuracy of 99.3 % (98.8 to 99.9 %) and the
maximum standard deviation was about 4 % (Table 2). The ICH regulates the accuracy results
should not be less than 95 % and the relative standard deviation does not exceed 5 %, so the results
of this study demonstrate that small variations in the concentration of -lap can be quantified by the

method developed.

Table 2

Accuracy for the quantification of B-lap in rat plasma.

[B-lap] (ng/ml) Statistics

Theorical Found Mean SD RSD (%) A (%)
1 0.94 1.04 0.99 0.99 0.04 4.40 99.2
4 3.97 3.89 3.99 3.95 0.05 1.37 98.8
16 15.81 15.73 16.43  15.99 0.38 2.39 99.9

SD= Standard deviation; RSD (%) = Relative standard deviation.
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The precision evaluates the variation of tests performed on different days and analysts. In
this study, using the Student t test was evaluated the possible existence of a statistically significant
difference between the mean values of assays performed on different days and with different
analysts. As can be seen in Table 3 in all cases t calculated was always less than t critical, showing a
lack of statistically significant difference between the means.

The values related to the limits of detection (LOD) and quantitation (LOQ) estimates were
0.07 and 0.22 ug/mL respectively. With these results, it appears that the method has sensitivity to
detect and quantify the p-lap.

Table 3

Precision evaluation of the HPLC method for quantifying B-lap in rat plasma.

) ) t values
Theorical concentration
tcalculate tcritical
(ng/mL)
Interday Intraday
1.0 2.32 0.81
4.0 0.41 1.09 4.30*
16.0 0.77 0.86

*Theoretical value t critical = 4.30 based on the t-test comparing average with standard value at p =
0.05 level

3.2. Application of the HPLC method to pharmacokinetic studies

The proposed HPLC method was successfully applied to monitor quantitatively the time
course of plasma B-lap concentrations after intraperitoneal administration of a single 40 mg/kg dose
of the drug to three adult male Wistar rats. The mean plasma drug concentration-time profile
observed in these pharmacokinetics studies is shown in Fig. 3. The following mean (£ SD; n = 3)
non compartmental pharmacokinetic parameters were derived from these data: maximum B-lap
plasma concentration (Cmax) = 1.74 = 0.20 ug/mL; total area under the B-lap plasma concentration-
time curve (AUC) = 421.1 + 9.9 pg.min/mL; terminal phase elimination half-life (Ty,) = 2.4 £ 0.18
h; apparent volume of distribution divided by the fraction of the intraperitoneal dose absorbed
(Vd/F) = 24.5 £ 1.5 L; total body clearance divided by the fraction of the dose absorbed (CL/F) =
79.8 £ 2.1 mL/kg/min; and the mean residence time of B-lap in the body (MRT) = 306.9 £ 19.7 min.
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Fig. 3. Mean plasma concentration—time profile of B-lap (ug/mL) following an intraperitonial dose

of 40 mg/kg administred to three Wistar rats (n=3).

4. Conclusion

A simple, rapid, specific, sensitive and reproducible HPLC method for the quantitative
determination of B-lapachone in rat plasma has been developed and validated. The method is

suitable for studying the pharmacokinetics of B-lapachone using rat as an animal model.
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ABSTRACT

The aim of the study was to evaluate the pharmacokinetics profile of B-lapachone (B-lap) in
solution and through PLGA-PEG-FOL nanocapsules in Wistar rats after intraperitoneal
administration. The nanocapsules containing B-lapachone (NC-FOL/B-lap) were prepared by the
interfacial deposition technique and characterized by particle size, zeta potential and encapsulation
efficiency. Pharmacokinetic parameters were estimated by a non-compartmental approach using
classic equations. After preparation, the NC-FOL/B-lap formulations showed appropriate particle
size, encapsulation efficiency and surface charges. In the pharmacokinetics study, the nanoparticles
showed significant changes in the B-lap pharmacokinetic profile compared to free drug. Overall, the
use of folate-targeted nanocapsules containing p-lapachone in cancer therapy can be promising

strategic, but further studies are warranted.

Keywords: PLGA-PEG-FOL, B-lapachone, folate, targeted nanocapsules, pharmacokinetics.
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1. Introduction

Nanoparticles, by using active targeting strategies, can enhance the intracellular
concentration of drugs in cancer cells while avoiding toxicity in normal cells. Furthermore, when
nanoparticles bind to specific receptors and then enter the cell, they are usually enveloped by
endosomes via receptor-mediated endocytosis (Leamon and Reddy, 2004). Some ligands can
substantially increase site-specific targeting. In particular, folate has been used as a targeting moiety
for enhancing the therapeutic efficacy and improved pharmacokinetic of many anticancer drugs
encapsulated in nanoparticles (Garcia-Bennett et al., 2011). Folate receptor (FR) is a membrane
glycoprotein, over-expressed on the surfaces of many cancer cells, while it is almost absent in most
normal tissues (Sudimack et al., 2000; Hilgenbrink et al., 2005). In the literature, folate decorated
nanoparticles of biodegradable polymers have been found to increase the cellular uptake and cell
cytotoxicity of the formulated anticancer drugs (Valencia et al., 2011, Boddu et al., 2012, Saxena et
al., 2012, Zhao et al., 2012).

In this study, poly (lactide-co-glycolide)-polyetilenoglycol-folate (PLGA-PEG-FOL)
polymer conjugate were synthesized, and folate-targeted nanocapsules were prepared for targeted
drug delivery with B-lapachone (B-lap). The B-lap is an ortho-naphthoquinone that can be extracted
from the bark of Ipe-Roxo (Tabebuia avellanedae) or obtained by semi-synthesis from lapachol (Li
et al., 1993). It has been shown that B-lap has a variety of pharmacological effects, among them the
antineoplastic activity (Woo and Choi, 2005). Despite its therapeutic potential, the B-lap has
limitations such as low solubility in water, hepatotoxicity and nonspecific drug distribution of B-lap
limit its clinical potential (Nasongkla et al. 2003; Almeida et al. 2009). Some studies have
suggested the use of drug delivery systems that can enhance bioavailability of B-lap, in this context
some authors have been developed B-lap-loaded micelles (Blanco et al., 2007) and liposomes
(Cavalcanti et al., 2011).

The aim of this work is to study the pharmacokinetics of B-lap in rats after single dose

intraperitoneal administration of folate-targeted nanocapsules in comparison with free drug.

2. Materials and methods

2.1. Materials

B-lapachone (B-lap), obtained from lapachol by a semi-synthetic route was supplied by Dr.
Alexandre Goées (UFPE, Brazil). Poly (d,l-lactide-co-glycolide) (PLGA 50:50, RG502H, Mw:
9000) with terminal carboxylic acid group was purchased from Boehringer Ingelheim (Ingelheim

am Rhein, Germany). Poly(ethylene glycol)-bis-amine (PEG-bis-amine, Mw: 3400), N-
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hydroxysuccinimide (NHS), dicyclohexylcarbodiimide (DCC), folate (FOL), Poloxamer 407 and
soybean oil were obtained from Sigma (St. Louis, USA). Soybean phosphatidylcholine (PC)
(Lipoid S 100®) was purchased from Lipoid GMBH (Ludwigshafen, Germany). Solvents and other
chemicals were supplied by Merck (Darmstadt, Germany).

2.2. Synthesis of the PLGA-PEG-FOL conjugate

PLGA-PEG-FOL conjugate was prepared according to the method developed by Yoo and
Park (2004), but with minor modifications. PLGA dissolved in methylene chloride was activated by
DCC and NHS at room temperature under nitrogen atmosphere for 24 h (PLGA/NHS/DCC
stoichiometric molar ratio: 1/2/2). The resultant solution was centrifuged and precipitated by
dropping into ice-cold diethyl ether and the activated PLGA was completely dried under vacuum.
The activated PLGA dissolved in methylene chloride was added slowly to PEG-bis-amine
dissolved in methylene chloride in a drop-wise manner with gentle stirring. The reaction was
carried out for 6 h under nitrogen atmosphere (PLGA/PEG-bis-amine stoichiometric molar ratio:
1/5) and the resultant solution was precipitated by addition of ethanol. The precipitated product,
amine-terminated di-block copolymer, PLGA-PEG—NH; was centrifuged and dried under vacuum.
Folate-conjugated di-block copolymer was synthesized by coupling the PLGA-PEG—NH, di-block
copolymer to an activated folate. PLGA-PEG-NH, was dissolved in anhydrous DMSO and was
mixed with folate-NHS and DCC (PLGA-PEG-NHy/folate stoichiometric molar ratio: 1/2). The
reaction was performed under inert nitrogen atmosphere at room temperature for 12 h and then
mixed with 50 ml of distilled water and centrifuged at 3000 rpm for 1h. After discarding the pellet,
the supernatant was dialyzed (MWCO= 10 kDa) against distilled water for 72 h and freeze dried.
Based on the molar ratio, the conjugation percentage of PLGA-PEG-FOL was found to be 98%.
The conjugation percentage was calculated by determining the amount of folic acid conjugated in
PLGA-PEG-FOL. A known amount of dried PLGA-PEG-FOL was dissolved in DMSO, and the
UV absorbance value at 285 nm was measured to determine the concentration of conjugated folic

acid. Serially diluted concentrations of folate in DMSO were used to construct a calibration curve.

2.3. Preparation of g-lap-loaded PLGA-PEG-FOL nanocapsules

Targeted nanocapsules containing B-lapachone (NC-FOL/ -lap) were prepared by the
interfacial deposition technique proposed by Santos et al., 2005. Briefly, mixing the polymers
PLGA/PLGA-PEG-FOL, soybean oil, soybean phosphatidylcholine and B-lap were dissolved in
acetone. Organic phase was added slowly and under magnetic stirring in aqueous phase consisted of
poloxamer dissolved in phosphate buffer (pH 7.4). Subsequently, the colloidal dispersion was

concentrated under reduced pressure to obtain a final concentration of 1mg/mL of p-lap.
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The particle size of nanocapsules was measured by photon autocorrelation spectroscopy
(DelsaTMNano-S, Beckman Coulter, California, USA) and zeta potential of the nanocapsules was
determined by electrophoretic mobility (Zetasizer Nano-ZS9, Malvern, Worcestershire, UK).

The encapsulation efficiency of B-lap into nanocapsules was determined after submitting
samples to ultrafiltration associated with centrifugation at 10,000 rpm for 1h using Microcon® filter
units (Millipore, Billerica, USA). The concentration of B-lapachone in the ultrafiltrate was
determined by a HPLC validated method and the encapsulation efficiency (%) was calculated by the
difference between the total drug concentrations in the preparation and the unencapsulated (free in

the ultrafiltrate) drug.
2.4. Pharmacokinetic Studies

2.4.1. Animals

The protocol for animal studies was approved by the Ethics in Research Committee of the
Federal University of Pernambuco, Recife, Brazil (Protocol 23076.033910/2012-32). The
experiments were carried out on male Wistar rats (250-350 g). The rats were housed under standard
conditions at room temperature 22 + 2 °C, with a humidity roughly 65% and a 12-h light to 12-h

dark cycles. Water and food ad libitum were supplied.

2.4.2. Study design

The animals were divided into two groups (n = 42). Groups | and Il were administered 40
mg/kg of B-lap solutions (group 1) or NC-FOL/ B-lap (group II) intraperitoneally. The drug was
dissolved in 1 % DMSO plus 3 % Tween 80 (v/v in PBS) to produce stock B-lap solutions. Blood
sample of three rats was collected from via cardiac puncture into microtubes containing EDTA-K3
(VACUETTE®, Greiner Bio-One, Kremsmuenster, Austria) for each time 0.5, 1, 2, 4, 8, 12 and 24
h following drug administration. Plasma was separated by centrifugation (1500 g for 10 min) and
stored at —20 °C until analysis.

2.4.3. Plasma sample treatment

Each plasma sample was extracted and deproteinized by mixing it with methanol at 4 °C.
The mixture was briefly vortex-mixed for 30 s and centrifuged at 20,000 g for 10 min. The
supernatant was filtrated (Millex® filters, 0.22 pum, Millipore, Massachusetts, USA) and injected

into the HPLC system.
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2.4.4. HPLC analysis

Chromatographic analysis were performed using Aliance 2695 equipment (Waters, Miliford,
EUA) coupled to diode array detector (PDA) 2998 (Waters, Miliford, EUA) under isocratic elution
at 40 °C. Reversed phase column C18 (250 mm x 4,6 mm, 5 mm, XBridge™ Waters) was used
with mobile phase composed of methanol and water (80:20, v/v), at a flow rate of 0.9 mL/min.
Injection volume was 50 pL and the wavelength for UV detection was set to 236 nm. The
calibration curve B-lap in plasma at concentrations of 0.5, 1, 2, 4 and 8 ug/mL was prepared from

dilutions of a B-lap stock solution (1 mg/ml) in methanol.

2.4.5. Pharmacokinetic data analysis

Pharmacokinetic parameters were estimated by a non-compartmental approach using classic
equations. The maximum peak B-lap in plasma (Cma) and the time to reach maximum peak
concentration (Tmax) Were obtained directly from the individual plasma concentration—time profiles.
The elimination rate constant (ke) was computed from a log-linear regression of the B-lap
concentration data during the elimination phase and the half-life (t12) was calculated as In(2)/ke.
The area under the concentration—time curve from time zero to time t (AUC,) was calculated using
the trapezoidal method. The area under the plasma concentration-time curve from time zero to
infinity (AUC..) was obtained by the addition of AUC; and the extrapolated area determined by last
measured concentration (Cjast) / ke. The apparent total body clearance of the drug from plasma (CL)
was calculated from the quotient of the dose and AUC.. The mean residence time (MRT) was
calculated by the ratio of the area under the first moment concentration versus time curve (AUMC,,)
and AUC,,. The apparent volume of distribution at steady state after non-intravenous administration
(\Vdss/F) was estimated by the product between MRT and CL.

The data were presented as mean + SD, and the Student’s t test was used to analyze

differences between both groups. A p-value < 0.05 was considered significant.

3. Results and discussion

3.1. Preparation of g-lap-loaded PLGA-PEG-FOL nanocapsules

The nanocapsules containing B-lapachone (NC-FOL/ B-lap) were prepared by the interfacial
deposition technique. NC-FOL/ B-lap presented a particle mean diameter of 150 + 5.6 nm, being
this size considered appropriate for in vivo administration of nanocapsules by intraperitoneal.
Measurement of the zeta potential, which was — 5.4 £ 0.5 mV, assessed the surface charge of B-lap-

loaded nanocapsules. The low zeta potencial is due the presence of folate on the surface of PLGA-
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PEG-FOL nanocapsules which minimize carboxylic acid groups of the polymer PLGA (Esmaeli et
al., 2008; Ebrahimnejad et al., 2010). In addition, high values of B-lap encapsulation efficiency in
NC-FOL/ B-lap (99 + 1.5 %) were obtained. Nanocapsules were obtained using the interfacial
deposition technique presented high encapsulation capacity for lipophilic drugs due to its central
oily cavity (Cauchetie et al., 2003; Mora-Huertas, 2010).

3.2. Pharmacokinetic Studies

Pharmacokinetic profile was performed in male rats via a single i.p. administration of free 3-
lap and encapsulated nanocapsules at the same dose of 40 mg/kg. The mean plasma concentration—
time profiles for the free B-lap or B-lap-loaded nanocapsules (NC-FOL/ 3-lap) are presented in Fig.
1. Pharmacokinetic parameters of 3-lap were determined using non-compartmental analysis, and the
pharmacokinetic parameters are summarized in Table 1.

As shown at all-time points in Fig. 1, the B-lap plasma concentrations were higher in rats
administered with B-lap solution than those administered with NC-FOL/ B-lap. Therefore, the Cpax
value of B-lap in the nanocapsules (1.66 + 0.06 pug/mL) was significantly (p < 0.05) lower than that
obtained with B-lap solution (2.20 + 0.21 pg/mL) and the Tyax in animals treated with NC-FOL/ -
lap was equal to those treated with B-lap solution. However, the MRT and AUC,, of B-lap delivered

through nanocapsules were higher than for the -lap solution.
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Fig. 1. Blood levels of intraperitoneally injected B-lap delivered in solution (m) and PLGA-PEG-

FOL nanocapsules (®) after i.p. administration. The values plotted are mean + SD.

In addition, the half-life (t1,) of B-lap was (P < 0.05) increased 2.4-fold by nanocapsules.
The elimination rate constant of B-lap delivered through nanocapsules (0.12 h™) was lower than for
B-lap solution (0.29 h™). The lower elimination constant (k.) of B-lap delivered through
nanocapsules compared to B-lap solution indicates their slow clearance from the body, which is
supported by the enhanced half-life and AUC.

Compared with the B-lap solution, CL was decreased with NC-FOL/B-lap. These results
showed that the incorporation of B-lap into nanocapsules decreases the clearance of drug from
peritoneal cavity into blood can be useful in local chemotherapy of peritoneal tumors, where in the
tumor cells are exposed to the nanocapsules containing B-lap for longer time and are expected to

result in greater antitumor activity.



86

Table 1
Comparative pharmacokinetic parameters of B-lap delivered in solution or through PLGA-PEG-

FOL nanocapsules (NC-FOL/B-lap) after intraperitoneal injection.

Pharmacokinetic parameters B-lap solution NC-FOL/B-lap
ke (h™) 0.29+0.0 0.12+0.0
AUC,, (ng/min/L) 580.9 + 14.5 702.5 +60.9
Cax (ng/mL) 2.20+0.2 1.66 +0.1
tmax (MIN) 30£0.0 30£0.0

ti2 (h) 24+0.6 58+1.3
MRT (h) 53+0.2 9.1+14
CL (mL/kg/min) 689+ 17 57247
Vdss/F (L/kg) 21.8+1.1 30.7+5.3

Physico-chemical properties of nanoparticles such as size, surface charge, hydrophobicity,
polymer composition and modifying the surface all contribute toward protein binding,
biodistribution, cellular uptake and immune response. It has been reported that use of nanoparticles
modifies the drug pharmacokinetic parameters (Couvreur and Vauthier, 2006). Other advantages
include improved bioavailability and decreased toxicity due to high loading efficiency which results
in lower doses administered. These factors all culminate in an increase in patient permanence to
treatment (Kingsley et al., 2006). In this study, PLGA-PEG-FOL nanoparticles showed significant
changes in the B-lap pharmacokinetic profile compared to free drug. Similar results can be observed
in others pharmacokinetic studies using PLGA nanoparticles as drug delivery system (Averineni et
al., 2012; Booysen et al., 2013).

4. Conclusion

Folate-targeted nanocapsules were prepared by the interfacial deposition technique with
appropriate particle size, encapsulation efficiency and surface charges. Through the
pharmacokinetics study, it was found that the encapsulation of B-lapachone into nanocapsules
changes the pharmacokinetic profile after i.p. administration to rats. These results obtained in this
study suggested that the use of folate-target nanocapsules in cancer therapy can be promising

strategic to enhanced anticancer activity, but further studies are warranted.
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8. CONCLUSOES

O copolimero dibloco conjugado PLGA-PEG-FOL foi sintetizado e caracterizado através
das técnicas de FTIR e RMN H;

A determinacdo do percentual de conjugagéo do folato no PLGA-PEG-FOL foi realizada
por espectrofotometria UV, onde foi observado um percentual de conjugacdo de

aproximadamente 100%;

Nanocépsulas convencionais, peguiladas e sitio-especificas contendo B-lapachona foram
obtidas com tamanhos nanométricos, monodispersas e com elevadas eficiéncias de

encapsulacao;

Uma reducdo do potencial zeta foi observada nas nanocépsulas peguiladas e sitio-especificas
em relacdo as nanocapsulas convencionais, provavelmente devido a presenca do PEG e

folato na superficie destes sistemas;

O perfil cinético de liberagcdo da B-lapachona a partir das nanocapsulas de PLGA, PLGA-
PEG e PLGA-PEG-FOL demonstrou uma liberacdo rapida do farmaco nas primeiras duas
horas do processo cinético, seguida de uma liberacdo gradual e controlada da B-lapachona

até as primeiras 24 h da cinética, atingindo um maximo de farmaco liberado;

No estudo de citotoxicidade, a B-lapachona encapsulada em nanocépsulas sitio-especificas
demonstrou um maior efeito citotéxico quando comparado ao farmaco livre, nanocapsulas

convencionais e peguiladas;

O método analitico para quantificacdo da B-lapachona em plasma de ratos demonstrou-se
especifico para o farmaco e, obtendo-se boa separacdo desta com os componentes do

plasma, com tempo de retencdo de 4,5 minutos;

Os picos cromatograficos obtidos apresentaram-se simétricos e com excelente resolugcéo da

linha de base;

O método mostrou-se linear entre as concentra¢des de 0,5 a 16 pug/mL, com um coeficiente
de correlacéo de 0,99996;

Os valores dos limites de deteccdo (LD) e quantificacdo (LQ) estimados foram 0,07 e 0,22

ug/mkL, respectivamente;
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O método validado foi aplicado com sucesso para monitorizacdo quantitativa das
concentracdes de [-lapachona apds administracdo de uma dose Unica de 40 mg/kg do

farmaco em ratos Wistar;

Através do estudo de farmacocinética das nanocapsulas sitio-especificas contendo -
lapachona, verificou-se que a nanoencapsulacdo modifica os parametros farmacocinéticos

do farmaco ap6s administracdo intraperitoneal em ratos Wistar;

A incorporacdo de B-lapachona, um potente agente antineoplasico, em nanocapsulas sitio-
especificas pode ser uma nova estratégia para viabilizar a sua utilizagdo na terapéutica do

cancer.



92

9. PERSPECTIVAS

Como continuacdo deste trabalho, as nanocépsulas sitio-especificas contendo p-lapachona

serdo utilizadas em estudos de biodistribuigéo tecidual e atividade antitumoral.
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referred to explicitly in the text).

Footnotes

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.

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
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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

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

* Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or use fonts that look
similar.

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

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the printed version.

* Submit each illustration 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

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then please supply ‘as
is' in the native document format. Regardless of the application used other than Microsoft Office, when your electronic
artwork is finalized, 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 (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of 500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a low number of
pixels and limited set of colors;

* Supply files that are too low in resolution;

» 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.

Tables

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.

References

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
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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.

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.nIm.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/content/references/corejournals.

Video data

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 links to 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.

Supplementary data

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-mail address
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* Full postal address

* Telephone and fax numbers

All necessary files have been uploaded

* Keywords

* All figure captions

+ All tables (including title, description, footnotes)

Further considerations:

* Use continuous line numbering (every 5 lines) to facilitate reviewing of the manuscript.

* Manuscript has been "spellchecked" and "grammar-checked"

* References are in the correct format for this journal

* All references mentioned in the Reference list are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including the Web)

* Color figures are clearly marked as being intended for color reproduction on the Web (free of charge) and in print or
to be reproduced in color on the Web (free of charge) and in black-and-white in print

« If only color on the Web is required, black and white versions of the figures are also supplied for printing purposes

For any further information please visit our customer support site at http://support.elsevier.com.

AFTER ACCEPTANCE

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOI consists of a unique
alpha-numeric character string which is assigned to a document by the publisher upon the initial electronic publication.
The assigned DOI never changes. Therefore, it is an ideal medium for citing a document, particularly 'Articles in press'
because they have not yet received their full bibliographic information. Example of a correctly given DOI (in URL
format; here an article in the

journal Physics Letters B):

http://dx.doi.org/10.1016/j.physletb.2010.09.059

When you use a DOI to create links to documents on the web, the DOIs are guaranteed never to change.

Proofs

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do not have an e-mail
address then paper proofs will be sent by post) or, a link will be provided in the e-mail so that authors can download the
files themselves. Elsevier now provides authors with PDF proofs which can be annotated; for this you will need to
download Adobe Reader version 7 (or higher) available free from http://get.adobe.com/reader. Instructions on how to
annotate PDF files will accompany the proofs (also given online). The exact system requirements are given at the
Adobe site: http://www.adobe.com/products/reader/tech-specs.html.

If you do not wish to use the PDF annotations function, you may list the corrections (including replies to the Query
Form) and return them to Elsevier in an e-mail. Please list your corrections quoting line number. If, for any reason, this
is not possible, then mark the corrections and any other comments (including replies to the Query Form) on a printout of
your proof and return by fax, or scan the pages and e-mail, or by post. Please use this proof only for checking the
typesetting, editing, completeness and correctness of the text, tables and figures. Significant changes to the article as
accepted for publication will only be considered at this stage with permission from the Editor. We will do everything
possible to get your article published quickly and accurately — please let us have all your corrections within 48 hours. It
is important to ensure that all corrections are sent back to us in one communication: please check carefully before
replying, as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is solely your responsibility.
Note that Elsevier may proceed with the publication of your article if no response is received.

Offprints

The corresponding author, at no cost, will be provided with a PDF file of the article via e-mail or, alternatively, 25 free
paper offprints. The PDF file is a watermarked version of the published article and includes a cover sheet with the
journal cover image and a disclaimer outlining the terms and conditions of use. For an extra charge, more paper
offprints can be ordered via the offprint order form which is sent once the article is accepted for publication. Both
corresponding and  co-authors may order offprints at any time via Elsevier's = WebShop
(http://webshop.elsevier.com/myarticleservices/offprints).

Authors requiring printed copies of multiple articles may use Elsevier WebShop's 'Create Your Own Book' service to
collate multiple articles within a single cover (http://webshop.elsevier.com/myarticleservices/offprints/
myarticlesservices/booklets).

AUTHOR INQUIRIES

For inquiries relating to the submission of articles (including electronic submission) please visit this journal's
homepage. For detailed instructions on the preparation of electronic artwork, please visit
http://www.elsevier.com/artworkinstructions. Contact details for questions arising after acceptance of an article,
especially those relating to proofs, will be provided by the publisher. You can track accepted articles at
http://www.elsevier.com/trackarticle. You can also check our Author FAQs at http://www.elsevier.com/authorFAQ
and/or contact Customer Support via http://support.elsevier.com.
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INTRODUCTION

The Journal of Chromatography B publishes papers on developments in separation science relevant to biology and
biomedical research including both fundamental advances and applications. Analytical techniques which may be
considered include the various facets of chromatography, electrophoresis and related methods, affinity and
immunoaffinity-based methodologies, hyphenated and other multi-dimensional techniques, and microanalytical
approaches. The journal also considers articles reporting developments in sample preparation, detection techniques
including mass spectrometry, and data handling and analysis.

Developments related to preparative separations for the isolation and purification of components of biological systems
may be published, including chromatographic and electrophoretic methods, affinity separations, field flow fractionation
and other preparative approaches. Applications to the analysis of biological systems and samples will be considered
when the analytical science contains a significant element of novelty, e.g. a new approach to the separation of a
compound, novel combination of analytical techniques, or significantly improved analytical performance. Areas

to be considered include:

* the qualitative and quantitative analysis of biopolymers including proteins, peptides and their post-translational
modifications as well as nucleic acids and glycans * the comparative analysis of biological systems using proteomics,
genomics, metabonomics and other "omics" approaches ¢ clinical analysis, pharmacokinetics, metabolism, therapeutic
drug monitoring, toxicological analysis, doping analysis, veterinary applications, analysis of environmental
contaminants in biological systems ¢ the screening and profiling of body fluids, tissues, cells, biological matrices and
systems, analysis of endogenous compounds, biomarkers ¢ identification of new bioactive compounds Applications
which utilize published or commercial analytical or preparative protocols with little or no modification or where the
results of the application rather than the analytical methodology comprise the major element of novelty of the
manuscript should be directed to more specialized journals. Modifications to a previously published method may be
considered for a short communication in cases where the improvement in performance is significant. Reports of
analytical methods for compounds in early pharmaceutical development often lack general interest and will not be
published unless the authors can demonstrate the broader significance of the methodology involved. Quality control
analyses of bulk drugs, natural products or pharmaceutical formulations are not within scope.

Types of Paper

The following types of papers are published in the Journal of Chromatography B: Regular research papers (full-length
papers), Review articles, Short Communications, Discussions, and Letters to the Editor. Review articles are invited or
proposed in writing to the Editors, who welcome suggestions for subjects. An outline of the proposed Review should
first be forwarded to the Editors for preliminary discussion prior to preparation. Short Communications are usually
descriptions of short investigations, or they can report technical improvements of previously published procedures: they
reflect the same quality of research as full-length papers, but should preferably not exceed five printed pages (typically
no more than 2850 words (including title, authors and references), with no more than five figures and tables combined).
BEFORE YOU BEGIN

Ethics in publishing

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

Conflict of interest

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.
Submission declaration and verification

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 or as an electronic preprint, see
http://www.elsevier.com/postingpolicy), 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 service CrossCheck http://www.elsevier.com/editors/plagdetect.

Changes to authorship

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
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case of addition or removal of 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.
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.

Retained author rights

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

Role of the funding source

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.

Funding body agreements and policies

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.
Open access

This journal does not ordinarily have publication charges; however, authors can now opt to make their articles available
to all (including non-subscribers) via the ScienceDirect platform, for which a fee of $3000 applies (for further
information on open access see http://www.elsevier.com/about/open-access/open-access-options). Please note that you
can only make this choice after receiving notification that your article has been accepted for publication, to avoid any
perception of conflict of interest. The fee excludes taxes and other potential costs 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 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.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of these). Authors who
feel their English language manuscript may require editing to eliminate possible grammatical or spelling errors and to
conform to correct scientific English may wish to use the English Language Editing service available from Elsevier's
WebShop http://webshop.elsevier.com/languageediting/ or visit our customer support site http://support.elsevier.com
for more information.

Submission

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.
Every paper must be accompanied by a letter from the senior author, stating that he/she is submitting the paper for
publication in the Journal of Chromatography B. Please submit your article via http://www.elsevier.com/locate/jchromb
Referees

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

Use of wordprocessing software
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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.

Article structure

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.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the Introduction and lay
the foundation for further work. In contrast, a Calculation section represents a practical development from a theoretical
basis.

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.

Essential title page information

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

« 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.

« Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing and publication,
also post-publication. Ensure that phone 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.

* 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.

Abstract

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.

Highlights
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Highlights are mandatory for this journal. They consist of a short collection of bullet points that convey the core
findings of the article and should be submitted in a separate file in the online submission system. Please use 'Highlights'
in the file name and include 3 to 5 bullet points (maximum 85 characters, including spaces, per bullet point). See
http://www.elsevier.com/highlights for examples.

Keywords

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.

Abbreviations

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.

Acknowledgements

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.).

Nomenclature

Widely accepted symbols, abbreviations and units (SI) should be used. If there is any doubt about a particular symbol or
abbreviation, the full expression followed by the abbreviation should be given the first time it appears in the text.
Abbreviations used in tables and figures should be explained in the captions. In general, the recommendations of the
International Union of Pure and Applied Chemistry (IUPAC) should be followed and attention should be given to the
recommendations of the Analytical Chemistry Division in the journal Pure and Applied Chemistry: Nomenclature for
Chromatography, Pure Appl. Chem., 65 (1993) 819-872. Decimal points should be indicated by full stops. All decimal
numbers smaller than unity should include a leading zero (e.g. 0.11).

Math formulae

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

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.

Artwork

Electronic artwork

General points

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

» Embed the used fonts if the application provides that option.

 Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or use fonts that look
similar.

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

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the printed version.

» Submit each illustration 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

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then please supply 'as
is' in the native document format. Regardless of the application used other than Microsoft Office, when your electronic
artwork is finalized, 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 (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of 500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a low number of
pixels and limited set of colors;
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* Supply files that are too low in resolution;

« 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.

Tables

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.

References

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.

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.

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

Reference Style

Text: Indicate references by number(s) in square brackets in line with the text. The actual authors can be referred to, but
the reference number(s) must always be given. Example: "..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a
different result ...."

List: Number the references (numbers in square brackets) in the list in the order in which they appear in the text.
Examples:

Reference to a journal publication:

[1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, J. Sci. Commun. 163 (2000) 51.

Reference to a book:

[2] W. Strunk Jr., E.B. White, The Elements of Style, Macmillan, New York, 3rd ed., 1979.

Reference to a chapter in an edited book:

[3] G.R. Mettam, L.B. Adams, in: B.S. Jones, R.Z. Smith (Eds.), Introduction to the Electronic Age, E-Publishing, New
York, 1994, p. 281.

Journal abbreviations source

Journal names should be abbreviated according to Index Medicus journal  abbreviations:
http://www.nIm.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/content/references/corejournals.
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Video data

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 links to 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.

Supplementary data

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

The following list will be useful during the final checking of an article prior to sending it to the journal for review.
Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

+ E-mail address

* Full postal address

* Phone numbers

All necessary files have been uploaded, and contain:

* Keywords

* All figure captions

« All tables (including title, description, footnotes)

Further considerations

» Manuscript has been 'spell-checked' and 'grammar-checked'

* References are in the correct format for this journal

* All references mentioned in the Reference list are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including the Web)

* Color figures are clearly marked as being intended for color reproduction on the Web (free of charge) and in print, or
to be reproduced in color on the Web (free of charge) and in black-and-white in print « If only color on the Web is
required, black-and-white versions of the figures are also supplied for printing purposes For any further information
please visit our customer support site at http://support.elsevier.com.

AFTER ACCEPTANCE

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOI consists of a unique
alpha-numeric character string which is assigned to a document by the publisher upon the initial electronic publication.
The assigned DOI never changes. Therefore, it is an ideal medium for citing a document, particularly 'Articles in press'
because they have not yet received their full bibliographic information. Example of a correctly given DOI (in URL
format; here an article in the journal Physics Letters B): http://dx.doi.org/10.1016/j.physletb.2010.09.059.

When you use a DOI to create links to documents on the web, the DOIs are guaranteed never to change.

Proofs

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do not have an e-mail
address then paper proofs will be sent by post) or, a link will be provided in the e-mail so that authors can download the
files themselves. Elsevier now provides authors with PDF proofs which can be annotated; for this you will need to
download Adobe Reader version 7 (or higher) available free from http://get.adobe.com/reader. Instructions on how to
annotate PDF files will accompany the proofs (also given online). The exact system requirements are given at the
Adobe site: http://www.adobe.com/products/reader/tech-specs.html. If you do not wish to use the PDF annotations
function, you may list the corrections (including replies to the Query Form) and return them to Elsevier in an e-mail.
Please list your corrections quoting line number. If, for any reason, this is not possible, then mark the corrections and
any other comments (including replies to the Query Form) on a printout of your proof and return by fax, or scan the
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pages and e-mail, or by post. Please use this proof only for checking the typesetting, editing, completeness and
correctness of the text, tables and figures. Significant changes to the article as accepted for publication will only be
considered at this stage with permission from the Editor. We will do everything possible to get your article published
quickly and accurately — please let us have all your corrections within 48 hours. It is important to ensure that all
corrections are sent back to us in onecommunication: please check carefully before replying, as inclusion of any
subsequent corrections cannot be guaranteed. Proofreading is solely your responsibility. Note that Elsevier may proceed
with the publication of your article if no response is received.

Offprints

The corresponding author, at no cost, will be provided with a PDF file of the article via email (the PDF file is a
watermarked version of the published article and includes a cover sheet with the journal cover image and a disclaimer
outlining the terms and conditions of use). For an extra charge, paper offprints can be ordered via the offprint order
form which is sent once the article is accepted for publication. Both corresponding and co-authors may order offprints
at any time via Elsevier's WebShop (http://webshop.elsevier.com/myarticleservices/offprints). Authors requiring printed
copies of multiple articles may use Elsevier WebShop's 'Create Your Own Book' service to collate multiple articles
within a single cover (http://webshop.elsevier.com/myarticleservices/offprints/myarticlesservices/booklets).

AUTHOR INQUIRIES

For inquiries relating to the submission of articles (including electronic submission) please visit this journal's
homepage. For detailed instructions on the preparation of electronic artwork, please visit
http://www.elsevier.com/artworkinstructions. Contact details for questions arising after acceptance of an article,
especially those relating to proofs, will be provided by the publisher. You can track accepted articles at
http://www.elsevier.com/trackarticle. You can also check our Author FAQs at http://www.elsevier.com/authorFAQ
and/or contact Customer Support via http://support.elsevier.com.
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ANEXO B

APROVACAO DO COMITE DE ETICA

Universidade Federal de Pernambuco
Centro de Ciéncias Biolbgicas

Av, Prof. Nelson Chawves, =/n
S0670-420 F Recife PE - Brasil
fones: (55 81] 2126 BB4O | 2126 B3IEL

Fax: (55 81) 2126 8350
www . cob . ufpe . br

Recife, 10 de dezembro de 2012,

Oficio n® 532/12

Da Comiss30o de Etica no Uso de Animais (CEUA) da UFPE
Para: Prof®. Noemia Pereira da Silva Santos

Laboratério de Imunopatologia Keiso Asami- UFPE
Universidade Federal de Pernambuco

Processo n° 23076.033910/2012-32

Os membros da Comissao de Etica no Uso de Animais do Centro de Ciéncias
Biolégicas da Universidade Federal de Pernambuco (CEUA-UFPE) avaliaram seu
projeto de pesquisa intitulado, “Preparagdo, caracterizag@o, toxicidade,
biodisponibilidade e atividade biolégica de nanoparticulas furtivas e sitio-
especificas para o tratamento do cancer ".

Concluimos que os procedimentos descritos para a utilizago experimental dos
animais encontram-se de acordo com as normas sugeridas pelo Colégio Brasileiro
para Experimentagdo Animal e com as normas internacionais estabelecidas pelo
National Institute of Health Guide for Care and Use of Laboratory Animals as quais sao
adotadas como critérios de avaliagio e julgamento pela CEUA-UFPE.

Encontra-se de acordo com as normas vigentes no Brasil, especialmente a Lei
11.794 de 08 de outubro de 2008, gue trata da questdo do uso de animais para fins
cientificos e didaticos.

Diante do exposto, emitimos parecer favoravel aocs protocolos experimentais a

serem realizados.

Origem dos animais: Biotério do Departamento de Nutrigﬁn—:-, Atenciosamente,
UFPE: Animais: ratos; Linhagem: Wistar, Sexo: Machos;,
Mumero de animais previsto no protocolo: 136 ratos, Pesq
200-300g; |dade: 50 a 60 dias.




