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RESUMO

O mitotano, farmaco utilizado para a terapia medicamentosa do carcinoma
adrenocortical, apresenta baixa solubilidade aquosa e baixa permeabilidade intestinal.
Nanoparticulas lipidicas solidas (SLNs) e carreadores lipidicos nanoestruturados (NLCs) sao
Uteis para a incorporacao de farmacos com essas caracteristicas. O objetivo deste trabalho foi
preparar e caracterizar SLNs e NLCs encapsulando mitotano racémico, estaveis durante a
estocagem, como uma estratégia nanotecnoldgica para melhorar a solubilidade aquosa e
permeacao intestinal do mitotano. As SLNs foram compostas do lipideo cetil palmitato e as
NLCs de estearato de polioxietileno (40) e triacilgliceréis de acido caprico/caprilico e dos
tensoativos polissorbato 80 e trioleato de sorbitano. A propor¢cao massica entre os tensoativos
que conferiu estabilidade a fase oleosa foi determinada. Para avaliar estabilidade, as SLNs e
NLCs foram caracterizadas através do didametro médio, polidispersidade, potencial zeta. A
encapsulacdo do mitotano foi evidenciada por calorimetria diferencial de varredura e
termogravimetria, e quantificada através da eficiéncia encapsulacdo e carregamento do
farmaco pela matriz lipidica. Adicionalmente, as SLNs e NLCs foram avaliadas pela retencao
do mitotano em diferentes pHs in vitro e permeacao intestinal ex vivo através do modelo de
saco intestinal invertido.

Os resultados experimentais mostraram que as composi¢coes massicas que asseguraram
a estabilidade durante 28 dias de armazenamento a 4 °C nas nanoparticulas foram: cetil
palmitato (10%), polissorbato 80 (2,35%) e trioleato de sorbitano (2,75%) nas SLNs. Em NLCs
foi: estearato de polioxietileno (7%), triacilglicerdis (3%), polissorbato 80 (3,23%) e trioleato de
sorbitano (1,76%). O diametro médio das SLNs isentas de farmaco foi 185,20+1,39
nm, polidispersidade 0,14 e potencial zeta -24,80+0,27 mV. Nas mesmas condi¢des, as NLCs
tiveram diametro médio 91,79+0,69 nm, polidispersidade de 0,27 e potencial zetae -
11,50+0,92 mV. A inclusdo do mitotano aumentou o didmetro médio das SLNs e NLCs
para 187,40+0,17 nm e 94,50+0,26 nm, reduziu a polidispersidade para 0,12 e 0,22 bem como
o potencial zeta -21,10+£0,55 mV e -8,05£0,20 mV, respectivamente. Ambas as particulas
apresentaram eficiéncias de encapsulacdo do mitotano superiores a 90%, porém o
carregamento das NLCs (0,25 g mitotano /g nanoparticulas) foi cinco vezes maior que as
SLNs (0,05 g mitotano /g nanoparticulas). O comportamento térmico evidenciou a
internalizacao do mitotano nas particulas. Em condi¢cdes de pH e tempo de residéncia que
mimetizam o trato gastrointestinal (pHs1,2 e 6,8, 3h), foi liberado, aproximadamente, 90% e
100% do mitotano das SLNs, 30% do mitotano das NLCs, em ambos os pHs. A pH 7,4, houve
total liberacdo do mitotano em 15 minutos das SLNs, enquanto a liberacdo das NLCs foi
aproximadamente 50% em 24 horas.

Os ensaios de permeacéao intestinal ex vivo mostraram que a absor¢do do mitotano das
particulas foi maior quando comparados ao veiculado em 6leo de oliva ou a partir do pé
micronizado do farmaco.

Estes resultados sugerem que as NLCs sejam carreadores promissores para melhorar a
biodisponibilidade oral do mitotano e melhorando o tratamento do carcinoma adrenocortical.
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ABSTRACT

Mitotane is used for adrenocortical carcinoma drug therapy and has low aqueous
solubility and low intestinal permeability. Solid lipid nanoparticles (SLNs) and nanostructured
lipid carriers (NLCs) are useful for incorporation of drugs with these characteristics. The aim of
this work was to prepare and to characterize SLNs and NLCs encapsulating racemic mitotane,
stable during storage as a nanotechnology strategy to improve aqueous solubility and intestinal
permeability of mitotane. The SLNs were composed by cetyl palmitate and the NLCs of
polyoxyethylene (40) stearate and capric/caprylic triglycerides as lipids and the surfactants
polysorbate 80 and sorbitan trioleate. The weight ratio between the surfactants that confered
storage stability to the oil phase was determined. To evaluate storage stability, the SLNs and
NLCs were characterized by mean diameter, polydispersity index and zeta potential.
Encapsulation of mitotane was evidenced by differential scanning calorimetry and
thermogravimetry, and quantified using the encapsulation efficiency and drug loading by the
lipid matrix. Additionally, the SLNs and NLCs were evaluated by the retention of mitotane in
vitro and ex vivo intestinal permeation by everted gut sac model.

The experimental results showed that the mass compositions of the nanoparticles which
ensured storage stability over 28 days of storage at 4 °C were: cetyl palmitate (10%),
polysorbate 80 (2.35%) and sorbitan trioleate (2.75%) in SLNs. In NLCs was: polyoxyethylene
(7%), triglycerides (3%), polysorbate 80 (3.23%) and sorbitan trioleate (1.76%). The mean
diameter of the unloaded SLNs was 185.20+1.39 nm, polydispersity index 0.14 and zeta
potential -24.80+0.27 mV. At the same conditions, the NLCs had mean diameter 91.79+0.69
nm, polydispersity index 0.27 and zeta potential -11.50+£0.92 mV. The inclusion of mitotane
increased the mean diameter of SLNs and NLCs to 187.40+0.17 nm and 94.50+0.26 nm,
decreased the polydispersity index to 0.12 and 0.22 and so well the zeta potential to -
21.10£0.55 mV and -8.05£0.20 mV, respectively. Both particles showed mitotane entrapment
efficiencies greater than 90%, however drug loading of NLCs (0.25 g mitotane /g nanoparticles)
were 5-fold higher than the SLNs (0.05 g mitotane /g nanoparticles). The thermal behavior
showed internalization of mitotane in the particles. Under conditions of pH and residence time
that mimic the gastrointestinal tract (pHs 1.2 to 6.8, 3h) mitotane was released approximately
90% and 100% from SLNs, 30% from NLCs at both pHs. At pH 7.4, there was a complete
release of mitotane from SLNs over 15 minutes, while the release from NLCs was
approximadely 50% in 12 hours.

The ex vivo intestinal permeation assay showed that the absorption of mitotane by the
particles were greater than dissolved in olive oil or from micronized powder.

These results suggest that NLCs might be promising carriers for improving the oral
bioavailability of mitotane and treatment of adrenocortical carcinoma.
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1 INTRODUGCAO

O carcinoma adrenocortical (CAC) é uma neoplasia maligna que acomete o cértex das
glandulas adrenais, atingindo, anualmente, 0,5 a 2 casos por milhdo de habitantes no mundo,
sendo sua prevaléncia € de 4-12 casos/ milhdo de habitantes (PIANOVSKI et al, 2006;
MENAA & MENAA, 2012).

No sul do Brasil, em especial no Parang, a incidéncia do CAC em pediatria € singular,
atingindo de 3,4 a 4,2 casos por milhdo de criangas. Este aumento estd associado a uma
mutacao hereditaria do gene TP53 (R337H), detectada nas criangas acometidas pelo CAC
(PIANOVSKI et al., 2006). Apesar desta forte associacao entre a mutagdao do gene TP53 e o
CAC, nao sao encontradas, na literatura cientifica, explicacbes para o surgimento de tal
mutacao.

O CAC ainda é reportado na literatura por grupos de pesquisa especificos e nao
existem dados disponiveis da sua incidéncia na Organizagdo Mundial de Saude, por ser uma
neoplasia rara.

Pacientes acometidos pelo CAC possuem um progndstico ruim, com uma taxa de
sobrevida de 40% ap6s 5 anos do diagnéstico (TERZOLO et al.,, 2000). A presenca de
metastase reduz a sobrevida em 5 anos para menos de 10% dos pacientes (BARLASKAR &
HAMMER, 2007).

Uma das caracteristicas mais importantes das neoplasias malignas € o crescimento
desenfreado e desorganizado de células, o que provoca um aumento do tamanho ou
disfuncao do tecido acometido.

A hiperplasia e a hiperfuncionalidade das glandulas adrenais no CAC podem causar
excessos na biossintese dos mineralocorticéides, glicocorticoides ou andrégenos e
precursores de estrégenos, o que conduz a quatro sindromes clinicas distintas: a virilizacao, a
sindrome de Cushing, uma forma mista (geralmente associagédo de virilizacdo e sindrome de
Cushing) e ainda a auséncia de excessos hormonais, quando se observa apenas um efeito de
massa (tumor palpavel) (KOPF et al., 2001).

O tratamento de primeira escolha do CAC é a retirada do tumor através de cirurgia,
particularmente se a doenca é detectada nos primeiros estadios, sendo esta a Unica op¢ao
potencialmente curativa (POMMIER & BRENNAN, 1992; SCHULICK & BRENNAN, 1999). Nos
casos de CAC em que a resseccao cirurgica completa nao é possivel, esta indicado o uso de



mitotano (o,p’-diclorodifenildicloroetano ou o,p’-DDD ou, segundo a IUPAC, 1-cloro-2-[2,2-
dicloro-1-(4-clorofenil)-etil]-benzeno) (Figura 1), associado a outros agentes antineoplasicos
(BARLASKAR & HAMMER, 2007).

Figura 1: Estrutura quimica do o,p’-DDD (mitotano)

O mitotano (Lisodren®) é aprovado pelo Food and Drug Administration (FDA/EUA) para
tratamento do carcinoma adrenocortical (CAC). E comercializado pela Bristol-Myers Squibb na
forma de comprimidos contendo 500 mg de farmaco. Um dado n&o esclarecido pelo fabricante
do mitotano é a existéncia de estereocentro (Figura 1, carbono 1 da cadeia etil), embora o
carbono seja quiral, o que determina a existéncia de enantibmeros, R e S do mitotano, o
fabricante ndo informa sobre a sintese estereoespecifica, 0 que indica, possivelmente, que o
medicamento é fornecido na forma de mistura racémica (BUSER & MUELLER, 1995;
HUTCHISON et al., 2004).

A posologia para criangas € de 1-2g/dia em doses divididas, aumentando gradualmente
para 5-7 g/dia, em adultos € 2-6 g/dia divididos em 3-4 doses e, depois aumentada
gradativamente até 9-10g/dia, em 3-4 doses (LACY et al., 2009). Estas altas doses causam
reacdes adversas gastrintestinais (anorexia, nauseas, vomitos e diarréia) em 80% dos
pacientes e toxicidade neurolégica (depressao do sistema nervoso central, tontura, vertigem,
cefaleia, confusao, fraqueza, labilidade emocional) em 40% dos pacientes (HUTCHISON et al.,
2004; DAFFARA et al., 2008).

Devido a caracteristica lipofilica, o mitotano inicialmente se acumula no tecido adiposo e
aparece em baixas concentracdes no sangue (TERZOLO et al., 2000). Podem ser necessarios
meses para a saturacao do tecido adiposo, 0 que depende do indice de massa corpbérea e do
perfil metabdlico de cada paciente, entre outros fatores.



A concentragao plasmatica maxima € obtida em 3 a 5 horas e o equilibrio do mitotano
no plasma e tecidos € alcancado no periodo de 12 horas. A meia-vida plasmatica varia de 18 a
159 dias, com mediana de 42 a 63 dias (HUTCHISON et al., 2004).

Farmacos lipofilicos, como o mitotano apresentam baixa solubilidade em agua e baixa
permeabilidade pelas barreiras celulares, limitando a sua absorcao (ATTIVI, 2010). Apesar de
serem farmacos reconhecidamente potentes no tratamento de varias doencas, estas
limitac6es dificultam muito sua formulacédo e administracao, de modo a nao atingirem sua acao
terapéutica maxima devido a baixa biodisponibilidade.

Atualmente, sistemas nanoestruturados sdo utilizados para a veiculagcado de farmacos
com estas caracteristicas. Ainda que utilizando um farmaco cuja acao e toxicidade ja sejam
conhecidas, sua veiculacdo em sistemas nanoestruturados pode modificar a farmacocinética
do farmaco em relagéo a sua forma livre ou convencional, além de protegé-lo de agressdes do
meio biolégico (KOKKONA et al., 2000; SOUTO & MULLER, 2010). Esta é uma estratégia
eficiente quanto ao bem-estar do paciente proporcionando aumento do indice terapéutico e
reduzindo efeitos adversos pela reducao da dose e da frequéncia de administracao (ATTIVI,
2010).

Varios carreadores estdo disponiveis comercialmente para a producao destes sistemas
tais como: lipossomas, ciclodextrinas, cristais liquidos, nanoparticulas poliméricas ou ainda
microparticulas contendo dominios de dimensdes da ordem de nandmetros (KOKKONA et al.,
2000; SOUTO & MULLER, 2010).

ZANCANELLA (2008) estudou a encapsulacao de mitotano em lipossomas e realizou
ensaios ex vivo e in vivo. Os resultados ex vivo obtidos pelo método do saco intestinal
invertido, com o mitotano encapsulado em lipossomas mostraram maior permeacao intestinal
do que o farmaco livre e que a dieta enteral composta por triglicerideos de cadeia média
(formulagdo convencional). No ensaio in vivo, a administracdo crénica em ratos machos
Wistar, o mitotano encapsulado em lipossomas também gerou concentragbes plasmaticas
maiores que as da formulacdo convencional. Nesse mesmo trabalho, os lipossomas
mostraram-se carreador promissor para a veiculagcdo do mitotano, por possibilitar a
administracdo de menores doses, com melhor aproveitamento da dose administrada e,

provavelmente, reducédo dos efeitos colaterais e frequéncia de administragéo.



Nanoparticulas lipidicas soélidas (SLNs) e carreadores lipidicos nanoestruturados
(NLCs) tém sido propostos como sistemas coloidais alternativos aos lipossomas e carreadores
poliméricos para a encapsulacao de farmacos lipofilicos por apresentarem vantagens como
maior estabilidade, facilidade de escalonamento, menor toxicidade, liberacdo sustentada do
ativo, direcionamento do farmaco ao sitio especifico (YANG et al., 1999; SERPE et al., 2004;
SEVERINO et al. 2012a).

Em estudos preliminares de nosso laboratorio (SEVERINO et al., 2011; SEVERINO et
al., 2012b) o mitotano foi encapsulado em SLNs e NLCs pelo processo de homogeneizacao de
alto cisalhamento seguido de homogeneizacéo a alta pressdao. As SLNs eram compostas do
lipideo cetil palmitato e as NLCs de estearato de polioxietileno (40) e triacilglicerdis de acido
caprico/caprilico e dos tensoativos polissorbato 80 (Tween® 80) e trioleato de sorbitano (Span®
85).

Os resultados mostraram que particulas encapsulando mitotano apresentaram
diametros da ordem de 200 nm, polidispersidade menor que 0,3 e potencial zeta da ordem de
-15 mV. Apesar das SLNs e NLCs serem promissoras para a encapsulagcdao do mitotano,
observagbes posteriores mostraram que o mitotano era liberado das particulas durante um
curto tempo de estocagem (CAMERIN GRANDO et al, 2012).

Essa limitacdo e a necessidade de estudos adicionais para comprovar a potencialidade
dessas particulas como estratégia para melhorar as propriedades de solubilidade aquosa e

permeabilidade intestinal do mitotano deram origem ao desenvolvimento do presente trabalho.



2 OBJETIVO E METAS

2.1

Objetivo

O objetivo deste trabalho foi preparar e caracterizar SLNs e NLCs contendo mitotano

racémico, em termos de propriedades fisicoquimicas, estabilidade de estocagem e retencao

do mitotano em diferentes pHs in vitro e permeacao intestinal em modelo ex vivo, visando

aplicacao dessa estratégia nanotecnoldgica na administragédo do mitotano por via oral.

2.2 DMetas

Preparar e caracterizar em termos de propriedades fisicoquimicas, SLNs compostas de
cetil palmitato (Anexo I) e NLCs contendo na proporgdo massica: 70% estearato de
polioxietileno (40) e 30% triacilglicerdis de &cido caprico/caprilico, além de Tween® 80 e
Span® 85 como tensoativos (Anexo ll);

Investigar a proporgéao dos tensoativos mais indicada para estabilidade de estocagem
das SLNs e NLCs;

Avaliar, in vitro, a retencdo do mitotano nas nanoparticulas, através da sua liberacéao
das nanoparticulas em diferentes pHs;

Avaliar a influéncia das SLNs e NLCs na permeacéao intestinal do mitotano em modelo

ex vivo.



3 REVISAO BIBLIOGRAFICA

3.1 Caracteristicas fisico-quimicas e biodisponibilidade de farmacos

A acdo terapéutica de um farmaco administrado por via oral depende de sua
permeabilidade intestinal e de sua solubilidade em liquidos bioldgicos.

Devido a importancia destes fatores, AMIDON et al. (1995) propds o sistema de
classificacao biofarmacéutica (BCS) de substancias ativas que é uma ferramenta desenvolvida
para correlacionar a dissolugao in vitro com a biodisponibilidade in vivo, a fim de verificar se o
produto farmacéutico é sensivel a alteragbes do processo produtivo, dos constituintes da
formulagédo ou da concentragao do farmaco.

Na BCS, os farmacos podem ser agrupados em quatro classes biofarmacéuticas,
conforme Tabela 1:

Tabela 1: Sistema de Classificacdo Biofarmacéutica (BCS) e correlagdes in vitro / in vivo
(AMIDON et al. 1995, BUMMER, 2004).

Classe Permeabilidade Solubilidade Correlacoes in vitro/in vivo

I Alta Alta Farmaco com janela terapéutica estreita

Il Alta Baixa Dissolugao in vitro é similar a dissolugcéo in
Vivo

Il Baixa Alta Absorcéao é fator limitante

v Baixa Baixa Dificil de estabelecer bioequivaléncia

A solubilidade é definida como a quantidade solvente necessaria para solubilizar um as
moléculas de um soluto. A solubilidade aquosa de farmacos é inversamente proporcional a
sua particao entre octanol e agua (K,w) € depende da formacgao de ligacdes de hidrogénio com
a agua. Um farmaco soluvel é aquele cuja mais alta dose clinica em seres humanos pode ser
dissolvida em volumes iguais ou menores que 250 mL de agua, em pH 1 a 7,5 e na
temperatura corporal (37 £ 0,5°C ) (YU et al., 2002).

A permeabilidade é definida como a quantidade real de farmaco que permeia a parede do
jejuno. Na auséncia de evidéncias que comprovem instabilidade no trato gastrintestinal, um
farmaco é considerado altamente permeavel quando a extensao de sua absorgao intestinal é



igual ou superior a 90%. Uma absorcao inferior a 90% caracteriza farmaco de baixa
permeabilidade (AMIDON et al., 1995, LOBENBERG & AMIDON, 2000).

Apesar da determinacdo das propriedades fundamentais do farmaco, tais como a
solubilidade aquosa e permeabilidade intestinal, sejam centrais para qualquer estratégia de
formulagdo oral, é importante ndo se concentrar somente nestes parametros. E necessario
atentar-se a interacdo entre a droga e o ambiente gastrointestinal. Fatores fisiol6gicos
complexos que influenciam a quantidade de farmaco na superficie intestinal, o processo de
transporte pela membrana e a liberagdo para via sistémica, também sdo importantes
(LOBENBERG & AMIDON, 2000).

Recentemente, WU & BENET (2005) reavaliaram a aplicagcdo da classificagao
biofarmacéutica na disposicdo da droga (WU & BENET, 2005). Uma revisdo dos
medicamentos classificados nas classes I-1V pela BCS destacou que drogas em Classes | e |l
s&o metabolizadas e eliminadas, enquanto, Classes Il e IV drogas séo eliminadas inalteradas.
Com base nisto, um sistema de classificacdo modificado, nomeado Sistema de Classificacao
Biofarmacéutica de Disposicdo dos Farmacos. Sob este sistema, a extensdo do metabolismo
(ou a principal via de eliminagcado da droga) substituiria a permeabilidade da membrana, como
um critério de classificagdo. As vantagens propostas incluem classificagdo das drogas fazendo
de maneira mais facil, evitando a ambiguidade existente com a permeabilidade e bem como o
metabolismo, reduzindo assim o numero de farmacos referidos em mais do que uma
categoria.

Este novo sistema de classificacdo pode ser uma maneira de distinguir mais claramente
entre farmacos da classe Il (metabolismo extenso) versus farmacos da classe IV (pouco
metabolismo). Foi demonstrado que farmacos classificados como Classe Il ou IV podem ser
substratos para transportadores de efluxo, como a P-gp. Dados recentes tém mostrado que
existem varios transportadores diferentes, tanto de absorcéo e efluxo, no intestino, que tem o
potencial para alterar a captagcdo e a disposicdo do farmaco (WU & BENET, 2005;
CONSTANTINIDES & WASAN, 2007). WU & BENET (2005) sugeriram que os transportadores
de efluxo sdo predominantes para farmacos da classe Il, enquanto transportadores de efluxo e
de absorgéo podem influenciar farmacos da classe IV (WU & BENET, 2005).



Muitos farmacos lipofilicos sdo também conhecidos por serem metabolizados pelas
enzimas intestinais do citocromo P450, bem como acredita-se que este efeito seja conjunto
com a P-gp (WU & BENET, 2005).

Em muitos casos, as refeicbes de alto teor de gordura podem aumentar
significativamente a biodisponibilidade de farmacos lipofilicos das Classes Il e IV (FLEISHER
et al., 1999). Esta absorgcdo € melhorada devido a um grande grau de lipideos endégenos no
processo de digestao e de produtos da solubilizacéo de lipideos de digestao e do farmaco co-
administrado, por sais biliares e micelas mistas (FLEISHER et al., 1999).

Dados mais recentes mostraram que a refeicbes ricas em gordura inibem os
transportadores e, conseqientemente, podem aumentar substancialmente o grau de absorcao
de farmacos da Classe Il que sao substratos destes transportadores (WU & BENET, 2005).

Para estes farmacos altamente lipofilicos (log P> 5, solubilidade em triglicerideos de
cadeia média > 50mg.g™") ocorre associacdo a lipoproteinas linfaticas nos enterécitos, que
conduz ao transporte via linfa intestinal, especialmente por quilomicrons. O tamanho fisico das
lipoproteinas faz com que a difusdo pelo endotélio vascular seja limitado e que o acesso
preferencial das lipoproteinas ocorra por via linfatica. Os beneficios associados ao transporte
linfatico s&o: diminuicdo do metabolismo de primeira passagem e exposi¢cao linfatica a
concentracbes de farmaco em maior magnitude, sendo importante para farmacos

antineopldasicos, pois esta é a rota para metastase de tumores sélidos (YANEZ et al., 2011).

3.1.1 Carreadores coloidais de farmacos

A descoberta de muitas substancias potentes nao é suficiente para assegurar a eficacia
da terapia medicamentosa. Farmacos com baixa solubilidade aquosa e baixa permeacao
apresentam biodisponibilidade insuficiente e ndo atingem a concentracao plasmatica efetiva. A
producdo do respectivo pro-farmaco soluvel, a disperséo em matrizes hidrofilicas, o uso de
tensoativos ou a encapsulacdo em carreadores promovem a dissolu¢cao de moléculas pouco
soluveis, proporcionando adequada biodisponibilidade (ATTIVI, 2010).

Carreadores tém sido amplamente utilizados para encapsular farmacos que apresentam
baixa biodisponibilidade, melhorando caracteristicas biofarmacéuticas. Contudo, o carreador
deve cumprir requisitos como n&o apresentar toxicidade, ter suficiente capacidade de
carregamento, alterar a distribuicdo do farmaco, libera-lo de forma sustentada, proporcionar



estabilidade fisica e quimica, ser passivel de producdo em grande escala e possibilitar a
esterilizacdo (KRISTL et al., 2003; RADOMSKA-SOUKHAREYV, 2007; FRICKER et al., 2010).

Sistemas coloidais, particularmente aqueles na escala nanométrica, tém sido
amplamente estudados nos ultimos anos, pois cumprem 0s requisitos mencionados acima. A
microniza¢ao € um dos métodos para aumentar a solubilidade e a biodisponibilidade de ativos
pertencentes as classes Il e IV da BCS (AMIDON et al., 1995). Dentre seus carreadores mais
utilizados estdo: os lipossomas, micro e nanoemulsdes, nanocdpsulas, nanoparticulas
poliméricas, nanoparticulas lipidicas. Neste trabalho serdo abordadas somente as
nanoparticulas lipidicas.

3.1.2 Nanoparticulas lipidicas

3.1.2.1 Nanoparticulas lipidicas sélidas

Nanoparticulas lipidicas sélidas (SLNs) sdo obtidas substituindo o 6leo em uma emulsao
6leo em agua por um ou mais lipideos biocompativeis e biodegradaveis, no estado sélido
(PARDEIKE et al., 2009; WIECHERS & SOUTO, 2010). As SLNs foram desenvolvidas no
inicio da década de 90 como sistemas carreadores alternativos combinando as vantagens das
nanoparticulas poliméricas (matriz sélida para liberagdo sustentada), lipossomas e emulsdes,
mas evitando algumas das suas desvantagens em relacdo a estabilidade, toxicidade e
escalonamento (LUCKS & MULLER, 1991; KRISTL et al., 2003; RADOMSKA-SOUKHAREYV,
2007; FRICKER et al., 2010). As SLNs apresentam tamanho coloidal entre 50 e 1000 nm
(FRICKER et al., 2010; VIGHI et al., 2010). Alguns autores tem relatado (MULLER et al., 2000;
KAUR et al., 2008) que pequenas particulas entre 120 e 200 nm dificilmente sofrem depuracao
pelas células do sistema reticulo-endotelial, evitando a filtragdo esplénica e hepatica.

As SLNs apresentam excipientes com custo relativamente baixo, capacidade de serem
produzidas em larga escala e amplo espectro de aplicagdo: oral, intravenosa, oftalmica,
dérmica, ocular, tépica e transdérmica (RADOMSKA-SOUKHAREV, 2007; SOUTO &
MULLER, 2010; PUGLIA & BONINA, 2012).

As SLNs sdo compostas por matriz lipidica sélida, tensoativo(s) e agua. Dentre os
lipideos utilizados inclui triglicerideos, esterdis, diglicerideos, monoglicerideos, acidos graxos e
ceras, em concentracéo de 0,1% (m/m) a 30% (m/m), dispersos em meio aquoso (WIECHERS
& SOUTO, 2010). Estes lipideos se encontram sélidos tanto a temperatura ambiente quanto a



temperatura corporal, proporcionando protecdo as moléculas de farmaco neles incorporadas
contra a degradagdo quimica, além de uma menor mobilidade dos ativos incorporados,
podendo sustentar ou retardar a velocidade de liberagcdo (MEHNERT & MADER, 2001).

Todas as classes de tensoativos (catidnico, aniénico ou nao-iénico, com diferentes pesos
moleculares) tém sido utilizadas para estabilizar a dispersao lipidica, em concentragbes que
variam entre 0,5% (m/m) a 5% (m/m) e a sua escolha depende da via de administracao
(MEHNERT & MADER, 2001)

As SLNs podem ser utilizadas como sistema para incorporagao de farmacos hidrofébicos
e, com menor capacidade de carregamento, para farmacos hidrofilicos (BATTAGLIA &
GALLARATE, 2012). SOUTO & MULLER (2010) descrevem trés modelos de incorporacéo de
farmacos nas SLNs (Figura 2):

-SLNs do tipo | ou modelo da matriz homogénea: o farmaco estd molecularmente
distribuido, disperso no interior lipidico ou apresenta-se na forma de clusters amorfos
(MEHNERT & MADER, 2001; SOUTO et al., 2007). Este modelo é obtido usando taxas
otimizadas de farmaco/lipideo(s) e homogeneizacao a alta pressao (HPH) a quente ou a frio;

- SLNs do tipo Il ou modelo da parede enriquecida (“drug-enriched shell model”): sao
obtidas quando a concentragdo do farmaco no lipideo fundido € muito baixa. Apds aplicar a
técnica HPH a quente, durante o resfriamento da nanoemulsdo homogeneizada, a fase lipidica
precipita primeiro, conduzindo a uma concentracdo aumentada do farmaco no lipideo fundido
remanescente. Um interior, com concentracdo reduzida ou isenta de farmaco, é formado
quando este esta na sua concentracdo de saturacao no lipideo fundido remanescente. Este
modelo ndo é adequado para liberacao prolongada de farmacos, todavia pode ser utilizado
para liberagdo imediata “burst” (SOUTO & MULLER, 2010b).

-SLNs do Tipo Ill ou modelo do nucleo enriquecido (“drug-enriched core model”): sao
formadas quando a concentracao de farmaco é relativamente proxima a solubilidade do lipideo
fundido. No resfriamento da nanoemulséo, a solubilidade ira diminuir; quando a solubilidade de
saturacao € ultrapassada, o farmaco precipita e ele € coberto por uma couraca de lipideo
quase isenta de farmaco. Este tipo de SLNs € adequado para liberagdo sustentada de farmaco
uma vez que este esta imobilizado no interior lipidico (WESTESEN & BUNJES,1995; SOUTO
et al., 2004a,b).
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- farmaco lipideo

Figura 2: Modelos de incorporacdo de farmacos em nanoparticulas lipidicas sélidas, matriz
homogénea (A), interior livre ou reduzido em farmaco com parede enriquecida (B) e interior
enriquecido com o ativo com parede isenta ou reduzida em farmaco (C). Adaptado de
MULLER et al., 2002.

A liberacdo do farmaco a partir da matriz lipidica sdlida ocorre por difusdo e,
adicionalmente, pela degradacao da nanoparticula lipidica (MENDOZA et al., 2009).

O tipo de lipideo e tensoativo utilizado no desenvolvimento das SLNs podem afetar
consideravelmente a liberacdo do farmaco (MENDOZA et al., 2009).

Em outro estudo, PALIWAL e colaboradores (2009) mostraram que, com a mesma
concentracdo de lipideos, a taxa de liberagdo do metotrexato a partir das SLNs contendo
Gliceril dibehenato (19,0%) é cerca de 90% maior do que das SLNs contendo acido estearico
(10,4%).

3.1.2.2 Carreadores lipidicos nanoestruturados

Carreadores lipidicos nanoestruturados (NLCs) sédo obtidos usando misturas de lipideos
sélidos e lipideos liquidos. Para obter esta combinacao, lipideos sélidos sao misturados a
lipideos liquidos, em uma proporcao variavel de 70:30 até 99,9:0,1 (m/m). Devido a presenca
de 6leo nestas misturas, ha um decréscimo na temperatura de fusdo, comparado ao lipideo
sélido puro, mas as combinacdes obtidas também sao sélidas a temperatura ambiente e
corporal. O conteudo sélido global pode alcancar até 95% em uma formulagcao (WIECHERS &
SOUTO, 2010; PUGLIA & BONINA, 2012).
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As NLCs surgiram no final da década de 90 para melhorar algumas caracteristicas das
SLNs, maximizar sua eficiéncia de encapsulagdo e minimizar a expulsdo do ativo das
particulas durante a estocagem (DAS & CHAUDHURY, 2010).

As NLCs apresentam 3 modelos de incorporagao propostos (Figura 3), diferindo no tipo
de componente lipidico usado para sua producéo (SOUTO & MULLER, 2010):

-NLCs tipo | ou modelo do cristal imperfeito: consistem em uma matriz com muitos
espacos vazios e livres, que podem acomodar o farmaco. Estas particulas séo obtidas quando
quantidade suficiente de lipideos sdlidos € misturada a lipideos liquidos (6leos). Diante de
diferentes comprimentos de cadeia dos acidos graxos e mistura de mono-, di- e triacilglicerois,
a matriz das NLCs ndo consegue formar uma estrutura altamente organizada (MULLER et al.,
2002), criando imperfei¢cdes estruturais.

-NLCs tipo Il ou modelo amorfo: sdo obtidas ao se misturar lipideos especiais, que nao
recristalizam apds homogeneizacdo e resfriamento da nanoemulsdo. Estes lipideos criam
matrizes amorfas que evitam ou protelam o fendbmeno de recristalizacdo dos lipideos no
resfriamento e durante o0 armazenamento, minimizando a expulsao do farmaco.

-NLCs Tipo Il ou modelo multiplo: s&o compostas por nano-compartimentos oleosos
pequenos criados no interior da matriz lipidica sélida das nanoparticulas pelo processo de
separacao de fases (MULLER et al., 2002). Resultam da mistura de lipideos sélidos com 6leos
de cadeias médias (HU et al., 2006) e triacilglicerdis de cadeia longa (SOUTO et al., 2004a) ou
acido oleico (HU et al., 2005) em uma proporcao na qual a solubilidade das moléculas oleosas
no lipideo sélido é excedida. Durante o resfriamento da nanoemulsdo, o 6leo precipita e
formando gotas minusculas. Subsequente, a solidificagdo do lipideo sélido ao redor destas
gotas leva a fixacado dos nanocompartimentos oleosos. A vantagem deste modelo € o aumento
da capacidade de carregamento para farmacos que tem maior solubilidade em lipideos
liquidos que em lipideos sélidos (JENNING et al., 2000).

Os modelos tedricos de NLCs foram propostos baseados em dados analiticos que

permitem caracterizar fisicoquimicamente as matrizes das NLCs.
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Figura 3: Modelos de incorporacao de farmacos em carreadores lipidicos nanoestruturados:
cristal imperfeito (A), tipo amorfo (B) e modelo mdltiplo (C). Adaptado de MULLER et al., 2002.

3.1.3 Excipientes utilizados na producao das nanoparticulas lipidicas

3.1.3.1 Tensoativos

Os tensoativos sao empregados nas nanoparticulas lipidicas na dispersdo do lipideo
fundido na fase aquosa no processo de preparacao, para estabilizar as nanoparticulas depois
do resfriamento. A molécula do tensoativo apresenta uma cabeca hidrofilica e cauda lipofilica,
que lhe permite associar-se na interface das particulas e meio aquoso, reduzindo a tensao
superficial entre as duas fases. O valor do equilibrio hidrofilico-lipofilico (EHL) dos tensoativos
€ um parametro que revela a proporcao relativa das partes hidrofilicas e lipofilicas da molécula
(HOLMBERG et al., 2003; POUTON & PORTER, 2008).

Os tensoativos utilizados nas nanoparticulas lipidicas se dividem em quatro categorias:
anibnico, catidénicos, zwiteribnicos e nao iénicos. Em geral, os tensoativos idnicos apresentam
repulsdo eletrostatica empregam uma abordagem eletrostatica, enquanto os tensoativos nao
ibnicos dependem da repulsdo estérica para estabilizar as particulas (HOLMBERG et al.,
2003; POUTON & PORTER, 2008).

Varios fatores devem ser considerados na escolha de agentes tensoativos para
estabilizar as nanoparticulas lipidicas como o valor de EHL, via de administracido das
particulas, a toxicidade e tamanho das cadeias destes agentes (POUTON & PORTER, 2008).

Tensoativos com valores de EHL na faixa de 8-18 sdo adequados para a preparacao de
dispersao Oleo-em-agua. Os tensoativos ndo idnicos sdo adequados para as preparacoes
orais e parenterais em detrimento aos ibnicos, devido a sua menor toxicidade e irritagcao
(POUTON & PORTER, 2008).
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Outro fator importante € a influéncia variavel de diferentes tensoativos sobre a
biodegradacgéo in vivo da matriz lipidica. Por exemplo, agentes tensoativos ndo i6nicos sao
mais eficazes para a inibigdo da decomposicdo da matriz lipidica in vivo (POUTON &
PORTER, 2008).

Finalmente, a escolha de tensoativos e suas misturas também afetam o tamanho das
nanoparticulas de lipidicas. SLNs preparadas com os mesmos lipideos podem ter diferentes
tamanhos, devido a utilizacao de diferentes tensoativos (ZHANG et al., 2006)

3.1.3.2 Lipideos

A escolha dos lipideos é critica para se obter a adequada capacidade de carregamento
das nanoparticulas, estabilidade e liberacao sustentada. O polimorfismo dos lipideos também
afeta as propriedades de nanoparticulas (POUTON & PORTER, 2008).

Nanoparticulas lipidicas compostas por ceras apresentam significativa expulsdo do
farmaco, devido a estrutura mais cristalina desses lipideos sélidos. Além do tipo de lipideo,
outros fatores também podem afetar a cristalinidade lipidica, incluindo a condicao de
armazenamento e método de producdo. Por exemplo, o processo de arrefecimento rapido
pode ser benéfico para manter o lipideo na matriz, em uma forma meta-estavel (SOUTO &
MULLER, 2008; MARCATO, 2009).

Para evitar os problemas de cristalinidade e polimorfismo observados nas SLNSs, lipideos
liquidos foram incorporados a lipideos solidos na tentativa de perturbar a cristalinidade da
matriz lipidica sélida além de proporcionar maior quantidade de espacos livres para o farmaco,
as NLCs (SOUTO & MULLER, 2008; MARCATO, 2009).

Adicionalmente, a hidrofobicidade dos lipideos varia com o balanco de grupos funcionais
hidrofilicos e hidrofébicos das moléculas, impactando na particula. Os triglicerideos sdo mais
hidrofébicos em relacdo aos mono e diglicerideos, porque todos os trés grupos hidroxil do
glicerol foram substituidos por um éster graxo (BUMMER, 2004).

A solubilidade de farmacos na matriz lipidica foi proposta como um parédmetro da
liberacao oral de farmacos. Em geral, alta eficiéncia de carregamento nas nanoparticulas pode
ser obtida quando o farmaco tem alta solubilidade no lipideo fundido ou alto coeficiente de
particao entre o lipideo fundido e a fase aquosa (BUMMER, 2004; MANJUNATH et al., 2005).
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3.1.4 Métodos de preparacao

Atualmente, SLNs e NLCs sao produzidas por diversos métodos como: homogeneizagcao
de alto cisalhamento; emulsificacdo/evaporacao do solvente; ultrassom; microemulsao, difusao
de solvente, homogeneizacao de alta presséo, subdividida em homogeneizagéo fria e quente
(WIECHERS & SOUTO, 2010; SOUTO & MULLER, 2010).

3.1.4.1 Homogeneizacao a alta pressao

A técnica de homogeneizagdo em alta pressao (HPH) desenvolvida por LUCKS &
MULLER em 1991 (patente Europeia nimero 0605497), tem emergido como uma técnica
confidvel e poderosa para a preparacao de nanoparticulas. Em contraste as outras técnicas, o
escalonamento é possivel ja que homogeneizadores de diferentes tamanhos estdo disponiveis
comercialmente, alcancando resultados semelhantes aos obtidos laboratorialmente.

Na HPH a quente, o farmaco é disperso ou solubilizado no lipideo sélido fundido,
normalmente 5-10 °C acima do ponto de fusdo do lipideo. Depois, a mistura farmaco-lipideo
fundida é dispersa em uma solucdo aquosa de tensoativo mantida na mesma temperatura e
agitada a alta velocidade, formando uma pré-emulsdo 6leo/agua (O/A). Esta emulsédo é
passada através do homogeneizador de alta pressao por um pistdo estreito, de escala
nanomeétrica e acelerada em uma curta distancia, com alta velocidade ao encontro de uma
barreira. Este fluido é submetido a um grande estresse no qual as forcas de cavitagdo rompem
as goticulas, gerando as nanogoticulas (MEHNERT & MADER, 2001), na temperatura acima
do ponto de fuséo do lipideo, obtendo-se nanoemulsdo O/A quente. Esta dispersao é resfriada
a uma temperatura abaixo da temperatura ambiente ocasionando assim a cristalizacdo do
lipideo e formacéao das nanoparticulas lipidicas (Figura 4). Neste processo, geralmente utiliza-
se 3 ciclos de 500 bar ou 2 ciclos de 800 bar.

No método HPH a frio, a massa fundida lipidica com o farmaco é resfriada. Apds a
solidificacdo da massa é esmagada e moida formando microparticulas. As microparticulas
lipidicas s&o entdo dispersas numa solucao de surfactante fria produzindo uma pré-suspenséao
fria de particulas lipidicas micronizadas. Esta suspensdo € passada através de
homogeneizador sob pressdo elevada a temperatura ambiente, aplicando geralmente 5-10
ciclos a 1500 bar (Figura 4). Este método minimiza a exposi¢do do farmaco ao calor (embora
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um rapido periodo de aquecimento seja necessario) e é mais adequado para farmacos
termolabeis (WONG et al.,2007b).

Homogeneizagao em alta pressao a Frio Homogeneizacao em alta pressdo a Quente

Composto Ativo
~ Adicéo

Solificaco e Lipideo Sélido Fundido
moagem i

T

Disperséo

Microparticulas

Lipidicas

Solugaode
Surfactantes

Dispersao .

Pré-suspenéﬁo a Frio

Homogeh izacdoem alta
pressao

Figura 4: Fluxograma das etapas de producdo de particulas lipidicas soélidas por
homogeneizacao a frio e a quente (adaptado de MADDER & MEHNERT, 2001).

Este método é utilizado principalmente na incorporagdo/encapsulacdo de ativos
lipofilicos, porque, ativos hidrofilicos tendem a migrar para a fase aquosa durante a
homogeneizacdo resultando em uma baixa eficiéncia de encapsulacao/incorporacao
(TEERANACHAIDEEKUL et al., 2008; ATTAMA & MULLER-GOYMANN, 2008).

3.1.5 Estabilidade das nanoparticulas

Um dos maiores problemas encontrados no desenvolvimento das SLNs e NLCs ¢ a sua
instabilidade na estocagem por longos periodos. Muitos autores relatam a expulsdo do
farmaco durante o periodo de estocagem destas formulacées devido, principalmente, a
composi¢ao das particulas, condicées de armazenamento e de seus processos de producao
(SOUTO & MULLER, 2008).

Durante a producédo das SLNs e NLCs, a etapa de solidificacdo e cristalizacdo dos
lipideos pode levar a imperfeicoes na matriz permitindo a acomodagdo das moléculas de
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farmaco nos lipideos e as cadeias de &cidos graxos (WISSING & MULLER, 2003; MULLER et
al., 2007). Esta cristalizagcao ocorre principalmente com lipideos de maior energia (a, B), e,
consequentemente, mais instaveis. Sendo assim, durante a estocagem, estes lipideos podem
se reorganizar em formas de menor energia, mais estaveis e altamente organizadas (formas
B), expulsando o farmaco que estava localizado nas imperfeicdes dos cristais (MULLER et al.,
2007).

A preservacao do arranjo de lipideos durante a estocagem € necesséaria até a
administragdo das SLNs e NLCs. Se a forma polimorfica B surgir no processo de
armazenamento e proporcionar a expulsao do farmaco da matriz lipidica, este ndo podera ser
protegido contra degradacédo, nem tera uma liberacéo prolongada (WISSING et al., 2004).

Dispers6es aquosas de SLNs e NLCs de baixa viscosidade possuem potencial risco de
transformacao para um gel viscoso, proporcionando perda do tamanho coloidal e aumento do
tamanho de particula, ou seja, ocorréncia de agregagdo. Na maioria destas situacdes esta
transformacao ocorre muito rapidamente podendo estar relacionada a diversos fatores, como:
estresse mecanico durante manipulacdo e transporte da amostra; exposicdo a altas
temperaturas, luz e atmosfera oxidante; formulagdo preparada com alta concentracdo de
lipideo e elevada forga i6nica transformacgdes polimorficas durante a estocagem (WESTESEN
& SIEKMANN, 1997; MEHNERT & MADER, 2001; HEURTAULT et al., 2003; SOUTO, 2005).

A gelacédo pode ser minimizada pela adi¢cdo de co-emulsificante (MEHNERT & MADER,
2001). Estocagem a temperaturas mais baixas que a temperatura ambiente (25°C), sob
condi¢coes de escuro e atmosfera de nitrogénio podem prevenir o crescimento de particula
(FREITAS & MULLER, 1998).

A medida do tamanho de particula e do potencial zeta também sao étimos indicadores da
estabilidade das nanoparticulas, da sua area superficial e carga disponiveis para interacdo
com o meio externo. Sendo assim, estas sdo medidas muito utilizadas para caracterizar
nanoparticulas e, em geral, predizer algumas caracteristicas macroscépicas da formulacao.
Em relacdo as SLNs, a formulacdo adequada deve possuir baixa polidispersidade e tamanho
médio menor que 1 um (LIPPACHER et al, 2002). J4 o potencial zeta, permite prever a
estabilidade coloidal e das interacées que esta particula possa ter com o farmaco e o meio. O
potencial zeta reflete o potencial elétrico da camada difusa das particulas, que é influenciado
pelas mudancas na interface com o meio dispersante, em razdo da dissociacdo de grupos
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funcionais na particula ou da adsorcdo de espécies idGnicas, presentes no meio aquoso de
dispersao (SCHAFFAZICK et al., 2003). O potencial zeta também permite avaliar a potencial
estabilidade da formulagao, principalmente durante o seu periodo de estocagem. A agregacao
entre as particulas € menor quando ha repulsdo eletrostatica entre elas. Para garantir a
estabilidade das SLNs e NLCs, o potencial zeta deve ser superior ao médulo de 30 mV
(MULLER et al., 1995; FREITAS & MULLER, 1998;).

Técnicas termoanaliticas, como termogravimetria (TG) e calorimetria diferencial de
varredura (DSC) sao Uteis para andlise da estabilidade térmica de formulagdes e avaliacao de
interacdo farmaco/excipiente. A TG avalia a variagcdo de massa de uma substancia e/ou
produtos de reacao e € medida em funcao do tempo ou da temperatura enquanto é a amostra
€ submetida a um aumento controlado de temperatura. Esta técnica também permite avaliar a
estabilidade térmica de insumos farmacéuticos, determinar os conteudos de umidade,
determinar a 4gua de cristalizagéo, estudar a cinética de degradacéo, controlar a qualidade de
medicamentos, estabilidade a oxidacado, entre outros (STORPIRTIS et al.,, 2011). A DSC
fornece informacbes em relacdo a temperatura e a energia associada a fusao, cristalizacao,

entalpia e transformacdes polimérficas (HEURTAULT et al., 2003).

3.1.6 Nanoparticulas e administracao por via oral

As nanoparticulas lipidicas podem ser administradas por diversas vias sendo a via oral a
mais atrativa, devido ao seu grande potencial comercial, a facilidade e maior adesdo do
paciente ao tratamento. Entretanto, a absorgcéo oral é limitada por varias barreiras fisioldgicas,
que necessitam ser moduladas para alterar a baixa e variavel biodisponibilidade oral de varios
farmacos (ROGER et al., 2009). A incorporagdo de farmacos em nanoparticulas lipidicas
sOlidas abre perspectivas para aumentar a biodisponibilidade e prolongar os niveis
plasmaticos de farmacos (GASCO, 2007; ROGER et al., 2010).

Ha trés mecanismos primarios pelos quais lipideos e excipientes lipofilicos afetam a
absorcao, biodisponibilidade e disposicao de farmacos ap6s administracao oral. Sao eles: (a)
aumento da solubilizagcao de farmacos no meio intestinal através de alteragdes na composicao
e caracteristicas do ambiente fisioldgico; (b) diminuicdo do transporte baseado em enterécito e
processos metabodlicos que nele ocorrem, alterando potencialmente absorcao, efluxo,
disposicao e a formacao de metabdlitos do farmaco dentro dos enterécitos; (c) estimulagéo do
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transporte linfatico intestinal para a circulagao sistémica (PORTER et al., 2007; MENDONZA et
al., 2009; FRICKER et al., 2010).

A capacidade de liberar eficientemente farmacos altamente lipofilicos a partir de
formulacéo lipidica tem renovado o interesse no transporte linfatico de farmacos, uma vez que
reduzem o metabolismo hepatico do farmaco e aumentam sua biodisponibilidade oral
(PORTER et al., 2007; FRICKER et al., 2010).

PANDEY e colaboradores (2005) estudaram o uso de SLNs na encapsulacdo de
antibidticos utilizados no tratamento da tuberculose. As particulas foram preparadas pelo
método de difusdo de solvente, utilizando o lipideo acido estearico. A eficiéncia de
encapsulacdo foi de 51%, 45% e 41% para, respectivamente, rifampicina, isoniazida e
pirazinamida. Estas particulas foram administradas oralmente a ratos e a farmacocinética
desses farmacos foi avaliada. Um dia ap6s a administracdo dos farmacos ndo encapsulados,
estes ndo foram mais detectados na corrente sanguinea, enquanto que, os farmacos
encapsulados em SLNs, foram detectados até 9 dias apds a administracdo. Além disto, os
farmacos foram detectados no pulmao, figado e baco apds o décimo dia da administracao oral
das SLNs contendo os farmacos. Ja na administragdo dos farmacos ndo encapsulados, apos
48 horas, estes ndo foram detectados nestes 6rgaos. Estes resultados mostram o efeito de
liberacdo sustentada do ativo, que aumentou de 10-29 vezes o tempo de residéncia dos
farmacos, quando encapsulados em SLNs, em relacao ao farmaco nao encapsulado.

Apesar das nanoparticulas apresentarem estas vantagens, devido as condigdes hostis
do trato gastrointestinal, grande parte dos farmacos encapsulados n&o atinge concentracdes
efetivas. A estabilidade das nanoparticulas frente as mudancas de pH e degradacao por

enzimas devem ser melhor estudas.

3.2 Sobre a terapia oral do carcinoma adrenocortical com mitotano
3.2.1 Carcinoma adrenocortical

3.2.1.1 Glandulas Adrenais

As glandulas adrenais (Figura 5), localizadas nos polos superiores dos rins, s&o divididas
anatomicamente em cértex (externamente) e medula (internamente) os quais sdo recobertos
por uma capsula. Esta glandula €é responsavel pela secre¢cdo de glicocorticéides,
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mineralocorticéides e precursores de horménios sexuais. Os glicocorticoéides, cujo principal
representante € o cortisol, sdo essenciais a vida por atuar no metabolismo glicidico, protéico e
lipidico. Os mineralocorticéides, cujo principal representante € a aldosterona, afetam os
eletrélitos extracelulares, em especial sédio e potassio, com efeitos diretos sobre a pressao
arterial. Ja, os precursores de esterdides sexuais (principais representantes: androgénios e
estrogénios) contribuem para a génese e manutencdo dos caracteres sexuais secundarios

(GUYTON & HALL, 2002; BORON & BOULPAEP, 2009; SHERWOOD, 2010).
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Figura 5: Representacao esquematica das glandulas adrenais humanas.

Fonte: Adaptada da Enciclopédia Britanica.

3.2.1.2 Epidemiologia e patogénese

O carcinoma adrenocortical (CAC) € uma neoplasia enddcrina rara, agressiva e com
prognostico desfavoravel, que acomete o cortex da adrenal humana. Sua prevaléncia mundial
€ de 4 a 12 casos/milhdo de habitantes e sua incidéncia estimada € de aproximadamente 0,5
a 2 casos/milhdo/ano, atingindo principalmente mulheres acima de 50 anos (uma taxa de 3
mulheres/ 2 homens). Contudo, h& estudos que apontam a incidéncia em criangas abaixo de 5
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anos de idade (MICHALKIEWICZ et al., 2004; ALLOLIO & FASSNACHT, 2006; PEREIRA,
2007; MENAA & MENAA, 2012).

No sul do Brasil, foi observada incidéncia excepcionalmente alta em criangas abaixo de
15 anos (3,4 a 4,2 casos/milhdo de criangas) enquanto a taxa mundial € de 0,3 casos/milh&o
de criangas nesta faixa etdria (RIBEIRO et al., 2001; MICHALKIEWICZ et al., 2004;
PIANOVSKI et al., 2006).

Apesar haver estudos recentes que abordam a patogénese molecular do CAC, pouco se
compreende sobre o desenvolvimento deste tumor (MAYER et al., 1997; ALLOLIO &
FASSNACHT, 2006). Entretanto, acredita-se que as células de CAC sejam de origem
monoclonal, ou seja, que o progresso do tumor seja consequéncia de mutacdes genéticas
intrinsecas em loci especificos no genoma (BARZON et al,1999; HANNA et al., 2008).

Os genes envolvidos nas alteragcbes moleculares podem ser classificados como
supressores tumorais (inativados na patologia, ou oncogenes, sendo ativados, favorecendo o
desenvolvimento tumoral (MAYER et al.,, 1997; HANNA et al., 2008). Algumas mutagdes
cromossémicas relacionadas e frequentemente observadas no CAC sado: mutagdes
inativadoras no locus 17p13, incluindo o gene TP53, mutacdes no locus 11913 e no 11p15
causando a hiperexpressao do fator insulinico de crescimento Il (HANNA et al., 2008, MAYER
et al., 1997) assim como ganhos nos cromossomos 4, 5, 12 e 19 e perdas nos cromossomos
1,2,8,4,6,9, 11,13, 15,17, 18, 22 e X (WEST et al., 2007; HANNA et al., 2008; ANTONINI
etal.,, 2011).

A mutagdo germinativa R337H no éxon 10 do gene TP53 foi detectada em pacientes
pediatricos com CAC no Parana (RIBEIRO et al., 2001; ALLOLIO & FASSNACHAT, 2006).
Apesar da forte associacao de CAC e a mutacao do gene TP53, ndo ha na literatura cientifica
estudos que expliquem a incidéncia singular nesta regiao (PIANOVSKI et al., 2006).

As sindromes genéticas como Li-Fraumeni, Wiedemann-Beckwith, complexo de Carney,
neoplasia enddcrina multipla, McCune-Albright e Gardner tém importante relacdo com o
aumento da susceptibilidade ao CAC e também tém sido identificados em pacientes
diagnosticados com tumores adrenocorticais (SOON et al., 2008).
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3.2.2 Diagnostico, Progndstico e Terapia

O CAC caracteriza-se por mau prognéstico e alto risco de recidiva pds-terapia. A
recorréncia € de aproximadamente 49% ap6s quimioterapia adjuvante e até 85% apos a
cirurgia sem tratamento adjuvante (TERZOLO et al., 2007; BERRUTI et al., 2010). Em torno
de 40% dos casos, a recidiva da doenga manifesta-se no desenvolvimento de doenga
metastatica para o pulmao, figado ou 0sso no prazo de 6-24 meses apds resseccao cirurgica
(ICARD et al., 1992; ICARD et al., 2001; TERZOLO et al., 2007; BERRUTI et al., 2010). Trés
parametros principais estdo relacionados a menor sobrevivéncia do paciente: idade mais
avancada no momento do diagnéstico, diagndstico do tumor em estadio mais avancado, a
hipersecrecdo de hormonios adrenocorticais, em especial, o cortisol que esta muito elevado
em 60% dos pacientes — especialmente em criancas (em torno de 90% dos casos) (TERZOLO
et al., 2007; BERRUTI et al., 2010).

A virilizagdo € secundaria a hipersecregcdo de horménios andrégenos produzidos nas
adrenais, como dehidroepiandrosterona, a androstenediona e testosterona. E observada em
20% a 30% dos casos em adultos e em 72% dos casos em criangas com CAC funcional
acompanhada ou ndo da Sindrome de Cushing. Nas mulheres, a produgédo de androgénios
acima dos niveis normais leva a calvicie temporal, indugéo de hirsutismo, engrossamento da
voz, acne, aumento da massa muscular, clitoromegalia e oligoaminorréia, além da
possibilidade de puberdade precoce em meninas. J& em homens, a producao exacerbada de
estrogenos, leva a ginecomastia e atrofia testicular (FASSNACHT et al., 2004; RANG et al.,
2004; LATRONICO & PRANDO, 2006).

A diferenciacdo entre lesdes adrenais benignas ou malignas €é baseada em
caracteristicas como: peso do tumor, presenca de hemorragia e se a capsula que envolve o
tumor esta intacta; o diagnostico microscépico considera a presencga de células com nucleo
atipico, mitoses frequentes e atipicas e/ou necroses, em exames de imagem; lesées supra-
renais heterogéneas, com realce e margens irregulares apds contraste intravenoso e pela
pontuacdo de Weiss, baseada em critérios histolégicos e de imagem, amplamente utilizada
para este fim. O tamanho do tumor € o melhor indicador pré-operatorio de malignidade, com
incidéncia de CAC aumentando a 25% em tumores acima de 6 cm (ALLOLIO & FASSNACHT,
2006).
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A mais recente classificacdo de CAC estabelecida pela Organizacdo Mundial de Saude,
em meados de 2004 é baseada nesta classificagdo: estadios | e Il descrevem tumores
localizados, com menos de 5 cm e maiores que 5 cm de didmetro, respectivamente. Tumores
locais invasivos ou com nodulos linfaticos metastaticos sé&o classificados no estadio |,
enquanto estadio IV consiste em tumores invadindo 6rgaos adjacentes e apresentando
metastase distante. Os estadios Il e IV estdo associados a uma sobrevida de 5 anos
(ALLOLIO & FASSNACHT, 2006; LATRONICO & PRANDO, 2006). Esta classificacao é muito
util para determinar o progndstico e a terapéutica (LATRONICO & PRANDO, 2006).

Nos estadios I-lll opta-se por completa remogéo do tumor com linfadenectomia, sendo
importante manter a capsula do tumor intacta para que nao haja proliferacdo do tumor,
reduzindo também o risco local de recorréncia, apesar de pacientes com estadiamento Il
terem alta probabilidade de recorréncia e doenga metastaticas nos primeiros 5 anos apos a
resseccgao cirurgica (DACKIW et al., 2001).

A resseccdo completa é a Unica técnica capaz de curar ou prolongar a sobrevida,
significativamente em especial nos estadios | e Il, entretanto isto, geralmente refere-se a
menos de 60% dos pacientes (ALLOLIO & FASSNACHT, 2006, LATRONICO & PRANDO,
2006).

A resseccao incompleta do tumor primario ou doenca metastatica ndo indicada a cirurgia
estdo associadas a um prognéstico particularmente ruim. Na maioria dos estudos a mediana
de sobrevida é inferior a 12 meses (ALLOLIO & FASSNACHT, 2006).

A cirurgia para recidivas locais ou de doenga metastatica € aceita como uma opcéao
terapéutica valiosa e foi associada a maior sobrevida em estudos retrospectivos
(SCHTEINGART et al., 2005; ALLOLIO & FASSNACHT, 2006).

A ablacdo por radiofrequéncia termal € uma técnica promissora para o tratamento de
tumores sélidos podendo ser uma alternativa a cirurgia em alguns pacientes com CAC
metastatico e lesdes menores que 5 centimetros de tamanho (WOOD et al., 2003), entretanto,
seus beneficios potenciais sdo comparaveis as suas possiveis complicagées (RHIM et al,,
2004; BROWN, 2005; SCHTEINGART et al., 2005).

A radioterapia tem sido frequentemente considerada ineficaz para tratamento de CAC,
sendo utilizada como tratamento paliativo em pacientes com metdstase em o0ssos e cérebro
(ALLOLIO & FASSNACHT, 2006).
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A quimioterapia envolvendo combinacdo de agentes citotoxicos tem sido utilizada para o
tratamento de CAC. No entanto, apenas uma minoria dos pacientes responde aos protocolos
atuais, com excecao ao regime de tratamento italiano que realiza uma combinagao entre
mitotano, etoposideo, doxorrubicina e cisplatina. Neste caso, de acordo com os critérios da
OMS, a taxa de resposta global em 72 pacientes foi de 48,6%, incluindo cinco pacientes com
resposta completa, com desaparecimento de todas as evidéncias clinicas do tumor no exame
fisico ou na radiografia e trinta pacientes com resposta parcial, com pelo menos uma
diminuicdo de 50% no tamanho geral do tumor por pelo menos 4 semanas (BERRUTI et al.,
2005).

O sucesso de BERRUTI e colaboradores (2005) deve-se a significativa toxicidade
proporcionada por estes agentes, porém as exacerbadas reacoes adversas levaram KHAN e
colaboradores (2000) a propor um protocolo menos toxico, com a combinagdo de mitotano e
estreptozotocina. Respostas completas ou parciais foram observadas em 36% dos pacientes
com doenca mensuravel. O sucesso tanto do protocolo de Berruti como do Khan levou ao
primeiro ensaio de fase Ill em CAC comparando diretamente estas opcdes de tratamento — a
Primeira Triagem Randomizada Internacional na doenca localmente avancada e tratamento do
carcinoma metastatico adrenocortical (FIRM-ACT) (BERRUTI et al., 2005).

Outro estudo clinico internacional: o ADIUVO é uma triagem prospectiva randomizada de
fase Ill, aprovado pela ENSAT, com previsdo de término em 2014, visa avaliar a eficacia do
mitotano como tratamento adjuvante versus observagdo em pacientes com CAC com risco de
recorréncia baixo a intermediario ap6s resseccao radical (ENSAT, 2004; BERRUTI et al.,
2005; BERRUTI et al., 2008).

A resposta limitada a terapia citotéxica em CAC tem sido ligada a elevada expressao do
gene multirresistente MDR-1, resultando em elevadas concentracdes de P-glicoproteina
agindo como uma bomba de efluxo de drogas. Antagonistas dessa glicoproteina podem
aumentar a eficacia da terapia citotdxica. Evidéncias in vitro mostraram que o mitotano pode
reverter a resisténcia multidroga, sendo utilizado em combinacdo com outros farmacos para o
tratamento citotoxico pela modulacdo do MDR e inibicdo P-glicoproteina que proporciona uma
base racional para explorar seu uso com outros farmacos para o tratamento do carcinoma
adrenocortical (ALLOLIO & FASSNACHT, 2006, PEREZ-TOMAS, 2006).
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3.2.2 Mitotano

O mitotano (Figura 1), cuja férmula molecular é C14H1oCls, massa molar 320,5 g.mol™,
ponto de fusédo na faixa de 76-78°C, coeficiente de particdo octanol-agua (Kow) 5,870, pressao
de vapor 1,94E-06 mmHg, solubilidade em agua a 25°C 0,1mg.L™, soltvel em metanol, etanol,
tetracloreto de carbono e isoctano (CDC, 2011; NLM, 2011).

Seu numero de registro no Chemical Abstract Service (CAS) € 53-19-0.

3.2.2.1 Uso clinico do mitotano e efeitos adversos

A terapia medicamentosa utilizando mitotano é indicada para o tratamento de CAC nos
estadios lll e IV (ALLOLIO & FASSNACHT, 2006).

No Brasil, o mitotano é comercializado sob a forma farmacéutica de comprimidos, sendo
o nome comercial do medicamento de referéncia de Lisodren®, produzido pela Bristol-Myers
Squibb. A posologia indicada para criangas € de 1-2 g/dia em doses divididas, aumentando
gradualmente para 5-7 g/dia; em adultos a dosagem inicial é 2 a 6 g/dia divididos em 3-4
doses e, depois aumenta se gradativamente até 9-10g.dia’ divididos em 3-4 doses
(ZANCANELLA, 2008; LACY et al., 2009).

Varios estudos tém proposto o monitoramento das concentracbes sanguineas de
mitotano a fim de avaliar sua eficacia e toxicidade. Alguns deles mostraram que a resposta
tumoral real foi encontrada em pacientes com concentragcdes plasmaticas de mitotano entre
14-20 ug.mL(ALLOLIO & FASSNACHT, 20086).

Devido a estreita janela terapéutica do mitotano, os efeitos adversos ocorrem com
frequéncia, muitas vezes limitando a dose. Mais de 80% de todos os pacientes apresentam
pelo menos um efeito indesejavel. A probabilidade de efeitos adversos aumenta fortemente
com o nivel sanguineo superior a 20 ug.L™".

Dentre eles destacam-se: efeitos gastrointestinais (anorexia, nauseas, vomitos, diarréia)
ou no sistema nervoso central (depressao, tontura, vertigem, fraqueza, confusao, cefaléia). Em
geral, os efeitos adversos séo reversiveis apds cessar a administracdo do mitotano. Devido a
sua longa meia-vida, os niveis sanguineos e os efeitos adversos normalmente aumentam ao
longo do tempo, mesmo que a dose permaneca inalterada. Devido a sua atividade
adrenolitica, o tratamento com mitotano induz insuficiéncia adrenal (ALLOLIO & FASSNACHT,
2006).
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3.2.2.2 Mecanismo de acao

Nao é bem esclarecido pelo qual o mitotano exerce efeito adrenolitico, sendo que o efeito
farmacolégico pode ser proporcionado pelo préprio mitotano ou pelos seus metabdlitos
formados (CAl et al., 1995). Entretanto, acredita-se que a morte celular seja induzida pelo
mitotano no cértex adrenal ap6s uma hidroxilacdo catalisada pelo complexo citocromo P e
subsequente desidro-halogenacao espontanea da cadeia B-carbdnica lateral deste farmaco. O
metabdlito produzido, haleto de acila, altamente reativo, pode acilar bionucledfilos
adrenocorticais ou fornecer o acido diclorodifenilacético (o,p"-DDA) (Figura 6) (CAl et al,
1995).
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Figura 6: Hipotese de metabolizagdo do mitotano para formacdo do &cido o,p’-
diclorodifenilacético.

Este mecanismo de morte celular causaria alteracées na funcao mitocondrial das células,
onde o mitotano seria ativado por um citocromo P450 adreno-especifico. Ao se apresentar em
sua forma ativada, ele bloquearia as rea¢des mediadas pelo citocromo P450 como a 11-B-
hidroxilagao de esteroides adrenais, modificando o metabolismo extra-adrenal do cortisol e de
androgénios, resultando na diminuicdo da produgédo de glicocorticoides e causando necrose
do tecido adrenocortical (CAl et al., 1995; SCHTEINGART, 2007).

3.2.2.3 Caracteristicas Farmacocinéticas
3.2.2.3.1 Absorcao e biodisponibilidade
Na administracdo por via oral, em torno de 60% da dose de mitotano € absorvida e

devido a seu carater lipofilico, cerca de 30% da quantidade absorvida acumula-se no tecido
adiposo. Pequenas quantidades desse farmaco também ja foram detectadas no cérebro,
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adrenais, figado, bile e soro (MOY, 1961; TERZOLO et al., 2000; HUTCHISON & SHAHAN,
2004).

Em andlise de fezes, 62-66% da forma ndo metabolizada do mitotano foi recuperado.
MOOLENAAR e colaboradores (1981) avaliaram o impacto de diferentes formas de veiculagao
sobre o perfil do mitotano no plasma, pela quantificagdo da taxa de absor¢cdo. O mitotano foi
administrado (por via oral, em dose Unica) em diferentes formas de veiculagdo: comprimidos
de microgranulos, leite, chocolate e emulsado lipidica. As concentragdes plasmaticas mais
elevadas foram observadas entre 5 e 10 horas com todas as formas administradas. Os
menores niveis plasmaticos foram observados com microgranulos de mitotano. Em todos os
casos, a mistura em leite proporcionou a melhor absor¢gdo (MOOLENAAR et al., 1981).

Outro estudo avaliou o efeito da alimentacédo na biodisponibilidade de mitotano em caes
com carcinoma adrenocortical. Este estudo foi realizado em cées divididos em trés grupos. Um
grupo recebeu comprimidos de mitotano (Lisodren®), o segundo grupo, emulsdes compostas
por mistura de goma arabica, agua, éleo de milho e de mitotano e, o dltimo grupo, mitotano
disperso em alimentacao enriquecida em 6leo de milho. A area sob a curva obtidas no grupo
de caes alimentados na dieta enriquecida com o mitotano misturado com o 6leo de milho foi a
maior na ordem 63 mg.h.L™". No caso da emulsdo a area é de 40 mg.h.L", enquanto que o
medicamento referéncia Lisodren®, levou a area de 2 mg.h.L"'. Este estudo confirma que a
absor¢cdo de mitotano pode ser melhorada pela formulagdo farmacéutica e alimentos
enriquecidos com éleo, contribuindo para melhorar a biodisponibilidade oral do mitotano
(WATSON et al., 1987).

Outros dois estudos (TERZOLO et al., 2000; BAUDIN et al., 2001) detectaram que os
niveis sanguineos de mitotano nos seres humanos correlacionam-se melhor com a dose
cumulativa do que com a dose diaria. Em alguns pacientes a administracdo de 2 g.dia™ de
mitotano, por via oral, é suficiente para alcancar os niveis sanguineos desejados enquanto,
em outros, existe a necessidade de ingestdo de doses superiores a 5 g.dia™’ para alcangar os
niveis terapéuticos desejados.

A maioria dos pacientes inicia o tratamento com 2 g.dia” e aumenta rapidamente a dose,
dependendo da tolerancia gastrintestinal, a 5-6 g.dia. Este regime de alta dose requer a
verificacdo dos niveis sistémicos de mitotano, apés 14 dias do inicio da terapia.
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Posteriormente, a dose é ajustada de acordo com as concentracdes plasmaticas de mitotano e
a tolerabilidade (ZANCANELLA, 2008).

A concentragdo plasmatica maxima, em humanos, ocorre de 3 a 5 horas apos
administracdo, sendo que o equilibrio entre a concentragcdo plasmatica e a tecidual ocorre em
12 horas.

3.2.2.3.2 Distribuicao

Em estudo de distribui¢do realizado por DE FRANCIA e colaboradores (2006) foi avaliada
a acumulacao de mitotano e de seus metabdlitos em humanos e ratos. Nesta avaliagédo, as
dosagens de mitotano foram feitas no plasma e em células vermelhas do sangue humano e
em adipdcitos, rim, figado, cérebro, e glandulas supra-renais de ratos tratados com mitotano,
durante 3 meses. Evidenciou que as células vermelhas do sangue e dos adipdcitos sao locais
de armazenamento predominantes de mitotano.

HERMANSSON e colaboradores (2008) quantificou a acumulacdo do mitotano em
tecidos de cobaias (porcos da india), em dose Unica, por 10 dias. Os animais receberam a
administracdo oral de mitotano disperso em 6leo de milho (30 mg.kg™"). As concentracdes
plasmaticas mostraram um pico de 834 ng mitotano/g plasma ap6s 8 h de administragdo. A
fase de eliminagdo foi extremamente longa, com uma meia-vida de 28 dias. A meia-vida longa
pode ser explicada pelo armazenamento do farmaco no tecido adiposo, que atua como um

reservatoério de mitotano.

3.2.2.3.3 Metabolizacao

O metabolismo é dependente da espécie, sendo que humanos, caes e ratos sao
responsivos aos efeitos do mitotano. Este farmaco administrado em cées causa atrofia adrenal
particularmente evidente em é&reas fasciculada e reticular (CAZORLA & MONCLOA, 1962).
Entretanto, nenhuma manifestacdo histolégica é visivel em ratos, camundongos, coelhos e
macacos rhesus, mesmo apés o tratamento prolongado (TULLNER, 1970). Estes resultados
podem estar associados as diferencas no metabolismo em espécies sensiveis, que sao
capazes de formar metabdlito reativo, o haleto de acila. As lesGes adrenais ocorrem em caes
no segundo dia de tratamento com 100 mg.kg™', com atrofia das zonas reticulada e fasciculada
completa em 6 semanas, enquanto o glomérulo é afetado apds 3 meses de tratamento. Da

mesma maneira, as concentracdes plasmaticas dos metabdlitos do mitotano
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(diclorodifenileteno ou o,p"-DDE) apresenta uma cinética semelhante a do mitotano, com uma
concentracdo maxima de 1690 ng.g” de plasma. Isto mostra que o perfil plasmatico do o,p’-
DDE é semelhante ao do mitotano na cobaia. Os autores especularam que apés
armazenamento no tecido adiposo, o mitotano € libertado gradualmente, metabolizado no
figado, por hidroxilagcdo e oxidacdo em dois compostos o,p"-DDE e o,p"-DDA (KITAMURA et
al. 2002).

Em estudos de HERMANSSON e colaboradores (2008) mostraram que as taxas de
depuracdo do mitotano e o,p"-DDE sdo congruentes com as respectivas meias-vidas
prolongadas. De acordo com os autores, o mitotano e o,p"-DDE acumulam no tecido adiposo e
o o,p"-DDA difunde-se diretamente para o plasma e, em seguida, sofre excrecao urinaria
(HERMANSSON et al., 2008).

A meia-vida plasmatica do mitotano varia entre 18 a 159 dias, com média de 42 a 63 dias
(HUTCHISON & SHAHAN, 2004; ZANCANELLA, 2008).

Devido ao fato do mitotano apresentar meia-vida prolongada, janela terapéutica estreita e
se acumular no tecido adiposo até sua saturacao, alteracbes rapidas na concentracao neste
tecido podem resultar em nivel subterapéutico ou em niveis toxicos, mesmo que a dose
administrada seja mantida (NG & LIBERTINO, 2003; PHAN, 2007).

3.2.2.3.4 Eliminacao

Os primeiros dados disponiveis em animais apds a administracao de o,p"-DDD em cées
e ratos demonstraram altas concentragdes urinarias em o,p”-DDA (FINNEGAN et al., 1949).

O estudo de MQOY (1961) confirmou estas observagdes em seres humanos e também a
auséncia de o,p'-DDD na urina. Em urina de 24 horas, aproximadamente 10% da dose diaria
de o,p'-DDD, administrada foi encontrada sob a forma de o,p"-DDA sendo também encontrado
na bile (MOY, 1961).

Nas fezes, é excretado principalmente o,p'-DDD que nao tenha sido absorvido e uma
pequena quantidade de o,p-DDA, variando entre 1 e 17%. Concluiu-se que a presenca de
o,p-DDA nas fezes é a prova de que ha transformacado metabdlica de o,p"-DDD pela flora
intestinal ( WEDERMEYER,1967).
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Ap6s administracdo de 100 mg de o,p'-DDD ratos, 1% da dose foi recuperada na urina
em 6 horas e, apenas 7% apdés 8 dias. Por eliminacao fecal, 50% foi encontrado em sua forma
inalterada apdés 48 horas, o0,p"-DDE também foi encontrado (REIF et al., 1974).

3.3 Nanoparticulas lipidicas e farmacos usados no tratamento de cancer

As nanoparticulas lipidicas tém se mostrado promissoras como carreadores para agentes
citotdxicos, pois a maior parte destes farmacos apresenta problemas relativos a sua absorcéo.
Estes sistemas tém sido avaliados em linhas de culturas celulares e modelos animais quanto a
atividade antineoplésica, estabilidade e/ou farmacocinética. Os estudos mostraram que as
propriedades desejadas de uma nanoparticula encapsulando um agente no tratamento do
cancer sao:

- Melhorar a estabilidade do farmaco encapsulado;

- Ser capaz de encapsular mais de um farmaco, proporcionando um sistema de liberacao
de farmacos sinérgicos;

- Ter versatilidade em encapsular agentes citotoxicos com diversas caracteristicas fisico-
quimicas;

- Apresentar citotoxicidade in vitro aumentada contra ceélulas cancerigenas, inclusive
aquelas refratarias a quimioterapia;

- Aumentar a eficacia do farmaco em modelos animais;

- Melhorar a farmacocinética e a biodistribuicdo do farmaco.

Geralmente, a maior parte dos agentes no tratamento do cancer é razoavelmente
lipofilica e com baixa solubilidade aquosa (WONG et al., 2007a,b). Estes incluem inibidores da
topoisomerase | (campotecinas e irinotecan), taxanos (especialmente o paclitaxel) e agentes
diversos, como o mitotano.

Em geral, estes componentes particionam razoavelmente bem na fase lipidica e podem
ser eficientemente encapsulados em SLNs e NLCs.

Estudos realizados por YANG & ZHU (2002) mostraram que a técnica da encapsulagao
em SLNs da campotecina (um alcaléide muito lipofilico extraido da Camptotheca acuminata)
com eficiéncia de encapsulacédo 99,3%, protegeu o grupo farmacoférico da hidrdlise basica,
mantendo o composto ativo até a sua liberacao.

30



Outro exemplo é o paclitaxel, um farmaco que tem se tornado muito popular entre os
oncologistas devido a sua efetividade no tratamento de varios tipos de cancer, até mesmo em
monoterapia. Este farmaco é pouco soltivel em meio aquoso. E comercializado em suspensio
micelar, ndo aquosa, composta por 6leo de castor polioxietilado (Cremophor EL) e etanol
absoluto. Entretanto, um dos componentes desta formulagdo, o Cremophor EL, causa sérias
reagOes de hipersensibilidade e nefrotoxicidade em humanos. Com o objetivo de solubilizar o
paclitaxel sem a necessidade de uso do Cremophor, algumas formulagdes de SLNs foram
desenvolvidas (CHEN et al.,, 2001; SERPE et al., 2004). Em comparagdo com o Oleo de
castor, todas foram mais seguras para a administragdo parenteral.

Outro problema associado ao paclitaxel € sua baixa estabilidade fisica. No seu uso
clinico, o paclitaxel é diluido em solucdes salinas ou de dextrose. Esta diluicido pode
desestabilizar a formulagdo e precipitar o farmaco, sendo necesséaria a filtracdo antes da
administracdo. Esta etapa adicional pode afetar a concentracdo do farmaco. Em estudo de
SERPE e colaboradores (2004) usando cultura de células para a avaliacao da citotoxicidade in
vitro, nao foi relatada a precipitacdo de farmaco em formulacdo de SLNs, mesmo diluida na
faixa nanomolar.

KOZIARA e colaboradores (2006) estudaram o crescimento in vitro de cultura de células
humanas da linhagem celular do adenocarcinoma de célon (HCT-15) sensiveis e resistentes a
paclitaxel na formulacdo disponivel comercialmente e encapsulado em nanoparticulas. Os
estudos mostraram que o farmaco encapsulado nas nanoparticulas pdde superar a resisténcia
ao paclitaxel e apresentar efeito antiangiogénico quando comparado ao medicamento
referéncia (Taxol).

SEVERINO e colaboradores (2012a,b) desenvolveram um planejamento fatorial 22 para a
otimizac&do do processo de producdo de SLNs com matriz lipidica de cetil palmitato e NLCs
com matriz lipidica composta de &acido estearico e triacilglicerbis de cadeia média, por
homogeneizacao de alto cisalhamento e homogeneizacédo a quente a alta pressao. Na analise
dos efeitos do processo de producdo sobre o tamanho médio de particula, indice de
polidispersidade e potencial zeta, as SLNs e NLCs desenvolvidas mostraram-se promissoras
como carreadores de farmacos.

Em outro estudo de SEVERINO e colaboradores (2011), o mitotano foi encapsulado em
SLNs com a mesma composicao do trabalho anterior, e NLCs compostas por cetil palmitato e

31



em mistura binaria de estearato de polioxietilieno (40) e triacilgliceréis de &acido
caprico/caprilico, ambas nas condi¢cdes otimizadas do processo. Os resultados mostraram que
as formulacao de SLNs e NLCs foram carreadores potenciais para a veiculacdo do mitotano.
Estudos posteriores de CAMERIN GRANDO e colaboradores (2012) mostraram que o
mitotano era liberado das particulas durante um curto tempo de estocagem, utilizando as
formulagbes propostas por SEVERINO e colaboradores (2011). Essa limitagdo e a
necessidade de estudos adicionais para comprovar a potencialidade dessas particulas como
estratégias para melhorar a solubilidade aquosa e permeabilidade intestinal do mitotano deram

origem ao desenvolvimento do presente trabalho.
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4 RESULTADOS E DISCUSSAO
Esta secado serd apresentada na forma de capitulos, contendo os artigos submetidos a
periddicos cientificos.
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HOMOGENIZATION
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COLLOIDS AND SURFACES. B, BIOINTERFACES

34



Tween 80 and Span 85 optimization for stabilization of cetyl palmitate SLNs and
polyoxyethylene (40) stearate plus capric/caprylic triglyceride NLCs prepared by high

pressure homogenization

Carolina Ribeiro Camerin Grando 2, Carla Aiolfi Guimardes 2 and Maria Helena Andrade

Santana®’

4Laboratory for Development of Biotechnological Processes, School of Chemical Engineering,
University of Campinas, Campinas, Brazil.

*Corresponding author — Laboratory for Development of Biotechnological Processes, School of
Chemical Engineering, University of Campinas, Campinas, Brazil
+ 5519 35213921 lena@feq.unicamp.br

35


mailto:lena@feq.unicamp.br

ABSTRACT

The aim of this research was to optimize the surfactant composition for storage stability of
formulations of solid lipid nanoparticles (SLNs) and nanostructured lipid carriers (NLCs)
produced by high pressure homogenization (HPH). The particles were composed of cetyl
palmitate (SLNs) or polyoxyethylene (40) stearate and capric/caprylic triglyceride (NLCs),
whose lipids were emulsified with a mixture of the surfactants polysorbate (Tween 80) and
sorbitan trioleate (Span 85). By visual inspection, we monitored the phase separation after
storage at room temperature (25 °C), 4 °C and 45 °C for 48 h. The criteria for stability were
phase homogeneity, followed by maintenance of mean diameter, polydispersity index, and zeta
potential at 2" and 28™ day of storage. The results from seven trial formulations for either
SLNs or NLCs with combinations of surfactants with hydrophilic lipophilic balances (HLBs) in
the range of 8 to 15 showed that all formulations generated nano-sized particles ranging from
150.0 to 185.2 nm (SLNs) and from 72.1 to 113.2 nm (NLCs) with zeta potentials from -15.0 to
-24.8 mV (SLNs) and from -5.8 to -11.5 mV (NLCs). However, only the formulations with
combinations of surfactants which HLBs were close to the required values (10 for SLNs and
13.4 for NLCs) showed stability at the three tested temperatures. Thus, the mass proportion of
46.97/53.03 for Tween 80/ Span 85 (HLB=8) stabilized cetyl palmitate SLNs while NLCs from
polyoxyethylene (40) stearate and capric/caprylic triglyceride (70/30%, w/w) were stabilized by
the mass proportion 64.70/35.30 of Tween 80/ Span 85 (HLB 10.34).

Keywords: Solid Lipid Nanoparticles, Nanostructured Lipid Nanoparticles, Surfactant

coverage, Tween 80, Span 85, Polyoxyethylene (40) stearate, Capric/caprylic triglyceride, High

pressure homogenization
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1. Introduction

Nanoparticulate systems can be produced using different kinds of materials, such as
biodegradable and biocompatible polymers, phospholipids, surfactants and lipids [1,2]
Nanoparticles from lipids have the demonstrated advantages of physical and chemical stability
that provide greater protection against degradation of drugs, the capacity to carry hydrophobic
drugs and hydrophilic biomacromolecules, biocompatibility, drug targeting, and modified drug
release rates [3-6]. Among these nanostructures, solid lipid nanoparticles (SLNs) and
nanostructured lipid carriers (NLCs) have gained huge popularity in pharmaceutical
formulations as reported by Battaglia and Gallarate [6].

Lipids such as triglycerides and their mixtures, fatty acids, and waxes have been used for
the production of these kinds of lipid nanoparticles [7]. Cetyl palmitate is a wax produced by
catalytic esterification of a fatty alcohol (cetyl alcohol) and fatty acids (palmitic acid) [8]. Surface
active partial glycerides (mono- and diglycerides and their mixtures) may facilitate
emulsification, forming more rigid surfactant films around the lipid nanoparticles and thus
improving long term physical stability [9,10]. Polyoxyethylene (40) stearate is a synthetic
polymer composed of stearic acid, a naturally occurring fatty acid, and polyethylene glycol
(PEG), with surfactant activity. Chemical conjugation of fatty acids with PEG (PEGylation) is
currently used for colloidal stabilization and is considered one of the most successful
techniques to prolong in vivo residence time of particles in the blood stream by preventing their
uptake by the reticuloendothelial system, due to the stealth effect [11, 12]. Medium chain
triglycerides, such as capric/caprylic triglyceride, are neutral oils that display high stability
against oxidation and good solubility [13]. All these lipids are considered non-toxic and are
classified as "Generally Recognized as Safe" (GRAS) by the Food and Drug Administration
(FDA).

Besides lipids, the influence of surfactants is of paramount importance to the
physicochemical stability of lipid nanoparticles. Therefore, the concentration of surfactants
must be optimized to allow for better coverage of the surface of the particles, thereby
preventing instabilities such as aggregation during storage. On the other hand, an excess of
surfactants may decrease the efficiency of encapsulation, inducing faster release of the drug
and increasing toxicity. The combined use of more than one surfactant may produce mixed
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films at the interface, contributing to improved surface coverage of the particles to ensure long-
term stability of the formulation [13-15].

The stability of a disperse system, such as lipid nanoparticles, is influenced by different
parameters, e.g., type and concentration of the lipids, stabilizers, and the production process.
Until now, it has not been possible to predict the physical stability without practical
investigations. However, the estimation of the “required hydrophilic lipophilic balance” (HLB), is
a valuable tool to define the concentrations of surfactants. Ideally, the HLB of the stabilizer
should match the required HLB of the inner lipid phase. Trials of adequate ranges of HLBs of
surfactants, involving observation of phase separation at room temperature in addition to
observing stresses induced by other temperatures, have been the usual strategy for evaluation
of physical stability of dispersions [15]. Besides dispersions, Griffin’s method also has been
adequate for evaluating cream type emulsions [15]. Severino et al. [16] optimized the HLBs of
cetyl palmitate and also of the binary mixture of stearic acid and capric/caprylic triglyceride in
emulsions prepared with sorbitan trioleate (Span 85) and polysorbate 80 (Tween 80) as
surfactants.

The present study takes advantage of the earlier studies of HLBs, with the aim of
experimentally optimizing the composition of Tween 80 and Span 85 for production of stable
dispersions of SLNs and NLCs composed of cetyl palmitate (SLNs) and a binary mixture of
polyoxyethylene (40) stearate and capric/caprylic triglyceride (NLCs). The stability of the
particles was studied at 4 °C, 25 °C and 45 °C. In addition to Griffin’s method, the particles
were produced by high pressure homogenization (HPH), which has been a useful technique for
preparation of SLNs and NLCs due to its reproducibility, scalability, and low cost. Furthermore,
the particles were characterized by the physical properties of average hydrodynamic diameter,
polydispersity index, and zeta potential to assure the observed stability of the dispersions, as
indicated by phase homogeneity. For the formulations that met the stability criteria, additional
measurements of diameter and zeta potential were also performed on the 2" and 28™ day of
storage. Besides the HPH production process, we examined differences in the relationship to
previous work [16], using a PEGylated stearic acid (polyoxyethylene (40) stearate), with the
aim of achieving long term stability and the stealth effect. We also evaluated the effect of
temperature by observing the stability of the particles at 4 °C and 45 °C.
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2. Material and Methods

2.1 Material

Cetyl palmitate (Crodamol® CP), Capric/caprylic triglycerides (Crodamol® GTCC) and
sorbitan trioleate (Span® 85) were purchased from Croda (Brazil), polyoxyethylene (40)
stearate was purchased from Sigma (USA), polysorbate 80 (Tween® 80) was purchased from
Synth (Brazil). Ultrapurified water (Milli-Q Plus, Millipore) was used. All components had purity
of ~ 99%.

2.2 Preparation of SLNs and NLCs

The technique of high shear followed by hot high pressure homogenization (HPH) was
used for preparation of the aqueous SLNs and NLCs dispersions [17-19]. Briefly, the lipid was
melted at a temperature 5 °C above its melting point (with no decomposition of the
ingredients). Under mechanical stirring at 10,000 rpm using an Ultra-Turrax T25 (IKA, impeller
10G), the melted lipid phase was dispersed in a hot aqueous surfactant solution both at 75 °C
for 60 s. The obtained pre-emulsion was homogenized at the optimized conditions (500 bar,
three homogenization cycles, 75 °C), according to Severino et al. [20,21], using a GEA Niro
Soavi, model NS1001L2K, Panda 2K homogenizer. After three homogenization cycles the
obtained oil-in-water (o/w) nanoemulsion was cooled and SLNs and NLCs were generated by

lipid recrystallization.

2.3 Lipids and required HLB

The particles were composed of cetyl palmitate (SLNs) and a binary mixture of
polyoxyethylene (40) stearate and capric/caprylic triglyceride (NLCs) at the mass composition
70/30, respectively.

The required or theoretical HLBs were considered according to Griffin [15]. Thus, for
SLNs, the HLB of cetyl palmitate, 10.0, was used [22]. For NLCs, the required HLB was
calculated from the mass composition of the lipids, considering the HLB values 17.0 for
polyoxyethylene 40 and 5.0 for capric/caprylic triglyceride [22, 23].
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2.4 Tween 80 and Span 85 optimal coverage

In order to evaluate the coverage of the surfactants (Tween 80 (polysorbate 80) and
Span 85 (sorbitan trioleate)) on the surface of the particles, seven lipid formulations for each
type of particle were prepared over the range of HLBs from 8 to 15. The formulations were
based on different compositions of the two surfactants according to Table 1. The mass
concentrations in the formulations were: 5% of the surfactant mixture, 10% of oils or/and waxes
and 85% water. The oil phase consisted of cetyl palmitate (SLNs) or a binary mixture of
polyoxyethylene (40) stearate and capric/caprylic triglyceride, with the weight ratio of 70:30 and
Span 85 (NLCs). The aqueous phase was composed of Tween 80 and water.

The Equations 1 and 2 were used for determination of the HLB values of the mixture of
surfactants shown in Table 1, according to Griffin [15].

A = 100 (x-HLBg) Eq. A1
(HLB, - HLBg)

B=100-A Eqg. A2
where A is the percentage concentration of the hydrophilic surfactant, B is the concentration of
the hydrophobic surfactant and x is the required HLB of the lipids in SLNs and NLCs.

Table 1: HLB values obtained for different ratios of surfactants in the seven formulations used
for production of SLNs and NLCs by high pressure homogenization.

Surfactant mixtures

Formulation Span 85 Tween 80 mixture HLB
1 53.03 46.97 8.00
2 4417 55.83 9.17
3 35.30 64.70 10.34
4 26.44 73.56 11.51
5 17.58 82.42 12.68
6 8.71 91.29 13.85
7 0.00 100.00 15.00

The HLB values used in the calculations were: Tween 80 = 15.0 and Span 85 =1.8.
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2.4 Physicochemical characterization of SLNs and NLCs

The SLNs and NLCs were characterized by mean hydrodynamic diameter,
polydispersity index, and zeta potential. The mean diameter was determined by photon
correlation spectroscopy (PCS) and dynamic light scattering (DLS) methods, using a Zetasizer
Nano ZS (Malvern Instruments, UK) at a fixed angle of 90° and 25 °C. The dispersions were
previously diluted in distilled water and filtered (cellulose ester membrane, 0.45 mm, Millipore,
USA) to remove suspended impurities. The mean diameter was calculated as the Z-average
and the polydispersity index as a measure of the width of the particle size distribution (n=3).
The sizes were analyzed by the Intensity and Number distributions.

The zeta potential was determined through the electrophoretic mobility (Zetasizer Nano
ZS, Malvern Instruments, UK) at 25 °C with samples that were filtered (cellulose ester
membrane, 0.45 mm, Millipore, USA) and diluted the SLNs and NLCs dispersions with
0.1 mM KCI solution. All measurements were performed in triplicate.

2.5 Thermal stability

The physical stability of the SLNs and NLCs was evaluated according to Griffin’s strategy
[15] and criterion. Initially, the required or theoretical HLBs for stabilization of the lipids were
known. Afterwards, seven trial formulations for both SLNs and NLCs were prepared by HPH
with the HLBs of the surfactants in the range of 8 to 15 (Table 1) and they were evaluated at
the second and twenty eighth day of storage. The formulations were stored at room
temperature (25 °C) and were visually monitored for phase separation. Besides room
temperature, the formulations were also monitored at 45 °C for stability, as well as under
refrigeration at 4 °C, a typical storage temperature to reduce microbial contamination. We
considered as stable only those formulations that maintained phase homogeneity at the three
tested temperatures, for 2 days according to visual observation [15].

Furthermore, in this work, the stable formulations were characterized by mean diameter and
zeta potential and compared with the initial values of these parameters in order to confirm the
visual evaluation. These formulations were also characterized by mean diameter and zeta

potential at the 2" and 28" day of storage at 4 °C.
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3. Results and Discussion
3.1 Physicochemical characterization of SLNs and NLCs

3.1.1 Mean diameter, polydispersity index and zeta potential

Figures 1 and 2 show the mean hydrodynamic diameters and size distributions for fresh
SLNs and NLCs, respectively. For intensity distributions (I-distribution), the intensity is
proportional to the particle diameter to the sixth power (I=D®) and underestimates small
particles that appear in small proportion. In addition, the number distribution (distribution-N),
converted through the Mie theory, shows the first order proportionality (N « D) and reveals the
predominant particle diameters. Thus, from these results, the SLNs formulations showed
populations that ranged from 100 to 1000 nm, with predominant populations around 100 nm.
The NLCs presented wider distributions, from 10 to 1000, with predominant populations around
20 nm.

The width of the distributions revealed the presence of micelles of the surfactants,
nanoparticles, and aggregates in a dynamic equilibrium in the dispersions. The predominant
diameters show the surfactants were better incorporated in SLNs than in NLCs. The small
predominant diameters around 20 nm for NLCs are probably due to a population of mixed
micelles of the surfactants and polyoxyethylene (40) stearate. The steric repulsion of the
polyoxyethylene chains on the surface of the nanoparticles reduced the incorporation of the
PEGylated lipid in the packed structure of NLCs, and induced the formation of mixed micelles.
Thus, the polyoxyethylene (40) stearate remained in the mixed micelles and NLCs under the
dynamic equilibrium. These effects are reflected in the multiple curves (Figure 2- B to N) of the
distribution-N of NLCs.
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Figure 1: Size distribution profiles of SLNs with different HLB values. SLNs HLB=8.00 (A and
B); SLNs HLB=9.17 (C and D); SLNs HLB= 10.34 (E and F); SLNs HLB= 11.51 (G and H);
SLNs HLB= 12.68 (I and J); SLNs HLB= 13.85 (K and L); SLNs HLB=15.00 (M and N).
Intensity distributions (Left, A, C, E, G, |, K, and M). Number distributions (Right, B, D, F, H, J,
L and N). The multiple curves represent individual measurements of different samples of SLNs.
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Figure 2: Size distribution profiles of NLCs with different HLB values. NLCs HLB=8.00 (A and
B); NLCs HLB=9.17 (C and D); NLCs HLB= 10.34 (E and F); NLCs HLB= 11.51 (G and H);
NLCs HLB= 12.68 (I and J); NLCs HLB= 13.85 (K and L); NLCs HLB=15.00 (M and N).
Intensity distributions (Left, A, C, E, G, |, K. and M); Number distributions (Right, B, D, F, H, J, L
and N). The multiple curves represent individual measurements of different samples of NLCs.

In a summary of the Z-average and zeta potential for SLNs and NLCs with different
HLBs of the surfactants (Table 2), the values of Z-average were in concordance with the size
distribution behavior of Figures 1 and 2. The size in the SLNs dispersions ranged from 150 to
185 nm, while in NLCs, the dispersions ranged from 72 to 113 nm. In both cases, the
polydispersity index was lower than 0.3, indicating monomodal distributions. As expected, the
zeta potential was smaller for NLCs than SLNs, due to the presence of the hydrophilic chains
of polyoxyethylene 40 on the surface of the particles. In SLNs, the smallest Z-average was
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associated with the highest HLBs (formulations 6 and 7). The higher the HLB, more hydrophilic
is the coverage on the surface of the particles, favoring the formation of micelles in the

equilibrium.

Table 2: Mean diameter (Z-average), polydispersity index (PI), zeta potential (ZP) of SLNs and
NLCs with HLBs ranging from 8 to 15 (n=3).

SLNs NLCs
Formu- Z-average PI ZP (mV) Z-average Pl ZP (mV)
lation* (nm) (nm)
1 185.20£1.39 0.14+0.01 -24.80+0.27 113.20+0.10 0.23+0.01 -6.89+0.60
2 181.10£1.65 0.14+0.01 -20.00£1.67  95.58+0.24 0.25+0.01 -9.47+0.54
3 177.20£1.17 0.16x0.01 -15.00£0.83  91.79+0.69 0.27+0.01 -11.50+0.92
4 174.20£1.57 0.19+0.01 -15.70+2.83  76.38+0.59 0.27+0.01 -9.83+3.46
5 168.60+0.55 0.20+0.02 -24.40+2.80 73.80x0.46 0.28+0.01 -7.42+0.93
6 166.50+1.11  0.18+0.01 -10.60+£1.59  81.76%1.01 0.24+0.01 -5.81+0.85
7 150.00+£0.53 0.17+0.01 -21.10+2.88 72.06x0.27 0.25+0.01 -6.58+3.74

*Formulations of SLNs composed of cetyl palmitate and of NLCs of polyoxyethylene (40)
stearate (70%) and capric/caprylic triglyceride (30%) with the surfactant compositions

presented in Table 1.

3.2 Tween 80 and Span 85 optimal coverage

For the lipids used in this study, the required HLB was 10.0 for cetyl palmitate (SLNs)
and 13.4 for the binary mixture of polyoxyethylene (40) stearate and capric/caprilic triglyceride.
From the experimental formulations shown in Table 1, the most stable formulations for SLNs
had an HLB of 8.0 (formulation 1-Table 1) and for the most stable NLCs, an HLB of 10.34
(formulation 3-Table1). Although the experimental HLB values were close to the required
ones, the results proved that the development of a physically stable dispersion of lipid
nanoparticles is complex, and not fully predictable. Therefore, the optimum HLB cannot be
achieved by simply using the required HLB values of the lipids. The packing of lipids in
nanoparticles changes the exposure of lipids at the surface and consequently the interactions
with surfactants, as compared with the free lipid molecules. Furthermore, the HLB changes the

distribution of surfactants between the micelles and the coverage of the nanoparticles.
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Additionally, for higher coverage efficiency, the HLB of the emulsifier combination employed
should be substantially lower than the HLB value needed only for emulsification or
solubilization.

Despite being composed of different lipids, the most stable NLCs formulation demanded
a smaller amount of hydrophobic than the hydrophilic surfactant, 64.70/35.30 (Tween 80/Span
85), when compared to the SLNs formulation of 46.97/53.03 (Tween 80/Span 85). This is due
to the presence of the polyoxyethylene (40) stearate, which provides a thick water layer around
the surface of the particles. In this case, the steric protection imparted by the polyoxyethylene
chains seems to be the main factor contributing to the stability of NLCs.

Severino et al. [16] found 9.72 to be the optimal HLB for stabilization of cetyl palmitate
emulsified by Tween 80 and Span 85. For the same system, we obtained an optimal HLB of
8.0. The difference can be attributed to the HPH process and the formation of SLNs. In the
case of the system of polyoxyethylene (40) stearate and capric/caprylic triglyceride (optimal
HLB 10.34), in addition to the HPH process, this system’s HLB value differs from the value of
12.36 found by Severino et al. [16] and this difference reflects the presence of the PEG chains
in the polyoxyethylene (40) stearate, which give hydrophilic protection around the particles, as
well as providing colloidal stability.

3.3 Thermal stability

Phase separation at the three temperatures studied did not occur just for HLB 8.0 for
SLNs and 10.34 for NLCs (formulations 1 and 3, respectively). Other formulations such as 2
and 3 (SLNs) and 4-6 (NLCs) were stable at 4 °C and 25 °C, but not at 45 °C.

The stable formulations at 4 °C were clear solutions. Table 3 shows the maintenance of
the physical properties at the 2" and 28"™ days of storage, as compared to the fresh
preparations.
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Table 3: Mean diameter (Z-average), polydispersity index (Pl), zeta potential (ZP) of SLNs
(HLB=8.0) and NLCs (HLB=10.34) for fresh dispersions (0 day) and at 2" and 28™ day of
storage at 4°C (n=3).

Time SLNs NLCs

(day) Z-average Pl ZP (mV) Z-average Pl ZP (mV)
(nm) (nm)

0 185.20+£1.39 0.141£0.01 -24.80+0.27 91.79+0.69 0.27+0.01 -11.50+0.92

2" 189.27+2.08 0.14+0.02 -21.90+0.43 92.80+0.55 0.26+0.01 -10.67+0.98
28" 191.10+0.67 0.17+0.01 -20.10+2.34 93.80+0.66 0.25+0.01 -9.31+0.31

4. Conclusions

The high-pressure homogenization technique proved to be effective for production of
cetyl palmitate SLNs and NLCs from the mixture of polyoxyethylene (40) stearate and
capric/caprylic triglyceride in the presence of Tween 80 and Span 85. The process for
production of SLNs and NLCs, in addition to the lipid and surfactant compositions, determined
the physical stability of the dispersions. Experimental trials were essential for optimization of
the HLB of the surfactants for stability of the dispersions as well as for the additional thermal
treatments at 45 °C or 4 °C. Furthermore, the physicochemical characterizations by mean
diameter and zeta potential were valuable for confirming the stability of the systems as
determined by visual inspection and also to determine the distribution of the surfactants in the
micelles and in the lipid nanoparticles over 28 days. The stable formulations for SLNs and
NLCs identified in this work (HLB=8.0 for SLNs and HLB=10.34 for NLCs) open opportunities

for future explorations and applications involving drug delivery.
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ABSTRACT

Mitotane is used for treatment of adrenocortical carcinoma but its low aqueous solubility and
intestinal permeability limit the treatment causing low bioavailability and serious toxicity
problems. Solid lipid nanoparticles (SLNs) and Nanostructured Lipid Carriers (NLCs) are
carriers and can help to improve solubilization and enhancement of mitotane performance in
vivo. The aim of this research was to prepare and to characterize SLNs and NLCs loaded with
mitotane prepared by high pressure homogenization technique (HPH). Cetyl palmitate and
polyoxythylene (40) stearate were used as solid lipids, capric/caprylic triglyceride as liquid lipid
and a binary mixture of polysorbate 80 / sorbitan trioleate as surfactants. The prepared SLNs
and NLCs loaded with mitotane were nano-sized particles with mean diameter of 187.40+£0.17
nm and 94.50+0.26 nm, respectively, low zeta potentials (between -8 and -22 mV),
polydispersity index of <0.30 and high entrapment efficiencies: 100% for SLNs and 81.46% for
NLCs corresponding to a drug loading of 0.05 g mitotane/ g nanoparticles and 0.25 g mitotane/
g nanoparticles, respectively. Both particles were equally effective (p < 0.05) after one month of
storage at 4 °C, without mitotane crystals or particle agglomeration. The entrapped mitotane
was completely solubilized within the structure of the nanoparticle matrices as characterized by
dynamic scanning calorimetry and thermogravimetry. In conclusion, NLCs produced by HPH
are valuable for mitotane loading and promising for future applications in adrenocortical

carcinoma treatment.
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1 Introduction

Nanoparticules can be produced using different kinds of materials, such as biodegradable
and biocompatible polymers, phospholipids, surfactants and lipids (Gasco, 2007; Fricker et al.,
2010). Lipid nanoparticles have demonstrated several advantages, such as biocompatibility,
lower cytotoxicity and modified release of drugs (Battaglia and Gallarate, 2012). Among these
nanoparticles, solid lipid nanoparticles (SLNs) and nanostructured lipid carriers (NLCs) have
gained huge popularity in pharmaceutical formulations (Das and Chaudhury, 2012). These
nanoparticles are colloidal lipid systems useful for oral, parenteral and topical administration
routes, providing controlled release profiles for various drugs (Wissing et al., 2004; Almeida
and Souto, 2007; Schafer-Korting et al., 2007; Hanafy et al., 2007; Muller et al., 2007; Wong et
al., 2007; Muchow et al., 2008; Das and Chaudhury, 2011; Jaafar-Maalej et al., 2012). Both
types of particle are composed of natural lipids with a GRAS (Generally Recognized as Safe)
status. SLNs contain lipids which are solid at room as well as at body temperature, meanwhile
NLCs contain a mixture of solid and liquid lipids leading to imperfections in the crystal lattice.

In recent years, the development of SLNs and NLCs has attracted an increasing
attention in pharmaceutical fields owing to the excellent tolerability and advantages compared
to liposomes or other polymeric nanoparticles (Attama, 2011). These lipid nanoparticles are
useful for increasing bioavailability of highly lipophilic molecules, preventing of degradation of
sensitive molecules, promoting sustained release of entrapped drugs and minimizing adverse
side effects. In addition, their size at nanoscale increases penetration by the biological barriers
(Saupe et al., 2006; Gershkovich and Hoffman, 2007; Das and Chaudhury, 2012).

Mitotane is an adrenolytic agent, widely used for adjuvant treatment of nonresectable
and metastasized adrenocortical carcinoma (Hahner & Fassnacht, 2005). However, mitotane
has poor solubility (log P 6,1) and low permeability after oral administration, leading to poor
bioavailability (ca. 40%) in tablets (62 to 66.5 % excreted unchanged in feces (Moy, 1961). In
addition, it is supplied at 500 mg/tablet and high cumulative doses of mitotane were usually
required for 3 - 5 months to reach therapeutic levels; it causes several side effects and
repetitive dosing which make this drug an interesting candidate for development of drug
delivery system based on SLNs and NLCs.

High pressure homogenization (HPH) has shown to be a useful technique for
preparation of SLNs and NLCs due to reproducibility, scalability and low costs. Therefore, we
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started from the hypothesis that SLNs and NLCs would be useful for mitotane entrapment. In
this work, we demonstrate the ability of SLNs and NLCs prepared by HPH, to encapsulate
mitotane in their matrices with high efficiency, drug loading and stability. The particles were
characterized by average hydrodynamic diameter, size distribution (by intensity and by
number), polydispersity index, zeta potential, drug entrapment efficiency and the stability by the
homogeneity of the formulation. The encapsulation of mitotane in the SLNs and NLCs matrices
was characterized their thermal behavior by thermogravimetry and differencial scanning

calorimetry.
Keywords: Solid lipid nanoparticles, Nanostructured lipid carriers, Mitotane, Characterization
2. Material and Methods

2.1 Materials

Racemic mitotane was purchased from Yick-Vic Chemicals & Pharmaceuticals (China);
Crodamol® CP (cetyl palmitate), Crodamol® GTCC (capric/caprylic triglyceride) and Span® 85
(sorbitan trioleate) were purchased from Croda (Brazil); polyoxyethylene (40) stearate was
purchased from Sigma (USA); Tween® 80 (polysorbate 80) was purchased from Synth (Brazil).
Ultrapurified water (Milli-Q Plus, Millipore) was used. All components had purity of ~ 99%.

2.2 Preparation of SLNs and NLCs

The high shear followed by hot high pressure homogenization (HPH) technique were
used for preparation of the aqueous SLNs and NLCs dispersions (Mehnert & Mader, 2001;
Lucks & Miiller, 1991; Wong et al., 2007). Briefly, the lipid was melted at a temperature 5 °C
above its melting point (with no decomposition of the ingredients) and mitotane was dissolved
in this phase. Under mechanical stirring at 10,000 rpm using an Ultra-Turrax T25 (IKA, impeller
10G), the melted lipid phase was dispersed in a hot aqueous surfactant solution, both at 75 °C,
during 60 s. The obtained pre-emulsion was homogenized at a high pressure, 500 bar, using a
GEA Niro Soavi, model NS1001L2K, Panda 2K. After three homogenization cycles the

obtained oil-in-water nanoemulsion was cooled and SLNs and NLCs were generated by lipid
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recrystallization. The composition of the formulations was stabilished in preliminary studies of
our group is shown in Table 1.

Table 1. Composition of solid lipid nanoparticles (SLNs) and nanostructured lipid carriers
(NLCs) unloaded or loaded with mitotane*

Oil Phase Aqueous Phase
Formulation - 5
CTP PS40 TG MIT Span~85 Tween™ 80 Water g.s.
SLNSurﬂoaded 10.0 = = = 2.75 2.35 100
SLNsMitotane 100 = = 0.5 275 235 100
NLCSunk)aded = 70 3.0 = 1 76 323 100
NLCsitotane - 7.0 3.0 25 1.76 3.23 100

*Values reported as percentage (%, w/w). CTP: cetyl palmitate; PS40: polyoxyethylene (40)
stearate; TG: capric/caprylic triglyceride; MIT: mitotane.

2.3 Physicochemical characterization of SLNs and NLCs

2.3.1 Mean diameter, polydispersity index and zeta potential

The particle size of SLNs and NLCs, either nonloaded or loaded with mitotane were
analyzed by photon correlation spectroscopy (PCS) and dynamic light scattering (DLS)
methods, using a Zetasizer Nano ZS (Malvern Instruments, UK) at a fixed angle of 90° and at
25 °C. The SLNs and NLCs dispersions were diluted in distilled and filtered water (through 0.45
mm cellulose ester membrane, Millipore, USA) to remove suspended impurities or free
mitotane. The mean diameter was calculated as the Z-average and the polydispersity index as
a measure of the width of the particle size distribution (n=3). The sizes were also analyzed by
intensity and number distributions.

The zeta potential was determined through the electrophoretic mobility (Zetasizer Nano
ZS, Malvern Instruments, UK) at 25 °C with filtered (0.45 mm cellulose ester membrane,
Millipore, USA) and diluted the SLNs and NLCs dispersions with 0.1 mM KCI solution. All
measurements were performed in triplicate.
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2.3.2 SLNs and NLCs stability

The stability of the SLNs and NLCs dispersions loaded with mitotane were evaluated
along 28 days. Briefly, the samples were stored in amber glass at 4 °C. Samples were
withdrawn after 1, 7, 14, 21 and 28 days and submitted to particle size analysis and zeta
potential.

The stability of the dispersions also was monitored by visual observations to observe
their homogeneity.

2.3.3 Mitotane quantification

Mitotane was quantified by spectrophotometry at 268 nm (Hitachi, model U2001), as
described at the US. Pharmacopoeia (2007). The samples were solubilized in methanol and
the mitotane determined through a standard curve generated by absorbance measurements,

recorded at different mitotane concentrations.

2.3.4 Entrapment efficiency and drug loading

For the quantitative determination of mitotane, a spectrophotometric method was used.
The amount of mitotane loaded into the nanoparticles was determined as follows: lyophilized
SLNs and NLCs were dissolved in methanol using a volume ratio of 1:3 (nanoparticles
dispersion:methanol), submitted to ultrasonication (5 min), and stirred to extract the mitotane
from the lipid matrices. Then, the mixture was centrifuged (30 min, 3186 g) to separate the
nonsoluble components and the supernatant containing the extracted mitotane was analyzed
as described in 2.3.3. The entrapment efficiency (EE) of mitotane in SLNs and NLCs was
determined, as the ratio between actual and theoretical loading, by Eq. A1.

EE (%) = mass of entrapped mitotane x 100  (Eq. A 1)

initial mass of mitotane

Drug loading capacity (DL) was calculated by the ratio between the loaded mitotane and the
total amount of the components of SLNs and NLCs (Eq. A 2).

DL = mass of entrapped mitotane  (Eq. A 2)

mass of nanopatrticles
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2.3.5 Thermal behavior

The thermal behavior of unloaded and nanoparticles loaded with mitotane was
characterized by Differential Scanning Calorimetry (DSC) and thermogravimetry (TG) /
Derivative thermogravimetry (DTG). DSC measurements were carried out on a DSC-50 cell
(Shimadzu) using aluminum crucibles weighting about 1-2 mg each. The samples were heated
between 25-300 °C at the rate of 10 °C.min"", under dynamic nitrogen atmosphere at flow rate
50 mL.min™'. The DSC-50 cell was initially calibrated with metallic indium (mp 156.6 °C; AfH°=
28.54 J.g7") and zinc (mp 419.6 °C; AfH°= 115,8 J.g7"). TG/DTG experiments were performed
on a thermobalancemodel TGA-50 (Shimadzu) using platinum crucibles in which 0.4 mg
(approx.) of each individual sample were heated between 25- 400 °C at the rate of 10
°C.min"', under air atmosphere at the flow rate of 50 mLmin. The decomposition was monitored
as a function of temperature and weight loss. The TGA-50 equipment was calibrated with a
standard reference of calcium oxalate monohydrate (CaC,04.H20).

2.4 Statistical Analysis
The variance was analyzed by ANOVA method and the media compared by the Tukey's
test at 5% probability level (p<0.05).

3 Results and Discussion
3.1 Physicochemical characterization of SLNs and NLCs

3.1.1 Mean diameter, polydispersity index and zeta potential

The intensity distribution showed that the populations of SLNs and NLCs without drug
loading ranged 100 to 1000 nm and 10 to 1000 nm, respectively. The entrapment of mitotane
reduced the width of these distributions. Although a wide range of diameters was observed, the
intensity distribution (distribution-l), which is proportional to the particle diameter is shown at
the sixth power (D) (I=D°®), underestimating the small particles that appear in a very small
proportion. In addition, the number distribution (distribution-N) converted through the Mie

theory shows a first order proportionality (N « D) and revealed the predominant particle
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diameters. The results showed the predominant populations at 100 nm for the unloaded and
the loaded mitotane SLNs, and populations ranging from 10 to 100 nm for the NLCs (Figure 1).
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Figure 1: Size distribution profiles of SLNs and NLCs. Unloaded SLNs (A and B); SLNs loaded
with mitotane (C and D); unloaded NLCs (E and F); NLCs loaded with mitotane (G and H).
Intensity distributions (Left, A, C, E and G). Number distributions (Right, B, D, F and H). The
multiple curves represent individual measurements of different samples of SLNs and NLCs.

Smaller nanopatrticles, higher polydispersity indices, and smaller zeta potentials were
obtained for the unloaded compared to the mitotane loaded SLNs and NLCs. These differences
indicate the entrapment of mitotane within the lipid matrices. The polydispersity was reduced
for the particles loaded with mitotane, mainly for the NLCs, due to the presence of the
amorphous lipophilic portions, in which mitotane is preferentially solubilized. The zeta potential
was -24.80 and -11.50 mV for the unloaded SLNs and NLCs, respectively, and decreased in
the module to -21.10 and -8.05 mV when mitotane was entrapped in both types of
nanoparticles. These values indicated that the particles are stable in the dispersions in which
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they are stored. Also, their negative charge is required for successful oral administration.
Comparing unloaded nanoparticles to loaded one, they showed significant differences from
statistical method (p<0.05). Table 2 summarizes the mean diameter (Z-average) and zeta

potential for unloaded and mitotane loaded SLNs and NLCs.

Table 2: Mean diameter (Z-average), polydispersity index (Pl), zeta potential (ZP) of unloaded
and mitotane loaded SLNs and NLCs (n = 3).

Formulation Z-average (nm) Pi ZP (mV)
SLNSunioaded 185.20+1.39 0.14£0.01 -24.80+0.27
SLNSwitotane 187.40+0.17 0.12+£0.03 -21.10+0.55
NLCsunioaded 91.79+0.69 0.2710.01 -11.50+0.92
NLCsitotane 94.50+0.26 0.2240.01 -8.05+0.20

3.1.2 Differential scanning calorimetry (DSC) and Thermogravimetry (TG)

The TG and DTG curves for mitotane free powder, unloaded and SLNs and NLCs
loaded with mitotane are shown in Figures 2 and 3. The TG/DTG curves showed the thermal
decomposition steps and indicated that mitotane presented the lowest thermal stability
regarding loaded and unloaded SLNs and NLCs. Comparing loaded to unloaded SLNs and
NLCs, the thermal stability decreases in loaded SLNs and NLCs due to the presence of
mitotane indicating that the drug was encapsulated in the lipid matrix.

The mitotane free powder DSC curves, SLNs and NLCs unloaded and loading mitotane
are shown in Figure 4 and 5. The mitotane free powder DSC curve shows an endothermic
peak of melting at ~ 77°C followed by another endothermic event, refering to its the thermal
decomposition at ~ 209°C, characteristic of this drug. NLCs loaded with mitotane show an
endothermic peak at ~ 95°C and another exothermic event at ~422 °C while the unloaded
NLCs has an endothermic peak at ~100°C and SLNs loaded with mitotane shows an
endothermic peak at ~ 45°C and another endothermic event at ~310 °C while the NLCs
unloaded has an endothermic peak at ~ 47°C, this slight shift in the peak was probably due to
the mitotane encapsulation in lipid matrix. The absence of characteristic peaks of mitotane
indicates either formation of amorphous dispersion in lipid matrix or its solubilization in lipid
matrix after heating.
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Figure 2: TG/DTG curves of mitotane drug free (MIT), mitotane loaded NLCs (NLCs-MIT),
unloaded NLCs (NLCs-Free).
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3.1.3 SLNs and NLCs storage stability

Table 3 shows the initial properties of SLNs and NLCs loaded with mitotane were: mean
diameters 187,40 nm and 94,50 nm with Pl values below 0.3 and zeta potential -21.10 mV and
-8.05 mV, respectively. These initial values practically didnt change during the monitored
period of 28 days (Table 3), indicating the good performance of polysorbate 80 and sorbitan
trioleate surfactants on stabilization of the particles in colloidal dispersion.

Table 3: Storage stability of SLNs and NLCs loaded with mitotane from 1 to 28 days of
preparation, as monitored by mean particle (Z-average), polydispersity index (Pl) and zeta
potencial (ZP) analysis (n=3).

SLNs NLCs
Time Z-average Pl ZP Z-average PI ZP
(days) (nm) (mV) (nm) (mV)
1 190.50+1.30  0.14+0.01 -18.00+0.95 96.78+0.61 0.22+0.01  -6.22+0.48 Th
7 189.60+1.65 0.15+0.01 -18.11+2.11  98.31+0.58 0.22+0.01  -8.35+0.69 e
14 191.70+£1.00 0.13+0.02 -22.10+0.35 102.50+1.21  0.23+0.01  -8.80+0.34 lipi
21 202.50+1.51 0.18+0.02 -25.20+0.49 99.98+0.44 0.21+0.01  -7.49+0.38 ds
28 194.10+0.52  0.14+0.02  -20.10+0.36 100.30+0.66 0.22+0.01  -10.3+0.55

us
ed also contribute for the nanoparticles stabilization. Cetyl palmitate, the main component of
SLNs, is a wax produced by the catalytic esterification of fatty alcohol (cetyl alcohol) and fatty
acids (palmitic acid). It was suggested that surface active partial glycerides(mono-, and
diglycerides and their mixtures) facilitate emulsification and form more rigid surfactant
films around the lipid nanoparticles and thus improve storage stability. The mixture of
medium chain triglycerides (e.g. capric/caprylic triglycerides- neutral oils) and stearate 40
polyoxythylene (polyethoxylated derivatives of stearic acid), the main components of NLCs,
have advantages like high stability against oxidation during storage and also on solubilization
of hydrophobic drugs.

The constant bluish appearance of the dispersions, without any sedimentation during the
storage also indicated the storage stability of the dispersions (by visual observations) along the
28 days of storage.
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3.1.4 Entrapment efficiency and drug loading

In recent literature reports, several hydrophobic drugs have been successfully entrapped in
SLNs and NLCs, e.g., camptothecin, doxorubicin, clotrimazole and ascorbyl palmitate (Jenning
& Gohla, 2001; Huang et al., 2008; Teeranachaideekul et al. 2008; Ma et al., 2009; Das et al.,
2012). The imperfections and amorphous regions in NLCs promote better drug encapsulation
as compared to SLNs (Das et al., 2012). This outcome reflects the fact that the majority of
lipophilic drugs solubilize better in oils than in solid lipids. These findings were also confirmed
in our results, when the SLNs shown 100% entrapment efficiency for mitotane loading of only
0.05 g of mitotane/ g of nanoparticles, while the entrapment efficiency of NLCs was 81.46% for
mitotane loaded NLCs, a factor of 5-fold higher (0.25 g of mitotane/ g of nanoparticles).

4. Conclusions

The present study demonstrated that mitotane was efficiently encapsulated and stable
along 28 days at 4 °C of storage for SLNs and NLCs. NLCs had shown higher amounts of drug
loading (0.25 g mitotane/g nanoparticles) compared to SLNs (0.05 g mitotane/ g nanopatrticles).

Therefore, NLCs loaded with mitotane are promising for future studies on its pharmacokinetics.
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Abstract

Mitotane, an adrenolytic agent for the treatment of nonresectable and metastasized
adrenocortical carcinoma, has low solubility and permeability in the gastrointestinal tract. The
aim of this research was to evaluate the evaluation of in vitro retention of mitotane at different
pHs and ex vivo intestinal permeation of solid lipid nanoparticles (SLNs) and nanostructured
lipid carriers (NLCs) loaded with mitotane, using the everted gut sac model. The SLNs and
NLCs were composed of cetyl palmitate and polyoxyethylene (40) stearate as the solid lipids
and capric/caprylic triglyceride as the liquid lipid, polysorbate 80 and sorbitan trioleate as
surfactants, and were prepared by a technique using high shear followed by high pressure
homogenization. The ex vivo intestinal permeation was evaluated across the duodenum of
adult male Wistar rats. The prepared SLNs and NLCs loaded with mitotane were nano-sized
particles with mean diameter of 187.40+£0.17 nm and 94.50+0.26 nm, respectively, low zeta
potentials (between -8 and -22 mV), polydispersity index of <0.30 and high entrapment
efficiencies of 100% (SLNs) and 81.46%(NLCs) and drug loading of (0.05 and 0.25 g mitotane/
g nanopatrticles). The intestinal permeation indicated the absorption of mitotane in SLNs and
NLCs was improved 3.0 to 3.5-fold compared to mitotane administered as micronized free
powder or dissolved in olive oil. The nanoparticle formulations exhibited greater permeation
across the gut for both enantiomers of mitotane than did the mitotane dissolved in olive oil.
Only the (S) enantiomer was detected in the permeated material in studies using the solid free
mitotane. NLCs were more resistant to pH in the range of 1.2 to 7.4, releasing only 30% of the
loaded mitotane after 180 min, while SLNs released 88-100% under the same condition.
Therefore, the potential of NLCs may be exploited as a promising delivery system for mitotane
administration by the oral route.

Keywords: Mitotane, Solid Lipid Nanoparticles, Nanostructured Lipid Carriers, Intestinal

Permeation, drug release
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1. Introduction

The oral route is the most widely used for drug administration since it is simple and
leads to a greater adherence to treatment and better quality of life for the patients. However,
around 30% of medicines on the market and 40% of new chemical entities in development
showed insufficient aqueous solubility and/or low oral bioavailability.” Many strategies were
developed to overcome these problems, such as reducing the powder particle size by
micronization®, drug incorporation into cyclodextrins and solid dispersion®*, use of permeation
enhancers, surfactants or drug entrapment in lipid-based formulations.> © Currently, the
nanotechnology-based drug delivery systems including biodegradable polymeric
nanoparticles”®, nanosuspensions®, nanoemulsions'™, nanocrystals, solid lipid nanoparticles
(SLNs) and nanostructured lipid nanoparticles (NLCs)'! have been extensively studied due to
their benefits. In particular, SLNs and NLCs have been especially considered because they are
composed of biocompatible and biodegradable lipids and they show biocompatibility, high
bioavailability and controlled release capabilities.'®'* Therefore, these colloidal systems have
been used as efficient alternatives for the controlled delivery of drugs with low oral
bioavailability.

Mitotane ((1-chloro-2-[2,2-dichloro-1-(4-chlorophenyl)ethyllbenzene) ethane, o,p'-DDD)
is a widely used adrenolytic agent in the treatment of inoperable, recurrent and/or metastatic
adrenocortical carcinoma and even seems to have a role in adjuvant treatment after complete
resection.”® However, mitotane presents poor solubility in the gastro-intestinal tract and low
bioavailability. Generally, for lipophilic drugs of class IV in biopharmaceutical classification'®,
such as mitotane, an increase in water solubility allows improvements on bioavailability after
oral administration. Some formulation strategies have been reported so far and also some
nanosuspensions. '"However, these formulations were not evaluated with biological assays.
When mitotane was prepared in a self-emulsifying microemulsion, it showed a 3.4-fold
improvement of its oral bioavailability in rabbits as compared to Lysodren®. This outcome
points to a possible reduction of dosage and greater acceptance of treatment by patien’[s.18

SLNs and NLCs are promising drug delivery systems because they offer possibilities for
improving efficacy of drugs by markedly decreasing the side effects and enhancing the drug
bioavailability and safety. These benefits make mitotane a good candidate for formulation in
SLNs and NLCs. However, the nanoparticles must retain their integrity through the
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gastrointestinal tract to promote intestinal absorption and to sustain the release of drugs in the
blood stream.

The everted gut sac model is a useful tool for studying the physiological and molecular
processes of absorption, providing physical and chemical information of the properties of the
pharmaceuticals and ascertaining the role of the absorption facilitators and inhibitors of
intestinal metabolism.'® In this study, the everted gut sac technique in rats was used to
evaluate the absorption behavior of SLNs and NLCs loaded with mitotane across the intestinal
tissue.

After oral administration of mitotane capsules in humans (10 g/day), approximately 35 to
40% of the product was absorbed (about 65% is excreted unmetabolized in feces.?° Moreover,
Moolenaar et al. (1981) showed that after administration of a single dose of mitotane, serum
levels were lower for the micronized form than for mitotane associated with lipid vehicles, such
as tablets, milk, chocolate, or emulsions.?’

Oil dispersed in water (O/W) microemulsions released mitotane into the mucin layer,
without passage through the route of mixed micelle formation by bile, and efficiently increased
permeation of mitotane across the intestinal membrane as compared conventional
formulations.?

The aim of the present study was to evaluate the in vitro mitotane release and ex vivo
intestinal absorption of SLNs and NLCs loaded with mitotane, prepared by high shear followed

by hot high pressure homogenization technique.

2. Materials and Methods
2.1 Materials
Racemic mitotane was purchased from Yick-Vic Chemicals & Pharmaceuticals (China);
Crodamol® CP (cetyl palmitate), Crodamol® GTCC (capric/caprylic triglyceride) and Span® 85
(sorbitan trioleate) were purchased from Croda (Brazil); polyoxyethylene (40) stearate was
purchased from Sigma (USA); Tween® 80 (polysorbate 80) was purchased from Synth (Brazil).
Ultrapurified water (Milli-Q Plus, Millipore) was used. All components had purity of ~ 99%.
TC-199 is the designation of the solution used to incubate the everted gut sac and it was
composed of 145.0 mM NaCl; 4.56 mM KCI; 1.25 mM CaCl,.2H20; 5.0 mM Na,HPO4 and 10.0
mM glucose.
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The phosphate buffer solution was used at pH 6.8 and pH 7.4. The buffer composition at
pH 6.8 was 53.0 uM NazHPO4 and 46.3 uM NaH,PO,4, and at pH 7.4 162.0 mM NazHPO4
and 43.3 mM NaH,PO,.

2.2 Animals

Male Wistar rats (180-200 g), obtained from ANILAB Animais de Laboratério, Criacao e
Comeércio (Brazil), were maintained with water and food ad libitum prior to assays. Animals
were fasted for 12 h prior to experiments. Studies were carried out in accordance with the
provisions of the Guide to care and use of experimental animals in all experimental procedures,
approved by CEUA/UFSCar Ethics in Research Committee, # 009/2012.

2.3 Preparation of SLNs and NLCs

The technique of high shear followed by hot high pressure homogenization (HPH) was
used for preparation of the aqueous SLNs and NLCs dispersions.?*# Briefly, the lipid was
melted at a temperature 5 °C above its melting point (with no decomposition of the
ingredients). Under mechanical stirring at 10,000 rpm using an Ultra-Turrax T25 (IKA, impeller
10G), the melted lipid phase was dispersed in a hot aqueous surfactant solution both at 75 °C
for 60 s. The obtained pre-emulsion was homogenized at the optimized conditions (500 bar,
three homogenization cycles, 75 °C), according to Severino et al.?®%’, using a GEA Niro Soavi,
model NS1001L2K, Panda 2K homogenizer. After three homogenization cycles the obtained
oil-in-water (o/w) nanoemulsion was cooled and SLNs and NLCs were generated by lipid
recrystallization.

The composition of the formulations was stabilished in preliminary studies of our group

is shown in Table 1.
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Table 1. Composition of solid lipid nanoparticles (SLNs) and nanostructured lipid carriers
(NLCs) unloaded or loaded with mitotane*.

Oil Phase Aqueous Phase
Formulation - 5
CTP PS40 TG MIT Span~85 Tween™ 80 Water g.s.
SLNun[oaded 100 = = = 275 235 100
SLNMitotane 100 = = 0.5 275 235 100
NLCun|oaded = 7.0 3.0 = 1 .76 3-23 100
NLCMito‘[ane = 7.0 3.0 2.5 1 .76 3-23 100

*Values reported as percentage (%, w/w). CTP: cetyl palmitate; PS40: polyoxyethylene (40)
stearate; TG: capric/caprylic triglycerides; MIT: mitotane.

2.4 Physicochemical characterization of SLNs and NLCs
2.4.1 Mean diameter, polydispersity index, and zeta potential

The particle size of SLNs and NLCs, either unloaded or loaded with mitotane were
analyzed by photon correlation spectroscopy (PCS) and dynamic light scattering (DLS)
methods, using a Zetasizer Nano ZS (Malvern Instruments, UK) at a fixed angle of 90° and at
25 °C. The SLNs and NLCs dispersions were diluted in distilled and filtered water (cellulose
ester membrane, 0.45 mm, Millipore, USA) to remove suspended impurities or free mitotane.
The mean diameter was calculated as the Z-average and the polydispersity index as a
measure of the width of the particle size distribution (n=3). The sizes were also analyzed by
intensity and number distributions.

The zeta potential as determined through the electrophoretic mobility (Zetasizer Nano
ZS, Malvern Instruments, UK) was measured at 25 °C with filtered (cellulose ester membrane,
0.45 mm, Millipore, USA) and diluted the SLNs and NLCs dispersions with 0.1 mM KCI

solution. All measurements were performed in triplicate.

2.4.2 Mitotane quantification

Mitotane was quantified by spectrophotometry at 268 nm (Hitachi, model U2001), as
described at US. Pharmacopeia (2007).22 The samples were solubilized in methanol and the
mitotane determined through a standard curve generated by absorbance measurements
recorded at different mitotane concentrations.
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2. 4.3 Entrapment efficiency and drug loading

The amount of mitotane loaded into the nanoparticles was determined as follows:
lyophilized SLNs and NLCs were dissolved in methanol using a volume ratio of 1:3
(nanoparticles dispersion:methanol), submitted to ultrasonication (5 min), and stirred to extract
the mitotane from the lipid matrices. Then, the mixture was centrifuged (30 min, 3186 g) to
separate the nonsoluble components and the supernatant containing the extracted mitotane
was analyzed as described in 2.4.2. The entrapment efficiency (EE) of mitotane in SLNs and
NLCs was determined, as the ratio between actual and theoretical loading, by Eq. A1.

EE (%) = mass of entrapped mitotane x 100  (Eq. A 1)

Initial mass of mitotane
Drug loading capacity (DL) was calculated by the ratio between the loaded mitotane and the
total amount of the components of SLNs and NLCs (Eq. A 2).
DL = mass of entrapped mitotane  (Eq. A 2)

Mass of nanoparticles

2.5 Mitotane retention

The in vitro retention of mitotane was evaluated by the submittion the SLNs and NLCs to
different pHs, adapted by from Cruz et al.®® and Luo et al.*°. The assays were carried out in
dialysis sacs in Erlenmeyer flasks that were maintained at 37 °C and 50 rpm by reciprocal
shaking. The dialysis medium was composed by HCI aqueous solutions, at pH 1.2 or
phosphate-buffer, pH 6.8 or 7.4, containing 67.8 mM Tween 80 to avoid saturation of the
media according to preliminary adjustments. The released mitotane was quantified in the outer
solution after 24 h. The dialysis bags (molecular weight cut off 12—14 kDa) were equilibrated in
release medium for 12 h prior to the experiment. Samples of 1.5 mL of the SLNs or NLCs
dispersions loaded with mitotane in 1.5 mL of dialysis media were placed into the bags which
were immersed in 225 mL of the same medium. Aliquots (1.0 mL) were collected at the
predetermined intervals of 15, 30, 60,120, 180, 240, 360, 720 and 1440 min and the same
volume of fresh medium was added to maintain a constant volume. These aliquots were diluted

in methanol and analyzed according described in 2.4.2 section.
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2.6 Evaluation of intestinal absorption

The intestinal permeation of mitotane was evaluated using the everted gut sac model.
The assay evaluated the permeation of mitotane from the loaded SLNs and NLCs, and
compared these values with the absorption of pure mitotane and this drug dissolved in olive oil.
The rats were anesthetized with by an intraperitoneal injection of sodium pentobarbital and a
duodenum segment (8 cm length from the pylorus) of the intestine was immediately dissected
and flushed with TC-199 without 10Mm glucose; the solution was kept at 10 °C. The intestinal
segment was gently everted with the aid of a flexible cotton swab with its extremity protected
by a fine fabric (mini brush). One end of the segment was clamped and filled with fresh TC199
medium that contained no glucose and sealed with a second clamp in order to obtain a closed
sac. Then, the everted sacs were placed in Erlenmeyer flasks containing the formulations at
concentration of 75 pg/mL in 25 mL of the TC199 medium with the addition of 10 mM glucose;
the solutions were mantained oxygenated (O2:CO, = 95:5) and incubated at 37 °C. The everted
sacs were collected by removing the sacs from the flasks after 120 min, then they were
externally washed with fresh TC199 medium.®"® The contents of the intestinal sac were
filtered through a 45 pm pore membrane and diluted in methanol. The concentration of
mitotane in the outside medium was determined as described in section 2.4.2.

The samples were previously filtered and diluted in methanol to eliminate biological
interferents, afterwards submitted to ultrasonication for 5 min and centrifugation 3186 g for 15
min. The supernatant diluted in the mobile phase was used in these analyses.

Mitotane was quantified in the serosal (permeated) and mucosal (outside) sides of the
sac. The permeability was calculated by the ratio between the mitotane concentration in the
permeated and in the initial solution. The results were expressed in percentage.

2.7 Evaluation of mitotane enantiomers permeation

A qualitative identification of mitotane enantiomers that permeated the gut membrane
was performed by analysis of the permeated samples by HPLC with a UV/VIS detector
(Shimadzu model SPD-10AV, Japan). Identification was based on comparison of their
retention times as described by da Silva Jr et al.>® Briefly, the semipreparative columns (1 cm
inner diameter, 10 cm length) were packed with amylose tris (3,5-dimethylphenylcarbamate)
supported on a matrix of silica. The mobile phase was a mixture of acetonitrile and isopropanol
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(1:3 v/v), detection was monitored at 270 nm (U.V.), temperature was kept at 25 °C, injection
volume, 20 L.
The samples used were obtained from everted gut sac model and diluted in the mobile

phase 1:4 (v/v).

2.8 Statistical Analysis

The statistical significance of the differences was tested by analysis of variance
(ANOVA) and by the parametric Tukey test of independent experiments with a significance
level of a = 0.05.

3. Results and discussion

3.1 Physicochemical characterization of SLNs and NLCs
3.1.1. Mean diameter, polydispersity index, and zeta potential

The intensity distribution showed that the populations of SLNs and NLCs without drug
loading ranged 100 to 1000 nm and 10 to 1000 nm, respectively. The entrapment of mitotane
reduced the width of these distributions. Although a wide range of diameters was observed, the
intensity distribution (distribution-1), which is proportional to the particle diameter is shown at
the sixth power (D) (I~D®), underestimating the small particles that appear in a very small
proportion. In addition, the number distribution (distribution-N) converted through the Mie
theory shows a first order proportionality (N < D) and revealed the predominant particle
diameters. The results showed the predominant populations at 100 nm for the unloaded and
the loaded mitotane SLNs, and populations ranging from 10 to 100 nm for the NLCs (Figure 1).
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Figure 1: Size distribution profiles of SLNs and NLCs. Unloaded SLNs (A and B); SLNs loaded
with mitotane (C and D); unloaded NLCs (E and F); NLCs loaded with mitotane (G and H).
Intensity distributions (Left, A, C, E and G). Number distributions (Right, B, D, F and H). The

multiple curves represent individual measurements of different samples of SLNs and NLCs.

Smaller nanopatrticles, higher polydispersity indices, and smaller zeta potentials were
obtained for the unloaded compared to the mitotane loaded SLNs and NLCs. These differences
indicate the entrapment of mitotane within the lipid matrices. The polydispersity was reduced
for the particles loaded with mitotane, mainly for the NLCs, due to the presence of the
amorphous lipophilic portions, in which mitotane is preferentially solubilized. The zeta potential
was -24.8 and -11.5 mV for the unloaded SLNs and NLCs, respectively, and decreased in the
module to -21.10 and -8.05 mV when mitotane was entrapped in both types of nanoparticles.
These values indicated that the particles are stable in the dispersions in which they are stored.
Also, their negative charge is required for successful oral administration. Comparing unloaded
nanoparticles to loaded one, they showed significant differences from statistical method
(p<0.05). Table 2 summarizes the mean diameter (Z-average) and zeta potential for unloaded
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and mitotane loaded SLNs and NLCs.

Table 2: Mean diameter (Z-average), polydispersity index (Pl), zeta potential (ZP) of unloaded
and mitotane loaded SLNs and NLCs (n = 3).

Formulation Z-average (nm) Pi ZP (mV)
SLNSunioaded 185.20+1.39 0.14£0.01 -24.80+0.27
SLNSwitotane 187.40+0.17 0.12+0.03 -21.10+0.55
NLCsunioaded 91.79+0.69 0.2710.01 -11.50+0.92
NLCsitotane 94.50+0.26 0.22+0.01 -8.0510.20

3.1.3 Entrapment efficiency and drug loading

In recent literature reports, several hydrophobic drugs have been successfully entrapped
in SLNs and NLCs, e.g., camptothecin, doxorubicin, clotrimazole and ascorbyl palmitate.3*?’
The imperfections and amorphous regions in NLCs promote drug encapsulation as compared
to SLNs.*® This outcome reflects the fact that the majority of lipophilic drugs solubilize better in
oils than in solid lipids. These findings were also confirmed in our results, when the SLNs
shown 100% entrapment efficiency for mitotane loading of only 0.05 g of mitotane/ g of
nanopatrticles, while the entrapment efficiency of NLCs was 81.46% for mitotane loaded NLCs,

a factor of 5-fold higher (0.25 g of mitotane/ g of nanopatrticles).

3.2 Mitotane retention

Figure 2 show the in vitro mitotane released from SLNs and NLCs at the three different
pHs. The profiles displayed a sustained release of mitotane only from NLCs during 3 h. Over
this period, NLCs released 30% mitotane at pH 1.2 and 6.8 and 54% at pH 7.4. With SLNs, the
release of mitotane was 88% and at pH 7.4, the total mitotane content had been released from
SLNs. Cetyl palmitate and polyoxyethylene (40) stearate undergo hydrolysis at acid and basic
pH values®, accounting for the faster release of mitotane from mainly SLNs caused by
degradation of particles.

Extending these results to the in vivo behavior, we can predict a sustained release of
mitotane from NLCs during three hours in the gastrointestinal tract (30%), while the other 70%
was retained in the nanoparticle and could permeate the gastrintestinal tract and be released
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into the blood stream. Although pharmacokinetics studies will be necessary, we can consider

NLCs as a promising carrier for oral administration of mitotane.

Mitotane is stable mainly at acid pHs® at this period and these tests confirm its stability.
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Figure 2: In vitro release of mitotane (MIT) from SLNs (A) and NLCs (B) in three different

solubilization media: 0.1 M HCI, pH 1.2; phosphate buffer at pH 6.8 and pH 7.4. Data represent

means = S.D., n = 6.

3.3 Evaluation of intestinal absorption

Table 3 presents the concentrations of mitotane determined on the serosal (permeated)

and the mucosal sides of the everted gut preparation.

The data of accumulative intestinal permeation during 120 min showed that the

nanoparticles were statistically different from the mitotane dissolved in olive oil, as well as the

mitotane free powder (p<0.05).
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The permeability of NLCs loaded with mitotane (26.12+4.20 %) was not statically
different from SLNs loading mitotane (23.30+1.25 %). This slight difference might be attributed
to the higher ability of the lipids of NLCs to encapsulate and solubilize mitotane as well as the
smaller size of NLCs which may enhance its permeation. The excess of surfactants at the
formulations also helped to enhance the permeation of mitotane from the nanopatrticles.

Indeed, the absorption of mitotane depends on the balance of its solubility in the
aqueous environment of the gastrointestinal lumen and its capacity to diffuse across the
lipophilic apical membrane of enterocytes. Drugs must be dissolved in order to promote
efficient bioavailability. Furthermore, drug solubility depends on its solid-state properties, e.g.,
particle size, the balance between crystalline and amorphous structures, wettability, and others
factors.*® A primary requirement of a lipid-based formulation is its ability to retain a poorly
soluble substance in a solubilized state by enhancement of the solute-solvent interactions.
Furthermore, the drug must remain soluble after mixing with endogenous solubilizers like acids
or basic media, phospholipids produced naturally in the body, or after intra-luminal processing
prior to absorption.

In the outer medium, mitotane free solid and this drug solubilized in olive oil floated in
TC 199 buffer reducing the contact with the gut sac. The nanoparticles were dispersed in the
buffer, making it possible higher amounts of mitotane soluble to be permeate.

Table 3: Quantification of mitotane (%) in the internal environment (the outer medium, %) and
at the serosal side (permeated, %) by the everted gut sac method. Mitotane was administered
in its free form, dissolved in olive oil (MIT+olive oil), and loaded in SLNs (MIT-SLNs) or NLCs
(MIT-NLCs) (n=6). The average area of intestine was 10.98 cm?

% permeated % outer medium
Mitotane free 7.6813.22 22.8310.61
MIT +olive oll 7.9613.42 61.21+0.75
MIT-SLNs 23.30+1.25 48.23+3.86
MIT-NLCs 26.12+4.20 38.92+0.03
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3.4 Evaluation of mitotane enantiomers permeation

Spectrophotometric analysis of the permeated solutions showed that the amount of
permeated mitotane increased in the order from the free powder, oil mixture to SLNs and
NLCs. The NLCs exhibited greater mitotane permeation than SLNs. Furthermore, HLPC
analysis detected only the presence of the S enantiomer from the free powder permeation
while the oil mixture and the particles allowed permeation of both enantiomers. Studies of Asp
et al.*' have shown that the presence of both enantiomers reduces cell viability and decreases

cortisol and dehydroepiandrosterone secretion in the human adrenocortical cell line H295R.

4. Conclusion
The lipid nanoparticles are valuable tools for oral administration of mitotane, specially
NLCs prepared by high shear followed by pressure homogenization, opening new alternatives

for the treatment of adrenocortical cancer.
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5 CONCLUSOES

Analisando os resultados obtidos com a producao das SLNs e NLCs para encapsulacao
do mitotano, pode-se concluir que ambas as nanoparticulas foram estaveis e que a massa
encapsulada e liberacao sustentada do mitotano nas NLCs foi superior quando comparada as
SLNs. Sugere-se que as NLCs sejam carreadores promissores para melhorar a
biodisponibilidade oral do mitotano no tratamento do CAC.
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6 SUGESTOES PARA TRABALHOS FUTUROS
Para futuros trabalhos na linha de SLNs e NLCs, e de encapsulagdo do mitotano, sugere-

se 0s seguintes estudos:

-Caracterizagao do polimorfismo e cristalinidade destas formulagdes.
-Lipdlise in vitro das SLNs e NLCs com as composi¢des desenvolvidas neste trabalho.
-Farmacocinética in vivo.

-Outras composicdes lipidicas para melhorar o carregamento de mitotano.
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8 ANEXOS

ANEXO I: ESTRUTURAS MOLECULARES DOS COMPONENTES DAS SLNS
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ANEXO II: ESTRUTURA MOLECULAR DOS COMPONENTES DA FORMULAGAO DE

NLCS

-Estearato de Polioxietileno (40)
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