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RESUMO

Na tecnologia de sistemas de liberacgo controlada, a microencapsulacdo de farmacos
envolve processos complexos que permitem incorporar, a um principio ativo, novas
propriedades funcionais e “inteligentes’, como a liberagdo controlada em um meio
especifico ou sob condigdes apropriadas, tornando o produto final mais eficaz e menos
toxico. Poliésteres biodegradaveis, como derivados de &cido latico e glicolico e seus
copolimeros (PLGA), sdo freqlientemente utilizados para a preparacéo de sistemas de
liberacdo controlada na forma de microparticulas. O PLGA tem sido amplamente usado
na formulagdo de microesferas que contem agentes farmacéuticos tais como
anticancerigenos. O é&cido Usnico (AU), metabdlito secundario oriundo de liquens,
apresenta diferentes atividades bioldgicas e pode ser considerado um promissor agente
quimioterapico. O presente trabalho tem como objetivo obter microesferas de PLGA
contendo &cido Usnico extraido de Cladonia substellata, caracteriza-las fisico
guimicamente, avaiar seu pefil de cinética de liberagdo in vitro, avdiar a
citotoxicidade e a sua atividade antitumoral in vivo. As microesferas de PLGA foram
obtidas pelo método de emulsdo multipla seguido da evaporacéo do solvente, com e sem
a presenca de polietilenoglicol (PEG) utilizado como tensoativo da emulsdo simples. A
morfologia, assim como, o tamanho das microparticulas foi avaliado por microscopia
eletrénica de varredura. O doseamento quimico do AU extraido das microesferas de
PLGA foi quantificado por cromatografia liquida de alta eficiéncia (CLAE). A cinética
de liberacdo in vitro do AU foi redizada através da dissolucdo em tampédo fosfato pH
7,4, smulando as condi¢bes fisiologicas do organismo. Em intervalos de tempo
predeterminados as amostras foram coletadas, centrifugadas e armazenadas para
posterior analise do conteido de acido Usnico por CLAE. O estudo da citotoxicidade foi
realizado em cultura de tecidos com células do tipo carcinoma epidermdide de laringe
(HEp-2). A avdiacéo invivo foi realizada em camundongos abinos Swiss, utilizando o
tumor sdlido sarcoma-180. O implante de células asciticas do tumor nos animais foi
efetuado 24 horas antes de iniciar o experimento. A quimioterapia ocorreu durante o
periodo de uma semana. No 8&° dia, os animais foram sacrificados e os tumores foram
dessecados e pesados a fim de determinar a inibicdo do tumor diante do tratamento
quimiotergpico. O figado, bagco e rins foram dissecados e submetidos a analise

histopatol 6gica.



As microesferas de PLGA contendo AU apresentaram formas esféricas com diametro
médio de aproximadamente 7 pm. Estas particulas permaneceram estaveis durante 17
meses, no entanto, apresentaram uma reducdo no contelido de &cido Usnico de 105%
para 61%. A cinética de liberacdo in vitro do &cido Usnico a partir das microesferas
apresentou um perfil de liberacdo rgpida na primeira hora do processo, seguida por uma
liberag8o gradua do AU até atingir a exaustdo (92 + 0,04) em 5 dias. A concentracdo de
AU encapsulada necesséria para inibir 50% do crescimento das células HEp-2, Clso, foi
de 14 ng/ml e 12 ng/ml para o AU livre. A microencapsulacéo do AU potencializou a
atividade antitumoral em 21% com relagdo ao &cido Usnico ndo encapsulado. As

microesferas de PLGA contendo &cido usnico podem ser exploradas como alternativa
para otratamento da quimioterapia contra o cancer.
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ABSTRACT

In the technology of controlled drug delivery systems, the microencapsulation of drugs
involves complex processes, which can provide new functional and “intelligent”
properties to a drug, for example the controlled delivery in a specific site of action or
under appropriate conditions, giving as a result one more efficient and less toxic
product. Biodegradable polyesters as lactic and glycolic acid derivatives and their
copolymers (PLGA) are frequently chosen to the preparation of controlled drug delivery
systems. PLGA has been widely used in the formulation of microspheres containing
pharmaceutical agents such anticancer ones. Usnic acid (UA), secondary metabolite
derived of lichens, shows different biological activities, and it can be considered a
promising chemotherapic agent. The current study has as purposes the obtaining of
PLGA microspheres containing usnic acid from Cladonia substellata: the
physicochemical characterization of the UA loaded microspheres obtained; the
evaluation of its in vitro kinetics profile and finally the assessment of its cytotoxicity
and in vivo antitumoral activity. The PLGA microspheres were obtained according to a
modified multiple emulsion method followed by solvent evaporation, with and without
the addition of polyethylene glycol (PEG). The microspheres morphology and size were
evaluated by electron scanning microscopy. The usnic acid assay extracted from PLGA
microspheres was performed by High Performance Liquid Chromatography (HPLC).
The in vitro kinetics of UA was accomplished under sink conditions using phosphate
buffered solution (pH 7.4) as medium. At predetermined time intervals, samples were
collected, centrifuged and the supernatant was stored to later analysis of UA content by
HPLC. The cytotoxicity study was assessed in cell culture with cells type larynx

epidermoide carcinoma (HEp-2). The in vivo evaluation of UA antitumoral activity was
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performed with Swiss abino mice using the Sarcoma-180 solid tumor. The ascytic
tumoral cells were implanted in animals 24 hours before the beginning of the
experiment. The chemotherapic treatment occurred in a period of one week. At the
eighth day, the animals were sacrificed and the tumors were dissected and weighted
with the aim of verifying the tumor inhibition caused by the chemotherapic treatment. In
addition organs such as liver, spleen and kidneys were excised and submitted to
histopatological analysis. The PLGA microspheres containing UA showed spherical
shape with mean diameter of 7um. These microspheres kept themselves stable during a
17 months period, although their UA content decreased from 105% to 61%. The in vitro
kinetics of UA from the microspheres showed an initially burst effects (35%) fdlowed
by a gradua release of UA to achieve 92% at the 4 day process. The required
concentration of usnic acid to inhibit 50% of cell growth (Cl s0) were found to be 12 and
14 pg/ml for free and encapsulated, respectively. The microencapsulated usnic acid
showed a 21% higher antitumoral activity when compared with the free usnic acid. The
PLGA microspheres containing usnic acid can be explored as an dternative to the

cancer therapy.
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1. INTRODUCAO

Um grande desafio para qualquer pais, no mundo atual, € tornar seus produtos mais
competitivos. Entre as tecnologias com grande potencial neste sentido encontrase o sistema de
liberagcdo controlada de farmacos, que envolvem processos complexos que permitem incorporar,
a um principio ativo, novas propriedades funcionais e “inteligentes’, tornando o produto final
mais eficaz (Ré, 2000).

A tecnologia de sistemas de liberacdo controlada de farmacos surgiu nas décadas de 80 e
90, como um método comerciamente atrativo para administracdo de farmacos de forma
controlada, aumentando a eficacia terapéutica e minimizando os efeitos toxicos colaterais
(Soppimath et al., 2001; Zhuang et al., 2002).

As formulagbes tradicionais, comprimidos ou injetédveis, apresentam apés cada
administragdo da formulacéo flutuagdes do f&rmaco nos niveis sanguineos, que pode representar
um nivel toxico (acima da concentracdo terapéutica) e um valor minimo (abaixo do nivel minimo
efetivo) (Weert et al, 2000) (FIGURA 1).

Entre as tecnologias com grande potencial que podem ser utilizadas em variados setores e
permitem um controle mais sofisticado de certas propriedades de uso de diferentes produtos,
encontra se a microencapsulacdo de farmacos. A microencapsulacdo € um método muito popular
para a preparacéo de sistemas de liberagdo contrdada. As microparticulas utilizadas para
aplicagdes farmacéuticas sdo fabricadas pelo uso de polimeros biocompativels e biodegradaveis,
para que possam ser eliminados do organismo, ndo apresentando toxicidade ou resposta
inflamatdria, tais como copolimero de écido lactico e glicdlico (PLGA) aprovado pela vigilancia
sanitaria americana Food and Drug Administration (FDA) (Dunn e Ottenbrite, 1991; Kang e
Schwendeman, 2002). Estes sistemas microparticulados apresentam uma aplicagdo promissora

na quimioterapia efetiva contra o cancer (Faisant et al.; Roullin, 2002).
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O &ido usnico, composto natural obtido de diversos géneros e espécies de liquens,
apresenta  relevantes  propriedades  farmacolégicas, com  potencia  antibidtico,
antituberculostético, antivira e elevach agcdo citotoxica, considerado um agente promissor na
terapia contra o cancer (Cardarelli et al., 1997; Cochietto et al., 2002).

A presente tese foi constituido de uma revisdo da literatura sobre sistemas de liberagdo
controlada e as relevantes propriedades do &cido Usnico; um artigo submetido ao “Journal of
Microencapsulation” e referéncias bibliogréficas, utilizadas como fonte de pesguisa para
organizacdo deste trabalho. O objetivo deste trabalho foi fabricar e caracterizar fisico
guimicamente microesferas de copolimero de acido lactico e glicdlico (PLGA) contendo acido

snico, obtido da Cladonia substellata, de potencial acdo antitumoral.
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2. REVISAO DA LITERATURA

2.1. Sistema de Liberacgdo Controlada
Sistema de liberacdo controlada (SLC) ocorre quando um polimero, natural ou sintético, é

combinado com um ou mais f&rmacos apresentando uma liberagdo que pode ser constante ou
ciclica (por um longo periodo) podendo ser ativada pelo ambiente ou outro fator externo
(Peppas, 1997; Torchilin, 2001; Husmann et al., 2002). Portanto, pode-se dizer que o objetivo

destes sistemas é manter a droga no nivel sanguineo constante, entre 0 maximo e 0 minimo

desgjado da concentragdo terapéutica (FIGURA 1).

Nivel de droga
Concentragio toxico
de droga no T P ™ ™ : )
it o 2l i oncentracao
1 I !
|:| - H i q Nivel de droga
Formafarmaceutl ca i f { sub-terapéutico
convencional H H H
D Sistema de liberacdo | | ' J
0 6 12 18 24 h
controlada

FIGURA 1- Nivel do fa&maco no sangue ap6s administracdo em forma
farmacéutica convencional ou em sistema de liberagdo controlada (Shishido,

2001).

No SLC o farmaco é administrado para alcancar o sitio de agéo especifico com a baixa
dose necessaria para atingir o efeito terapéutico, e para minimizar ou ndo apresentar os efeitos
secundarios e inconveniéncia ao peciente. FreqlUentemente, na medicacdo oral, como
comprimidos ou cpsulas, um excesso grande @& droga € administrado para assegurar o efeito
terapéutico, ocasionando uma liberagdo imprevisivel ou descontrolada. Nos sistemas de

liberacdo controlada o aumento da eficacia e a reducéo da toxicidade da droga sdo atingidos
através do controle da liberacdo no sitio de acéo, e consequientemente, o controle do farmaco na

absorcdo, nivel sanguineo, metabolismo e distribuicdo em células especificas (Rogers, 1982;

Soppimath et al., 2001).
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O sistema de liberagdo idead deve ser inerte, biocompativel, mecanicamente forte,
confortavel para o paciente, proteger a liberacdo acidental do farmaco, simples de administrar e
remover, e facil de fabricar e esterilizar (Peppas, 1997; Zhou et al., 2002). Na Tab. 1 estéo
listados os sistemas de liberagcdo controlada (lipossomas, nanocdpsulas, nanoesferas,
microcapsulas, microesferas, patches e bioadesivos) que podem ser administrados pelas trés vias
principais de administrago (oral, transdérmica e intravenosa).

O desenvolvimento destes sistemas pode ser tdo complexo quanto o desenvolvimento da
prépria droga. Existem trés mecanismos primarios pelos quais o principio ativo pode ser liberado
do sistema, podendo ocorrer isoladamente ou associados: difuséo, erosdo e sistemas ativados por
solventes. Na difusdo, a droga encapsulada por uma membrana polimérica ou suspendida numa
matriz polimérica, a droga dissolve e difunde para fora do polimero. Na eroséo, como no método
de difusdo, a droga é contida na membrana ou matriz polimérica, o polimero é degradado
naturalmente, pela hidrélise a ligagdo éster liberando entdo o fa&rmaco. Nos sistemas ativados
por solvente sdo utilizadas membranas semipermeaveis, contendo um pequeno orificio e uma
alta concentracdo de um farmaco, causando a entrada da agua (fluidos bioldgicos) pela
membrana, dessa maneira forcando a saida do farmaco pelo orificio por causa do aumento de
pressdo interna (Peppas, 1997; Husmann et al., 2002).

Embora um grande sucesso tenha sido obtido com o uso de carreadores de droga, muitos
problemas devem ser ainda superados antes da rotina clinica. Contudo, a terapia pelos
carreadores oferece um potencial considerdvel para tratamento de doengas de dificil controle
(Rogers, 1982). Varios sistemas de liberagdo controlada estdo sendo utilizados clinicamente:
Searle's Nitrodisc, Key’'s Nitro-Dur, Theo-Dur, Forest’s Synchren, Geigy’s Transderm’s Nitro
(nitroglicerina); Ciba's Transderm-Scop Septopal, Garamycin (gentamicina); Alpress™ LP,
Minipress® XL (prazosin); CoveraHS®, Calaf SR (verapamil); DynaCirc® CR (isradipina);
Efidac 24° (clorofenilamina); Glucotrol® XL Sudafed® 24 Hour, Efidac/24® (pseudoefedrina);

Procardia XL® (nifedipina); Volmax® (albuterol); Catapres-TTS® (clonidine); Estradern?”,
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Alora®, Climaderm®, Vivelle® (estradiol); NicoDernf CQ e Clear NicoDerm (nicotina);

Testoderm® TTS e Testodern® (testosterona); Transderm Scop® (escopolamina); Doxil®

(dexorubucina); Viadur® (implante de acetato de leuprolide); Actisite® (tetraciclina); Ocusert®
(pilocarpina); Progestasert® (progesterona); DynaCirc® CR (isradipina); Teczent (enalapril e
diltiazem); Zoladex™; Decapeptyl”™: Prostap ™ (Linhardt, 1989; Verma e Garg., 2001; ALZA

Corporation, http://www.alza.com/wt/how.zoo?page name=products).

2.1.1. Sistemas Poliméricos

Polimeros sdo macromoléculas caracterizadas por seu tamanho, estrutura quimica e
interacOes intra e intermoleculares. Possuem unidades quimicas ligadas por covaléncia, repetidas
regularmente ao longo da cadeia, denominadas “monémeros’. Copolimeros sdo polimeros
compostos de varias unidades monoméricas diferentes na cadeia polimérica (Kumar et al., 2001).

A sintese de novos polimeros tem proporcionado um grande avango na tecnologia
farmacéutica, no desenvolvimento dos sistemas de liberagdo controlada de farmacos e nos
dispositivos poliméricos. Na obtencdo destes sistemas polimeros naturais biodegradaveis podem
ser utilizados (Tab. 2).

Além dos polimeros de origem natural, polimeros sintéticos biodegradéveis (Tab. 2)
também sdo utilizados tendo seu uso aumentado nas duas Ultimas décadas como: polimero de
&cido lactico (PLA); polimero do &cido glicdlico (PGA); e especialmente o copolimero de é&cido
l&ctico e glicdlico (PLGA), que geram grande interesse devido a excelente biocompatibilidade e
biodegradabilidade. Estes polimeros também foram aprovados pela vigilancia sanitaria
americana FDA para uso de sistemas de liberagdo controlada (Giunchedi et al., 1998; Kumar et

al., 2001; Hans e Lowman, 2002; Kang e Schwendeman, 2002).



Ribeiro Costa, R. M.

Citotoxicidade e Atividade Antitumoral do Acido Usnico...

TABELA 1- Tipos de sistemas de liberag&o controlada.

Sistemas de liberagdo controlada

Descricao

Vesiculas formados por camadas lipidicas com um

Lipossomas nucleo aquoso (Kallinteri et al., 2002).
Apresentam uma fina camada polimérica com uma
Nanocapsulas cavidade interna oca ou oleosa de 1 a 1000 nm
(Soppimath et al., 2001; Hans e Lowman, 2002).
Nanoesferas Particulas esféricas constituidas por uma rede

poliméricade 1 a 1000 nm (Pohlmann et al., 2002).

Microcpsulas

Carreadores com fina camada polimérica do tipo
reservatério de 1 a1000 mm (Singh et al., 2001).

Microesferas

Matriz polimérica densa onde o farmaco encontra-se

distribuido de 1 a 1000 mm (Berkland et al., 2001).

Patches ou bioadesivos

Dispositivos poliméricos ndo biodegradaveis de
administracdo continua do farmaco, atravessando as
barreiras da pele até o sistema circulatorio (Qvist et
al., 2002).
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TABELA 2- Polimeros utilizados em sistemas de liberagdo controlada (Shishido, 2001).

Origem natural Polimeros
Baseado em proteinas Colégeno, albumina, gelatina
Polissacarideos Agarose, alginato, carragenana, acido hiauronico,

dextrana, quitosana, ciclodextrina

Origem sintética
Poliésteres Poli-acido léctico (PLA), poli-acido glicdlico (PGA),
copolimero de &cido lactico e glicolico (PLGA), poli-

cgprolactona, poli-dioxanona

Polianidridos Poli-&cido sebacico, poli-acido adipico, poli-acido
terafitdlico

Poliamidas Poli-amino carbonato, poli-acido amino

Baseado em fosforos Poli-fosfatos, poli-fosfonatos

Os fatores que afetam a biodegradacdo dos polimeros sdo: estrutura e composi¢do quimica;
distribuicdo das unidades repetidas em monémeros, presencas de grupo ibnico; presenca de
unidades inesperadas ou defeitos da cadeia; configuracdo da estrutura; peso molecular e
distribuicdo do peso molecular; morfologia; condigbes do processo: local do implante; fatores
fisico-quimicos e mecanismo de hidrélise. Polimeros biodegradaveis de origem natural ou
sintética séo degradados in vivo, por hidrélise enzimatica ou ndo enzimatica ou ambos processos,
produzindo biocompatibilidade e metabdlitos que serdo eliminados pelas vias normais (Jain et
al., 2000; Faisant et al., 2002).

A formulacBo mais comum destes materiais de poliésteres biodegradaveis, derivados de
&cido latico e glicolico e seus copolimeros, sdo a prefaracdo de microparticulas de PLGA. Estes
polimeros contém ligagBes hidrolisaveis e a grande vantagem deles é a erosdo por hidrolise ndo
enzimatica da ligacdo éster que acontece em meio aquoso, como os fluidos biolégicos (Conti et

al., 1997, Manda et al., 2001).
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2.1.2. Propriedades Fisico-Quimicas e Biologicas do PL GA

O copolimero de PLGA constituido de acido l&ctico e glicdlico tem sido amplamente usado
nas formulacbes de microesferas biodegradaveis que contém agentes farmacéuticos como
anticancerigenos, horménios esteroidais, proteinas, peptideos e vérias outras classes de farmacos
(Yang et al., 2000).

O &cido lactico € mais hidrofébico que o acido glicdlico, consegiientemente o PLGA érico
em &cido lactico e menos hidréfilo, absorve menos &gua, e degrada mais lentamente. Os
polimeros de PLGA comercialmente disponivel sdo caracterizados em termos da viscosidade
intrinseca, que assim como, o ponto de fusdo e a cristalinidade estéo diretamente relacionados ao
seu peso molecular (Jain et al., 2000).

In vitro e in vivo o copolimero de PLGA sofre erosdo em meio aquoso (biodegradacéo
hidrolitica) pela quebra das ligactes ésteres. O PLGA leva um periodo de semana a meses para
degradacdo. Os &cidos lactico e glicdlico sdo resultados da degradacéo do PLGA que € catalisado
por protons e podem aterar significativamente a diminuicdo do pH da forma de dosagem. O
&cido lactico entra no ciclo do écido tricarboxilico e é metabolizado, e subseqientemente,
eliminado do corpo como gas carbénico e &gua. O &cido glicdlico € excretado inalterado no rim
ou entra no ciclo do é&cido tricarboxilico e eventuamente é eliminado do corpo como gas

carbbnico e &gua (O'Hagan et al., 1998; Faisant et al., 2002).

2.1.3. Sistemas Microparticulados

Microparticulas sdo particulas esféricas de tamanho entre 1 a 1000 mm. Microesferas e
microcdpsulas, coletivamente chamado microparticulas, foram extensamente usados na farmécia
para sistemas de liberacdo controlada. O termo microcgpsulas ou dispositivo do tipo de
reservatorio consiste, em geral, emuma camada de polimero que atua como um filme protetor,

isolando o principio ativo (FIGURA 2). O principio ativo também pode estar disperso ou
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dissolvido em uma matriz polimérica, formando nesse caso uma microesfera, sistema monolitico

(Figura 2) (Linhard, 1989; Mandal et al., 2001; Youan et al., 2001).

Microcapsulas Microesferas

FIGURA 2- Microparticulas: microcdpsulas ou microesferas.

A microencapsulacdo de farmacos, utilizando poliésteres aliféicos como PLA, PGA e
principalmente PLGA, recebeu um grande interesse na formulagdo de sistemas de liberagéo
controlada, porque eles oferecem varias vantagens comparadas com as formas farmacéuticas
convencionais como: boa compatibilidade; facil administracéo; possibilidade para controlar o
férmaco por um longo periodo de tempo e completa erosdo polimérica nas microparticulas, pela
degradacéo des fragmentos dos polimeros sollvels em &gua ou fluidos biol égicos (Mandal et al.,

2001; Husmann et al., 2002; Faisant et al., 2002).

2.1.3.1. AplicacOes Terapéuticas

Estes sistemas tém sido empregados com sucesso para grande variedade de farmacos
incluindo: enzimas, horménios, peptideos, antibidticos, anticancerigenos, antifungicos,
antiinflamatorios, analgésicos, quimioterapicos e agentes de diagnosticos (BlancePrieto et al.,
1998; Yang et al., 2001; Roullinet al., 2002; Jang Fu et al., 2002; Barrio et al., 2003).

As microesferas de PLGA sdo utilizadas no tratamento e monitoramento de pacientes com
cancer. Estes sistemas apresentam uma aplicagdo promissora na quimioterapia efetiva de cancer,
através da quimioembolizacdo. As microesferas com a superficie modificada sdo utilizadas como

vetores, direcionando o farmaco ao local especifico, o tumor (Wang et al., 1997).
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Ertl et al. (1999) fabricaram microesferas de PLGA encapsulando um agente
anticancerigeno com baixa solubilidade em &gua, obtido da arvore oriental Camptotheca
acuminata, o camptothecim. Eles verificaram a estabilidade do farmaco e o perfil cinético de
liberacdo controlada a partir das microesferas de PLGA, indicando que essas propriedades
podem reduzir a toxicidade local com eficacia prolongadh, oferecendo novas perspectivas na
guimioterapia. Hussain et al. (2002) obtiveram com éxito as microesferas de PLGA
encapsulando em combinagdo e separadamente, um oligonucleotideo e o 5fluoracil, para
pontecializar a terapia contra o cancer.

Cleland et al. (1997) relataram que o0 sucesso do desenvolvimento de uma subunidade de
vacina gpl20 em microesferas de PLGA, para o tratamento da sindrome da imunodeficiéncia
adquirida (AIDS), depende da otimizacdo de vérios pardmetros do processo. Uma Unica
administracdo da vacina, incluindo duas ou mais formulacGes de microesferas de PLGA com
gp120 (imunizagdo primaria) provém trés ou mais imunizagdes no periodo de 1 ano.

O'Hagan et al. (1998) avaiaram a habilidade das microparticulas de PLGA, como efeito
adjuvante para induzir aumento da resposta imune, como conseqiiéncia do encapsulamento de
antigenos. O uso destes sistemas, por via oral encapsulando antigenos, fez com que as
microparticulas biodegradéveis protegessem 0 antigeno administrado oramente contra
degrachco enzimética, aumentando a captura dos antigenos pelas cdlulas M e placas do
intestino (Fattal et al., 2002).

O desenvolvimento de microencapsulacéo de vacinas prové de uma aternativa vidvel para
obtencdo de melhor reposta imune, aumentando a eficicia da vacina, como efeito adjuvante, e
diminuindo a multi dose e os horérios de injecéo (Youan et al., 2001; Zhou et al., 2002).

Yang et al. (2000) avaliaram a influéncia de fatores fisico-quimicos na formagdo de
microesferas de PLGA contendo albumina de soro bovino (BSA). Observaram que a relacéo
entre o perfil de liberacdo e a fase continua € extremamente complicada, afetando a formagéo da

superficie da microesfera, assim como a sua liberacéo.
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Jaon et al. (2001) verificaram a distribuicdo das microparticdas de PLGA marcadas com
rodamina, apés aplicacdo tépica in vitro, em pele de porco. As fotomicrografias revelaram que as
microparticulas fluorescentes penetraram pelo estrato cérneo e alcancaram a epiderme,
mostrando assim, serem promissores carreadores para administracéo topica de farmacos.

A aplicacdo de microparticulas biodegradaveis ndo virais como vetores para terapia génica
é relativamente recente. Barrio et al. (2003) preparam microparticulas encapsulando DNA, por
um novo processo, baseado na formagdo de emulsdo mlltipla pela injecdo das fases através de
regime turbulento (fluxo de 20 mi/min). Os pesquisadores observaram que o0 DNA pode ser
eficientemente microencapsulado por esta nova técnica, preservando a integridade do plasmidio
durante todo processo de fabricagdo e permitindo a liberacdo do DNA por trés semanas, apos

administragdo das microparticulas.

2.1.3.2. Viasde Administracéo e Biodistribuicéo

Como sistema de liberacdo controlada, as microparticulas sdo versiteis e podem ser
administradas por diversas vias como: oral (Tinsley-Bown et al., 2000); intramuscular (Zhou et
al., 2002); endovenosa (Cleland et al., 1997; Zhuang et al., 2002); subcutanea (Yeh et al., 1995;
Sturesson et al., 1999); intranasal (Fattal et al., 2002; intraocular (Conti et al., 1997); topica
(Jalonet al., 2001) e implantes (Wang et al., 2002).

As microparticulas podem ser utilizadas para manter o farmaco na circulagdo sanguinea, no
nivel terapéutico, por um longo tempo para obter melhor disponibilidade do farmaco (Torchilin,
2001). Quando administrada oralmente, elas séo capturadas pelos macrofagos do sistemareticulo
endotelial e transportados para o trato gastrintestinal, concluindo uma ocorréncia normal,
dependendo do tamanho da particula (Florence, 1997; Delie, 1998). Este sistema na forma de
dosagem oral ndo sofre degradac@o extensa na &rea gastrintestinal e pode prover eficacia,
dependendo do tipo de farmaco, por aproximadamente 24 horas, ao contrério das formas

convencionais (Jain et al., 1998).
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Quando sdo administradas nas vias parenterais alternativas, como a via subcuténea,
permanece no tecido subcuténeo ou sdo fagocitadas, dependendo do tamanho das particulas,

geralmente, menores que 10 mm sdo capturadas pelos macrofagos e transportadas diretamente

para os nodulos linfaticos (Yeh et al., 1995; Sturesson et al., 1999).

2.1.3.3. Outras Aplicacbes

A microencapsulacdo tem inimeras outras aplicagbes industriais, entre elas, no setor
agropecuario, na producdo de pesticidas sintetizados quimicamente ou de natureza kiol6gica; na
industria de alimentos com a microencapsulagéo de 6leos essenciais para prevenir a oxidacdo e a
perda de substancias volaeis e controlar a liberagdo do aroma. Outro campo para 0 qua a
microencapsulacdo vem trazendo grandes beneficios é o nutricional, em especia no caso do
combate a deficiéncia mineral. O interesse industrial pela tecnologia de microencapsulacdo vem
se desenvolvendo e deve crescer rapidamente nos proximos anos, porque ela pode levar a

produtos diferenciados (R€, 2000; Lamprecht et al., 2000; Y ang et al., 2000).

2.1.3.4. Métodos de Microencapsulagéo

Os métodos de microencapsulacdo de farmacos devem garantir que as seguintes exigéncias
sgjam cumpridas durante o processo de fabricacdo: (i) A estabilidade e atividade biolégica da
droga ndo deveria ser afetada durante o processo de encapsulacdo ou no produto final das
microesferas; (ii) O rendimento das microesferas com tamanho exigido (até 250 mm, ideal < 125
mm) e a eficiéncia de encapsulagdo da droga deveriam ser altos; (iii) A quaidade das
microesferas e o perfil de liberacdo da droga deveriam ser reprodutiveis dentro dos limites
especificados, (iv) As microesferas deveriam ser produzidas como um pé e ndo exibindo

agregacao ou aderéncia (Jain, 2000).
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2.1.3.4.1. Evaporacéo de Solvente

Processo de emulsdo simples— Este processo envolve emulsificagdo de 6leo em agua (o/w) e é
ideal para drogas insolUveis em agua como, por exemplo, esterdides. O polimero é dissolvido em
solvente organico, em seguida adicionado a uma fase aguosa contendo um emulsificante para
obter uma emulsdo o/w, formando mistura imiscivel. A dispersdo é entdo emulsificada, com
agitacdo e homogeneizada a temperatura ambiente até evaporagdo de solvente. As microesferas
solidas sdo obtidas e entéo lavadas e coletadss por filtragdo ou centrifugacdo. Estas sdo entéo
secas nas condigdes apropriadas ou sdo liofilizadas para dar o produto fina microesferas

injetaveis (Jain, 2000).

Processo de emulsificagdo multipla — Este método envolve emulsificagcdo de &gua/dleo/agua
(w/olw) e é o melhor para encapsular drogas sollivels em &gua como peptideos, proteinas e
vacinas. Uma solugdo tamponada ou aquosa da droga € adicionada na fase organica que consiste
do polimero e solvente adequado, com agitacdo para formar uma emulsdo priméria (o/w). Esta
emulsdo é adicionada sob agitacdo dentro de um volume maior de dgua com um tensoativo para
formar a emulsdo multipla (w/o/w). A emulsdo é homogeneizada a temperatura ambiente para
remocao do solvente pelo processo da evaporacdo. As microederas solidas sdo obtidas e entéo
lavadas e coletadas por filtragdo ou centrifugacdo. Estas sdo entdo secas nas condicOes
apropriadas ou sdo liofilizadas para dar o produto final microesferas injetdvels. Parmetros da
formulacdo (natureza e concentragdo dos constituintes) e varidveis do processo (aparelhagem,
tempo e velocidade de agitacdo, liofilizacdo) afetam significativamente o produto final das

microesferas e a liberagdo da droga (Jain, 2000).
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2.1.3.4.2. Coacervacao (Separ acdo de Fase)

Este processo de coacervacdo inclui trés etapas. (i) separacdo de fase da camada
polimérica; (ii) adsorcdo do coacervato ao redor das particulas da droga; e (iii) solidificacgo das
microesferas. Inicialmente, a substancia a ser encapsulada é dispersa num liquido, no qua se
tenha dissolvido o materia envolvente (o polimero). Através de diferentes meios se produz uma
diminuicéo da solubilidade do polimero dissolvido em forma de col6ide no liquido de dispersdo,
separando-se em forma de goticulas, coacervacdo propriamente dita. O coacervato formado é
solidificado e endurece através de medidas adequadas, como geleificacdo, reticulagdo ou por
polimerizacdo do filme liquido. As microparticulas sdo coletadas por lavagem, filtracdo ou

centrifugacéo e sdo finalmente secas (Thomasin et al., 1998).

2.1.3.4.3. Spray Drying

O spray drying € um método muito rapido, conveniente, de fécil escalonamento, envolve
condi¢bes moderadas e depende menos do pardmetro de solubilidade da droga e do polimero.
Este mé&odo produz microesferas com maior rendimento, reprodutibilidade das condicdes de
producdo e controle definido do tamanho de particula.

Em principio o poliéster biodegradével € dissolvido em um solvente orgénico volétil, a
droga em forma solida é dispersada na solucdo polimérica por um bico de nebulizador sob um
determinado fluxo e pressdo. A evaporacdo instantdnea do solvente, forma as goticulas,
resultando em microesferas de tamanho tipico de 1 a 100 mm, dependendo das condic¢bes de

atomizagdo (Pohlmann et al., 2002).
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2.1.3.4.4. Microencapsulacéo In Situ

Os implantes fabricados de PLGA para sistema de liberagdo de uma variedade de classes
de droga, ndo obtiveram muito sucesso comercial, primeiro pela dificuldade de administragéo,
segundo incisdo cirdrgica ou tipo de pellet, causando assim inconveniéncia aos pacientes.

Para melhorar a aceitacéo do paciente, um novo sistema de implante foi desenvolvido para
administracdo por via intramuscular ou subcuténea como um liquido e subseqientemente,
solidificamin situ (Shahidi et al., 1993).

O polimero é dissolvido pelo aguecimento em uma mistura de &gua com solvente
biocompativel. A solucdo polimérica é esfriada abaixo da temperatura ambiente, a droga
dissolvida é dispersada dentro da solucéo polimérica através de homogeneizagdo. A droga é
dissolvida em um solvente (como polietilenoglicol) que € miscivel com o solvente do polimero e
&gua. Este sistema polimerasolvente-droga tem uma consisténcia viscosa, mas permite ser
injetado por via intramuscular ou subcutanea através de seringa e agulha convencional. Quando
injetado, entra em contato com tampdo aquoso (condigdes in vitro) ou fluido fisiolégico
(condigbes in vivo) resulta na formacdo do implante, um precipitado polimérico e forma uma
matriz de gel que encapsula a droga (in situ/in vitro ou in situ/in vivo). O solvente de polimero
dissipa e difunde para fora do sistema e a &gua difunde dentro da matriz poliméica. Devido a
insolubilidade do polimero em &gua, ele precipita/coagula para formar um implante solido in
Situ, do qual a droga € liberada de forma controlada (Jain, 2000).

Apesar de impedir a necessidade de qualquer cirurgia, estes sistemas apresentam uma serie
de desvantagens: a seguranca do solvente usada é questionada; a injecdo desses sistemas liquidos
de implante e, subsequientemente, a solidificagdo pode produzir uma matriz de implante néo
uniforme tendo consisténcia e geometria variavel; e devido a formagdo da matriz o implante tem
uma textura inconsistente, forma e tamanho, apresentando a liberacdo de droga variavel e

imprevisive (Jain et al., 1998).
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2.1.3.4.5. Outros M étodos de Prepar acéo

Obtencao de Microparticulas sem Solvente Organico

As microparticulas obtidas sem utilizacdo de solventes organicos sdo formadas por
polimeros - imisciveis em polimeros em solucdo aquosa. Microcdpsulas de polietilenoglicol-
metacrilato de dextrana-polietilenoglicol (PEG/Dex-Ma/PEG) foram formadas a partir da
combinacdo destes polimeros em solucdo aquosa, pela técnica de emulsdo multipla, seguida de
vigorosa agitagdo em vortex sob atmosfera de agobnio. Esta técnica resultou na obtencdo de
microparticulas poliméricas bem definidas, sem presenca de poros (Wichert et al., 1990;

Franssen et al., 2002).

Jet Milling — Nova Técnica de Preparacéo de Microparticulas

A vantagem desse novo processo é pr eparar microparticulas sem uso de solvente organico,
incluindo ata quantidade de droga encapsulada e o curto intervalo de tempo do processo de
secagem. Esta técnica é a combinag&o de trés etapas consecutivas. 12 etapa: é a fundicdo do
polimero, em béquer na chapa aquecedora, e adicdo do principio ativo dissolvido ou dispersado.
A temperatura utilizada depende da propriedade fisicaquimica do polimero e da droga. Em
seguida, transfere-se a suspensdo polimérica para um tubo de congelamento e faz-se vérios ciclos
de aquecimento até obter uma baixa viscosidade; 22 etapa: pulverizar em rotor com velocidade
de 14 a 18000 rpm a suspensdo congelada; 32 etapa: as microparticulas sdo formadas apos jato de

nitrogénio a presséo reduzida (Jetmill) (Nykamp et al., 2002) .

Sistema de Maquina De Recirculagdo Total (TROMYS)

O aparatus € composto por um sistema de uma bomba conectado a vavulas mlltiplas com
agulhas fixas e recipientes apropriados (FIGURA 3). As fases organica e aquosa séo introduzidas
em recipientes de teflon diferentes e sGo misturados com a ativagdo da bomba, que conecta as

vévulas permanecendo assim, todo sistema fechado. Imediatamente, a fase organica € injetada
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na fase aquosa com fluxo de 20 ml/min com agulha de didmetro interno de 0,12 mm, circulando
por 30 segundos para obter a emulsdo simples (w/0). Em seguida, € injetada uma segunda fase
aquosa em regime turbulento, resultando na formagdo da emulsdo multipla (w/o/w). A emulsdo
miltipla € homogeneizada com agitador de hélice para evaporar o solverte orgénico. As

microparticulas sdo lavadas trés vezes com &gua destilada e centrifugadas (Barrio et al., 2003).

1. Sistema de bombas

i
ol 2. Vdavulas multiplas

}_-I- '-: ' 3 e 4. Agulhas fixas
| 5 e 6. Recipientes das substancias
il

7. Seringa de vidro e teflon

L) - I & 8 e 9. vélvulas que conectam os
' recipientes a bomba
1 III" "-' L 10. Homogeneizador de hélice

FIGURA 3 Esquema de TROMS (Barrio et al.,
2003).

2.2.Liquens

Liquens sdo seres formados pela relagdo simbidtica entre fungos e algas, parceiros
definidos como micobionte e fotobionte, respectivamente. Os liquens, primeiros colonizadores
do habitat terrestre, s8o modestos e capazes de crescer e espal har-se sobre as pedras e em troncos
de érvores e arbustos (Nash, 1996; Cochietto et al., 2002).

A morfologia do talo liquénico é bastante peculiar, onde o micobionte e o fotobionte se
dispdem em camadas sucessivas. Os liquens produzem metabdlitos secundarios intra e
extracelulares, classificados de acordo com a sua localizagdo no talo. Os produtos intracelulares
s80 os carboidratos, vitaminas, aminoacidos e proteinas, freqlientemente sollveis em &gua e
podem ser extraidos com agua gquente. Os produtos extracelulares sdo sintetizados pelas hifas e

depositados na superficie como cristais ou p6 amorfo. Os metabdlitos secundérios alifaticos e
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fendlicos, produzidos pelos liquens, sGo em sua maioria extracelulares e insolGveis em &gua,
sendo comumente extraidos por solventes organicos. Os produtos extracelulares sdo 0s
responsaveis pela maioria dos beneficios advindo dos liquens (Hale, 1983; Nash, 1996).

Substancias liquénicas sdo formadas por unidades fendlicas, que se originam a partir de
&cidos carboxilicos policeténicos, derivados do &cido acético. Através da ciclizacdo do tipo
floroglucinol formam-se os &cidos Usnico e iso-Usnico e da ciclizagdo tipo orselinica temse a
formac&o dos depsideos, depsidonas e dibenzofuranos (Vicente, 1975; Takani et al., 2002).

Os derivados dibenzofuranos sdo compostos liquénicos de baixo peso molecular, o

protétipo da classe é o &cido Usnico que vem sendo extensivamente estudado (Miller, 2001).

2.3. Acido Usnico
2.3.1. Ocorréncia Natural do Acido Usnico

O &cido Usnico, metabdlito de origem liquénica é derivado do dibenzorufano (2,6- diacetil -
7,9dihidroxi-8,9b-dimetil - 1,3- (2H,9bH)-dibenzenofurano; G sgH1607) (FIGURA 4). Apresenta-se
como prismas ortorrdmbicos amarelo da cristalizacdo com acetona, ocorrendo na natureza em
duas posi¢oes enantioméricas que diferem na orientacdo do grupo metil localizados na posi¢éo
9b, nas formas D e L. O seu ponto de fusdo € em torno de 204°C. Apresenta carater hidrofobico,
sendo insollivel em &gua , parciamente solUvel em etanol e facilmente solvel em acetona,
acetonitrila, diclorometano, acetato de etila e misturas de solvente organico como
dimetilsulféxido/metanol (Index Merck, 1995; Muller, 2001; Cochietto et al., 2002).

O &cido Usnico é distribuido amplamente em espécies de Cladonia (Cladoniaceae), Usnea
(Usneaceae), Lecanora (Lecanoraceae), Ramalina (Ramalinaceae), Evernia, Parmelia
(Parmeliaceae), Cetraria, Lechona e outros géneros de Liquens (Venkataramana e Krishna,

1992; IngdlIfsdéttir, 2002).
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FIGURA 4- Estrutura quimica do acido Usnico (Ingélfsdaottir,
2002).

2.3.2. Quimica e Biossintese do Acido Usnico

O &cido Usnico ocorre em duas formas enantioméricas, dependendo da projecdo angular do
grupo metila do carbono quiral na posicdo 9b (Ingdlfsdéttir, 2002). A configuracéo absoluta do
(+)- &cido Usnico determinada por raio X foi analisada. As trés hidroxilas presentes na molécula
tem um carater &cido elevado (pK ; 4,4) devido ao efeito indutivo do grupo cetona. A acidez do
grupo fendlico na posicdo 9-OH (pKa 8,8) € aumentada pelo efeito indutivo do grupo para-acetil
localizado na posicdo 6, enquanto o fendlico 7-OH é fracamente &cido devido a ligacéo
intramolecular unindo o hidrogénio ao grupo 6acetil (FIGURA 4) (Sharma e Jannke, 1966).

A biossintese do é&cido Usnico proposta por Taguchi et al. (1969) segue a via do acetato
polimalonato para formar metilfloroacetofenona, com incorporagéo do grupo metil ocorrendo
antes da aromatizacdo. SubseqUentemente, envolve etapas de oxidagdo fendlica estéreo
especifica acoplando duas moléculas de metilfloroacetofenona resultando em é&cido Usnico

hidratado e finalmente, ocorre a desidratacdo que conduz a formac&o da ligagdo éster (FIGURA

5).
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FIGURA 5- Biossintese do écido Usnico proposta por Taguchi et al. (1969).

2.3.3. Farmacocinética do Acido Usnico

A farmacocinética do é&cido Usnico foi estudada em coelhos machos normais, apds
administracéo da dose de 5 mg/kg por via intravenosa. A extragdo do &cido Usnico das amostras
plasméticas foi realizada com metanol, usando diclofenaco de sbdio como padréo interno. As
amostrasforam analisadas através da cromatografia liquida de alta eficiéncia (CLAE) a280 nm e
sensibilidade de 0,005 aufs. Os parametros farmacocinéticos descrevem um modelo de trés
compartimentos que apresenta um tempo de meia vida significante, cerca de 10 horas, o
clearence total de 12 ml/h/kg e AUC foi de 428,51 ng.ml/h (Venkataramana e Krishna, 1992;

Venkataramana e Krishna, 1993).
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2.3.4. AplicacOes Terapéuticas

De acordo com a literatura 0 acido Usnico apresenta uma ampla atividade terapéutica com
potencial antibidtico, antitumoral, antituberculostatico, antiviral, antiinflamatério, analgésico,
antipirético, antimitético, antimicético, antiproliferativo, antifingico, antiprotozodrio e
antihistaminico. Atuando também como potencia agente inibidor de enzima, pronissor agente
quimiotergpico, no tratamento e prevengdo de placa dentaria, como fotoprotetor de irradiacdes
ultravioleta e na biomonitoragdo ambiental (Venkataramana e Krishna., 1992; Cardarelli et al.,
1997; Caviglia et al., 2001; Ingolfsdottir et al., 202; Rancan et al., 2002; Cochietto et al.,

2002).

2.3.4.1. Atividade Antibidtica

A principa propriedade biologica do acido Usnico € a sua atividade antibidtica, assim
como outros liquens derivados do &cido vulpinico, acidos aliféticos, acidos aliféticos, depsideos
e depsidonas (Lawrey, 1986; Cochietto et al., 2002).

Lauterwein et al. (1995) testaram a atividade dos &cidos Usnico e vulpinico frente a varias
bactérias Grampositivas, Gram-negativas e fungos. Os referidos &cidos ndo apresentaram efeitos
contra as bactérias Gram-negativas e foi verificado que o écido vulpinico foi menos ativo que o
acido usnico.

A atividade do &cido Usnico contra o Mycobacteriumaureum, avaliada por Ingdlfsdéttir et
al. (1998), exibiu uma concentracdo minima inibitéria (CM1) maior que os farmacos utilizados
como referéncia, isoniazida, rifampicina e estreptomicina. Estes resultados estdo de acordo com
Venkataramana e Krishna (1992), os quais reportaram que ambas formas enantioméricas do
&cido usnico inibiram o crescimento @ Mycobacterium turbeculosis e Mycobacterium tufu in

vitro, com uma baixa concentragéo.
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2.3.4.2. Atividade Antiinflamatéria, Analgésica e Antipirética

As atividades analgésica e antipirética do &cido usnico, obtido da espécie Usnea diffracta,
exibiram uma atividade significante, contra hipertemia induzida por lipopolissacarideos em
camundongos (Okuyama et al., 1995).

Estudos realizados por Vijayakumar et al. (2000) compararam a atividade antiinflamatéria
do &cido Usnico com a do ibuprofeno, nos tratamentos oral agudo e crénico testado contra o
carregininas, induzindo edema de patas em ratos. O resultado indicou a dose dependente com
eficiéncia significativa do composto natural, comparado com a droga de referéncia padréo, o

ibuprofeno.

2.3.4.3. Atividade Antiviral

Um composto a base de sulfato de zinco e &cido Usnico foi utilizado como terapia
adjuvante, apds tratamento radio cirdrgico, de infecgdes genitais causadas pelo Papiloma Virus
Humano (HPV). Scirpa e al. (1999) avaliaram a eficacia e seguranca da administracéo
intravaginal deste composto, considerando um 6timo melhoramento no tratamento da infeccéo
causada por HPV, favorecendo o processo de reconstituicdo do epitélio com poucos efeitos
colaterais e uma boa complacéncia do paciente.

Fournet et al. (1997) verificaram a administracdo do &cido Usnico pelas vias ord,
subcutanea e intralesional em camundongos BALB/c infectados com Leishmania amazonensis.
O tratamento pelas vias ora e subcutdnea ndo produziu nenhum efeito, mas pela via
intralesional, apesar de exibir uma interessante atividade na reducdo do tamanho da lesdo, foi
considerado menos potente do que o composto referéncia, glucantamina.

Considerado uma molécula com potencial interessante na terapia do cancer devido suas
acOes antimitética e antiproliferativa, o &cido Usnico apresentou uma potente inibicdo na
proliferagdo do Poliomavirus (Py) em camundongos. Estudos realizados por Campanella et al.

(2002) na proliferacdo do Py em células de linhagem de fibroblastos de camundongos (3T6),
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modraram que o &cido Usnico foi efetivo na replicagdo do DNA viral, sendo uma conseqiéncia
indireta da drastica regressdo da transcricdo do RNA. Ressaltando que a replicacdo viral foi
severamente, inibida em concentragbes ndo citotdéxicas do &cido Usnico. Contudo, fezse
necessario a exposicdo das células por um longo periodo de tratamento em contato com o

féarmaco.

2.3.4.4. Atividade Citotoxica e Antitumor al

Estudos realizados por Correché et al. (1998) demonstrou que alteragdes na estrutura
quimica da molécua do &cido Usnico, avdiando como par@metro principa as ligacdes
intramoleculares de hidrogénio da molécula, observaram modificacbes na atividade
antimicrobiana e uma maior citotoxicidade, inibindo o crescimento da cultura de linfocitos.
Lodetti et al. (2000) avaliaram a acdo citotdxica do acido Usnico, sozinho ou como componente
de uma formulagdo oral contra carie, em células de cancer de epiderméide humana (KB),
queratinécitos gengival e fibroblastos de biopsa humana. Em ambas avaliagbes néo
apresentaram nenhum sina de citotoxicidade, através das determinacdes feitas pelos testes de
MTT [brometo(3-[4,5 dimetiltiazol- 2-il]-2,5-difeniltetrazolio), vermelho neutro e vermelho
neutro modificado.

A capacidade inibitoria do &cido usnico frente a trés tipos de linhagem de células tumorais
foram estudadas por Cardalleri et al. (1997). A inibicdo da proliferacdo celular ndo depende
apenas da concentragdo do &cido, mas também do tempo de exposicéo das células em contato
com agente inibidor. O efeito inibitério foi encontrado significante nas concentracfes de 0.5 a
1.0 mg/ml, ocorrendo 46 h apds exposi ¢ao.

Na quimioprevencdo do cancer o écido usnico obtido de liquens apresentou um potencial

antitumoral maior que o acido comercia. Isolado da Usnea longissma mostrou um potente
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efeito inibitdrio (DLsy 1.0 ng/ml) contra o virus Epsteim-Barr, 0 &cido usnico comercia foi

pouco ativo com DLsg 5.0 ng/ml (Okuyama et al., 1995).

2.3.5. Mecanismo de Acao

O mecanismo de agdo exposto para o &cido Usnico continua sendo especulativo. Contudo,
Al-Bekari et al. (1991) observaram uma significante reducdo do contetido de RNA no figado de
rato, na terapia com vérias doses deste acido. Propondo assim, a acdo do é&cido uUsnico
interferindo na sintese do RNA.

Cardarelli et al. (1997) indicaram que 0 mecanismo de a¢&o do &cido Usnico é similar em
células de animais e vegetais, provavelmente, atua interferindo em algum passo importante na
divisdo celular, comum a diferentes tipos de células.

O &cido usnico tem apresentado caracteristicas semelhantes ao 2,4 dinitrofenol (DNP), um
cléssico desacoplador da fosfolirizacdo oxidativa, atuando ao nivel de mitocrondias de figado de
rato (Abo-Khatwa et al., 1996).

Okuyama et al. (1995) sugerem gque 0 mecanismo de acdo do &cido Usnico, para a atividade

antiinflamatdria, analgésica e antipirética, atua inibindo a sintese das prostaglandinas.



Ribeiro Costa, R. M. Citotoxicidade e Atividade Antitumoral do Acido Usnico... 26

3. OBJETIVOS

3.1. Geral

O objetivo principal deste trabalho consiste em obter microesferas de copolimero de écido

léctico e glicdlico (PLGA), contendo &cido Usnico de Cladonia substellata visando uma possivel

aplicacéo biolégica

3.2. Especificos

%+ Obter e caracterizar fisico-quimicamente as microesferas de PLGA contendo écido Usnico;

% Avaliar seu perfil de cinética de liberagdo in vitro, a partir das microesferas de PLGA;

% Avadliar aatividade citotoxica in vitro, frente a cultura de células de carcinoma epidermoide
de laringe (HEp-2), do &cido Usnico na sua forma livre e encapsulada, em microesferas de
PLGA,

% Avdiar a atividade antitumora in vivo, contra o tumor sarcoma —180, do &cido Usnico na

sua forma livre e encapsulada, em microesferas de PLGA.
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Abstract

Microparticles will probably play a promising role in a near future of chemotherapy. These
polymeric delivery systems are capable of maximizing the therapeutic activity while reducing
side effects of anticancer agents. Usnic acid (UA) is a secondary metabolite produced by lichens,
which exhibits an antitumour activity. In this study PLGA-microspheres containing usnic acid
from Cladonia substellata were prepared by the double emulsion method with or without PEG as
stabilizer. The morphologyn of microspheres was examined by optica and scanning electron
microscopy. The in vitro kinetic profile of usnic acid-loaded microspheres was carried out by
dissolution testing. The usnic acid content was analysed by HPLC. The cytotoxicity of free and
encapsulated usnic acid was evaluated against HEp-2 cells using the MTT method. The
antitumour assay was performed in mice against Sarcoma-180 tumour (UA 15mgkg’ weight
body/day) during 7 days. Animals were then sacrificed and tumour and organs were excised for
histopathological analysis. Microspheres presented a smooth spherical surface with a mean
diameter of 7.02 £ 2.72 mm. The usnic acid encapsulation efficiency was about 100% (UA
10mg460mg™® microspheres). A maximum release of 92% was achieved at the fifth day of
Kinetic process. The 1G5, values for free and encapsulated usnic acid were 12 and 14 ng/ml,
respectively. The encapsulation of usnic acid into microspheres promoted an increase of 21% in
the tumour inhibition as compared with the free usnic acid treatment. In summary, usnic acid
was efficiently encapsulated into PLGA-microspheres and the microencapsulation improved its

antitumour activity.
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Introduction

Drug delivery systems are versatile gnarmaceutical dosage forms with a promising future
(Vermaand Garg, 2001). Microencapsulation is a very common method for preparing controlled
release systems such as carriers for drugs and vaccines (Jain et al., 2000; Lamprecht et al., 2000;
Barrio et al., 2003). The use of microspheres has a substantial appeal to enhance the therapeutic
efficacy of drugs. Actually, alternative microparticulated carriers have been developed aiming to
decrease the toxic effects of anticancer compounds toward normal tissues and to increase their
efficiency against tumours (Singh and Udupa, 1997; Wang et al., 1997; Roullin et al., 2002; Le
Ray et al., 2003).

Biodegradable polyesters such as copolymers of lactic and glycolic acid (PLGA) are
attractive biomaterial for pharmaceutical and medica applications. They have widely been used
as carriers in controlledrelease systems due to their excellent biocompatibility and
biodegradability properties (Kumar et al., 2001). Such copolymers contain hydrolysable
chemical bonds, which can be degraded by nonenzymatic hydrolysis of the ester backbone that
takes place in agueous environment, such as body fluids. Biodegradation of PLGA occurs by
homogeneous bulk erosion, the polymer chains are cleaved by hydrolysis until producing water
soluble fragments, followed by monomeric acids, which are metabolized and eliminated from the
body as CO, (O’ Hagan et al., 1998).

The usnic acid (UA) is a low-molecular weight dibenzofuran derivative [2,6-Diacetyl-7,9-
dihydroxy-8,9b-dimethyl-1,3[2H,9bH]- dibenzo-furandione] produced by some lichen species
(Mdller, 2001). Usnic acid presents as a yellowish cortical pigment and occurs in two
enantiomeric forms, which differ in the orientation of the methyl group located in the stereogenic
centre at the 9b position (Cocchietto et al., 2002). Usnic acid is a product from the secondary
metabolism of the fungal partner and it is widely distributed in species of Cladonia, Usnea,
Lecanora, Ramalina, Evernia and Parmelia (Ingdlfsdéttir, 2002). Since its first isolation in

1844, usnic acid has become the most extensively studied lichen metabolite and one of the few
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that is commercialy available. Usnic acid exhibits several biological and pharmacological
properties such as antimicrobial activity against human and plant pathogens, antivira
(Campanella et al., 2002), antiprotozoal, antiproloferative, anti-inflamatory and analgesic
activity. In addition usnic acid presents cytotocicity and antitumour activity (Cocchietto et al.,
2002).

Mitodepressive, clastogenic and biochemica effects of (+)-usnic acid were evaluated by Al-
Bekairi et al. (1991) after oral administration in mice models. It was reported that usnic acid
induced a depletion of polychromatic cells when administered at high doses. A significant
reduction of the RNA content in rat liver was verified and it was suggested that usnic acid might
act by interfering with RNA synthesis in a completely reversible way. These results were
confirmed by a recent in vitro study of the usnic acid effect on the proliferation of mouse
polyomavirus (Campanella et al., 2002). Usnic acid revealed to be a potent inhibitor of the viral
DNA synthesis and its action was must likely exerted through repression of RNA transcription.
(#»-Usnic acid aso exhibited a higher antitumour inhibition against tumour induced by Epstein-
Barr virus and this effect appears to be somewhat stronger than that one exhibited by the (-)-
enantiomer (Cocchietto et al., 2002).

Nevertheless, practical use of usnic acid in therapy has been rather limited due to ts poor
solubility in water. In particular, the intramolecular hydrogen bonds contribute to the lipophilic
nature of usnic acid and its lipophilicity is deeply linked do its cytotoxic effect, which can be
attributed to the b-triketone moiety present in the molecule (Takai et al., 1979).

The chalenges of biomedical applications of usnic acid namely hepatotoxicity, water
insolubility, and consequently low efficacy, can be surpassed by suitable pharmaceutical
technology such as drug delivery systems. In this framework, for the first time usnic acid from
Cladonia substellata was encapsulated into microspheres. The goal of the present work is to
develop PLGA-microspheres containing usnic acid and to evaluate their in vitro kinetic profile

and cytotoxicity, aswell as their in vivo antitumour activity.
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Materials and Methods
Materials

The microspheres were prepared with the poly (D,L-lactic-co-glycoalic) acid (PLGA, 50/50,
inherent viscosity 0.44 dL g"), which was purchased from Birmingham Polymers (Alabama,
USA). The emulsifiers poly vinyl alcohol (PVA, m.w. 13 000-17 000), polyethylene glycol
(PEG, m.w. 4000) and poly vinyl pyrrolidone (PVP, MW 40 000), the cryoprotector threalose
and standard usnic acid (UA) were obtained from Sigma-Aldrich (St Louis, USA). Poloxamer
(Pluronic® F68) was generously supplied by ICI (France). Usnic acid (UA) was extracted from
Cladonia substellata, purified and characterized at the Chemistry Laboratory of the Federa
University of Mato Grosso do Sul (Brazil). HPLC grade methanol, analytical grade solvents and
reagents were obtained from Merck (Darmstadt, Germany). Cell culture supplies were obtained
from GIBCO (New York, USA). Larynx epidermoid carcinoma cell line (HEp-2, Animal and
Human Cell Catalogue, Rio de Janeiro Cell Bank, Brazil) were subcultured and seeded at 10°
cels mi™ in 96 well plates in Dulbecco modified Eagle’s medium (DMEM) containing 25mM

glucose, supplemented with 10% of fetal bovine serum and 1% nonessential amino acids.

Preparation of usnic acid-loaded PLGA microspheres

The microspheres were prepared by a w/o/w multiple emulsion technique. Initialy, PLGA
(450 mg) and usnic acid (10 mg) were separately dissolved in methylene chloride (10 ml and 2
ml, respectively). The organic solution containing usnic acid was then added to the polymeric
solution and emulsified with deionized water (5 ml) with or without PEG (5 mg). The simple
emulsion (w/0) was generated by mechanical agitation (ultra-turrax T25, IKA, Germany) at 8000
rpm for 1 minute in an ice bath. Afterward this smple emulsion was added to a continuous
phase, constituted of 50 ml aqueous solution of PVA (0.5%, w/v) and emulsified at 8000 rpm for
30 seconds, resulting in a multiple emulsion (w/o/w). The mixture was maintained under

agitation at 400 rpm (4 h) leading to the solvent evaporation and consequently the microspheres
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formation by hardening the polymeric wall of the particles. The microspheres were then isolated
by centrifugation (Kubota KN-70 centrifuge, Japan) at 3000 rpm for 5 minutes and washed three
times with deionized water to remove the excess of emulsifiers. Finally, the microspheres were
recovered by either filtration or lyophilisation procedures. When filtered through 0.45 mm
(Milliporeo) membrane, the residue was left overnight in a desiccator and the microspheres were
obtained as a dry powder. Before lyophilisation, microspheres were previously dispersed with
1.0% (w/v) threalose aqueous solution, frozen at -80°C overnight. The lyophilizer (EZ-DRY,,
FTS System, New York, USA) operated at 200 bars during 16 hours. Unloaded microspheres
were prepared under the above described conditions. The storage of PLGA-microspheres was
performed at 4£C £+ 1°Cin avacuum desiccator.

Severa batches of microspheres were developed by modifying the amount of polymer,
drug and emulsifiers, and aso by evaluating the final recovering process of microspheres.
Initially, formulations were prepared with Synperonicél F68 or poly (vinyl pyrrolidine) (PVP) as
emulsifiers for the double emulsion formation. Following, microspheres were prepared with
PVA at concentrations varying from 0.3 to 1.0% (w/v) in an attempt to obtain stable
formulations. The influence of the presence of PEG in the simple emulsion on the stability of
microspheres was also investigated. The microspheres manufacturing process was followed by

optical microscopy in order to select the more stable product.

Characterisation of usnic acid-loaded PLGA microspheres
Morphological analysis

The manufacturing process of microspheres was followed by optical microscopy (Olympus
CH-2 microscope, USA) for evaluating the formation, homogeneity, and surface properties of
particles. The morphological characteristics of the microspheres were analysed by scanning

electron microscopy (SEM) using an electron microscope (JSM-T200, JEOL, Japan). A sample
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of microspheres was suspended in distilled water to obtain a homogeneous suspension and

placed in a glass surface, which was fixed on a metallic support with carbor+glue. After drying at

37°C, samples were directly coated wih colloidal gold using a sputter module in a high-vacuum
evaporator (JFC-1100, JOEL, Japan). Then microspheres were examined and particle size was

measured.

Stability of usnic acid-loaded microspheres

The stability of the usnic acid encapsulated into PLGA microspheres was evaluated in a
period from 7 to 510 days aiming to the establish formulation durability. The usnic acid content
was anadysed by the High Performance Liquid Chromatography (HPLC) method bellow

described.

Usnic acid encapsulation efficiency

The usnic acid loading into microspheres was determined by HPLC after extraction of usnic
acid from microspheres. Samples of microspheres (13.8 mg, corresponding to 0.3 mg of usnic
acid) were diluted with 1 ml dimethylssulfoxide (DMSO) under ultrasonic agitation for 5
minutes. Then, the volume (5 ml) was completed with methanol/phosphate buffered solution pH
7.4 (70:30 v/v). An aiquot of this solution was diluted to a theoretical concentration of 6 pg ml™,
filtered through 2 0.45 nm membrane filter (Millipore®), and the usnic acid content was analysed

using the HPLC method as described.

Usnic acid assay by HPLC method
A variant of the method proposed by Venkataramana and Krishna (1992) was devel oped and
validated to quantify the usnic acid content in PLGA microspheres. The computer assisted HPLC

system (Hewlett Packard, HP-1100, USA) is composed by a quaternary pump, degasser system,
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UV/VIS detector and manua injector with a 20 ml loop. The chromatographic run was
performed using a Bondapack Gg column (10 nm particle size, 125 A, 300 mm ~ 3.9 mm I.D.,
Waters, USA) and a mobile phase of HPLC grade methanol/20mM phosphate buffered solution
pH 7.4 (70:30, v/v). Sample aiquots (20 nt) were injected and eluted with the mobile phase at a
flow rate of 1.5 ml min. The usnic acid peak was verified at a wavelength of 280 nm (0.005
a.u.f.s) with a retention time of about 3 min. The amount of usnic acid into microspheres was
determined through the standard calibration curve. Usnic acid standard calibration cur ve was
prepared for concentrations varying from fg.mi! to 10 ng.ml?. A stock standard solution (1
mg.ml™) was prepared with 10 mg of the standard usnic acid in 200 m of DMSO and 5 ml of the
mobile phase, under ultrasonic agitation for 5 minutes. The wolume was then completed to 10 ml
with mobile phase and diluted to the desired concentration. Each experiment was performed in

triplicate.

In vitro kinetic release of usnic acid—oaded PLGA-microspheres

The in vitro release profile of usnic acid from microspheres was determined according to
Rafati et al,, 1997. A sample of 25 mg of the usnic acid-loaded PLGA microspheres (0.54 mg of
usnic acid) were suspended in 54 ml of 20 mM phosphate-buffered saline (PBS, pH 7.4). The
tubes were incubated at 37°C + 1°C and shaked horizontally at 180 rev.min™™. At predetermined
time intervals, 2 ml aliquots of the dissolution medium were withdrawn and centrifuged at 2800
rpm for 5 min in order to separate any microspheres present in the sample. The supernatant was
removed and the amount of usnic acid was measured by the HPLC method as above described.
Assays were performed in triplicates and results were expressed in percentage of the mean

values and their standard deviation.
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Cytotoxicity of usnic acid-loaded microspheres

The cytotoxic effect of free and encapsulated usnic acid was evaluated on cells of larynx
epidermoid carcinoma (HEp-2) by the colorimetric technique with 3(4,5-dimethyltiazole - 2-yl)-
2,5 diphenyltetrazolium bromide (MTT) (Mosmann, 1983 modified by Alley et al., 1988). Cell
suspensions were diluted to 10° cells.ml™ and aliquots of 220 nm of such suspension were seeded
on 96 well plates. After 24 hours, samples of free and encapsulated usnic acid were placed in
contact with HEp-2 cells at different concentrations ranging from 2.5 ng.mi* to 15 ng.mi™.
Usnic acid solution was prepared as the standard solution as previously described. After 72 h
incubation of cells, a solution of MTT (25 pl.well!) was added and plates were incubated for 2
hours. The supernatant was removed and DMSO (100 pl.well™!) was added to dissolve the

formazan crystals. Plates were read at 590 nm. The maintenance of cells and all experiments

were carried out a 37°C under a 5% CO, atmosphere. Unloaded microspheres and standard
usnic aid were used at the same sample concentrations as negative and positive controls,
respectively. Each dosage group was assayed in quadruplicate. Results are expressed as the mean

values of viable cdlls.

Antitumour activity of usnic acid-loaded microspheres

The in vivo antitumour activity of UA-loaded PLGA microspheres was evaluated in mice
against Sarcoma 180 tumour. Tumoural ascytic cells (5~ 10 cells mi™ suspension) were
subcutaneously inoculated into male Swiss mice (32-41g body weight, 45-60 days old).
Chemotherapy started after 24 h of tumour implantation by intraperitoneal injections of free
usnic acid or usnic acid-loaded microspheres at a dose of 15 mg.kg™ per day during 7 days. After
a week treatment, animals were sacrificed and tumour weights were measured. Then tumour
inhibition percentage was calculated from the mean tumour weights of treated animal group in

relation to the untreated control group. Animal experiments were performed according to the



38

National Cancer Institute (NCI) protocol (Geran et al., 1972) with the approval of the Ethic

Committee for Animal Experimental Assays of the Federal University of Pernambuco.

Histopathological analyses

The animal organs (tumour, liver, kidneys and spleen) were submitted to histopathological
andysis. Sample tissues were preserved in a 10% bufferedformaline solution until paraffin
inclusions. Slices of sample tissues (4 mm) were prepared, and a fixation with haematoxyline and
eosine staining was developed, before examination by optical microscopy (Olympus BH-2,

Japan).

Results and discussion

Formation of usnic acid-loaded microspheres

Double emulsion/evaporation solvent method is the most commonly technique for
preparating polymeric polyester microparticles. The double emulsion method is suitable to
encapsul ate either water-soluble or water-insoluble drugs (Jain, 2000, Lamprecht et al., 2000). In
this technique, the first aqueous phase (w;) is pourred into a polymer-solvent-drug solution
under vigorous stirring to obtain the simple emulsion (ws/0). Then, this emulsion is dispersed
into alarge volume of water (w2) containing a surfactant and emulsified with appropriate stirring
to form the double emulsion (wi/o/ w). Following, the double emulsion is submitted to solvent
evaporation process for obtaining solid microspheres.

Pre-formulation studies were performed to guide the choice of the optimal concentration of
congtituents for obtaining a stable formulation of usnic acid-loaded PLGA-microspheres (table
1). Initially, an attempt to prepare micraspheres using Pluronic® F68 or PVP (0.5% wi/v) as
emulsifiers to stabilise the simple emulsion was accomplished. An amount of 400 mg of PLGA

was used to prepare microspheres. However, Pluronic® was not able to stabilize the double



Tablel. Optimization of the formulation of UA-loaded PL GA -microspheres.

Condtituents Formulations
1 2 3 4 5 6 7 8 9 10 11 12 13
Usnic acid (g) Y 001 % Y Y % 001l 001 001 001 001 0015 0.02
PLGA 50:50 (g) 0.4 04 045 045 045 045 045 045 045 045 045 045 045
PEG 4000 (g) Y % 005 01 02 04 04 04 04 04 04 04 04
PVA 0.3% Ya Ya Ya Ya Ya Ya Ya Ya 50 Ya Ya Ya Ya
PVA 0.5% 60 60 60 60 60 60 60 50 Ya Ya 50 50 50
PVA 1.0% Ya Ya Ya Ya Ya Ya Ya Ya Ya 50 Ya Ya Ya
Methylene chloride(ml) 10 12 10 10 10 10 12 12 12 12 12 12 12

The aqueous phase of the first emulsion consisted of different PEG quantities into 5 ml deionized water.
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emulsion and the use of PVP led to an aggregated final product. Therefae those emulsifiers
were discarded in the preparation of PLGA-microspheres. In a second step, PVA was chosen
as stabiliser for the double emulsion. The effect of its initial concentration (0.3, 0.5 or 1.0%
w/v) on the stability of microspheres and drug ertrapment was evaluated. The concentration
of 0.5% PVA promoted a great homogeneity of particle size distribution and led to 99% drug
entrapment efficiency for an initial amount of 10 mg usnic acid (table 2). In factor, the
presence of a stabiliser in the external phase give rise to a decreasing of the superficial tension
between the agueous and the organic phases, which conducted to a reduction of the diameter
of multiple emulsion globules. Consequently, a reduction on the size of the resulting
microparticles was observed (BlancePietro et al., 1998).

The PVA isthefirst choice of stabiliser to be used for manufacturing of microparticles by
the double emulson method (Rafati et al., 1997). It was observed that higher PVA
concentration in the external aqueous phase engendered an increase in the particle size of
microspheres (Yang et al., 2001a). This effect was attributed to the increase in the viscosity of
the agueous phase, which promotes a reduction on the mechanical stress during the
homogenisation proces leading to an increase in the particle size. In our study, the

microspheres obtained with 1% PV A (wi/v) corroborated these previously mentioned data.

Table 2. Evaluation of the influence of the surfactant concentration on the usnic acid

entrapment efficiency into PLGA-microspheres

. , UA encapsulation (%)
Initial PVA concentration (%)

0.3 93+ 112
05 99 + 0.46
1.0 86 + 0.95

Data shown are the mean + S.D. (standard deviation) (n=3). The initial amount of usnic acid was 10 mg.



41

In a second stage, the amount of PLGA (50/50) was varied from 0.4 to 0.55 g and the
optimised amount was found to be 0.45 g. As observed by optical microscopy 0.4 g of PLGA
promoted the formation of alittle amount of particles. On the contrary, 0.55 g of PLGA bring
upon the presence of polymer crystals detected by visual and microscopic observation (data
not showed). However, PLGA -microspheres presented irregular shape, porous at the surface
and a tendency to form aggregates (figure 1a,c). This drawback was solved by the addition of
PEG, as the stabiliser of the simple emulsion.

The influence of the PEG concentration on the stability of microspheres was evaluated
varying it from 0.1 to 0.4 g. The SEM morphological evauation revealed that microspheres
can be produced with or without PEG. However, microporous were detected at the surface of
microspheres prepared without PEG (figure 1c). Furthermore, it was observed that the
presence of PEG improved the formation of well-defined microspheres with spherical shapes,
homogeneous particle size distribution and smooth surfaces. In addition it was verified that an
increase in the PEG amount promoted the formation of more stable microspheres with a better
morphologica aspect. The amount of 0.4 g was chosen as the optimal PEG quantity for
obtaining stable microspheres (figure 1b,d). Therefore the presence of PEG in the first step of
the microspheres manufacturing process was clearly crucial to derive stable formulations.
Despite that PEG was used as surfactant in the agueous phase of the simple emulsion, it can
be speculated that a part of the its initiad amount was blended to PLGA. As expected, a
substantial fraction of the PEG originally dissolved in the first agueous phase should be
eliminated during the washing process. Actualy, Cleek et al. (1997) had detected the
formation of PLGA-PEG physical blends during microspheres producing when PEG was
initialy dissolved in the organic phase as a mixture with PLGA. According to Yang et al.
(2001b), the chemical attachment of PEG blocks to the pdy (ortho ester) (POE) polymer
(POE-PEGPOE) increases the last polymer hydrophilicity, which stabilises the first

emulsion. On the other hand, they observed by microscopic analysis that an increase in PEG
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content promoted the formation of microspheres with a denser interna structure. This
phenomenon was attributed to the fact that an increase in the PEG content alows for a fine
dispersion of the internal water in the polymeric matrix, which results in an apparently denser
structure after drying of the microspheres.

Despite the usnic acid physicochemical properties, including photo sensibility and
chemical instability, microencapsulation of (10, 15 or 20 mg) usnic acid was achieved into
microspheres prepared with 450 mg of PLGA. At the 1:45 drugpolymer ratio, the best usnic
acid encapsulation efficiency (about 100%) and more stable microspheres were attained (table
3). Optimisation studies resulted in a typica microsphere formulation prepared with PLGA,

PEG and PVA containing usnic acid from C. substellata (table 1, formulation 11).

Characterization of usnic acid-loaded PLGA microspheres

Lyophilized PLGA -microspheres containing usnic acid was evaluated according to
their morphological characteristics, encapsulation efficiency and stability after preparation
and at long-term testing.

Loadedusnic acid PLGA-microspheres presented an initial macroscopic aspect as a
powder with a yellowish colour. Microscopic analysis showed spherical shape microspheres,
and a relative homogeneity in particle size distribution (figure 1d). A mean diameter of 7.02 =
2.74 um was estimated by particle counting.

The encapsulation efficiency of the usnic acid into PLGA microspheres for different
drug-polymer ratio is presented in the table 3. The encapsulation efficiency decreased at
higher usnic acid concentrations being 87 and 81% for 15 mg and 20 mg, respectively. The
highest encapsulation (99% = 0.46) was achieved for microspheres prepared with 10 mg of

usnic acid and 450 mg PLGA.



Figure 1 Photomicrographs of the usnic acid-loaded PLGA microspheres prepared with or without

PEG andlysed by: optical microscopy whithout () and with PEG (b) (40x); SEM whithout (c) and
with PEG (d) (100x, ——10 mm). The initiad PEG amount (0.4 g) is expressed on dry basis for the

total mass of the polymer and drug (46.5 wt%o).
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Table 3. Encapsulation efficiency of usnic acid into PLGA-microspheres (450 mg of

polymer)

Usnic acid amount (mg) Encapsulation efficiency (%)
10 99 + 0.46
15 87+ 179
20 81+051

Data shown are the mean * standard deviation (n=3).

The content of usnic acid was 105 + 5% after microspheres preparation, which
guarantees that the drug integrity was maintained during the manufacture of the dosage form.
The evauation of the long-term stability of lyophilised PLGA -microspheres showed that
acceptable levels of usnic acid content (90 %) were kept until 7 months of storage at £C.
However, a gradua decrease of usnic acid content was detected reaching 61 + 6.7 % 510
days after preparation of microspheres (figure 2). The usnic acid degradation might be
attributed to the bulk erosion of PLGA, which produces a very low pH environment within

the PLGA matrix (Yang et al., 2001b) that may adversely induce its hydrolysis.

120 -

Usnic acid (%)

0 100 200 300 400 500 600
Time (days)

Figure 2. Stability of usnic acid encapsulated into PL GA -microspheres.
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In vitro releasekinetics of usnic acid-loaded PLGA microspheres

The in vitro release of usnic acid from PLGA-microspheres is characterised by a
typica bimoda behaviour (figure 3). Initidly, a large burst effect (35 + 0.13 %) occurs the
first hour. This effec might be associated to the presence usnic acid crystals on or nearby the
surface of microspheres. This burst step is followed by a gradud increase on the release of
usnic acid reaching 92 + 0.04 % within 5 days. However, a slight decreasing the usnic acid
after this period was observed. This UA declining can be at tributed to photodegradation and
chemical instability. The bimodal kinetic profile could be explained by the presence of a part
of the drug in the externa surface of the microspheres (burst effect) and a part of the drug
entrapped in the polymeric matrix (plateau), which requires a lower time for degradation.
Therefore, it can be postulate that the release mechanism of usnic acid from PLGA-
microspheres is governed by diffuson and polymeric matrix erosion by hydrolytic
degradation of the copolymer. In fact, it well-known that PLGA containing 50:50 ratio of
lactic and glycolic acids are hydrolysed faster than those ones containing higher proportion of
one of the two monomers (Lewis, 1990).

Kinetic profiles of drug from PLGA microspheres reported in literature are quit
controversial and fundamentally dependent on the monomeric lactic (LA) and glycolic (GA)
acid ratio on the polymeric chain. In addition, the in vitro experimental conditions seem to
play an important role on the drug release behaviour. In this way, usnic aid kinetic profile is
corroborated by that one reported for the release of taxol from PLGA 50/50 microspheres
(Wang et al., 1997) with a faster drug release attaining 80% in 2 days. Conversdly, a
controlled release of taxol from microspheres prepared with PLGA with LA/GA ratio of
75/25 or 100/0 was reported. On the other hand, Singh and Udupa (1997) observed a triphasic
behaviour of methotrexate from PLGA (50/50) microspheres. Kinetics were characterised by
an initialy burst effect followed by a dow release and finally a secondary burst effect

occurred. It was suggested that the burst effect corresponds to the release of the drug located
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on or near the surface of the microspheres or to the immediately release of poorly entrapped
drug. The slow release period was attributed to the diffusion of the medium of release into the
polymeric matrix bringing upon its degradation and allowing drug diffusion from
microspheres. Finally, the secondary burst effect occurs when the polymeric matrix becomes
more water-soluble resulting in its erosion and collapse. On the contrary, Cleek et al. (1997)
reported a controlled release of dextran or IgG from PLGA (50/50)/PEG blends. The kinetic
profile was PEG concentration dependent. A similar kinetic profile of camptothecin (CPT)
isolated from the oriental tree Camptotheca acuminata encapsulated into PLGA microspheres
was quoted by Ertl et al. (1999). Recently, it was reported a slower constant release of 5
fluorouracil from microspheres prepared with PLGA (75/25) for a 3week period (Roullin et

al., 2002).
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Figure 3. In vitro release profile of usnic acid from PLGA-microspheres. Errors bars
represent means + standard deviation for n=3.
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Cytotoxicity of usnic acid-loaded PLGA microspheres

Results of cell viability for the incubation at different concentration of free and
encapsulated usnic acid are shown in figure 4. Concentration required to nhibit 50% of cell
proliferation (ICso) were 12.6 and 14.4 ng mi™, for free and encapsulated usnic acid,
respectively. Therefore there was no significant difference between the cytotoxicity of free
and encapsulated usnic acid, presenting the same |Cs, magnitude order. No cytotoxic effects
were observed for cells incubated with unloaded microspheres. This last result confirms the
cell biocompatibility of the microspheres prepared with PLGA, PEG and PVA.

Controversial results of usnic acid cytotoxicity are reported in literature for different in
vitro assays using severa cell lines. Correché et al. (1998) evaluated the in vitro cytotoxic of
the usnic on cultured lymphocytes isolated from the spleen of Hoffman rats. It was observed
that usnic acid (10 pg mlI'Y) completely inhibited cell proliferation. A concentration of 1.42
dpm of FH] thymidine was measured for cells treated with usnic acid while 3.37 dpm was
detected in cells treated with colchicine, a reference drug. Kumar and Mller (1999) reported
a potert in vitro antiproliferative action of usnic acid on human keratinocyte cell line HaCaT
with an 1G5 equals to 2.1 nM. Results indicated that such an effect has cytostatic rather than
cytotoxic nature. On the contrary, it was verified that usnic acid aone, or as a care
formulation had no in vitro cytotoxicity against cell strains of KB human epidermoid, gingival
keratinocytes and fibroblats from human biopsies (Cochietto et al., 2002). In a recent
investigation (+)-usnic acid solubilized in 2-hydroxypropyl-b-cyclodextrin  exhibited
antiprofilerative activity against the malignant K-562 cell line with an EDsy of 4.7 ng/ml

(Kristmundstéttir et al., 2002).
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Figure 4 Cytotoxicity of free and microencapsulated usnic acid against HEp-2 cells, MTT test
(mean of four wells). Usnic acid-loaded microspheres (I ); unloaded microspheres (1 );

usnic acid in phosphate buffered saline (pH 7.4) (I ).

Antitumour activity of usnic acid-loaded microspheres

The effect of the intraperitoneal alministration of free and encapsulated usnic acid on
the inhibition of Sarcoma 180 bearing mice was examined (figure 5). Usnic acid- loaded
PLGA-microspheres promoted a 63% inhibition on the tumour growth while the inhibition
was smaller for free usnic acid (42%). Therefore, an improvement of 21% on tumour
inhibition was achieved with microencapsulation of usnic acid into PLGA microspheres. The
antitumoural activity of usnic acid previously reported (Takai et al., 1979; Cocchietto et al.,
2002; Ingdlfsdattir, 2002) was thus corroboreted in this study. Furthermore, no weight loss of
animals was detected encapsulated with usnic acid. Achievements of in the present work were
corroborated by those reported on literature, which presented the potential effect of the drug

microencapsulation as a promise alternative for an effective chemotherapy.
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Figure 5. Evaluation of the antitumoral activity of the usnic acid against Sarcoma-

180; free usnic acid (UA); usnic acid-loaded microspheres (ME-UA).

Histopathological analysis of tumour and organs

Histopathological analysis of tumour and liver of animals treated with free and
encapsulated usnic are illustreted in figures 6 and 7, respectively. Microphotographs reveal ed
extensive necrotic areas on tumour tissue after treatment with free usnic acid while this
abnormality was dighter with loaded usnic acid (figure 6b,c). Morphological alterations were
detected in the iver of the animals treated with free usnic acid (Figure #c). Vacuolisation of
hepatocytes and the presence of neutrophilic cells were also detected. On the other hand, liver
of animals treated with usnic acid loadedmicrospheres presented only morphological
uncharacterized hepatocytes. No significant abnormalities were verified for the treatment with
unloaded microspheres. No histological aterations were observed in spleen and kidneys of all

animals treated with free or encapsulated usnic cid.
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()

Figure 6. Histopathological analysis (H & E) tumour of mice treated with: control group (a); UA-

loaded PLGA microspheres (b) and free usnic acid (c). The magnificence for tumour observation

was 200x (- arrays denote area of necrosis).
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(b)

()

Figure 7 Histopathological anaysis (H & E) liver of mice treated with: control group (a); UA-

loaded PLGA microspheres (b) and free usnic acid (c). The magnificence for liver observation was

100x ( ‘ arrays indicate morphological alteration).
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Conclusions

PLGA microspheres containing usnic acid were obtained with a relative homogeneity
in the size distribution of particles. The presence of PEG 4000 as emulsifier of the simple
emulson in the first agueous phase of the system improved the morphology of the
microspheres. The encapsulation efficiency of usnic acid (10 mg) was remarkable in 460 mg
of microspheres.

Thein vitro kinetic study revealed that usnic acid presented a typical release biphasic
behaviour.

The cytotoxicity of free and encapsulated usnic acid was not significantly different.
Moreover, the microencapsulation promoted an increase on tumour inhibition activity of usnic

acid.
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5. CONCLUSOES

Foram obtidas microesferas de PLGA contendo &cido Usnico na concentragéo de 1,0
mg/ml, com elevada taxa de encapsulacéo e didmetro médio de 7 + 2 mim;

O polietilenoglicol (PEG) utilizado na preparagdo das microesferas de PLGA
contendo acido usnico interferiu na morfologia da superficie das particulas, formando
microesferas bem definidas;

As microesferas de PLGA contendo &cido Usnico quando armazenada a 4°C
apresentaram um decréscimo no contedido do principio ativo em 17 meses,

O perfil cinético da liberacdo in vitro do &cido Usnico a partir de microesferas de
PLGA apresentou comportamento bimodal, demonstrando uma liberagéo gradual;

As concentracdes regueridas para inibir 50% do crescimento celular (IGso) das células
de céncer de laringe (HEp-2) frente ao &cido livre e encapsulado ndo apresentaram
diferencas significativas,

O &cido Usnico encapsulado potenciaizou em 21% a atividade antitumora frente ao
sarcoma- 180 quando comparado ao composto livre;

O tratamento com é&cido Usnico encapsulado provocou intensa d&ea de necrose na
regido central do tumor;

Microesferas de PLGA contendo &cido Usnico reduziu os efeitos toxicos ao nivel de
hepatécitos. Nao foram verificadas alteragdes morfologicas em nivel de rins e bago
dos animais dos grupos tratados;

As microesferas de PLGA contendo é&cido Usnico podem ser exploradas como

alternativa para o tratamento da quimioterapia contra o cancer.
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1. INTRODUCAO

Validagdo € a comprovacéo e verificacdo da efetividade e reprodutibilidade de uma técnica, com o
objetivo voltado para a confiabilidade analitica do laboratorio e do método escolhido ou
desenvolvido para se obter resultado (USP XXV, 2002; FDA, 2001). No processo de validacdo ndo
existe modelo pronto, deve-se fazer adaptacdes adequando-o as necessidades. No entanto, um
método sem validagdo resulta apenas um nimero e ndo em um resultado (Leite, 1998).

Num processo analitico qualquer a concentracdo sempre € obtida de forma indireta, a partir de
medidas de outras grandezas como absor¢do ou emissdo da luz. O processo de calibragéo
normalmente, consiste em duas etapas. Na primeira, a etapa descritiva, medidas feitas numa série de
padrdes analiticos de concentragdes conhecidas séo usadas para construir um modelo que relacione a
grandeza medida com a concentracdo da espécie de interesse. Na segunda etapa, conhecida como
preditiva, usa-se esse modelo para prever concentragdes de novas amostras (Pimentel e Barros Neto,
1996; Swartz e Krull, 1998).

A validacdo deve garantir, através de estudos experimentais, que o método atenda as exigéncias das
aplicacOes analiticas, assegurando a confiabilidade dos resultados para tanto, deve-se apresentar
precisdo, exatiddo, linearidade, sensibilidade, especificidade, reprodutibilidade e estabilidade
adequados & andlise (ANVISA, 2002; Ermer, 2001). Na vaidacdo a andlise de variancia é utilizada
para verificacdo da falta de gjuste ou bom desempenho do método (Wieling et al., 1996).

O objetivo principal deste trabalho é vaidar o método de dosagem do é&cido Usnico a partir de
formas farmacéuticas de sistemas de liberacdo controlada através de cromatografia liquida de ata

eficiéncia (CLAE).
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2. METODOLOGIA

Os parémetros utilizados para validacdo do méodo de doseamento do &cido Usnico foram
sensibilidade, seletividade, limites de deteccdo e quantificacdo, linearidade , precisdo, exatiddo e
robustez avaliados de acordo com os requerimentos do FDA (2001), USP 25 e ANVISA (2002).

2.1. Sensibilidade
Esta grandeza depende de quanto o método é capaz de discriminar entre amostra teaes de analito

semelhantes. Depende da inclinacdo da curva analitica ou curva de caibragdo. Se dois métodos tém

igual precisdo, 0 mais sensivel € 0 que possui a curva de calibragdo com maior inclinacéo.

2.2. Seletividade
Seletividade € a capacidade do método analitico para diferenciar e quantificar o analito na presenca

de outros componentes da amostra. Depende de quanto o método é indiferente a presenca na
amostra de espécies que poderiam interferir na determinacdo do analito. A espécie de interesse deve
ter o sina analitico isento de interferéncias que possam levar a confusdo na identificagdo ou dar

margem de ndo confiabilidade ao resultado quantitativo.

2.3. Limite de Deteccao
E calculado na prética como sendo correspondente & concentragio que produziria um valor do sinal

medido 3 vezes maior que o nivel de ruido médio medido com a solu¢do de controle ou branco.
Pode ser definido matematicamente através do quociente entre o0 desvio padréo e a sua inclinagdo

utilizando o fator multiplicador apropriado.

LD = DPx3,3

Ci

2.4. Limite de Quantificacéo
E o menor nivel determinado do farmaco com precisio e exatiddo aceitéveis. Pode ser definido
matematicamente através do quociente entre o desvio padréo e a inclinacdo da curva utilizando o
fator de multiplicacdo de 5 a 10 vezes, entre 0 sind e o ruido da linha de base.

LQ=DPx5

Ci
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2.5. Linearidade

A busca da linearidade estd em obter os resultados em proporgéo direta as concentractes das
substéancias em estudo. Faz-se necessario a confeccdo de uma curva de calibraco, sendo 0 eixo X 0
da concentragcdo e 0 eixo y 0 da resposta. Os pontos para a obtencdo da curva devem objetivar uma
variacao de 20% em torno do valor estimado para a substancia a ser mensurada. O nimero de pontos

que deve conter uma curva de caibragcdo deve ser no minimo 5.

2.6. Precisao

Precisdo € a concordancia de valores experimentais obtidos, quanto mais proximos entre si
estiverem, ou sSga, maior sera a precisdo quanto menor for a amplitude das medidas. A
repetibilidade do método € \erificada através de, no minimo, nove determinacfes contemplando o
limite de variacdo do procedimento, ou sgja trés concentracdes, baixa, média e alta, com trés replicas
cada, ou por seis determinacfes considerando-se a concentracdo média correspondente a 100% do

esperado. Na precisdo ndo se admite valores superiores a 15%.

2.7. Exatid&o

Exatiddo traduz a concordancia dos valores experimentais com o valor verdadeiro. A exatiddo do
método deve ser determinada apds 0 estabelecimento da linearidade, limite de variacdo e da
especificidade do mesmo, sendo verificada através de, no minimo, 9 (nove) determinactes
contemplando o limite de variacdo do procedimento, ou sgja, 3 (trés) concentracdes, baixa, média e
alta, com 3 (trés) réplicas cada. Os ensaios devem ser realizados um mesmo dia (exatidéo intradia) e

em dias diferentes (exatidéo inter-dias).

2.8. Robustez

A robustez do método € o grau de reprodutibilidade dos resultados diante de variacdes nas condicoes
experimentais. Estas condi¢des incluem diferentes aboratorios, analistas, instrumentos, reagentes e
periodos experimentais.
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3. Resultado do Processo de Validagao

Seletividade

Durante 0 processo de pré-validacdo foi determinada a especificidade do método, de acordo com
melhor sistema de fase movel e fluxo. Para o referido teste foi avaliado na corrida andlitica,
conforme condi¢bes cromatograficas ja definidas, a injecdo dos seguintes sistemas. formulacdo de
microesferas sem principio ativo (Figura 1); formulacdo de microesferas contendo &cido Usnico
(Figura 2). Para verificar alguma interferéncia de adjuvantes da formulacdo que possa confundir na

determinagédo do analito.
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Figura 1. Cromatograma das microesferas de PLGA sem o &cido Usnico.
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Figura 2. Cromatograma das microesferas de acido Usnico de concentragdo 10 ng/ml..
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Linearidade

A curva de calibracdo foi construida nas concentracbes 01, 02, 04, 06, 08 e 10 ng/ml, mediante
relacdo concentragdo x area do pico, de acordo com os dados estatisticos representados na tabela 1.
A figura 3 tragada através do método dos minimos quadrados comprova a linearidade do método

analitico.

Tabela 1. Resultados da curva de calibracéo.

Concentracdo Curval Curvall Curvalll Média DP CV%  Concentragéo
Tedrica Area Area Area Area Experimental
(my/ml) (my/ml)

01 74.79 74.17 75.98 74.98 0.75 1.00 1.01
02 143.40 144.11 146.21 144.57 1.19 0.83 1.99
04 294.46 287.27 280.55 287.43 5.68 1.98 4.00
06 426.97  427.13 429.27  427.78 1.05 0.25 5.97
08 566.28 573.00 576.32. 571.87 4.17 0.73 8.00
10 714550 715.51 714.43 714.83 0.49 0.07 10.02

DP = Desvio padréo
CV = Cosficiente de variagdo

800,00
700,00
600,00 -
500,00 -
@
L 40000 -
<L
300,00
200,00
100,00 -
0,00 T T T T T 1
0 2 4 6 8 10 12

y =71,1165x + 2,8117

R2 = 0.99981

Concentracao (mg/ml)

Figura 3. Gréfico da média da curva de calibracéo.
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Podemos avaliar 0 modelo e a significancia estatistica da curva gjustada através da Andlise de
Variancia (ANOVA) (tabela 2).

Tabela 2. ANOVA para o modelo linear gjustado.

Fonte N al MQ F F-critico
Modelo 923003,73 1 923003,73 84768,6 4,4940
Residual 174,21 16 10,89
Falta de gjuste 15,08 4 3,77 0,28442 3,2592
Erro puro 159,13 12 13,26
Total 923177,95 17 54304,58

A reta da regressio apresentou um R = 0,99981, calculado pela relacdo entre a soma quadrética
devido a regressdo e a soma quadratica total
R*=SQreg = 923003,7328 = 0,99981.

SQtot 923177,9489

O valor maximo que R poderia assumir pode ser dado pela expresso
R’=SQtot - SQerp = 923177,9489 - 159,1295369 = 0,99982
SQ tot 923177,9489
O modelo conseguiu explicar 99,99% da variancia explicavel maxima, o que pode ser considerado
um valor satisfatorio.

O gréfico dos residuos (Figura 4) mostra que 0 modelo esta bem gjustado, os residuos estéo

distribuidos a eatoriamente.
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1,00E+01 -
5,00E+00
000E+00 4——= . : . 1 .
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Figura 4. Gréfico dos residuos deixados pelas trés curvas de calibracéo.
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Limite de Deteccao (L D) e Limite de Quantificagdo (L Q)
Observada a linearidade da curva de calibracéo, foi determinado o limite de detecgcdo (LD) e o limite
de quantificacdo (LQ) (Tabela 3). Para redizar estes cdculos foi utilizados o desvio padréo do

menor ponto da curva de calibragéo e o coeficiente angular da equacdo dareta.

LD = DPx3,3 — LD = 0,751x 33 = 0,035 ng/ml
ic 71,1165

LQ= DPx3,3 — LQ=0,751 x 5 = 0,053 ng/ml
ic 71,1165

Tabela 3. Limites de deteccdo e quantificacdo.

Limites Concentracéo
(my/ml)
Deteccéo 0,035
Quantificagéo 0,053

Precisao
A precisdo do método foi realizada por dois analistas diferentes, através de seis determinagtes da
concentracdo de 6 ng/ml (Tabela 4), onde foram obtidos desvio padréo e coeficiente de variacéo

aceitavels, ou sga, ndo admitindo valores para estes dados estatisticos superiores a 15%.
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Tabeda 4. Precisdo do método andlitico.

NUumero de Analistal Analista 2
Deter minagdes (mg/ml) (mg/ml)
01 6.03 6.07
02 6.07 6.10
03 6.07 6.13
04 6.06 6.13
05 6.06 6.16
06 6.06 6.19
Média 6.06 6.14
DP 0.01 0.05
CV(%) 0.23 0.66

DP = Desvio padréo
CV = Cosficiente de variancia

Exatidédo
A determinacdo da exatidéo foi realizada intradias e interdias com trés concentractes diferentes

(baixa, média e dta). As determinagBes foram feitas nas concentracbes de Olmg/ml; O6ng/ml e
10ng/ml os resultados intradia estdo expressos nas tabelas 5a e 5b. Os resultados inter-dia estdo

expressos na tabela 6.
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Tabela 5a Andlise intradia (periodo manha)

NuUmero de Concentragcdo baixa Concentragdo média  Concentracdo alta
Determinacéo Olug/ml 06ug/ml 10ug/ml
01 1.00 5.95 10.05
02 1.02 5.96 10.02
03 1.02 597 9.98
Media 1.02 5.96 10.02
DP 0.01 0.01 0.03
CV % 0.57 0.12 0.28
Exatid@o % 101.65 99.38 100.20
DP = Desvio padréo
CV = Cosficiente de variancia
Tabela 5b. Andlise intradia (periodo tarde)
NuUmero de Concentragcdo baixa Concentracdo média  Concentracdo alta
Determinacéo 0lug/ml 06ug/ml 10ug/ml
01 1.00 5.98 9.99
02 0.99 5.99 9.99
03 101 6.01 10.01
Media 1.00 5.99 10.00
DP 0.01 0.01 0.01
CV % 0.79 0.18 0.09
Exatid@o % 100.32 99.88 100.04

DP = Desvio padréo
CV = Cosficiente de variancia
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Tabela 6. Andlise intradia.

NuUmero de Concentragcdo baixa Concentragdo média  Concentracdo alta
Determinacéo Olug/ml 06ug/ml 10ug/ml
Dial 1.00 5.95 10.05
Dia 2 1.03 6.08 10.04
Dia3 1.04 591 9.96
Media 1.03 5.98 10.02
DP 0.02 0.07 0.04
CV % 1.53 1.19 0.42
Exatidao % 103.03 99.70 100.19

DP = Desvio padréo

CV = Cosficiente de variancia

A andlise de varidncia para a exatiddo, intradia e interdia, foi realizada por concentragdes

individuais do analito, conforme mostra tabela 7a e 7b (ensaio intradia) e 8 (interdia).

Tabela 7a ANOVA intradia (periodo manhd)

Fonte da variagéo SO) a MQ F valor-P F critico
Entre grupos 0.000577 2 0.000289 1.110515 0.388754 5.143249
Dentro dos grupos 0.00156 6 0.00026

Total 0.002137 8

Tabela 7b. ANOVA intradia (periodo tarde)

Fonte da variagéo N a MQ F vaor-P F critico
Entre grupos 0.004369 2 0.002185 1.01085 0.418461 5.143249
Dentro dos grupos 0.0129067 6 0.002161

Total 0.017337 8
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Tabela 8. ANOVA interdia

Fonte da variacéo N al MQ F valor-P F critico
Entre grupos 0.003582 2 0.001791 2.219817 0.189844 5.143249
Dentro dos grupos 0.00484 6 0.000807

Total 0.008422 8

Robustez

O resultado da robustez descritos na tabela 9 e 10, mostra a variagdo dos tempos de retencéo em

funcdo da mudanca na propor¢do da fase moével e do fluxo.

Tabela 9. Proporcdo da Fase movel de (80:20)

Parémetros Fase Fluxo 1 ml/min Fluxo 1,5 ml/min

Movel Area TR Area TR
MEOH/Tampéo pH7,4 (70:30) 735.03 3.25 489.60 2.17
739.31 3.26 489.50 217

752.96 3.27 492.19 2.17

Média 742.43 3.25 490.43 217
DP 7.64 0.002 1.25 0.001
CV % 1.03 0.063 0.25 0.057

DP = Desvio padréo

CV = Cosficiente de variancia
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Tabela 10. Proporcéo da Fase moével de (70:30)

Parémetros Fase Fluxo 1 ml/min Fluxo 1,5 ml/min

Movel Area TR Area TR
MEOH/Tampéo pH7,4 (70:30) 702.73 4.00 473.37 2.66
707.12 397 472.37 2.66

708.65 3.96 472.68 2.66

Média 706.17 3.98 472.81 2.66

DP 2.51 0.015 0.42 0.0009
CV % 0.35 0.38 0.08 0.04

DP = Desvio padréo

CV = Cosficiente de variancia
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MICROENCAPSULATION

The Journal of Microencapsulation is a well-established journa devoted to the preparation,
properties and uses of individualy encapsulated small particles. Its scope extends beyond
microcapsules to all other small particulate systems which involve preparative manipulation. These
forms find a wide variety of medical, biological, industria and research applications. The journal
covers the chemistry of encapsulation materials; the physics of release through the capsule wall; the
techniques of preparation; content and storage; and the many uses to which microcapsules are put.
Also found in every issue of the journa is an extensive information and reference section
comprising patent briefing and literature alerts listings.

Submitting a paper to Journal of Microencapsulation

Please read these Guidelines with care and attention: failure to follow them may result in your paper
being delayed. Note especially the referencing conventions used by Journal of Microencapsulation.

Journal of Microencapsulation considers all manuscripts on condition they are the property
(copyright) of the submitting author(s) and that copyright will be transferred to Journal of
Microencapsulation and Taylor & Francis Ltd if the paper is accepted.

Journal of Microencapsulation considers al manuscripts on the strict condition that they have been
submitted only to Journal of Microencapsulation, that they have not been published already, nor
are they under consideration for publication, nor in press elsewhere. Authors who fail to adhere to
this condition will be charged al costs which Journal of Microencapsulation incurs, and their
papers will not be published.

Writing your paper

= The manuscript should be typed on one side of good quality A4 (21x29.6cm) paper with
double line spacing and wide margins throughout.

= In writing your paper, you are encouraged to review articles in the area you are addressing
which have been previously published in the journal, and where you feel appropriate, to
reference them. This will enhance context, coherence, and continuity for our readers.

=  New submissions should be sent in triplicate. Manuscripts will not normaly be returned
unless the author includes a reply-paid postage label.
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= The title page should contain the complete title of the manuscript, names and affiliations of
all authors, name , address, telephone and fax numbers for correspondence, and a short title
(running head) of not more than 45 characters.

= The abstract (250 words) should summarize the major findings and conclusions. Do not cite
references in the summary.

= Keywords; up to five words or phrases that encapsulate the significant content of the paper
should be provided.

= Introduction, results, discussion and experimental procedures should conform to standard
scientific reporting style. Sufficient data must be given so that the study can be duplicated.

= Authors should include telephone and fax numbers as well as e-mail addresses on the cover
page of manuscripts.

= Accepted manuscripts in their final, revised versions, should also be submitted as electronic
word processing files on disk - see ‘Electronic Processing'.

Nomenclature and units

All abbreviations and units should conform to Sl practice. Drugs should be referred to by generic
names; trade names of substances, their sources, and details of manufacturers of scientific
instruments should be given only if the information is important to the evaluation of the
experimental data.

Copyright permission

Contributors are required to secure permission for the reproduction of any figure, table, or extensive
(more than fifty word) extract from the text, from a source which is copyrighted - or owned - by a
party other than Taylor & Francis or the contributor.

This applies both to direct reproduction or ‘derivative reproduction’ - when the contributor has
created a new figure or table which derives substantially from a copyrighted source.

The following form of words can be used in seeking permission:

Dear [COPYRIGHT HOLDER]

|/we are preparing for publication an article entitled

[STATE TITLE]

to be published by Taylor & Francis Ltd in Journal of Microencapsulation.

I/we should be grateful if you would grant us permission to include the following materias:
[STATE FIGURE NUMBER AND ORIGINAL SOURCE]

We are requesting non-exclusive rights in this edition and in all forms. It is understood, of course,
that full acknowledgement will be given to the source.

Please note that Taylor & Francis are signatories of and respect the spirit of the STM Agreement
regarding the free sharing and dissemination of scholarly information.

Y our prompt consideration of this request would be greatly appreciated.

Y ours faithfully
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Code of experimental ethicsand practice

Contributors are required to follow the procedures in force in their countries which govern the ethics
of work done with human or animal subjects. The Code of Ethics of the World Medical Association
(Declaration of Helsinki) represents a minimal requirement.

When experimental animals are used, state the species, strain, number used, and other pertinent
descriptive characteristics.

For human subjects or patients, describe their characteristics.

When describing surgical procedures on animals, identify the pre anaesthetic and anaesthetic agents
used and state the amount of concentration and the route and frequency of administration for each.
The use of paraytic agents, such as cuare or succinylcholine, is not an acceptable substitute for
anaesthetics. For other invasive procedures on animals, report the analgesic or tranquilizing drugs
used; if none were used, provide justification for such exclusion.

When reporting studies on unanaesthetized animals or on humans, indicate that the procedures
followed were in accordance with institutional guidelines.

Abstracts

Structured abstracts are required for all papers, and should be submitted as detailed below, following
the title and author’ s name and address, preceding the main text.

For papers reporting origina research, state the primary objective and any hypothesis tested;
describe the research design and your reasons for adopting that methodology; state the methods
and procedures employed, state the main outcomes and results, and state the conclusions that
might be drawn from these data and results, including their implications for further research or
application/practice.

For review papers, state the primary objective of the review; the reasoning behind your literature
selection; and the way you critically analyse the literature; state the main outcomes and results of
your review; and state the conclusions that might be drawn, including their implications for further
research or application/practice.

Abstracts should not exceed 250 words.

Noteson style

Some specific points of style for the text of research papers, and reviews follow:

1. We prefer US to *American’, USA to ‘United States', and UK to ‘United Kingdom'.

2. We use conservative (British, not US, spelling, i.e. colour not color; behaviour (behavioura) not
behavior; [school] programme not program; [he] practises not practices, centre not center;
organization not organisation; analyse not analyze, etc.

3. Single *quotes are used for quotations rather than double "quotes’, unless the *quote is "within"
another quote'.

4. Punctuation should follow the British style, e.g. ‘ quotes precede punctuation’.

5. Punctuation of common abbreviations should follow the following conventions: e.g. i.e. cf. Note
that such abbreviations are not followed by a comma or a (double) point/period.

6. Dashes (M-dash) should be clearly indicated in manuscripts by way of either aclear dash (— ) or
atriple hyphen (---) (N-dash) should be indicated by a clear dash (—) or a double hyphen (--).

7. We are sparing in our use of the upper case in headings and references, e.g. only the first word in
paper titles and all subheads is in upper case; titles of papers from journas in the references and
other places are not in upper case.
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8. Apostrophes should be used sparingly. Thus, decades should be referred to as follows: ‘ The 1980s
[not the 1980's] saw ...". Possessives associated with acronyms (e.g. PA), should be written as
follows: ‘The APU’sfindings that ...”, but, NB, the plural is APUs.

9. All acronyms for national agencies, examinations, etc., should be spelled out the first time they
are introduced in text or references. Thereafter the acronym can be used if appropriate, eg. ‘The
work of the Assessment of Performance Unit (APU) in the early 1980s ...". Subsequently, ‘ The APU
studies of achievement ...”, in areference ... (Department of Education and Science [DES] 1989a).
10. Brief biographical details of significant national figures should be outlinedin the text unlessit is
quite clear that the person concerned would be known internationally. Some suggested editorial
emendations to a ‘typical’ text are indicated in the following with square brackets: * From the time of
H. E. Armstrong [in the 19th century] to the curriculum development work associated with the
Nuffield Foundation [in the 1960s|, there has been a shift from heurism to constructivism in the
design of [British] science courses'.

11. The preferred local (national) usage for ethnic and other minorities should be used in al papers.
For the USA, ‘AfricanrAmerican’, ‘Hispanic’ and ‘Native American’ are used, e.g. ‘The African
American presidential candidate, Jesse Jackson...’; for the UK, ‘Afro-Caribbean’ (not ‘West
Indian’), etc.

12. Material to be emphasized (italicized in the printed version) should be underlined in the
typescript rather than italicized. Please use such emphasis sparingly.

13. n (not N), % (not per cent) should be used in typescripts.

14. Numbers in text should take the following forms: 300, 3000, 30 000. Spell out numbers under 10
unless used with a unit of measure, e.g. nine pupils but 9 mm (do not introduce periods with
measure). For decimals, use the form 0.05 (not .05).

15. When using a word which is or is asserted to be a proprietary term or trade mark authors' must
use the symbol ® or TM or aternatively a footnote can be inserted using the wording below:

This article includes a word which is or is asserted to be a proprietary term or trade mark. Its
inclusion does not imply it has acquired for legal purposes a non-proprietary or general significance,
nor is any other judgement implied concerning its legal status.

Mathematics

Specia care should be taken with mathematical scripts, especially subscripts and superscripts and
differentiation between the letter 'el' and the figure one, and the letter 'oh 'and the figure zero. If
your keyboard does not have the characters you need, it is preferable to use longhand, in which case
it is important to differentiate between capital and small letters, K, k and x and other similar groups
of letters. Specia symbols should be highlighted in the text and explained in the margin. In some
cases it is helpful to supply annotated lists of symbols for the guidance of the sub-editor and the
typesetter, and/or a‘Nomenclature’ section preceding the ‘ Introduction’.

For smple fractions in the text, the solidus / should be used instead of a horizonta line, care being
taken to insert parentheses where necessary to avoid ambiguity, for example, | /(n-1). Exceptions are
the proper fractions available as single type on a keyboard.

Full formulae or equations should be displayed, that is, written on a separate line. Horizonta lines
are preferable to solidi.

The solidus is not generally used for units: ms™* not m/s, but note electrons/s, counts/channel, etc.
Displayed equations referred to in the text should be numbered serialy (1, 2, etc.) on the right hand
side of the page. Short expressions not referred to by any number will usually be incorporated in the
text.
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Symbols should not be underlined to indicate fonts except for tensors, vectors and matrices, which
are indicated with a wavy line in the manuscript (not with a straight arrow or arrow above) and
rendered in heavy type in print: upright sans serif r (tensor), sloping serif r (vector) upright serif r
(matrix).

Typographical requirements must be clearly indicated at their first occurrence, e.g. Greek, Roman,
script, sans serif, bold, italic. Authors will be charged for corrections at proof stage resulting from a
failure to do so.

Braces brackets and parentheses are used in the order {[( )]}, except where mathematical
convention dictates otherwise (i.e. square brackets for commutators and anticommutators).

Notes on tables and figures

Artwork submitted for publication will not be returned and will be destroyed after publication,
unless you request otherwise. Whilst every care is taken of artwork, neither the Editor nor Taylor &
Francis shall bear any responsibility or liability for non-return, loss, or damage of artwork, nor for
any associated costs or compensation. Y ou are strongly advised to insure appropriately.

1. Tables and figures should be valuable, relevant, and visually attractive. Tables and figures must
be referred to in the text and numbered in order of their appearance. Each table and figure should
have a complete, descriptive title; and each table column an appropriate heading.

Tables and figures should be referred to in text as follows: figure 1, table 1, i.e. lower case. ‘As seen
in table [or figure] 1 ... (not Tab., fig. or Fig).

2. The place at which atable or figure is to be inserted in the printed text should be indicated clearly
on a manuscript:

[Insert table 2 about here |

3. Each table and/or figure must have atitle that explains its purpose without reference to the text.

4. All figures and tables must be on separate sheets and not embedded in the text. Original copies of
figures should be supplied. All figures should alow for reduction to column width (130 mm) or
page width (160mm). Please avoid figures that would require landscape reproduction, i.e., reading
from bottom to top of the page. Photographs may be sent as glossy prints or negatives.

Please number each figure on the reverse in pencil.

Do not type the caption to a figure on that figure; the legends to any illustrations must be typed
separately following the main text and should be grouped together.

Acknowledgements
Any acknowledgements authors wish to make should be included in a separate headed section at the
end of the manuscript.

Citationsin text

References should be cited using the author-date, or Harvard, system.

1. ‘Ibid.” (and the like) are not used when repeating citations. Simply repeat the original citation
verbatim, e.g. (Orwell 1945).

2. Citations should be included in prefatory material to quotes (wherever possible) rather than
placing them at the end. Thus, for example, ‘Orwell (1945: 23) reduces the principles of animalism
to seven commandments, namely, ..." is preferred to ‘Orwell reduced the principles of animalism to
seven commandments, namely, ... (Orwell 1945:; 23)’.

3. Multiple citations within parentheses should be divided by a comma, not a semi-colon, and there
should be no use of ‘&’ within such multiple references. References to works published in the same
year should be cited as, e.g. (Smith 19914, b).
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4. Multiple citations within a text should be ordered by date, not aphabetically by authors name, e.g.
(Smith 1902, Jones and Bower 1934, Brown 1955, 1958a, b, Green 1995).

5. ‘et al.” may be used in references within the text when a paper or book has three or more authors,
but note that all names should be given in the reference itself.

6. Page spans in references should be given in full, e.g. ‘Sedgewick (1935: 102-103; emphasis
added) outlines them as follows:”.

References

1. Reference to a book:

Chaplin, M. F. and Kennedy, J. F., 1986, Carbohydrate Analysis. A Practical Approach (Oxford:
IRL Press).

2. Reference to a chapter in a book:

Carney, S. L., 1986, Proteoglycans in membranes. In Carbohydrate Analysis. A Practical Approach,
edited by M. F. Chaplin and J. F. Kennedy (Oxford, IRL Press).

3. Referenceto an articlein a journal:

Ervasti, J. M., Kahl, S. D., and Campbell, K. P.,1991, Purification of dystrophin from skeletal
muscle. Journal of Biological Chemistry, 266, 9161 - 9165.

4. Reference to a newspaper or magazine

Richards, H., 1996, Republican lite? The Times Higher Education Supplement, 1 November, 16.

5. Reference to an Internet source

Give the universal resource locator in full:

http://acsinfo.acs.org/instruct/instruct.html

6. Reference to a personal communication (in text only)

(Brannen, J., 1996, Personal communication).

7. Referenceto a casein law

In text, italicize names of plaintiffs and defendants:

Miranda v. Arizona 1974

8. Reference to a report

Chang, R. R., Periera-Rosario, R., and Rudnic, E. M., 1990, Internationa Patent #\WO 90/016107.

9. Reference to proceedings

Shelly, K., Feakes, D. A., Hawthorne, M. F., Schmidt, P. G., Krisch, T. A., and Bauer, F., 1992,
Model studies directed toward the boron neutron-capture therapy of cancer: Boron delivery to
murine tumors with liposomes. Proceedings of the National Academy of Science, USA, 89, 9039-
9043.

9. Reference to government legislation

US Congress, Senate Committee on Foreign Relations, 1956, The Mutual Security Act of 1956, 84th
Congress, second session, report 2273.

US Congress, House Committee on Banking & Currency, 1945, Bretton Woods Agreements Act:
Hearings on HR 3314, 79th Congress, first session, report 452.

Electronic Processing

We strongly encourage you to send us the final, revised version of your article in both hard (paper)
and electronic (disk) forms. This Guide sets out the procedures which will assure we can process
your article efficiently. It is divided into three sections:
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1. aguide for authors using standard word-processing software packages
2. aguide for authors using LaTeX mathematical software packages
3. aguide for authors using graphics software packages

There are some general rules which apply to al three options.

these guides do not apply to authors who are submitting an article for consideration and peer
review; they apply only to authors whose articles have been reviewed, revised, and accepted
for publication

print out your hard (paper) copy from the disk you are sending; it is essentia that the hard
copy printout is identical to the materia on the disk; where versions differ, the hard copy
will take precedence. We advise that you maintain back-ups of your files

save and send your files on a standard 3.5 inch high density disk (Mac or PC); please do not
attempt to send the article viafile transfer protocol or email

when saving your article onto a disk, please make sure that the files do not exceed a
manageable size. Please ensure that figures are saved on a separate disk

ensure that the files are not saved as read only

virus-check your disk before sending it to the Editor

label your disk

package disks in such away as to avoid damage in the post

disks are not returnable af ter publication

1. A guide for authors using standard wor d-processing softwar e packages

For the main text of your article, most standard PC or Mac word-processing software packages are
acceptable, although we prefer Microsoft Word in a PC format.

Word-processed files should be prepared according to the journal style.

Avoid the use of embedded footnotes. For numbered tables, use the table function provided with the
word-processing package.

All text should be saved in one file with the complete text (including the title page, abstract, all
sections of the body of the paper, references), followed by numbered tables and the figure captions.

Y ou should send the following to the Editor:

a 3.5inch disk containing the final, accepted version of the paper

include an ASClI/text only version on the disk as well as the word processed version if
possible

two hard copy printouts

Disks should be clearly labelled with the following information:
1. Journd title

2. Name of author

3. File names contained on disk

4. Hardware used (PC or Mac)

5. Software used (name and version)
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2. A guidefor authorsusing LaTeX mathematical software packages

Authors who wish to prepare their articles using the LaTeX document preparation system are
advised to use article.sty (for LaTex 2.09) or article.cls (for LaTex2e).

The use of macros should be kept to an absolute minimum but if any are used they should be
gathered together in the file, just before the \begin{ document} command

Y ou should send the following to the Editor:

= a3.5inchdisk containing the final, accepted version of the paper

= the files you send must be text-only (often called an ASCII file), with no systemdependent
control codes

= two hard copy printouts

Disks should be clearly labelled with the following information:
1. Journdl title

2. Name of author
3. File names contained on disk
4. Hardware used (PC or Mac)

5. Software used (name and version)

3. A guide for author s using graphics softwar e packages

We welcome figures on disk, but care and attention to these guidelines is essential, as importing
graphics packages can often be problematic.

1. Figures must be saved on a separate disk from the text.

2. Avoid the use of colour and tints for aesthetic reasons. Figures should be produced as near to
the finished size as possible.

3. High quality reproducible hard copy for al line figures (printed out from your electronic
files a a minimum of 600 dpi) must be supplied in case the disks are unusable; photographs
and transparencies can be accepted as hard copy only. Photocopies wil | not be accepted.

4. All figures must be numbered in the order in which they occur (e.g. figure 1, figure 2 etc.). In
multi-part figures, each part should be labelled (e.g. figure 1 (a), figure 1 (b) etc.)

5. The figure captions must be saved as a separate file with the text and numbered

correspondingly.

The filename for the graphic should be descriptive of the graphic e.g. Figurel, Figure 2a.

Files should be saved as TIFF (tagged image file format), PostScript or EPS (encapsulated

PostScript), containing al the necessary font information and the source file of the

application (e.g., CorelDraw/Mac, CorelDraw/PC).

N o
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Disks should be clearly labelled with the following information:
1. Journd title

2. Name of author

3. Figures contained on disk

4. Hardware used (PC or Mac)

5. Software used (hame and version)



