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RESUMO

A vetorizagdo de farmacos para 6rgios especificos € extremamente complexa devido a
necessidade do carreador desempenhar simultaneamente diferentes funcoes.
Primeiramente, as nanoparticulas devem ser capazes de conduzir uma quantidade
significativa de farmacos e promover a sua liberacdo com perfil cinético adequado. Numa
segunda fase, ap6s a administragdo o farmaco deve ser capaz de atingir o sitio alvo de uma
maneira especifica e subsequentemente liberar a droga. O Estado da Arte demonstra que
as ferramentas para atingir estes objetivos devem ser aprimoradas.

Objetiva este trabalho investigar a preparacdo e caracterizacdo de nanoparticulas como
carreadores de farmacos utilizando um novo copolimero de dextrana-policaprolactona
(Dex-PCL,). Duas abordagens destintas foram investigadas. Inicialmente, foi verificada a
possibilidade da aplicacdo das nanoparticulas para o encapsulamento de substancias de
interesse farmacéutico. Dentre essas substincias, peptideos e proteinas sdo de considerdvel
interesse devido a dificuldade no encapsulamento de quantidades importantes e na
manutencdo da estabilidade durante o processo de fabricacdo. Diferentes proteinas foram
utilizadas como substancias modelo, incluindo a albumina sérica bovina (BSA), lectina de
folha de Bauhinia monandra (BmoLL), a qual demonstrou uma atividade
hipogliciemiante, e lectina de Lens culinaris (LC). Vdrias matrizes poliméricas foram
utilizadas para o encapsulamento de BmoLL em nanoparticulas. Polimeros convencionais
de e-caprolactona (PCL), dcido litico (PLA) e copolimero de &4cido latico e glicdlico
(PLGA) e novos copolimeros sintetizados a partir de dextrana e policaprolactona foram
utilizados para atingir este objetivo. A outra estratégia consistiu na preparacdo de
nanoparticulas do tipo nucleo-coroa com novos copolimeros anfifilicos de dextrana e
policaprolactona. Estas particulas apresentam uma superficie hidrofilica com alta
densidade de grupos hidroxilas que podem ser utilizados para conjugacao de ligantes de
reconhecimento de sitios especificos no organismo. No presente trabalho, nanoparticulas
foram preparadas e caracterizadas na tentativa preliminar de adsor¢do ou conjugacdo das
lectinas BmoLL e LC na superficie das nanoparticulas.

A tese consiste em trés partes experimentais. A primeira parte da tese diz respeito ao
estudo da estabilidade de BmoLL e sua encapsulacio em nanoparticulas. Inicialmente,
foram avaliados os efeitos das condi¢des de armazenamento de BmoLL e da preparagdo

de nanoparticulas na atividade hemaglutinante da BmoLL. Em seguida, BmoLL foi
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encapsulada em nanoparticulas preparadas com PCL, PLA e PLGA. A caracterizagdo
fisico-quimica das nanoparticulas foi efetuada através da determinagdo do tamanho médio
das particulas, do potencial zeta, da taxa de encapsulacdo de BmoLL e andlise morfoldgica
por microscopia eletronica de varredura. A cinética de liberacdo in vitro de BmoLL a
partir das nanoparticulas foi avaliada e a cinética de adsor¢cdo de BmoLL na superficie das
particulas foi estudada.
A segunda parte da tese estd relacionada com a sintese de novos copolimeros que
permitam a fabricacdo de nanoparticulas com possibilidade de conjugacdo de lectinas na
superficie. Neste contexto, diferentes copolimeros de dextrana e policaprolactona (Dex-
PCL,) foram sintetizados por ligacio quimica entre grupos funcionais carboxilicos
presentes na policaprolactona e grupos hidroxilas presentes naturalmente no
polissacarideo. A composi¢do de uma série de copolimeros Dex-PCL, com uma média de
3,5,5e 7,1 cadeias de PCL conjugadas em dextrana foi determinada por cromatografia de
permeacdo em gel e espectroscopia de ressonancia magnética nuclear de prétons
(RMN]H) e de infravermelho (FTIR).
A terceira parte da tese estd dedicada a aplicacdo de novos copolimeros Dex-PCL, na
obtencdo de nanoparticulas do tipo niicleo—coroa com matriz polimérica de PCL e coroa
de dextrana. As nanoparticulas de Dex-PCL,; foram desenvolvidas utilizando o método de
emulsao multipla seguida de evaporacdo de solvente e caracterizadas pelos métodos
citados anteriormente para as nanoparticulas convencionais. Um estudo da citotoxicidade
dos constituintes e das nanoparticulas foi efetuado com células de carcinoma humano de
cOlon (Caco-2). Adicionalmente, a resisténcia transepitelial (TEER) e o potencial
bioadesivo das nanoparticulas radiomarcadas foram avaliados em células Caco-2.

Os resultados relacionados ao estudo de estabilidade de BmoLL demonstraram que
a forma liofilizada mantém a atividade hemaglutinante apds submissdo aos ultra-sons, a
agitacdo mecanica e aos solventes organicos. BmoLL foi eficientemente encapsulada em
nanoparticulas de polimeros convencionais. A cinética de liberagdo de BmoLL a partir das
nanoparticulas foi de forma controlada e a adsor¢do de BmoLL na superficie das
nanoparticulas foi comprovada.
Dentre os copolimeros testados, o Dex-PCLs 5 produziu nanoparticulas de menor diametro
e de maior estabilidade. A caracterizacdo fisico-quimica das nanoparticulas Dex-PCL,
demonstrou um didmetro médio das particulas inferior a 200 nm e carga de superficie,

medida através do potencial Zeta, elevada com relacdo as nanoparticulas constituidas de
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polimeros convencionais. O potencial Zeta elevado das nanoparticulas de Dex-PCL,
confirmou a hipdtese de formacdo da uma cobertura com carga proporcionada pelas
cadeias de dextrana organizadas em forma de coroa em torno do nucleo constituido de
PCL. A taxa de encapsulacdao de BmoLL e de lectina de Lens culinaris nas nanoparticulas
de Dex-PCL, foi elevada. Os resultados do estudo de bioadesdo demonstraram uma maior
interagdo ndo especifica das nanoparticulas de Dex-PCL com as membranas de células
Caco-2, comparada as nanoparticulas de PCL.

Concluindo, sistemas com superficie modificada do tipo nicleo coroa, preparados com
copolimeros anfifilicos foram obtidos e caracterizados. Niveis razodveis de encapsulacdo
de proteinas foram atingidos e a modificacdo na superficie oferece a possibilidade de
producdo de sistemas com ligantes conjugados para a aplicacdo na vetorizacdo de

moléculas de interesse biofarmacéutico.
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RESUME

Le ciblage de sites spécifiques de 1’organisme au moyen de nanoparticules représente un
défi d’une grand complexité dans la mesure ou le transporteur du principe actif doit
assurer simultanément un certain nombre de taches dans 1’organisme. En premier lieu, les
nanoparticules doivent €tre capables de transporter une quantité importante de principe
actif et de le libérer selon un profil de libération adéquat. En second lieu, le systeme
d’administration doit étre capable de rejoindre le site particulier de I’organisme (un
organe, une cellule, un compartiment subcellulaire) ou on souhaite effectuer la libération.
L’étude détaillée de la littérature montre que les outils qui sont actuellement a notre
disposition doivent encore étre améliorés. Le but du présent travail était de développer et
de caractériser des nanoparticules cceur-couronne a base de nouveaux copolymeres
amphiphiles afin de disposer de systemes mieux adaptés aux contraintes de la
vectorisation.

Deux approches ont été envisagées au cours du travail expérimental. En premier lieu, la
possibilité de préparer des nanoparticules a partir de ces polymeres et de les charger avec
des substances modeles d’intérét pharmaceutique a été étudiée. Dans ce cadre, les
peptides et les protéines sont des candidats particulicrement intéressants, dans la mesure
ou ces substances sont habituellement difficiles a encapsuler en grande quantité et ou se
posent fréquemment des problemes de stabilité dans le cours du procédé de fabrication.
Différentes protéines ont été utilisées en tant que substances modeles, notamment la sérum
albumine bovine, la lectine de feuille de Bauhinia monandra (BmoLL) qui a montré une
activité hypoglycémiante, et la lectine de Lens culinaris. L’emploi de différents
polymeres a été envisagé, notamment I’emploi de polyesters tels que la
poly(epsiloncaprolactone) (PCL), le poly(acide lactique) (PLA), les copolymeres de
I’acide lactique-co-glycolique (PLGA), et une série de nouveaux copolymeres du dextran
et de I’epsilon-caprolactone.

En second lieu, la possibilité d’ajuster sur mesure les propriétés de surface des particules a
été envisagée. La stratégie a consisté a préparer des nanoparticules ceeur-couronne basées
sur ’emploi de copolymeres amphiphiles de dextran et de poly(epsiloncaprolactone).
Comparativement a des particules conventionnelles basées sur des polymeres classiques
de type PLA ou PLGA, ces nouvelles particules présentent une surface tres hydrophile qui

permet notamment la stabilisation des suspensions. Par ailleurs, et de maniere
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extrémement intéressante, la densité importante de groupements hydroxyles a la surface
des particules peut étre utilement mise a profit pour obtenir le greffage de ligands destinés
a la reconnaissance spécifique de différentes cibles dans l'organisme. Dans ce travail, des
essais préliminaires d’adsorption ou de couplage covalent de ligands sur ces surfaces ont
été menés. Deux lectines ont été sélectionnées en tant que ligands capables de reconnaitre
spécifiquement certains sucres, la lectine de Bauhinia monandra (BmoLL) et la lectine de
lens culinaris (LC). Ces lectines sont respectivement spécifiques du D-galactose et du D-
mannose, deux sucres présents dans les glycoprotéines disposées en quantité variable au
niveau des membranes celluaires. Idéalement, il est possible d’envisager I'emploi de ces
particules conjuguées a ces lectines en vue d’assurer in vivo le ciblage de ces entités
chimiques.

Le manuscrit comprend trois parties. Dans une premiere partie, la stabilité de BmoLL
dans les conditions d’emploi et de préparation des nanoparticules a été étudiée. Dans un
premier temps, les effets des conditions de préparation des particules sur lactivité
hémaglutinante de la BmoLL a été évaluée, notamment en soumettant la lectine a des
étapes de sonication (30s) ou apres agitation mécanique, et également lorsque la lectine se
trouve sous forme lyophilisée et sous forme de solution dans un tampon citrate-phosphate.
Ces études ont montré que l'activité hémaglutinante était maintenue dans ces différentes
conditions. Des nanoparticules d’un diametre d’environ 160 nm, chargées en BmoLL ont
été préparées avec de la PCL, du PLA et du PLGA au moyen de la méthode de double
émulsion. Les conditions de préparations ont été optimisées afin d’accroitre le taux
d’encapsulation. L’encapsulation la plus élevée a été obtenue avec le PLGA (50/50)
(68,5% +- 5%). Les modalités d’adsorption, et en particulier les cinétiques d’adsorption,
de la BmoLL ont été déterminées, montrant que I’absorption était maximale apres deux
heures d’incubation et qu’elle restait adsorbée au moins pendant 24 heures. Enfin, les
profils de libération de la BmoLL a partir des nanoparticules ont permis de montrer que
40% de BmoLL étaient libérés apres 24 heures.

La seconde partie, décrit la préparation de nouveaux polysaccharides amphiphiles
possédant une structure contrdlée, obtenus par le couplage entre la fonction carboxylique
de chaines polyesters préformées et un groupe hydroxyle naturellement présent sur les
polysaccharides. En premier lieu, la synthese chimique de poly(epsilon caprolactone)
monocarboxylique a été conduite par polymérisation du monomere et ouverture de cycle

en présence d'un acide carboxylique (RCOOH). Le polymere obtenu (R-PCL-COOH) a
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été activé par le carbonyle diimidazole de maniere a former un intermédiaire imidazoline
que l'on a ensuite fait réagir avec le dextran dans différents rapports molaires afin
dobtenir des copolymeres amphiphiles présentant une balance hydrophile -lipophile
variable (Dex-PCL,). Les différents copolymeres ont été caractérisés par la suite par
GPC, '"H NMR et FTIR. Enfin, la capacité des différents copolymeres (Dex-PCL,) a
former des nanoparticules a été évaluée, puis comparée a celle de différentes poly(epsilon-
caprolactone) conventionnelles (PCL 2K, 10K et 40K). Deux méthodes différentes de
préparation ont été mises en ouvre pour tester la capacité d’encapsulation de la sérum
albumine bovine et des lectines de Bauhinia monandra et de Lens culinaris dans ces
particules. Ces essais ont permis de montrer que la lectine pouvait étre efficacement
encapsulée dans les particules constituées de ces polymeres hydrophiles. L’aspect
microscopique des nanoparticules, leur diametre et leur potentiel zéta ont été déterminés,
ainsi que les cinétiques de libération. Enfin, leur cytotoxicité vis-a-vis des cellules Caco-2
a été évaluée. Ces cellules ont été sélectionnées dans la mesure ou des applications par la
voie orale peuvent €tre envisagées.

Dans une troisieme partie, la capacité de fixer différents ligands a la surface des
nanoparticules composées des polymeres amphiphiles a été envisagée. L’adsorption de la
lectine de Bauhinia monandra a la surface de nanoparticules radiomarquées a permis de
montrer 'affinité trés importante de ces particules pour les cellules Caco-2, porteuses de
glycoprotéines contenant du D-galactose, comparativement a des particules ne comportant
pas ces lectines en surface. Ces résultats préliminaires démontrent ainsi le potentiel
important de ces nanoparticules dans le cadre de la vectorisation et sont donc extrémement

prometteurs pour le futur.
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ABSTRACT

Targeting desired organs in the body following drug administration is a very complex
task, because it is necessary for the drug carrier to achieve simultaneously different tasks.
Firstly, the nanoparticle have to be able to carry a significant amount of drug and to
release this drug accordingly to a desired release profile. Secondly, following
administration, the drug have to be able to reach the site of delivery of the drug, i.e. the
targeted organ in the body, in a specific way and to subsequently deliver the drug. At
present, a detailed examination of the literature demonstrates that the tools for achieving
these objectives are yet to be improved. The purpose of the present work was to develop
and characterize biodegradable core corona nanoparticles based on new amphiphilic
copolymers for such targeting applications.

Two approaches were foreseen during the experimental work. Firstly, the possibility of
loading nanoparticles with model substances of pharmaceutical interest has been
investigated. Among various chemical structures, peptides and proteins are of
considerable interest, since it is usually difficult to encapsulate significant amounts of
drugs and to address stability problems during the preparation process. Different proteins
were used as model substances including bovine serum albumin (BSA), Bauhinia
monandra leaf lectin (BmoLL), which had demonstrated an antidiabetic activity, and Lens
culinaris lectin (LC). Several polymeric matrixes were investigated for the entrapment of
BmoLL in nanoparticles. Conventional polymers of e-caprolactone (PCL), lactic acid
(PLA), lactic acid-co-glycolic acid (PLGA), and new synthesized copolymers of dextran
and caprolactone were used to achieve this goal. Secondly, the possibility of tailoring the
surface properties of the particles has been investigated. The strategy consisted in
preparing core/corona nanoparticles based on new amphiphilic copolymers of dextran and
polyepsilon caprolactone. Compared to conventional particles based on classical
polyesters such as PLA or PLGA, particles exhibiting a hydrophilic surface can be
obtained which stabilizes the colloidal suspensions. Interestingly, the high density in
hydroxyl groups in the surface of the particles can be used for grafting ligands intended
for the recognition of targets in the body. In the present work, nanoparticles were prepared
and characterized and preliminary attempts were made either to adsorb or to link
covalently ligands on these surfaces. Selected ligands were BmoLL and LC lectins. These

lectins are specific for D-galactose and D-mannose. These sugars are present in
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glycoproteins bearing by certain cells membranes. Ideally, it is thought that the lectins
conjugated particles can be used for targeting specifically the cells bearing these chemical
moieties in vivo.

The manuscript consists in three experimental parts. In a first part, the stability of BmoLL
concerning its conditioning forms and under manufacturing conditions of nanoparticles
was verified. Initially the effect of parameters involved in the preparation of nanoparticles
on the haemagglutinating activity (HA) of BmoLL was evaluated for its both forms of
storage (lyophilized and citrate-phosphate buffered solution). Then, BmoLL-loaded
nanoparticles were prepared with PCL, PLA, and PLGA copolymers by using a modified
double emulsion method. Parameters involved in the manufacturing conditions of
nanoparticles were optimized to improve BmoLL entrapment. Following, in vitro kinetic
release of BmoLL from nanoparticles and kinetic adsorption studies were carried out.

In a second part, new amphiphilic polysaccharides with controlled structures were
synthesized by coupling between a carboxylic function of preformed polyesters chains and
a hydroxyl group naturally present on polysaccharides. Firstly, the synthesis of poly (e-
caprolactone) monocarboxylic acid (R-PCL-COOH) was carried out by ring-opening
uncatalyzed polymerization of monomer in the presence of a carboxylic acid (R-COOH).
R-PCL-COOH was reacted with carbonyl diimidazol and the resulting activated
intermediate (imidazoline) was further reacted with dextran (Dex) at different molar ratios
to obtain amphiphilic copolymers with various hydrophilic-lipophilic balances (Dex-
PCL,).

Then the Dex-PCL, copolymers were further characterized by GPC, '"H NMR and FTIR.
Finally, the ability of new Dex-PCL, copolymers to form nanoparticles was evaluated in
comparison with some conventional caprolactone polymers (PCL 2K, 10K and 40K). Two
different preparation methods were tested for evaluating the encapsulation efficiency of
Bovine Serum Albumine (BSA), BmoLL and LC lectins into Dex-PCL, nanoparticles.
The characterization of unloaded and loaded-Dex-PCL, nanoparticles was evaluated
through the examination of microscopic aspects, mean diameter and zeta potential
measurements, in vitro kinetic studies, and cytotoxicity against Caco-2 cells. Additionally,
the transepithelial resistance (TEER) of Caco-2 cells monolayers was measured on
Transwell® filters and the bioadhesive potential of the nanoparticles was determined by

incubating radiolabelled nanoparticles in the presence of Caco-2 cells.
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Results concerning BmoLL stability showed no difference in the HA of lyophilized
BmoLL after sonication steps of 30 sec, or after submitting it to mechanical agitation.
Moreover, the HA was preserved after mixing resuspended lyophilized BmoLL in
buffered solution with organic solvents. Nanoparticles with a mean diameter around 160
nm were obtained whatever the nature of the used polymer. The highest rate of
encapsulation (68.5% + 5%) was obtained by using PLGA 50/50. In vitro kinetic profile of
BmoLL from nanoparticles revealed a releasing of 40% at 24h. Furthermore BmoLL was
adsorbed onto nanoparticles at the first two hours and remained adsorbed over 24 h.

New biodegradable Dex-PCL, nanoparticles presenting a hydrophobic PCL core and a
dextran hydrophilic corona with potential interest for oral controlled release of bioactive
compounds were successfully developed and characterized. BmoLL was successful loaded
in Dex-PCLn nanoparticles. Furthermore, BSA, BmoLL and LC lectin were adsorbed into
the surface of Dex-PCLn nanoparticles. Results of bioadhesion evaluation showed that the
non-specific interactions of the particles with the Caco-2 cells membranes was favored in
the case of the Dex-PCL particles, compared to the plain PCL particles, as result of a time
dependent phagocytosis of the particles by the Caco-2 cells, following their adhesion to
the cytoplasmic membrane of the cells.

In conclusion, a core/corona system based on amphiphilic copolymers has been prepared
and characterized. Reasonable encapsulation levels can be obtained for proteins and
surface modifications offer the possibility of preparing ligands conjugated systems of

interest for targeting applications.
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1. INTRODUCAO

A concepg¢do de sistemas que carreiam farmacos ou substincias ativas para sitios
de acdo especificos no organismo parte do principio que eles manteriam a estabilidade do
farmaco na circulac¢do, permitindo assim uma maior concentracio do mesmo no local de
acdo. Esta visdo, vinda desde a antiguidade, incluia os inalantes de polens de plantas
medicinais, aplicacdo de cataplasma na pele e administracdo de firmacos na corrente
sanguinea utilizando espinhos de plantas e bicos de pdssaros, como materiais perfurantes.
Além das formas farmacéuticas populares como ingestio oral de solucdes, comprimidos e
capsulas (Yang & Robinson, 1998).

Os farmacos sdo raramente administrados como uma substancia quimica pura, mas
sempre em preparacdes formuladas. H4 numerosas formas farmacéuticas ndo
convencionais nas quais uma substdncia pode ser incorporada para o tratamento
conveniente e eficaz de uma doenca, promovendo interesse no desenvolvimento de
sistemas de liberacdo controlada e sustentada de farmacos. Sistemas estes, desenvolvidos
através da investigacido de novos polimeros ou copolimeros e também de substancias que
promovam um melhor reconhecimento pelas células dos tecidos alvos.

As preparacdes farmacéuticas podem variar de uma simples solucdo a um
complexo sistema de liberacdo pelo uso de aditivos apropriados ou excipientes
constituintes da formulagdo, os quais fornecem variadas e especializadas formas
farmacéuticas.

Durante as décadas de 80 e 90 vdrios sistemas de liberacdo de farmacos foram
desenvolvidos com o objetivo de aumentar a eficiéncia do formaco e minimizar os efeitos
colaterais. Lipossomas, vesiculas lipidicas, tém sido usados como potenciais carreadores
de firmaco por apresentarem tais vantagens, entretanto suas aplicacdes sdo um pouco

limitadas devido a problemas como baixa eficiéncia de encapsulagdo e rapida liberacdo de
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farmacos soliveis em dgua na presenca dos componentes sangiiineos (Soppimath et al.,
2001). Por outro lado, nanoparticulas poliméricas oferecem algumas vantagens sobre os
lipossomas por aumentarem a estabilidade do fairmaco e terem a capacidade de criar uma
liberagdo controlada dependente da degradagcdo da matriz polimérica (Hans & Lowman,
2002).

1.1 Sistemas Nanoparticulados Convencionais Carreadores de Farmacos

Nanoparticulas sdo definidas como um sistema coloidal submicrénico (<1 um)
formadas por polimeros biodegraddveis ou nao. Conforme a metodologia de preparagdo
utilizada e as caracteristicas do produto final obtido podem ser denominadas de
nanoesferas ou de nanocédpsulas. As nanoesferas sdo nanoparticulas constituidas de uma
matriz polimérica em que a droga estd dispersa por toda a particula (Figura 1a). Enquanto
que as nanocdapsulas sdo constituidas de um sistema reservatorio na qual uma cavidade oca
ou oleosa estd circundada por uma fina parede polimérica, onde o firmaco encontra-se
confinado na cavidade interna (Figura 1b) (Martin et al., 1993; Barrat, 2000).

As nanoparticulas foram introduzidas nos anos 70 como potenciais carreadores
para liberacdo controlada de farmacos por Kreuter e Speiser (1976) utilizando, na época,
polimeros ndo biodegradaveis. A aplicacdo de nanoparticulas no desenvolvimento de
sistemas de liberacdo controlada de farmacos foi reavaliada na década de 80, apds o
advento da sintese de polimeros biodegraddveis pela equipe de Couvreur e colaboradores
(Couvreur et al., 1978; Marty et al., 1978; El-Samaligy et al., 1985; Couvreur et al.,
1985;Couvreur et al., 1989). Posteriormente, outras equipes de pesquisas desenvolveram
sistemas nano e microparticulados contendo diferentes substancias ativas tais como
proteinas, peptideos, dcidos nucléicos, particulas virais e vacinas (Damgé et al., 1997;

Ferdus et al., 1998; Benns & Kim, 2000); e bem como farmacos como antibidticos,
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analgésicos, imunossupressivos e anticancerigenos (Fattal et al., 1998; Tébio et al., 1998;

Yoo et al., 1999; Molpeceres et al., 2000).

(@) (b)
@ @) o0

i . ., . , 0
Flgura L. Matriz polimérica Cavidade Oleosa Farmaco

Tipos de
nanoparticulas poliméricas: (a) nanoesfera; (b) nanocédpsula.

As nanoparticulas podem se formuladas para liberacdo direcionada ao sistema
linfatico, cérebro, figado, baco ou preparadas para serem administradas na circulagdo
sist€tmica prolongada. Numerosos protocolos existem na produc¢do de nanoparticulas
baseado no tipo de farmaco usado e na rota de liberacdo. A escolha do polimero ¢ um dos
fatores mais importantes, sendo os biodegraddveis os mais indicados para compor
matrizes ou cdpsulas de sistemas nanoparticulados. Uma vez escolhido o protocolo, os
parametros devem ser avaliados com o objetivo de criar as melhores caracteristicas para as
nanoparticulas. Entre uma variedade de caracteristicas quatros sdo considerados mais

importantes: o tamanho, a eficiéncia de encapsulacdo, o potencial zeta (carga da

superficie) e caracteristicas de liberacdo do farmaco (Barrat, 1999; Hans, 2002)

1.1.1 Polimeros Utilizados no Desenvolvimento de Sistemas Nanoparticulados

Os polimeros mais utilizados sd@o os poliésteres biodegraddveis, aprovados pela

agéncia de vigilancia sanitdria americana Food and Drug Administration (FDA), tais
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como derivados do dcido latico (PLA), do 4cido glicélico (PGA), polietilenoglicol (PEG),
derivados da caprolactona (PCL) e especialmente os copolimeros de &cido litico e
glicdlico (PLGA).

Copolimeros sdo polimeros compostos de vérias unidades monoméricas diferentes
e classificados em quatro tipos de acordo com o arranjo dos mondmeros na cadeia
polimérica: copolimeros de arranjo aleatério, de arranjo alternado, enxertado e em bloco
(Kumar et al., 2001). Os polimeros de arranjo aleatério sdo os copolimeros que
apresentam unidades repetidas de mondmeros colocados de forma aleatéria na cadeia
polimérica. Copolimeros de arranjo alternado sdo sintetizados pela adicdo de mondmeros
de forma alternada. Ambos copolimeros em bloco e enxertados sdo compostos de varios
segmentos que diferem no segmento do sitio de interligacdo: os copolimeros enxertados
sdo definidos como sendo pares de homopolimeros ligados quimicamente, enquanto que
os copolimeros em bloco sdo constituidos de estruturas ligadas nas conexdes terminais
(Figura 2).

Os copolimeros PEG sdo hidrofilicos, flexiveis e ndo i6nicos, apresentando,
portanto, excelente biocompatibilidade. Podem ser ligados covalentemente a superficie de
nanoparticulas, criando um revestimento hidrofilico e, por conseguinte, impedindo a
captura rdpida das nanoparticulas pelo sistema mononuclear fagocitirio (SMF).
Nanoparticulas revestidas com PEG sdo nomeadas de furtivas. Uma atencdo crescente
vem sendo demonstrada para nanoparticulas furtivas como carreadores injetaveis de
farmacos, os quais permitem um maior tempo de circulagc@o sistémica das nanoparticulas
(Gref et al., 1994 e 1995; Peracchia et al., 1997; Quellec et al., 1999; Mosqueira et al.,
2001). A sintese de novos copolimeros utilizando PEG e 6xido de etileno (PEO) permitiu

a utilizacdo como revestimento hidrofilico de nanoparticulas formadas com matriz de
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policaprolactona (Allen et al., 1998, Chull Ha er al., 1999; Kim et al., 2000) ou PLA

(Otsuka et al., 2000).

Copolimeros de arranjo aleatério

C000000C000O00C00 Copolimeros enxertados

Copolimeros de arranjo alternado

000000000000

Copolimeros em bloco

00000000000000000000

Figura 2 - Esquema da arquitetura de diferentes tipos de copolimeros utilizando duas

unidades de mondmeros definidas como: A =O e B =0 (Kumar et al., 2001).
1.1.2 Métodos de Preparacao de Sistemas Nanoparticulados
Os métodos de preparacdo das nanoparticulas sdo classificados dentro de duas
categorias: formacdo das nanoparticulas por polimerizacdo in situ de unidades
monoméricas ou diretamente a partir do polimero pré-formado. A polimerizacio segue um
mecanismo anidnico, iniciada na presenca de iniciadores nucleofilicos como OH’, CH;0 e
CH;COO" que levando a formagdo de nanoparticulas com baixa massa molecular e de
rdpida degradacdo. Para resolver este problema e produzir nanoparticulas de alto peso
molecular e com paredes mais estdveis, a polimeriza¢do € realizada em meio dcido (pH
1,0-3,5) utilizando varios estabilizadores como dextrana-70, dextrana-40, dextrana-10 e
polaxamer-188, polaxamer-184, polaxamer-237. O tamanho e a massa molecular das
nanoparticulas dependem do tipo e concentracdo do estabilizador e/ou tensoativo
utilizados no processo de polimerizagdo (Soppimath ez al., 2001).
As primeiras nanoparticulas obtidas pela polimerizagdo de mondmeros foram

propostas por Birrenbach e Speiser (1976), utilizando a acrilamida e a N,N'-metileno-bis-
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acrilamida, tendo como inicializador da polimerizacio a radiacdo gama. Em 1989,
Couvreur e colaboradores desenvolveram nanoesferas com polimero de
polialquilcianoacrilato (PACA) preparadas por polimerizagdo de mondmeros de
cianoacrilato dispersos em uma fase aquosa dcida. As nanoparticulas obtidas apresentaram
um tamanho de aproximadamente 200 nm. Posteriormente nanoparticulas foram obtidas
com diametro reduzido de 30 a 40 nm pelo uso de tensoativos ndo idnicos durante a
polimerizacdo (Seijo et al., 1990 Appud Fattal et al., 1998).

Virios métodos tém sido sugeridos na preparacio de nanoparticulas
biodegraddveis de PLA, PLG, PLGA e PCL por dispersdo de polimeros pré-formados. O
método mais empregado é o de emulsificacdo seguida de eliminacdo de solventes. Neste
método o polimero é dissolvido em um solvente organico como o diclorometano,
cloroférmio ou acetato de etila. A droga € dissolvida ou dispersada dentro da solugdo
polimérica e esta mistura é entdo emulsificada dentro de uma solucdo aquosa formando
uma emulsdo 6leo / dgua (O/A), pelo uso de um tensoativo como gelatina, dlcool polivinil,
polisorbato 80, poloxamer-188 e outros. Apds a formacdo de uma emulsio estdvel, o
solvente organico € evaporado ou pelo aumento da temperatura / pressdo reduzida ou por
agitacdo constante. O método de multipla emulsdo (A/O/A) também € usado para preparar
nanoparticulas carregadas de farmacos soliveis em &dgua Os dois métodos usam
homogenizagdo em alta velocidade ou sonicagdo (Zambaux et al., 1998 e 1999; Quellec et
al., 1998; Lamprecht et al., 1999).

Uma versdo modificada do método de evaporacdo de solvente é o método de
emulsificacdo espontanea / difusdo de solvente. Uma fase oleosa é formada pela mistura
de dois tipos de solventes organicos um soldvel em d4gua como a acetona ou metanol, € um
outro insoldvel como o diclorometano ou cloroférmio. Devido a difusdo espontinea do

solvente soliivel em 4gua, uma turbuléncia interfacial € criada entre as duas fases levando
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a formacdo de pequenas particulas. Como a concentracdo de solvente solivel em 4gua
aumenta, uma diminui¢do no tamanho da particula é observada (Gref et al., 1994;

Peracchia et al., 1997).

1.1.3 Mecanismos de Liberacao de Farmacos a partir de Sistemas Nanoparticulados

Os mecanismos de liberacdo de um determinado farmaco a partir de matrizes
poliméricas sdo governados predominantemente por trés fatores: pelo tipo e morfologia do
polimero, bem como pela presenca de excipientes no sistema. Vdrias revisdes foram
relatadas na literatura sobre os mecanismos € 0s aspectos matemadticos que regem a
liberacao de farmacos a partir de matrizes poliméricas (Peppas, 1997; Brazel and Peppas,
2000). De acordo com estes estudos, a liberacdo continua do farmaco de uma matriz
polimérica pode ocorrer por difusdo, pela erosdo do polimero (devido a degradacdo) ou
pelo entumescimento. A difusdo acontece quando o firmaco ou outro agente ativo passa
da matriz polimérica para o meio externo, podendo ocorrer em escala macroscopica,
quando acontece pelos poros da matriz ou ao nivel molecular passando entre as cadeias do
polimero. A maioria dos polimeros biodegraddveis é projetada para degradar como
resultado da hidrélise de suas cadeias em produtos biologiamente metabolizdveis. Os
polilacticos, poliglicélicos e seus copolimeros, sofrem degradagdo transformando-se em
acido lactico e acido glicdlico, os quais posteriormente entrardo no ciclo de Krebs, e serdo
degradados a carbono e 4gua, sendo excretados pelas vias normais de eliminacdo. A
degradacdo pode ocorrer de uma maneira uniforme ao longo da matriz (Figura 3a) ou em
alguns polimeros, como no caso os polianidridos e os poliortoésteres, pode acontecer
somente na superficie da matriz resultando numa taxa de liberagdo proporcional a drea da

superficie do sistema nanoparticulado restante (Figura 3b).
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Figura 3 - Esquema da liberacdo de farmaco a partir de matrizes poliméricas: (a)
degradacdo da matriz e (b) degradacdo da superficie do sistema (Peppas,
1997).
1.1.4 Biodistribuicao de Sistemas Nanoparticulados
E sabido que apdés a administragdo intravenosa nanoparticulas sio rapidamente
recobertas por proteinas plasmaticas, fendbmeno conhecido como opsonizacdo. Proteinas
adsorvidas ou ligadas na superficie de nanoparticulas promovem o reconhecimento e
captura por células fagocitdrias do sistema reticulo endotelial (SRE), essencialmente
macréfagos (células de Kupffer no figado e células polimorfonucleares - PMN) (Passirani
et al., 1998; Kumar et al., 2001). O desenvolvimento de sistemas nanoparticulados como
eficientes transportadores de fairmacos no organismo €, portanto, limitado devido a ripida
captura pelo SER. Os possiveis beneficios terapéuticos dependem da via de administra¢ao
e conseqiientemente da distribuicdo das nanoparticulas no organismo, a qual esta
relacionada com as propriedades de superficie (natureza, comprimento e densidade da

cadeia polimérica).
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Devido a rdpida captura das nanoparticulas da corrente sanguinea pelas células do SRE e
PMN, a vetorizagdo de farmacos para sitios especificos que ndo sejam o figado e o baco é
extremamente dificil. Para manter as nanoparticulas no sistema intravascular seria
necessdrio bloquear a atividade do SRE antes da aplicagcdo da particula ou fazer com que
elas escapem do reconhecimento por este sistema. Com esse objetivo vem sendo
desenvolvida nanoparticulas com superficie modificada (furtivas) que nd@o seriam
reconhecidas pelo sistema fagocitdrio e que poderiam ser direcionadas a uma célula alvo.
1.2 Sistemas Nanoparticulados com Superficie Modificada (Furtivas)
A idéia de obtencdo de nanoparticulas biodegraddveis com superficie modificada,
chamadas nanoparticulas furtivas, foi investigada e modelada por Jeon e colaboradores
(1991) com a proposta da criacdo de uma barreira estérica ao redor das particulas capaz de
repelir as proteinas e assim evitar o efeito de opsonizacdo. Efeito este que estudados nestes
ultimos anos por vdrios autores, no caso de lipossomas (Woodle & Lasic, 1992) ou
nanoparticulas (Greff et al., 1994; Vittaz et al., 1996; Sahli et al., 1999).
Inicialmente, polimeros anfifilicos foram utilizados na criacdo de uma barreira estérica,
através da adsorcdo ou incorporagdo na superficie dos carreadores por interacdes
hidrofébicas, desempenhando a fun¢do de ancora com sua metade hidrofilica exposta ao
meio externo, protegendo as particulas das interacdes indesejdveis com as proteinas
plasméticas (Torchillin et al., 1995).

Um dos métodos de obtencdo de nanoparticulas furtivas consiste na ligacdo de
PEG a polimeros tais como PCL, PLA ou PLGA, produzindo nanoparticulas do tipo
“nudcleo-coroa” (Figura 4). Neste tipo de nanoparticulas, as cadeias hidrofilicas do PEG
estdo orientadas na superficie formando um revestimento que controla a adsorcdao de
proteinas e regula a acao de células do SRE na superficie das particulas (Greff et al., 1994,

Otsuka et al., 2000).
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Figura 4. Esquema de nanoparticula do tipo nicleo-coroa formada por copolimero PEG-

R, onde R é um polimero hidrofébico constituinte do nticleo.

Polissacarideos também sdo capazes de modificar a superficie dos sistemas micro e
nanoparticulados modulando a agdo do sistema complemento e mediando o
reconhecimento, por meio de carboidratos e receptores especificos nas células. Um grande
nimero de polissacarideos sdo estudados como potencial aplicacdo em sistemas
carreadores de farmacos, como a quitosana, pectina, ciclodextrina, dextranas e outros
(Ohya et al., 2000; Sinha & Kumria, 2001). A dextrana tem sido usada combinada com
PEG (Coombes et al., 1997), com poli (metacrilato de vinila) (Passirani et al., 1998) ou
com PLA (Rouzes et al., 2000) na produ¢do de micro e nanoparticulas com capacidade de
favorecer a intera¢do de farmacos e vacinas com sitios especificos, reduzindo a adsor¢do
de proteinas circulantes.

A modificag@o da superficie de nanoparticulas furtivas por adsorcdo de proteinas,
lectinas, anticorpos, carboidratos e vitamina B12, possibilitando assim interacdes
especificas entre ligantes e receptores, é também relatada (Olivier et al., 1995; Ponchel et
al.,1998; Breitenbach et al., 2000). Interacdes bioadesivas com superficies da mucosa

podem ser construidas por interacdes ndo especificas dependendo das propriedades fisico-
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quimicas do polimero ou no desenvolvimento das interagdes especificas. Os sistemas
bioadesivos t€m sido preparados por conjugacdo de ligantes aderidos ao polimero ou as
particulas, incluindo nanoparticulas (Irache et al., 1994; Ezpeleta et al., 1996; Hussain et
al., 1997).

De uma série de moléculas de reconhecimento as lectinas sdo um dos ligantes mais
promissores, nos udltimos anos as lectinas tém sido de grande interesse farmacéutico
devido a sua inerente habilidade em promover ligacdo especifica em superficies
bioldgicas, através de residuos de carboidrato, localizados na superficie de células
epiteliais. A superficie de todas as células é composta de lipideos e proteinas, e em muitas
células carboidratos ligados a estas proteinas e lipideos participam dos processos celulares
incluindo o reconhecimento célula-célula, as respostas aos sinais extracelulares e também
o desenvolvimento celular(Irache, et al., 1994; Ezpeleta et al., 1996; Chen, et al., 1996;
Gabor, et al., 1997).

1.2.1 Lectinas como Moléculas Modificadoras de Superficie de Nanoparticulas

Lectinas foram originalmente descritas em 1954 por Boyd e colaboradores como
substancias contidas em extratos de plantas, capazes de aglutinar células vermelhas. A
promocao de aglutina¢do de eritrdcitos por extratos de plantas foi verificada por Stillmark
em 1888, estudando fatores de toxicidade em Ricinus communis € em proteina de Abrus
precatotrius (Appud Kennedy et al., 1995). Em 1980, lectinas foram consideradas por
Goldestein e colaboradores como proteinas de origem ndo imune que se ligam a
carboidratos, capazes de aglutinar células e/ou precipitar glicoconjugados. Atualmente, o
termo lectina € aplicado para descrever uma classe de proteinas estruturalmente muito
diversa que ndo sdo enzimas nem anticorpos, caracterizadas pela sua habilidade em ligar a

carboidratos com considerdvel especificidade (Rini, 1995; Vijayan & Chandra, 1999).
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As fontes de obtenc¢do de lectinas sdo bem diversificadas, podendo ser encontradas
em microorganismos, animais e plantas. As primeiras lectinas descobertas foram de
origem vegetal presente em griaos de legumes como as lentilhas e ervilhas. Nas udltimas
décadas, lectinas tém sido isoladas de bulbos, rizomas e sementes das familias das
monocotiledoneas Amaryllidaceae, Orchidaceae e Alliaceae; sendo subdivididas de
acordo com a natureza do carboidrato inibido, incluindo manose/glicose, N-
acetilglicosamina, N-acetilgalactosamina, galactose, fucose e dcido N-acetilneurdminico
ou grupo do dcido sidlico. Esta caracteristica determina a especificidade dos diferentes
tipos de lectina (Kennedy et al., 1995, Ponchel et al., 1998). A afinidade entre a lectina e
seu receptor pode variar devido a pequenas mudancas na estrutura do carboidrato presente
no receptor. Estas interacdes sdo muito importantes em diferentes fungdes bioldgicas,
como reconhecimento, adesao e comunicac¢do entre células (Yamazaki et al., 1998).

Existem dois tipos de lectinas bem caracterizados. Lectinas Ca ** -dependente,
chamadas lectinas tipo-C, muitas das quais estdo associadas a asiaglicoproteinas e as tiol-
dependentes ou as chamadas lectinas tipo-S, as quais sdo especificas para [B-galactosideos
e sdo soldveis sem detergentes (Yang & Robinson, 1998).

Uma das caracteristicas conhecida das lectinas é a capacidade de reconhecer os
residuos de carboidratos presentes na superficie das células de mamiferos com um alto
grau de especificidade. Utilizando-se dessa especificidade, a sua aplicacdo em estudos
biolégicos vem se desenvolvendo ao longo dos anos em diferentes dreas. Aplicacdes nos
estudos de aglutinacdo de eritrécitos e grupos sanguineos, estudos histoquimicos e
experimentos cromatogificos, como reagentes para detec¢do citoquimica de
glicoconjugados na superficie de células de mamiferos (Beltrao ef al., 1998; Wang et al.,

2000), e em sistemas carreadores de farmacos, protegendo os firmacos degraddveis por
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proteinas ou peptideos da a¢@o do suco intestinal e tendo como alvo as células M (Naisbett
& Woodley, 1994; Chen et al., 1996 ; Hussain et al., 1997; Garbor et al., 1998).

Uma das lectinas mais estudadas € a lectina extraida do feijdo jack bean,
Conavalia ensiformis (Con A) (Agrawal & Goldstein, 1965; Edelman et al., 1972). Em
1996 Leist & Wendel demonstraram que a Con A estimula receptores de membrana e com
subsequente desestruturacdo do citoesqueleto de hepatdcitos de ratos. Em 1998 Pryme e
colaboradores estudando a lectina do feijdo roxo Phaseolus vulgaris, observaram que esta
lectina apresentou a capacidade de diminuir a massa de tumores (linfoma) em ratos, pela
reducdo na disponibilidade dos fatores de crescimento e nutrientes necessdrios ao
desenvolvimento do tumor.

Virios trabalhos na literatura demostram o uso de lectinas no campo da tecnologia
farmacéutica como uma estratégia para a vetorizacdo de farmacos mediada por lectinas
(Wirth et al., 1998; Yamazaki et al., 1998, Ezpeleta et al., 1999; Serizawa et al, 2001;
Kompella & Lee, 2001). Diferentes técnicas sdo aplicadas nestes sistemas conjugados
principalmente como bioadesivos e terapia do céncer. Irache e colaboradores (1994)
ligaram covalentemente vérias lectinas de plantas, incluindo a lectina do tomate
(Lycopersicon esculentum), a nanoparticulas modificadas de poli-estireno (l4tex), as quais
se ligaram irreversivelmente a mucina géstrica de porco.

A conjugacdo de lectina a nanoparticulas poliméricas se mostra eficiente por
aumentar as interacoes com o muco (Florence et al., 1997), e/ou com células epiteliais .
Podendo ser usadas para atingir dreas espécificas do tracto gastrointestinal, devido a
distribui¢ao heterogénea dos agucares ao longo do intestino normal ou doente (Ponchel, et
al., 1998).

Semelhantemente aos processos bioldgicos conduzidos pelas interacdes proteicas,

como a sinalizac¢do celular, replicacdo de DNA, expressdo génica, e o trafico de alguns
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componentes celulares nos varios compartimentos da célula, proteinas poderiam entio ser
usadas no controle de liberagdo de farmacos em sitios especificos no organismo. A func¢io
central dessas interacdes proteicas poderia produzir um controle sobre a ligacdo,
estabilizacdo, e a libera¢do do farmaco (Yamazaki et al., 2000).

A associagdo de ligantes com lipossomas ou nanoparticulas pode ser realizada por
diferentes procedimentos, incluindo ligacdes covalentes e processo de adsor¢do. As
ligacGes covalentes sdo ideais, pois sdo mais estdveis que os processos de adsor¢do e ndo
afetam a especificidade do ligante. Dependendo da natureza quimica do grupo funcional
localizado na superficie do carreador, os métodos mais utilizados para ligacio de lectinas
sdo técnicas com glutaraldeido e carbodiimida. (Irache ef al., 1994; Ponchel et al., 1998;
Khopade et al., 1998).

A ligacdo com o glutaraldeido ocorre pela formagdo de uma base de Schiff entre
um grupo amino, localizado na superficie da particula e uma fun¢do aldeido fornecida pelo
reagente. Assim, este grupo ativado tendo a funcdo aldeido pode reagir com a lectina. A
técnica com a carbodiimida envolve a ativacdo de grupos carboxilicos localizados na
superficie das particulas os quais podem reagir com grupos amino livres da cadeia
polipepitidica da lectina ( Ponchel et al., 1998).

Apesar do campo de sistemas de liberacao de farmacos mediado por lectinas ser
recente uma variedade de estudos confirmam a preferéncia por essa técnica. Trabalhos
futuros terdo como desafios aumentar a estabilidade in vivo do farmaco até que este atinja
as células ou 6rgaos alvos. Numerosas técnicas em produzir lipossomas com superficie
modificada foram desenvolvidas [Meynburg et al., 2000; Meyer et al., 1994; Ezpeleta et
al., 1999; Forseen & Willis, 1998]. Em contraste, algumas dificuldades técnicas

permanecem na tecnologia de nanoparticulas biodegraddveis lectin-conjugada; as quais
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poderiam ser solucionadas pelo desenvolvimento de novos polimeros biodegraddveis,
capazes de melhorar a ligacdo covalente de lectinas a superficie das nanoparticulas.

O interesse no desenvolvimento de sistemas de liberacdo controlada de farmacos
preparados com polimeros biodegraddveis vem aumentando nos ultimos anos, devido a
possibilidade de fabricacdo de carreadores coloidais nanométricos para administragcdo
parenteral. Estes sistemas promovem uma libera¢do controlada, um aumento da eficicia e
a reducdo da toxicidade de farmacos encapsulados ou dispersos em matrizes poliméricas.
Carreadores coloidais de farmacos envolvem principalmente emulsdes submicronicas,
lipossomas, complexos lipidicos e nanoparticulas. Nanoparticulas, sistemas poliméricos
s6lidos nanométricos, ¢ 0 nome geral para descrever nanoesferas e nanocdpsulas. Um dos
objetivos em nanotecnologia farmacéutica é obter nanoparticulas para direcionamento
especifico de farmacos para sitios alvo. Neste caso é requerida uma modificacdo da
superficie das nanoparticulas pela ligacdo com compostos tais como proteinas, lectinas,

anticorpos e carboidratos que possibilitem interacdes especificas entre ligantes e

receptores.
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ABSTRACT

The effect of parameters involved in the fabrication of nanoparticles on the
haemagglutinating activity (HA) of Bauhinia monandra leaf lectin (BmoLL) was
evaluated. BmoLL-loaded nanoparticles were prepared using different polymers.
Parameters involved in nanoparticle preparation were optimized, and an in vitro kinetic
study was carried out. No difference was observed in the HA of lyophilized BmoLL after
sonication steps of 30 sec, or after submitting it to mechanical agitation. Moreover, the
HA was preserved after mixing resuspended lyophilized BmoLL in buffered solution with
organic solvents. Nanoparticles with a mean diameter around 160 nm were obtained
whatever the nature of the used polymer. The highest rate of encapsulation (68.5% + 5%)
was obtained by using PLGA 50/50. In vitro kinetic profile of BmoLL from nanoparticles
revealed a releasing of 40% at 24h. Furthermore BmoLL was adsorbed onto nanoparticles

at the first two hours of incubation and remained strongly adsorbed over 24 h.
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1. INTRODUCTION

Lectins are carbohydrate-binding proteins widely used in biochemical,
immunochemical, and histochemical studies. They are proteins of recognition with a
ubiquitous distribution in nature, which are involved in a variety of biological processes,
such as cell-cell and host-pathogen interactions, serum glycoproteins turnover, and
innate immune response (Kennedy et al., 1995; Vijayan and Chandra, 1999; Coelho and
Silva, 2000). These characteristics have attracted the interest of pharmaceutical
researchers especially due to their inherent ability to provide specific binding to
biological surfaces bearing sugar residues located at the surface of cells (Irache et al.,
1994; Ezpeleta et al., 1996; Ponchel and Irache, 1998; De Wolf and Bret, 2000). Lectins
are found in microorganisms, animals and plants, and they have been purified from
leaves, fruits, roots, tubers, and from seeds. Lectins can be classified according to the
nature of the inhibitors sugar, mannose/glucose, N-acetylglucosamine, N-
acetylgalactosamine, galactose, fucose and N-acetyneuraminic or sialic acid group
(Kennedy et al., 1995; Ponchel and Irache, 1998; Yamazaki et al., 1998).

Their specificity, multivalent featured, as well as their non-immunogenic and
bioadhesive properties make lectins appealing candidates for developing a third-
generation of site-specific nanosystems as carrier for drug delivery (Kompella and Lee,
2001). Two approaches have been applied to bring proteins in therapy. In the first case,
the protein itself presents biological activity and it can be encapsulated or incorporated
into nanosystem such as liposomes or nanoparticles. In many conventional systems, the
control of drug release is based on the encapsulation and/or non-specific reversible
interactions between the carrier and the active agent. On the other hand, proteins, much
specifically lectins, could also be binding at the surface of nanodispositives for site-

specific drug targeting. One of the crucial and pervasive dilemmas in the human therapy
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is to achieve a satisfactory balance between the drug toxicity and its therapeutic effect.
In this way, site-specific delivery could prevent possible toxic effect at non-target sites
and increase the efficacy of the therapeutic agent. Protein delivery from biodegradable
polymeric systems has been a challenging area of research. In a first approach,
nanospheres should be seemed inappropriate for encapsulating water-soluble compounds
due to their reduced size and the core hydrophobic character. However it has been
recently reported that protein-loaded “stealth” nanospheres containing human serum
albumin (HSA) was obtained (Quellec er al., 1998, 1999). BSA-loaded nanospheres
were prepared by using an adaptive double-emulsion method for the fabrication of
microspheres (Blanco et al., 1997). Moreover, Tetanus toxoid, an antigen with a high
molecular weight (150,000 g/mol), was also efficiently entrapped within nanospheres
with a mean diameter of 130-150 nm (Tobio et al., 1998). However, one of the largest
problems of protein-release technology is the loss of activity caused by denaturation and
deactivation of protein during the formulation process of the nanoparticles (Hora et al.,
1990). All preparation methods for production of nanoparticles involve the use of
organic solvents and sonication steps, which can be deleterious for the biological
activity of the entrapped proteins. When exposed to environmental changes, such as
heating and exposure to ultrasounds and organic solvents, proteins are generally
denatured, losing their biological activity (Hora et al., 1990).

Lectins might be implicated in the pharmacological activity of different genus of
plants useful in the popular medicine for the treatment of diseases such as cancer and
diabetes. For instance, the genus Bauhinia (Febaceae) contains a number of ornamental
species, which are well distributed in Brazilian cities, have been used as forage, as
human food and in popular medicine for the treatment of diabetes and as a diuretic

agent. Recently, a leaf Bauhinia monandra lectin (BmoLL) was purified and showed
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specificity for D (+)-galactose (6.25 mM), D (+)-raffinose (6.25mM) and methyl-B-D-
galactopyranoside (25 mM). Native BmoLL was apparently homogeneous by PAGE
(Coelho and Silva, 2000).

Bearing in mind a further application of BmoLL on pharmaceutical nanotechnology
either as a bioactive agent or surface-specific ligand, the effect of manufacturing
conditions involved in the fabrication of nanoparticles on the haemagglutinating activity
of BmoLL was evaluated. In addition, the entrapment of BmoLL in nanoparticles made
of biodegradable polyesters was optimized. Besides, in vitro kinetic pattern of BmoLL

from different formulations of nanoparticles was determined.

2. MATERIALS AND METHODS
2.1 Materials

The nanoparticles were prepared with different biodegradable polymers such as poly
D,L-lactic-co-glycolic acid (PLGA, 50/50 and 75/25; MW 21,000 and 26,000 Da,
respectively), poly e-caprolactone (PCL; MW 40,000, 10,000 and 2,000 Da) and poly
lactic acid (PLA 50, MW 42,000 Da) were purchased from Birmingham Polymers
(Alabama, USA), and Aldrich (Steinheim, Germany) respectively. Polyvinyl alcohol
(PVA, MW 20,000), Sodium cholate (SC) (MW 430.6 Da), and Bovine Serum Albumin
(BSA-fraction V, MW 65,000 Da) were furnished from Sigma (USA). The BmoLL lectin
was purified and characterized as described by Coelho and Silva (2000). All the other
chemical reagents were obtained from Merck (Darmstadt, Germany) and were of

analytical grade.
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2.2 Stability of BmoL
The influence of storage conditions on BmoLL heamagglutinating activity (HA) was
evaluated. Two different samples of BmoLL, one in citrate-phosphate buffered solution at
pH 6.5 (protein concentration of 0.45mg/ml) and other lyophilized (protein concentration
of 1.6 mg/ml) were tested and the stability of the ascertained preparations.
A pre-formulation study was carried out before fabrication of nanoparticles for
evaluating the influence of BmoLL exposure to sonication, ultra-turrax agitation and

organic solvents on its heamagglutinating activity.

2.2.1HaemagglutinatingactivityofBmolL
The evaluation of the HA of BmoLL was performed with glutaraldehyde-treated rabbit
erythrocytes as previously described (Bing et al., 1967). Briefly, samples of BmoLL lectin
(50pL) were two fold serially diluted in 0.15M NaCl, in microtiter plates. An erythrocyte
suspension (2.5% v/v in 0.15M NaCl, 50uL) was added and the titer was read after 45
min. The HA was defined as inverse of the lowest sample dilution that exhibited the last

visible red cell agglutination (Correia and Coelho, 1995; Arangoa et al., 2000).

2.2.2 Effect of the exposition to nanoparticle manufacturing conditions on the
Haemagglutinating activity of BmoLL
250 ul of BmoLL in water or citrate-phosphate buffered solution at pH 6.5 (41 pg/ml),
were added to 2 ml of distilled water and submitted to sonication (vibra-cell Branson, 200
W with 40 cycles/sec) or mechanical agitation (ultra-turrax T25, IKA, Germany) at 18,000
rpm for 30 or 60 seconds. Then, the haemagglutinating activity of BmoLL was determined

as described above.
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The effect of organic solvent on the haemagglutinating activity of BmoLL was
evaluated as following. 100 ul of BmoLL in water or citrate-phosphate buffered solution
at pH 6.5 (41 pug/ml), 2 ml of organic solvent (methylene chloride or acetone), and 4 ml of
distilled water were mixed together. The organic solvent was evaporated through stirring.

Then, haemagglutinating activity of BmoLL was determined.

2.3 Preparation of BmoLL-loaded nanoparticles

A pre-formulation study was developed with different batches of unloaded
nanoparticles prepared by using a modified multiple emulsion (W;/O/W;) method as
previously described (Quelec et al., 1998). Sonication was used in the two-step
emulsification process, in order to reduce the particle size of nanoparticles to a
submicronic range. Varying type and concentration of constituents optimized the
formulation of nanoparticles. The volume of the organic phase was 0.5 or 1 ml. The
volume of the internal aqueous phase was varied from 0.025 to 0.5 ml. The external
aqueous phase (1 or 2 ml) was constituted of 0.3% PV A or 0.6% SC. The final volume of
the dispersant phase was 10, 25 or 50 ml containing 0.1% PVA or 0.1% SC.

According to the stability of nanoparticles previously obtained, PCL 2,000 Da, PLGA
50/50 and 75/25, and PLA 50 were chosen to prepare BmoLL-loaded nanoparticles, which
are produced as follows. First, an emulsion was prepared with 0.5 ml of a polymer
dissolved in methylene chloride (25 mg/ml) and 0.5 ml of BmoLL suspended in citrate-
phosphate buffered solution was added under vigorous stirring by vortex during 1 min.
Then, the emulsion was sonicated for 20 sec (CV 145 sonicator, Vibra cell France) at 40
W for 20 sec in an ice bath. A double emulsion W/O/W was obtained by adding 1 ml of
sodium cholate solution (0.6% w/v) under vigorous stirring as previously described. The

nanoparticle suspension was then sonicated for 30 sec and dispersed in 10 ml of sodium
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cholate solution (0.1% w/v). The organic solvent was rapidly eliminated by evaporation
under reduced pressure, and residues of SC were eliminated by dialysis against distilled
water (membrane cut-off: 10,000 Da) during 12 h. Finally, the nanoparticles were
collected by centrifugation (L-55 centrifuge, Beckman, USA) at 144,000 g for 30 min and

washed twice with water before lyophilization.

2.4 Characterization of BmoLL-loaded nanoparticles

The mean diameter of particles and size distribution were determined in water at 20°C

by photon correlation spectroscopy (PCS) using a Nanosizer N4-MD® (Coulter, France).

The surface charge of nanoparticles diluted in 10 mM NaCl solution was evaluated by

measuring the Zeta Potential using a Zetasizer (4® Malvern, UK). The morphological
examination was performed using scanning electronic microscopy (SEM) after fixation
and metallization of nanoparticles with colloidal gold. The amount of non-entrapped
BmoLL was determined by Lowry-Peterson protein assay (Peterson, 1997) in the
supernatant obtained after two ultracentrifugation and washing of nanoparticles. A
calibration curve was prepared by using BSA as standard in a concentration range of 10 to
100 pug/ml. This procedure permits analysis of very dilute protein solutions with removal

of most interfering substance (Quellec et al., 1998).

2.5 IN VITRO RELEASE KINETIC PROFILES OF BMOLL-LOADED
NANOPARTICLES

Samples of 10ml of BmoLL-loaded nanoparticles [160ug/ml] were suspended in 10 ml
of phosphate buffer saline (PBS, pH 7.4) containing 0.1% (w/v) sodium azide and

incubated at 37°C under moderate magnetic stirring. At predetermined time intervals, one
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sample was withdrawn and centrifuged at 144,000 g for 30 min. The supernatant was

removed (1 ml) and the released BmoLL was measured as previously described.

2.6 In vitro adsorption Kinetic profiles of BmoLL onto nanoparticles

The adsorption of BmoLL onto the surface of nanoparticles was evaluated.
Lyophilized unloaded-nanoparticles (4 mg) were resuspended in 10 ml of 10 mM
phosphate buffered saline (pH 7.4) containing 72 ug of lectin, and incubated under
magnetic agitation at room temperature. At different time intervals, an aliquot of 1.2 ml
was collected and submitted to centrifugation at 144,000 g for 30 min. The free BmoLL
on the clear supernatant was determined by Peterson method as described above. The
amount of adsorbed BmoLL onto the surface of nanoparticles was calculated from the

values of the dosed BmoLL in the supernatant.

3. RESULTSANDOSCUSSI ON

3.1 Stability of BmoL.LL

Effective biopharmaceutical product development requires a good understanding of the
degradation mechanism of the macromolecule of interest. As degradation may occur
during the production, isolation, purification, formulation, storage and delivery of the
macromolecule, it is required for the formulation scientist to work in a multidisciplinary
team for developing adequate bioprocessing and analytical methodologies (Parkins and
Lashmar, 2000). Many macromolecules have a relatively short shelf life in aqueous
medium, which can lead to both poor bioavailability and poor stability in the final product.

Factors such pH, ionic strength, buffer composition, other excipients and temperature may
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all affect the mechanism of degradation, and should be evaluated (Parkins and Lashmar,
2000).

The influence of conditioning of BmoLL in citrate-phosphate buffered solution or in a
lyophilized form on its specific-haemagglutinating activity (sHA) was evaluated as shown
in Table 1. It can be observed that sHA remained at 320 ng/ml after submission of
lyophilized BmoLL to stressful conditions such as ultrasounds, ultra-turrax agitation or
solvents, except for a long exposition to ultrasounds during 60 sec (641 ng/ml). In
contrast, a reduction of twice on sHA was observed for BmoLL in buffered solution, after
exposition to 30 sec (641 ng/ml) of ultrasounds or ultra-turrax agitation. Similar results
were found by Zambaux and co workers (1999) when investigating the influence of the
sonication time on the activity of protein C loaded in PLA-nanoparticles, observing a 50%
reduction on its anticoagulant activity.

It is well known that during the manufacture of nanoparticles by emulsification based
on solvent evaporation method, proteins, which are generally surface active, tend to
migrate to the interface between the aqueous and organic phases. At the interface, usually,
the molecule of proteins may unfold provoking modifications on their structure or
conformation (Zhou et al., 2001). In fact, many works showed protein modification due to
the harsh manufacture conditions of micro and nanoparticles by emulsification process
(Lu et al., 1995, Uchida et al., 1996, Zambaux et al., 1999). Emulsification is a crucial
step in the preparation process and it is obtained by sonication. In fact, sonication induces
an increase in temperature, which is moderated by the use of an ice bath. Moreover,
during sonication, cavitations occur and can induce conformational changes of proteins
that can disturb their activity (Niven et al., 1995, Zambaux, et al., 1999).

The BmoLL activity was not affected in the presence of the methylene cloride or the

methylene cloride and acetone mixture. These results are contradictory to those ones
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obtained by Zambaux and co workers (1999) when the presence of the solvent mixture
improved the anticoagulant activity of protein C, which was two fold great than with
methylene cloride. However, it was showed that proteins suffered denaturation in aqueous
organic mixtures but not in pure organic solvents (Gribenow and Klibanov, 1996). The
hypothesis that proteins remain folded and active in organic solvents is counterintuitive. It
was related that proteins are stable in some organic solvents (Mattos and Ringe, 2001).
Therefore, results showed that the BmoLL conserved its activity under various
experimental nanoparticles manufacturing conditions. Moreover, it seems that BmoLL

should be lyophilized to preserve its characteristics during storage.

3.2 BmoLL-loaded nanoparticles

The nanoparticles production deals with several independent variables of formulation
and manufacturing, such as the surfactant/stabilizer type, the molecular weight and the
concentration of the polymer. Considering polymeric nanoparticles, the particle size and
the encapsulation efficiency are two more important characteristics. Another extremely
relevant parameter for understanding the nanoparticle stability is the zeta potential, which
determines the surface charge of particles (Blanco et al., 1997; Song et al., 1997; Feng et
al., 2001, Hans and Lowman, 2002).

Parameters involved in the preparation of the unloaded-nanoparticles (organic and
aqueous phase ratio, type of polymers and concentration surfactants) were optimized in
order to obtain a formulation presenting monodispersed particles with a diameter lower
than 200 nm (Table 2). Certainly, the use of SC as surfactant in the external phase,
contributed for the production of (200 nm)-sized nanoparticles. Similar results were

previously reported by Zambaux and colleagues (1998, 1999).
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The use of PVA promoted nanoparticles with a diameter of about 400 nm. These
findings corroborated some data described by Lamprecht and collaborators (2000, 2001).
It is well known that the manufacturing of nanoparticles by using emulsification
techniques required the use of surfactants to stabilize simple or multiple emulsions formed
during the process. Addition of surfactants in the continuous phase reduces the “caking”
current problems, which take place during the solvent evaporation process. In fact, the
gradual reduction of the volume of the dispersion phase promoted an increase on the
medium viscosity, affecting the balance of the size of dispersed droplets. This
phenomenon promotes the coalescence and the agglomeration of the droplets (Murakami
et al., 1999). PVA is one of the most employed surfactants. However, it has been
demonstrated that PVA residues remain bounded to the surface of particles and they are
hard to be totally removed (Zambaux et al., 1998 and 1999). On the contrary, sodium
cholate (SC), which is effective to produce nanoparticles, has the advantage to be more
easily removed by washing after preparation. However, the resuspension in water of the
nanospheres prepared with SC seems to be difficult. Apparently, this problem can be
solved by a dialysis process against water (8 hours) before the recovering of nanoparticles
by centrifugation (Quellec et al., 1998).

BmoLL was efficiently loaded in nanoparticles of PLA 50, PCL or PLGA. Sodium
cholate was used as surfactant in the continuous aqueous phase. The nanoparticles were

prepared by the double emulsion method.

3.3 Characterization of BmoLL-loaded nanoparticles
BmoLL-loaded nanoparticles were obtained with a mean diameter varying from 143 +
47 nm to 163 + 47 nm for PLA 50, PCL or PLGA (Table 2). The highest rate of BmoLL

encapsulation was obtained by using the copolymer PLGA 50/50 (69% + 5%), whereas
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the nanoparticles prepared with PCL 2,000 Da presented the lowest encapsulation rate
(40% % 8%). Thus, a loading about 1.5 pg of protein/mg of polymer were obtained.
However, a lowest polydispersity index (0.09) was obtained with PLA 50 (42,000 Da) for
58% BmoLL encapsulation ratio.

It can be observed that the mean diameter of nanoparticles and the BmoLL
encapsulation efficiency were both dependent on the polymer molecular weight (Table 2).
In fact, PCL (2,000 Da) promoted the smallest BmoLL encapsulation rate (40 %) and the
most charged surface (§ = - 4.5 mV). This suggests that Bmoll was preferentially absorbed
onto the surface of nanoparticles. In contrast, BmoLL encapsulation rate was increased
20% in PLA in comparison with PCL nanoparticles. Moreover, loaded PLA-nanoparticles
presented a small zeta potential (§ = - 8.9 mV), indicating that BmoLL was preferentially
loaded in the polymeric core of nanoparticles. Although these nanoparticles presented a
slight higher mean diameter size (151 = 51 nm) than PCL (143 £ 47 nm), they displayed a
smaller polydispersity index (0.09). Therefore, PLA50 promoted a monodisperse size
distribution of particles. A higher BmoLL encapsulation efficiency was found with PLGA
50/50 (69 %) and a smaller size diameter (155 £ 51 nm) when compared to PLGA 75/25
nanoparticles, which promoted an encapsulation efficiency of 58 % and a mean diameter
of 163 = 47 nm. Corresponding zeta potential values were —6.8 mV and -5.6 mV,
suggesting that BmoLL was more adsorbed at the surface of PLGA 75/25 than at the
surface of PLGA 50/50.

The morphological aspects of the unloaded and BmoLL-loaded nanoparticles are
displayed in Fig. 1. Nanoparticles containing BmoLL presented submicronic size, well-

defined spherical shape, and a relative monodispersity of particle size distribution.
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3.4 in vitro release Kinetic profiles of bmoll-loaded nanoparticles

The BmoLL release characteristics of PLGA (75/25,50/50), PCL 2K e PLAS50
nanoparticles were investigated in vitro. In vitro kinetic profile of BmoLL from
nanoparticles revealed a releasing of 40% at 24h, independently of the used polymer (Fig.
2). A more or less pronounced burst release was observed during the first two hours and
tends to a plateau after eight hours. The burst affect could be attributed to the immediately
release of BmoLL molecules adsorbed at the surface of nanoparticles. After the initial
burst, BmoLL release profile displayed a sustained behavior, especially from PLGA 50/50
nanoparticles, which presented the highest BmoLL entrapment in the polymeric core. The
sustained release pattern can be attributed to the diffusion of BmoLL through the
polymeric matrix as well as some polymer erosion. Such erosion was more pronounced
for PLGA 75/25 and PCL nanoparticles. As noticed, drug release from polyesters, such
PLA, PLGA and PCL, is generally controlled by both drug diffusion and polymer erosion.
Hydrophilic drugs with molecular weight above 0.5 kg/mol, such as peptides and proteins,
have especially shown in vivo plasma level/time curves with clear discontinuities. In an
initial phase, release occurs predominantly by diffusion through an interconnecting
network formed by the dissolving drug substance itself. The second release phase is
governed by the polymer degradation (Zambaux et al., 1999, Breitenbach et al., 2000, Li

et al.,2001).

3.5 IN VITRO ADSORPTION KINETIC PROFILES OF BMOLL-LOADED
NANOPARTICLES

The kinetic patterns of BmoLL adsorption on the surface of nanoparticles is displayed
in Fig. 3. It can be observed that 30-45% of BmoLL is adsorbed onto nanoparticles at the

first two hours and it remained adsorbed for all the experiments (24 h). Apparently PLGA
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75/25 and PCL promoted a higher “affinity” to BmoLL than PLA 50. These findings
corroborate the analysis of surface change by the zeta potential values (Table 2). In fact,
PCL and PLGA 75/25 nanoparticles presented higher  values (-4.5 and -5.9 mV,

respectively) and the highest BmoLL adsorption (40 and 45%, respectively).

4. Conclusion
Results suggested that the lectin haemagglutinating activity was more dependent on the
BmoLL storage conditions than to the manufacturing process of nanoparticles. Moreover,
BmoLL was efficiently encapsulated into nanoparticles of size about 160 nm. The in vitro
kinetic profile revealed that BmoLL-loaded nanoparticles could be used as controlled
release systems. Currently studies are carrying out in our laboratory to evaluate the
bioavailability of BmoLL-loaded nanoparticles using a Europium derivative as an

alternative marker.
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Table 1. The evaluation of the effect of time exposure to ultrasounds, mechanical agitation and organic solvents on the specific

haemagglutinating activity of BmoLL. Assessment of the influence of storage conditions (lyophilized or in 10 mM citrate-phosphate buffered

on the stability of BmoLL.

Storage of BmoLL Sample
Lyophilized Buffered solution
BmoLL exposition Time (sec) sHA [BmoLL] (ng/ml) sHA [BmoLL] (ng/ml)
0 3,129.58 320 3,129.58 320
ULTRASOUNDS 30 3,129.58 320 1,564.79 641
60 1,564.79 641 1,564.79 641
0 3,129.58 320 3,129.58 320
ULTRA-TURRAX 30 3,129.58 320 1,564.79 641
60 3,129.58 320 1,564.79 641
Solvents Methylene 3,129.58 320 3,129.58 320
chloride
Methylene 3,129.58 320 1,564.79 641
chloride/acetone

BmoLL concentration at 40.9 ug/ml in 10 mM citrate phosphate buffered solution (pH 6.5) solution, pH 6.5).
sHA = specific Haemagglutining Activity
[BmoLL] = concentration of BmoLL corresponding to sHA
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Table 2. The evaluation of the influence of polymer on the mean diameter,

polydispersity index and BmoLL encapsulation efficiency into nanoparticles.

Polymer Mean Polydispersity BmoLL Zeta
Diameter I encapsulation Potential
ndex
(nm + SD) Ratio (%) (m¥)
PLA 50 (42,000 Da) 153 £51 0.09 58+5 -4.5
PCL (2,000 Da) 143 £ 47 0.22 40+ 8 -8.9
PLGA 50/50 155 +49 0.19 69 +5 -6.8
PLGA 75/25 163 +47 0.14 58+8 -5.9

1.5ug of protein /mg of polymer
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List of captions

Figure 1. Scanning electronic microscopic images of nanoparticles prepared by double
emulsion method using sodium cholate as surfactant. PLGA 50/50 (a) PLGA 75/25
(13,000 x) (b) unloaded nanoparticles and BmoLL-loaded PLGA 75/25 nanoparticles

(2,500 x) ().

Figure 2. In vitro kinetic release profiles of BmoLL from PLGA 75/25 (W), PCL (@),
PLGA 50/50 (V) and PLA (#) nanoparticles in phosphate buffered solution (pH 7.4) at

37°C. Data are shown as mean + S.D of three assays.

Figure 3. In vitro adsorption of BmoLL onto the surface of PLGA 75/25 (R), PCL (®),
PLGA (V) and PLA 50 (®) nanoparticles in phosphate buffered solution (pH 7.4) at

37°C. Data are shown as mean + S.D. of three assays.
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(b)

Figure 1. Scanning electronic microscopic images of nanoparticles prepared by double
emulsion method using sodium cholate as surfactant. PLGA 50/50 (a) PLGA 75/25
(13,000 x) (b) unloaded nanoparticles and BmoLL-loaded PLGA 75/25 nanoparticles

(2,500 x) ().
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Figure 2. In vitro kinetic release profiles of BmoLL from PLGA 75/25 (W), PCL (@),

PLGA 50/50 (V) and PLA (#) nanoparticles in phosphate buffered solution (pH 7.4) at

37°C. Data are shown as mean + S.D of three assays.
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Figure 3. In vitro adsorption of BmoLL onto the surface of PLGA 75/25 (H), PCL (@),

PLGA (V) and PLA 50 (®) nanoparticles in phosphate buffered solution (pH 7.4) at

37°C. Data are shown as mean + S.D. of three assays.
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Summary

New amphiphilic polysaccharides with controlled structure were synthesized by coupling
between a carboxylic function of preformed polyesters chains and a hydroxyl group
naturally present on polysaccharides. Firstly, the synthesis of poly(e-caprolactone)
monocarboxylic acid (R-PCL-COOH) was carried out by ring-opening uncatalyzed
polymerization of monomer in the presence of a carboxylic acid (R-COOH). R-PCL-
COOH was reacted with carbonyl diimidazol and the resulting activated intermediate
(imidazoline) was further reacted with dextran (Dex) at different molar ratios to obtain
amphiphilic copolymers with various hydrophilic-lipophilic balance. The coupling
reaction was followed by GPC, indicating a total conversion. The copolymers were further
characterized by GPC, 1H NMR and FTIR. Nanoparticles of less than 200 nm, with
potential interest for controlled release of bioactive compounds, were successfully

prepared by using these new materials.
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Introduction

One remarkable feature in drug delivery technology is the central role that polymer plays
in the control of drug administration, transport, and delivery at the desires site of drug
action. Encapsulation of active compounds needs to conceive new biocompatible
polymers for the design of particulate carriers (nanoparticles) with engineered surface
properties for targeting purpose. The concept of nanoparticles surface modification to
control the specific interaction with target cells as well as the non specific interaction with
blood components and phagocytic cells raises a question about the optimal
polymer/copolymer composition. Even if polyesters such as poly(lactic acid) (PLA),
poly(lactic-co-glicolic acid) (PLGA) and poly(e-caprolactone) (PCL) are now recognized
as safe materials, none of the actual available polymers/copolymers are satisfactory.
Indeed, either they are hydrophobic, thus activating the complement and leading to
unwanted liver accumulation or, when coated with hydrophilic chains such as
poly(ethylene glycol) (PEG)'?, they do not possess reactive groups at their surface
allowing ligand coupling. To address the issue, polysaccharide based polymers represent
an interesting alternative to PEG since poly and or/ oligosaccharides may have per se a lot
of recognition functions allowing specific mucoadhesion or receptor recognition. For
instance, fucosylated oligosaccharide ligands mediate cell-cell adhesion through binding
to cell-surface selectins’ and galactose containing oligosaccharides have affinity for
asiologlycoprotein receptors in liver tumor cells®. Other polysaccharides like dextrans
have molecular characteristics (hydrophobicity and mobility) able to prevent protein
opsonization and complement, thus avoid liver recognition. Thus, biocompatible
polyesters with the functionality of polysaccharides should allow the design of ideal

material for drug targeting.
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However, there are only few examples of covalently linked polysaccharides-polyester
copolymers in the literature. One strategy involved a catalytic ring-opening
polymerization of monomers (lactide or caprolactone) in the presence of polysaccharides5 i
?. The major inconvenient of this approach is the difficulty to obtain controlled structures
since all the hydroxyl groups on the polysaccharides, except the ones sterically hindered,
initiate the polymerization’”. Alternatively, it was recently suggested'®'? that
hydrophobization of polysaccharides is possible by bulk polymerisation of monomers in
the presence of partially protected (silanyzation) hydroxyl groups of polysaccharides,
followed by deprotection. However, bulk polymerization lead to inhomogeneous
substitution ration and high polydispersities’”. The resulting large number of grafted
chains with variable length may mask the polysaccharidic backbone and modify its
physicochemical properties. This is a major disadvantage for biomedical; applications
where interactions of the biological environment with polymeric surfaces are of polymeric
surfaces are of significant importance for bioadhesion, steric repulsion of seric proteins or
targeting.

In addition, ring opening polymerizations were carried out using stannous octanoate as
catalyst >*. Although stannous octanoate is the most popularly used catalyst for the
synthesis of biodegradable polyesters, it is always chemically polluted by 2-ethylhexanoic
acid so that uncontrolled secondary polymerization may occur . It is worth mentioning
that the degree of polymerization is often low, in particular when using stanous octanoate
as catalyst ®. Moreover, the rather high content in the residues cannot be removed
efficiently'’, which makes that the presence of this toxic compound in the resulting
polymers is another inconvenient for biomedical applications.

In this paper, we describe the synthesis of new comb-like materials composed of a

polysaccharide backbone on which preformed polyester (PCL) chains were grafted by

59



means of ester bridges. These polysaccharide-polyester copolymers with controlled
structures were obtained by coupling between a carboxylic function present on the
polyesters chains and a hydroxyl group naturally existent on the polysaccharidic
backbone. It was therefore necessary to first synthesize a PCL monocarboxylic acid (R-
PCL-COOH) of predetermined molecular weight'®. The resulting amphiphilic Dex-PCL,
were characterized by various techniques. Moreover, a method has been developed to
prepare nanoparticles with a mean diameter lower than 200 nm using these new

copolymers.

Experimental

Materials

e-caprolactone (> 99 %), capric acid (> 99,9 %), Dext from Leuconostoc mesenteroides
with molecular weights 5 and 40.10° g/mole(as determined by GPC), named Dex 5 K and
Dex 40 K were obtained from Fluka. DMSO and THF (HPLC quality) and
carbonyldiimidazole (CDI) were purchased from Sigma-Aldrich. Regenerated cellulose
membranes with a cut off 6-8000 Da (Spectra/por, Spectrum, Breda, The Nederlands)

were used for dialysis.

Synthesis of R-PCL-COOH (R=C4H ;9)

Synthesis of low molecular weight (2 to 4 10* g/mole) PCL monocarboxylic acid (R-PCL-
COOH) was carried out by bulk polymerization of e-caprolactone in the presence of capric
acid at various molar ratios. Caprolactone was freshly distilled under CaH, in vacuum
before polymerization and capric acid was dried by azeotropic distillation.

For example, 20 g e-caprolactone and 1.88 mL capric acid (molar ratio 16) were weighted

in a 50 ml round-bottomed flask which was fitted with a reflux condenser and connected
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to the vacuum/Ar (Argon) line. The flask contents were thoroughly degassed under high
pressure using three freeze-pump-thaw cycles. Polymerizations were carried out under Ar,
at 235 °C in a silicone oil bath. After 7 h the reaction was stopped by dipping the flasks in
ice. The obtained polymers were purified by four successive precipitations using THF as
solvent and methanol as non-solvent. The polymers were finally dried under vacuum.

Polymer recovery yield was 75 wt %.

Synthesis of Dex-PCL,

Dex and R-PCL-COOH were anhydrized by azeotropic distillation befor the
coupling reaction. To synthesize a polymer named Dex-PCL, where n is the number of
grafted PCL chains per Dex macromolecule, a three step reaction was carried on.

For example, 3.5 g anhydrous R-PCL-COOH (Mn=2100 g/mol) and 290 mg CDI (5 %)
molar excess with regard to the COOH functions) were dissolved in 4 mL of anhydrous
THF in a 50 mL round-bottomed reaction flask equipped with a reflux condenser and
connected to the Ar/vacuum line. The flask was heated at THF reflux under Ar, when CO,
formation was observed. After 3h, when CO, was no longer observed, the reaction was
stopped and THF was evaporated. The so-obtained unisolated activated polymer
(imidazolide) was dissolved in a minimal amount (~ 2 mL) of anydrous DMSO and 1.05 g
Dex 5 K (23 wt %) solubilized by heating in a minimal amount (~ 6 mL) of anhydrous
DMSO were added. The coupling reaction was carried on for minimum 3 h at 130° C
under Ar. The reation mixture was recovered and dialyzed against demineralized water.
Precipitated polymer was isolated by centrifugation, the supernatant was discarded, and
the polymer was washed again with water and THF to remove respectively traces of
unreacted Dex and PCL. It was finally lyophilized and dried over phosphorous pentoxyde.

The copolymer recovery yield was higher than 80 %.
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To synthesize other Dex-PCL, copolymers, the weight ratio of Dex in the reaction mixture

was varied from to wt %.

Polymer Charatcterization

Determination of molecular weight of R-PCL-COOH by titration

An exact mass (m) of dried polymer (about 100 mg) was dissolved in 7 mL pure acetone
and the COOH end groups were dosed with a 10*> M solution of KOH in ethanol, in the
presence of phenolphthalein. Average number molecular weights (M,), expressed in
g/mole, were determined by relationship:

ml10°
M, =

cV

where ¢ (mol/L) is the title of the KOH solution (verified using a HCL solution of known
title) and V (mL) is the added volume of KOH solution. Mn were averaged on at least

three independent measurements. The precision of this analysis was 5%.

Gel permeation chromatography (GPC)

Dex-PCL, copolymers were analyzed by GPC using a triple detection system (Viscotek,
Houston, Texas, US). The GPC system is composed of a VE 7510 degasser (Viscotek), a
VE 1121 pump (Viscotek), a waters 712 WISP injector, a Waters 410 differential mounted
in parallel with a Viscotek T60Ab dual (viscosity and light scattering) detector, and a
Waters TCM heating column system. Polystyrene standards (Polymer Laboratories,

Shropshire, UK) were used to determine molecular weights from universal calibration.
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For the analysis of R-PCL-COOH polymers, the eluent was HPLC-grade THF at a flow
rate of 1 mL/min. A GMH-HR M (Viscotek) column heated at 40°C was used. The
injected volumers were 100 uL and the polymer concentration was 5 mg/mL.

For the analysis of Dex and Dex-PCL, samples, the mobile phase was N, N
dimethylacetamida (DMAC) containing 0.4 % LiBr at a flow rate of 0.5 mL/min. The
injected volumes were 100 uL. Sample concentrations ranged from 5 to 10 mg/mL. To
achieve the best resolutions, two GMH-HR H columns were mounted in series for samples
containing Dex 5 K and a GMH-HR N column was used for samples containing Dex 40
K. The columns were heated at 60 °C.

The number “n” of polyester chains grafted per Dex macromolecules was calculated by

subtracting the determined M,, of Dex (5000 g/mole) from My, of Dex-PCL, copolymers

and dividing by M,, of polyester grafts (2100 g/mole).

'"H NMR and FTIR analysis

"H NMR spectra were recorded with a 200 MHz Bruker B-ACS 60 spectrometer. R-PCL-
COOH samples were analyzed in D-chloroform (> 99.8 %, SDS, Peypin, France) and De-
DMSO (99.9 atom % deuterium (D), Sigma Aldrich, Steinheim, Germany), whereas Dex-
PCL, samples were dissolved in Dg-DMSO. Infrared spectra of dried polymer powders
were recorded using a Bruker Vector 22 spectrometer. 16 scan were averaged for each

sample.

Nanoparticles preparation
5 mg Dex-PCl, copolymer, 1 mL dichloromethane and 5 mL demineralized water
containing 0.1 % (w/v) sodium cholate were stirred together for 5 min at room

temperature. The emulsion thus formed was sonicated (60 s, 20 W, pulses of 1 sec each,
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vibra cell, Sonics & Materials, Danbury, US). After solvent evaporation (rotary
evaporator, 30 min, room temperature), the resulting nanoparticle volume diameter was
determined using a particles size distribution analyzer (PL-PSDA, Polymer Laboratories,
Shropshire, UK). The eluent was demineralized water containing 0.1 % (w/v) pluronic
F68, at a flow rate of 2.1 ml/min. A "cartridge type 2" column (polymer Laboratories),
with a separation domain 20 - 1500 nm, was used to separate the nanoparticles on the
basis of their hydrodynamic radius. To detect the nanoparticles, absorbance was monitored

at 254 nm.

Results and Discussion

PCL monocarboxylic acids (R-PCL-COOH) obtained by polymerization of (e-
caprolactone in the presence of monocarboxylic acids are key compounds in the synthesis
of amphiphilic polysaccharide-polyester copolymers with controlled structures. The
molecular weight of these polymers should be a compromise. Indeed, for coupling
reaction with polysaccharides, short PCL chains are required to increase the reaction rate.
On the contrary, long PCL chains are need to achieve the desired hydrophilic lipophilic
balance (HLB) without increasing too much the number of grafted side chains. In the
polymerization conditions used in this work, the molecular weights M, of the isolated
polymers was in the range of 2 to 3 10° g/mole(Fig. 1), suitable for grafting to Dex. The
obtained M,, were practically independent on the ratio monomer/acid. Similar finding were
reported in the case of e-caprolactone polymerization in the presence of succinic acid'’.
According to the results in Fig. 1, a 7h reaction time was chose because it enable to obtain
a satisfying polymer recovery yield (~70 wt%) and appropriate molecular weights (2100-

2500 g/mole). A typical 'H NMR spectrum and peaks assignment of the R-PCL-COOH
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(R=C9H,9) polymers is shown in Fig. 2. The proton of the carboxylic function was not
visible at ppm higher than 7 (very weak signal).
Average number and weight molecular weights (M,, M) of these polymers were
determined both by GPC and by dosage of the acidic end groups. After four successive
purifications by precipitation, M, were constant (< 5 % variation) indicating that the R-
PCL-COOH polymers were exampled of traces of unreacted acid. Less than 10 %
differences were found in between the M, determined by dosage of carboxylic en groups
and by GPC (results not shown). According to GPC data, polydispersity indexes were low
(< L.5).
The theorical molecular weights (M) (at total monomer conversion) are defined as:

NecL
Mt = 114 + 172

Nacid
where necp and n,q are respectively the number of moles of monomers and capric acid in
the reaction mixture, 114 and 172 are respectively the molecular weights of monomers and
capric acid. A good agreement was found between M, and M,, determined by titration after
7 h reaction time. For example, for a molar monomer : capric acid of 16, M, was 2100
g/mole and M; was 2000 g/mole.
It was found that water accelerates the polymerization of €-caprolactone, but it might lead
to the formation of undesired HO-PCL-COOH polymers. Studies concerning the influence
on initiator structure were reported by Bixler e al.'®. Because water is a comparative
initiator of polymerization, drastic conditions (high purity reagents and anhydrous
conditions) were necessary to obtain polyester carboxylic acids.
For the coupling reaction between R-PCL-COOH and Dex, different strategies were

envisaged. For example, the carboxylic function of R-PCL-COOH was activated with N-
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COOH in corresponding ester of NHSI in the presence of dicyclohexylcarbodiimide
(DCC) was quantitative, but coupling with polysaccharide needed several days. Reaction
yield did not exceed 50 %. DDC was used to couple polyesters and PEG'". However, in
our case direct coupling using DCC needed prolonged reaction times and lead to low
conversion yields.

The best results were obtained using CDI as coupling agent (short reaction times, good
conversation yields). Selectivity, reactivity and efficiency of this acylating agent in
various conditions was studied'®. Examples of applications in polymer chemistry were
reported particularly in the case of polysaccharides'®’. Coupling with CDI can be carried
on in various usual solvents such as THF, DMF or DMSO". In this work, DMSO was
chosen because it is the best solvent for the used polysaccharides. The coupling reaction
with CDI was carefully inspected and the reaction conditions were optimized using Dex 5
K and 40 K as starting materials. The different steps of the synthesis of Dex-PCL,
copolymers are schematized in Fig. 3. Firstly, CDI in excess was used for the conversion
of carboxilic acid of R-PCL-COOH in corresponding imidazolide intermediate. In a
second stage, Dex was added to the non isolated mixture containing imidazol and the
reaction mixture was heated at 130 °C.

The optimal reaction time corresponding to more than 90 % conversion was determined
by GPC. A typical GPC follow-up of the coupling reaction is shown in Fig. 4. The
reactants were Dex 40 K (curve 1) and R-PCL-COOH 2100 g/mole (curve 2). The amount
of Dex 40 K in the reaction mixture was 10 wt %. On the chromatogram of the initial
reaction mixture (curve 3), both peaks of Dex and R-PCL-COOH can be observed. After
one hour of reaction at 130 °C, the area of the peak corresponding to R-PCL-COOH

(curve 4) was drastically reduced. It became negligible after 3h (curve 5), showing a
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practically total conversion of R-PCL-COOH. Therefore, reaction times of 3 h were
chosen for the coupling reactions.

After 1 and 3 h (curves 4 and 5), a new peak corresponding to higher molecular weights
appears at shorter retention volumes. This, together with the disappearance of the peaks
corresponding to Dex and R-PCL-COOH, clearly indicates that R-PCL-COOH could be
detected by titrimetry in the isolated Dex-PCL, copolymers, showing once more that the
grafting was efficient.

The copolymers were analyzed by GPC, 1H NMR and FTIR. These techniques allowed to
determine their average molecular weights, polydispersity index, gyration radius,
viscosity, as well as their global composition. In particular, it was possible to determine
the amount of Dex effectively incorporated into the Dex-PCL, copolymers and the
substitution degree.

Dex-PCL, copolymers obtained using Dex 40 K and more than 15 wt % Dex in the
reaction mixture were poorly soluble in DMAC and therefore their analysis by GPC was
not possible. This was not the case with a family of Dex-PCL, copolymers prepared using
Dex with lower My, (Dex 5 K), and even in amounts up to 33 wt % in the reaction mixture.
All these isolated Dex-PCLn copolymers showed an unique peak in GPC. Table 1 gathers
the GPC characteristics of Dex-PCLn copolymers obtained using 5, 20 and 33 wt % Dex 5
k in the reaction mixture and R-PCL-COOH 2100 g/mole. Average number and weight
molecular weights (M, and M,,), gyration radius and intrinsic viscosity increased with the
wt % R-PCL-COOH in the reaction mixture, as a consequence of the increase of the
number n of grafted PCL chains. Polydispersity of the Dex-PCL, copolymers slightly
increased with their My, but remained low (<1.5).

Data in Table 1 allowed to calculate the number of grafted PCL chains per Dex backbone.

It appears that approximately 3.5.5 and 7.1 polyester chains were grafted to Dex in Dex-
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PCL, copolymers synthesized with respectively 33 %, 20 % and 5 wt % Dex in the
reaction mixture.

A representative 1H NMR spectrum of PCL, Dex and Dex-PCLj; is shown in Fig. 5,
together with the attribtion of the various peak. All and only the peaks corresponding to
Dex and to PCL can be observed in the spectrum of Dex-PCL; copolymer. Due to the very
low number of grafted PCL chains, about 3 in this case, no peak corresponding to the ester
bridges between PCL and Dex could be observed.

In particular, it can be observed on Fig. 5 that the signal from the anomeric proton (f) of
the glucopyranosyl ring (4.65 ppm) of Dex is well separated from the other proton signal
(3.2 to 3.7 ppm) and the signal from the OH groups (4.4, 4.8 and 4.9 ppm). Therefore, the
Dex wt % in the Dex-PCL,, copolymers can be calculated using the following relationship:

162A4 65
Dex wt % =

162A4_65 +114/2 Ay

where 162 and 114 are respectively the molecular weight of o-D glucopyranose and
caprolactone units. As¢s and A4 are respectively the area of the peaks corresponding to the
anomeric H of Dex and to the H of the CH; group linked to -C(O)-O in PCL chains (peak
a, Fig. 5). For example, the so-calculated value of Dex in the copolymer, 31 wt %, was
very close to 33 wt %, initially introduced in the reaction mixture. Differences could
possibly be due to the elimination of the less substituted fraction by repetitive washing. In
the case of the less substituted polymers, the differences between theorical and the
calculated values of Dex in the copolymer were higher (~15 %).

Fig. 6 presents the superposition of FTIR spectra of Dex 5 K (curve 1), R-PCL-COOH
(curve 5) and the Three Dex-PCL, copolymers (n=3 to 7). Dextran presents a broad

absorption band in the region 3200-3500 cm’', assigned to OH stretching vibrations. A
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large peak at about 2900 cm’™ attributed to the CH/CH, vibrations is also observed. In the
case of PCL chains, the peaks corresponding to these vibrations (2994 and 2865 cm™) are
sharper. The characteristic C=0 stretching vibration of PCL chains can be observed at
1722 cm™. The second main IR absorption band of Dex has a maximum at 999.3 cm™.
This region is dominated by ring vibrations overlapped with stretching vibrations of (C-
OH) side groups and the (C-O-C) glycosidic bond vibration *'. The intensity of all these
characteristic peaks of Dex increases in the Dex-PCL, copolymers with the Dex wt %
increase. Simultaneously, the intensity of the characteristic peaks of PCL decreases.
Therefore, in a similar way as NMR spectroscopy, FTIR spectroscopy showed that the
Dex, Dex-PCL, and PCL samples were structurally related.

Moroever, the expected composition of the Dex-PCL, copolymers could be calculated
from the intensity of the carbonyl group band at 1722 cm™, characteristic of R-PCL-
COOH (Table 2). Table 2 allows a comparison of the two different techniques used to
determine the Dex wt% in Dex-PCL, copolymers. FTIR spectroscopy reveals to be the
most accurate one. 1H NMR was accurate too, but could not be applied to copolymers
with low amounts of Dex, because of the very low intensity of the corresponding peaks. In
the case of Dex-PCL; and Dex-PCLs s (respectively 33 wt % and 20 wt % Dex in the
reaction mixture), a good agreement was found between IR and NMR methods. Both these
methods gave Dex wt% values lower than the ones in the reaction mixture. Possibly,
during polymer purification by washing the faction of Dex-PCL lost in the aqueous phase
was the less substituted one (with highest solubility in water and/or forming colloidal
dispersions). As a consequence, the recovered polymers was impoverished in Dex.

As a conclusion, GPC reveal effective to determine the selectivity and the conversion
ration of the coupling reaction, in particular to prove that Dex-PCL, did not contain the

starting material (R-PCL-COOH and Dex), and to calculate polymer characteristics such
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as average molecular weights and polydispersity indexes (Table 1), IR and NMR
spectroscopies used to the global compositions of the Dex-PCL, copolymers, in particluar
their wt % of Dex and PCL.

The HLB of the synthesized Dex-PCLn copolymers ranged from 1 to about 7. They
revealed excellent oil-in-water emulsion stabilizing abilities, due to their amphiphilic
nature. This property was further used to elaborated core-shell nanoparticles from these
copolymers. The nanoparticles preparation methods generally involve the dissolution of
the preformed polymer in an organic phase, but since the grafted Dex-PCLn copolymers
here synthesized were insoluble in the most commonly used organic solvents for
nanoparticles preparation (acetone, ethyl acetate, methylene chloride), an "interfacial
migration/solvent evaporation" method has been developed. For this, amphiphilic
copolymer or suspended in a mixture of water and an immiscible organic phase (ethyl
acetate, methylene chlorid), were allowed to migrate at the oil/water interface, by stirring
the two phases. The diameter of the oil droplets was reduced by sonication and the solvent
was evaporated, leading to the formation of nanoparticles. A typical diameter distribution
in the case of nanoparticles made of Dex-PCL 5.5 copolymers is shown in Fig. 7.
Nanoparticles diameter ranged from 45 to 140 nm, with an average volume diameter of 70
nm. This size lower than 200 nm is particularly advantageous for intravenous
administration. The investigation of the pharmaceutical applications of this new type of

particles is underway.

Conclusions
The method describe in this paper allows to obtain a family of copolymers of the type
Dex-PCL, (n=3 to 7) with well defined structure. The number of grafted PCL chains is

predeterminated from the mass ration Dex : R-PCL-COOH in the reaction mixture. With
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the aim to further use these materials for biomedical applications, grafting was achieved
through labile ester bridges to ensure a good biodegradability. The synthesis involves
three steps.

First, a functionalized polyester, R-PCL-COOH, was obtained by uncatalyzed ring-
opening polymerization of € -caprolactona in the presence of capric acid. This polymer
was activated with CDI. The reactive imididazole intermediate was effectively coupled to
the Dex backbone. Although in general substitution reactions on polysaccharides are
difficult, in this study it was shown that CDI was an excellent acylation agent for Dex. A
follow-up of the coupling kinetics by GPC revealed that the reaction was fast (3h) and that
conversion was practically complete (>90%). However the copolymer recovery yield was
about 70 wt %, because of loss by extensive washing and colloidal particle formation. The
solubility of the Dex-PCL, copolymers depends upon their substitution yield. The HLB
balance varied in a large domain (1-7). The new copolymers had excellent abilities to
stabilize emulsions. This property was used to elaborate nanoparticles of less than 200 nm
by using Dex-PCL, copolymers. This low diameter is compatible with intravenous
administration. Studies are to determine these nanoparticles and to explore their
biomedical applications. By taking into consideration the physiochemical properties of a
given drug it should be possible to chose the optimal Dex-PCL,, copolymer composition to
achieve the best results in terms of entrapment and release.

Current research deals with coupling of mono or dicarboxylic polyesters to oligo-and

polysaccharides such as cyclodextrins, amilose, chitosan or hyaluronic acid.
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Table 1 - GPC characteristics of dextran (Dex 5K) and three Dex-PCL, copolymers with
3, 5.5 or 7.1 grafted polyester side chains: average weight (Mw) and number (Mn)
molecular weights, polydispersity (Pd), average weight intrinsic viscosity (Ivy), average
weight gyration radius (Rgy) and variation of the specific refraction index with

concentration (dn/dc). For GPC conditions see experimental section.

Copolymer Dex Dex-PCL;3 Dex-PCLs s Dex-PCL 74
M,, (g/mol) 5000 10900 16000 19100

M, (g/mol) 4700 9900 11700 13500

Pd 1.06 1.10 1.37 1.41

Ivy, (dV/g) 0.087 0.12 0.12 0.98
Rg,(nm) 247 3.57 4.07 3.92

dn/dc (ml/g) 0.147 0.088 0.084 0.052
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Table 2 - Composition (Wt% Dex) of a series of Dex-PCLn copolymers with na average
of 3, 5.5 and 7.1 grafted PCL chains, as determined by FTIR and 1H NMR spectroscopies,
compared to the Dex wt% in the reaction mixture (r.m).

*not determined (n.d.), because of the too low intensity of the Dex signals.

Copolymer Dex-PCL;3 Dex-PCLs s Dex-PCL 7,
wt% Dex (r.m) 5% 20% 33%

wt% Dex (FTIR) 9+4 16 £3 26+3

wt% Dex ‘"HNMR) n.d.* 17+£2 30.7+23
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List of Captions

Figure 1 - Yield (M) of R-PCL-COOH (R=CyH9) recovery and average number
molecular weight (4#) of R-PCL-COOH polymers as a function of reaction time. The

molar ratio caprolactone : capric acid in the reaction mixture was 16:1.

Figure 2 - '"H NMR (200MHz) of R-PCL-COOH (R=CoH9, M, 2100 g/mole) in D-
chloroform.

Figure 3 - Chemical reactions involved in the synthesis of Dex-PCL, copolymers

Figure 4 - Coupling reaction time course as followed by GPC : Dex (4000 g/mole) (1), R-
PCL-COOH (2100 g/mole) (2), starting mixture (Dex and R-PCL-COOH) (3), reaction
mixture after one hour (4) and 3 hours (5).

Figure 5 - '"H NMR (200MHz) in DMSO-Dg : R-PCL-COOH (R=CyH o, 2100 g/mole)
(A), Dex 5K (B) and Dex-PCLj3 copolymer (C).

Figure 6 - FTIR spectra of Dex 5K (1), Dex-PCL;3 (2), Dex-PCLs5 (3), Dex-PCL;; (4)
and R-PCL-COOH (R=CyH;9, 2100 g/mole) (5) copolymers.

Figure 7 - Volumic diameter distribution of nanospheres prepared using Dex-PCLS5.5

copolymer and following an "interfacial migration/solvent evaporation" technique.
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Figure 1 - Yield (M) of R-PCL-COOH (R=CyH;9) recovery and average number
molecular weight (#) of R-PCL-COOH polymers as a function of reaction time. The

molar ratio caprolactone : capric acid in the reaction mixture was 16:1.
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Figure 2 - '"H NMR (200MHz) of R-PCL-COOH (R=CoHjo, M, 2100 g/mole) in D-

chloroform.
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Figure 3 - Chemical reactions involved in the synthesis of Dex-PCL, copolymers
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Figure 4 - Coupling reaction time course as followed by GPC : Dex (4000 g/mole) (1), R-PCL-COOH (2100 g/mole) (2), starting mixture

(Dex and R-PCL-COOH) (3), reaction mixture after one hour (4) and 3 hours (5).
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Figure 5 - "H NMR (200MHz) in DMSO-Dg : R-PCL-COOH (R=CyH 9, 2100 g/mole) (A), Dex 5K (B) and Dex-PCL5 copolymer (C).
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Figure 7 - Volumic diameter distribution of nanospheres prepared using Dex-PCLS5.5 copolymer and following an "interfacial

migration/solvent evaporation" technique.
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Abstract

The purpose of this work was to develop and characterize new biodegradable
nanoparticles presenting a hydrophobic polycaprolactone core and a dextran hydrophilic
corona. Recent synthesis of copolymers of dextran and caprolactone (PCL,) instigates a
successful protein entrapment into nanoparticles. The ability of new Dex-PCL,
copolymers to form nanoparticles was evaluated in comparison with some conventional
caprolactone polymers (PCL 2K, 10K and 40K). Two different preparation methods were
tested for evaluating the encapsulation efficiency of BSA, BmoLL and Lens culinaris
lectins into Dex-PCL,, nanoparticles. The transepithelial resistance (TEER) of Caco-2 cells
monolayers was measured on Transwell® filters and the bioadhesive potential of the
nanoparticles was determined by incubating radiolabelled nanoparticles in the presence of
Caco-2 cells. A lectin from leaves of Bahunia monandra (BmoLL) was successful loaded
in Dex-PCLn nanoparticles. Furthermore, bovine serum albumin, BmoLL and lectin from
Lens culinaris (LC) were adsorbed into the surface of Dex-PCLn nanoparticles. Results of
bioadhesion evaluation showed that the non-specific interactions of the particles with the
Caco-2 cells membranes was favored in the case of the Dex-PCL particles, compared to
the plain PCL particles. In conclusion, a core/corona system based on amphiphilic
copolymers has been prepared and characterized. Reasonable encapsulation levels can be
obtained for proteins and surface modifications offer the possibility of preparing ligands

conjugated systems of interest for targeting applications.
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1. Introduction

The development of appropriate delivery systems for new macromolecules coming
out of the biotech industry is a meaningful challenge for pharmaceutical scientists.
Peptides, proteins, oligonucleotides, and genes are very unstable compounds that need to
be protected from degradation in the biological environment. Moreover, their efficacy is
highly limited by their ability to cross biological barriers and reach the target site. As such,
the future of these molecules as therapeutic agents clearly depends on the design of
appropriate carriers for their delivery into the body [1].

Lectins are carbohydrate-binding proteins of non-immune origin from plants,
microorganisms or animals. They are multivalent molecules, which possess two or more
sugar-binding sites for agglutinating plant and animal cells, and for precipitating
polysaccharides, glycoproteins, peptidoglycans, teichoic acid, glycolipids, etc. The
specificity of lectin is essentially driven by monossacharides or oligossacharides that
inhibit lectin-induced agglutination or precipitation reactions [2]. Such a specificity,
multivalent featured, as well as their non-immunogenic properties render lectins appealing
candidates for developing a third-generation of site-specific coated nanosystems as
carriers for drug delivery [3,4].

Carrier systems consisting of polymers and proteins of low immunogenicity are
advantageous in pharmaceutical applications, e.g., for slow or stimulated release of
anticancer agents, radical scavengers, etc. Two approaches have been applied to introduce
proteins in therapy. In the first case, the protein itself presents biological activity and it can
be encapsulated or incorporated into nanosystems such as liposomes or nanoparticles [5-
10]. In most conventional systems, the control of release is based on encapsulation and/or

non-specific reversible interactions between the carrier and the active agent. On the other
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hand, proteins, much specifically lectins, could also bind at the surface of nanodispositives
for site-specific drug targeting. One of the crucial and pervasive troubles in the human
therapy is to achieve a satisfactory balance between the toxicity and the therapeutic effect
of drugs. Site-specific delivery could prevent possible side effects at non-target sites and
increase the efficacy of the therapeutic agent.

In this framework, the development of drug targeting systems could be based on
the design of strategies for producing lectin-conjugated nanoparticles, nanoparticles with
neoglycoconjugates, and monoclonal antibody-nanoparticles. In this light, nanoparticles
have already been proposed as drug delivery carriers for controlled release of proteins and
peptides [11-15].

It is well known that lectins are involved in the molecular interactions between
cells recognition mechanisms. Biological information and transfer by the sugar code
encompasses a complementary recognition step on the level the glycoligand (code
word/message) and the lectin (receiver/translator) as effectors mechanisms. This
background information is the base to devote efforts for designing new strategies of lectin-
mediated drug targeting. Endogenous lectins harbor the potential to be pharmaceuticals in
their own right, e.g., in anti-adhesion approaches, immunomodulation or growth controls
[4]. A series of works reported in literature [3,8,10,11, 12, 13] showed the use of lectins in
the field of Pharmaceutical Nanotechnology as a strategy for lectin-mediated drug
targeting. The development of liposome or lectin-nanoparticle conjugated is based on the
background of understanding molecular level interactions between glicoligands (code
word/message) and lectin (receiver/translator), which can trigger a variety of post-binding
signaling mechanisms [5]. The concept of lectin-mediated drug targeting is anchored in
chemical properties of the spacer and the ligand-presenting scarf-fold as well as with the

ligand structure, density and the topology of targeting device [4].
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Despite that the field of lectin-mediated drug delivery systems is up till now in its
early life, a variety of studies have corroborate the appeal of such an approach. Future
works will cope with the challenges of enhancing in vivo stability until the target is
reached, improving selectivity of the triggering by better linker design and enhancing the
entrée of the drug to the (specific) site of action. Numerous modus operandi have been
developed for attaching ligands to liposome surface [6,13]. In contrast, a few technical
difficulties remained in technology of biodegradable nanoparticles lectin-conjugated.
Specifically, novel biodegradable polymers should be conceived in order to get better
covalent linkage of lectins at the surface of nanoparticles.

The convenience of lectins as oral drug cancer therapy is to link peptide or protein
directly through a spacer arm to the lectin, which release the peptide or protein into
concurrence with epithelial cells. Due to their ability for endocytic uptake, lectins have
been the focus of special interest in drug delivery because they accept neoglyco-comjugtes
with their payload like physiological ligands such as the asiologlycoprotein or mannose
receptors of liver cells and macrophages. Lectins have also been offered so as to block the
adhesion of bacteria such as Helicobacter pylori to the stomach epithelium, which is
dependent on glycans containing both N-acetyl-neuramic acid and fucose in terminal
positions [16]. A hemagglutinating test showed that gliadin nanoparticles conjugated with
Dolichos biflorus lectrin (DBA) exhibit biological activity. The adhesive capacity of
gliadin DBA conjugated nanoparticles was evaluated in Payer’s patches. The conjugates
displayed a high specificity for intestinal mucosa [17, 18].

The main goal of this work was to develop and characterize new biodegradable
nanoparticles presenting a hydrophobic core of polycaprolactone and a dextran
hydrophilic corona for oral protein delivery. The syntheses of dextran and caprolactone

(PCLn) copolymers make possible a successful protein entrapment in nanoparticles. The
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ability of new Dex-PCL, copolymers to form nanoparticles was evaluated in comparison
with a number of conventional caprolactone polymers (PCL 2K, 10K and 40K). Two
different methods of preparation were tested. The encapsulation efficiency of bovine
serum albumin, lectin from leaves of Bahunia monandra (BmoLL) and Lens culinaris
lectin (LC) into Dex-PCL, nanoparticles was evaluated for these methods. Furthermore,
the surface adsorption of both BmoLL and LC lectins onto Dex-PCLn nanoparticles was

investigated.

2. Materials and methods
2.1 Materials

Block copolymers of dextrana-caprolactone (Dex-PCL; ;, Dex-PCLs s e Dex-PCLs3)
were synthesized according to Gref and co-workers [19]. Caprolactone polymers (MW
2,000 Da, 10,000 Da and 40,000 Da) namely PCL 2K, PCL 10K and PCL 40K were
furnished by Aldrich (USA). Serum bovine albumin (BSA, fraction V), sodium cholate
(SC, MW 430.6 Da), and lectin from Lens Culinaris (LC) were purchased from Sigma
(USA). Lectin from leaves of Bauhinia monandra (BmoLL) was purified and
characterized by Coelho and Silva [20]. All the other chemical reagents were obtained

from Merck (Darmstadt, Germany) of analytical grade.

2.2 Preparation of protein loaded-nanoparticles

Nanoparticles derived from Dex-PCL, copolymers were manufactured. Two
different methods of preparation based on emulsification-solvent evaporation were tested
and the encapsulation efficiency of BSA, BmoLL and Lens culinaris lectin into Dex-PCL,

nanoparticles was assessed.
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Initially, nanoparticles were prepared by a modified double emulsion (W;/O/W>)
technique [21, 22]. It was prepared a W/O emulsion by adding 200 uL of water to 1.0 ml
of Dex-PCL, in dicloromethane (4 mg/ml) under vigorous stirring during 1 min. The
broad W/O emulsion was sonicated (CV 145 sonicator, Vibra Cell, France) at 40 W
during 20 sec in an ice bath, and 4 ml of a sodium cholate solution (0.1%, w/v) was
added under stirring by vortex for 3 min. The resulting double W;/O/W, emulsion was
sonicated as described above for 30 sec. The solvent was eliminated by evaporation
under reduced pressure and the nanoparticles were recovered by centrifugation (Beckman
L7-55 centrifuge, USA) at 144,000 g for 30 min and washed twice with water. SC was
eliminated through dialysis against water during 6 h. Nanoparticles were diluted with 2
ml of 5% glucose, lyophilized and storaged at 4-C. Thedficiencyofproteinentrapment
in Dex-PCLs s nanoparticles was evaluated for BSA, BmoLL and Lens culinaris lectin.
The proteins were diluted in the internal aqueous phase at different concentrations (0.3,
1.2 and 2.4 mg/ml).

Afterwards, a simple emulsion method [23] was used as a comparative to the
modified double emulsion method in order to verify the efficiency on the preparation of
Dex-PCL, nanoparticles. Briefly, 1.0 ml of a polymer solution (4 mg/ml) in
dicloromethane was added to 200 puL of water and 4.0ml of a sodium cholate (SC)
solution (0.1%, w/v) under vigorous stirring by vortex (3 min). The broad o/w emulsion
was sonicated (CV 145 sonicator, Vibra Cell, France) at 40 W during 20 sec in an ice
bath. The solvent was eliminated by evaporation under reduced pressure. The
nanoparticles were recovered by centrifugation and treated at the some conditions as

previously described in the double emulsion method.
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2.3 Characterization of nanoparticles

After the fabrication, nanoparticles were analyzed according to morphology
examination, particle size distribution, and density and zeta potential measurements.

The size distribution of nanoparticles was determined in water at 20°C by photon
correlation spectroscopy (PCS) using a Nanosizer N4-MD® (Coulter, France). The Zeta
Potential ({) was measured using a Zetasizer 4° (Malvern, UK). Samples of lyophilized
nanoparticles were diluted in 10 mM NaCl solution and analyzed. The density of
nanoparticles was estimated according the sucrose gradient method [24]. Sample of
nanoparticles (0.5 ml) were put at the maximum of sucrose gradient (10 to 70%) and
then submitted to centrifugation (L-55 centrifuge, Beckaman, USA) at 122,000 g (20°C,
15 min). After that, an aliquot was withdrawn and the density was determined in a
densimeter (DMA 45, Instrulab France). The morphological examination of
nanopartcicles was performed by using scanning electronic microscopy (SEM). A
lyophilized sample of nanoparticles was resuspended in water and placed in a glass
surface, which was fixed on metallic support with carbon-glue. After drying, the sample
was directly coated with colloidal gold using a gold sputter module in a high-vacuum
evaporator (JFC-1100, JOEL, Japan). Samples were observed with a scanning

microscope (JOEL, Japan) at 20 KV.
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2.4Determinationofproteinentrapment efficiency

The non-entrapped protein content was determined by the Lowry-Peterson protein
assay [25]. The supernatant was obtained after two centrifugation steps (L7-55 centrifuge,
Beckman, USA) at 87,000 g for 15 min and 144,000 g for 30 min intercalated by
nanoparticles washing. The amount of entrapped BSA within nanoparticles was calculated
by the difference between the initial amount of BSA used to prepare nanoparticles and the
content of BSA present in supernatant after centrifugation. Each sample was assayed in

triplicate.

2 SImvitroKineticreleazofBS Arom Dex-PCL, nanoparticles

Samples of D mLof BSA -loaded nanoparticles were suspended in 1) mLof
phosphatebuffersaline(PBS,pH  7.4)containing0.1%¢w/v)sodiumzideandincubatedat
37°Cunder moderate magneticstirring. At predeterminedtimeintervals, onesamplewas
withdrawnandcentrifugedat144,@gfor3min. 1.2mI ofthesupernatantwasremoved
andthereleasedBSAwa  sdeterminedasdescribedabove. ThesamevolumeofPBSreplaced

theremovedaliquotsofthekineticmilieu.

2.6 Adsorption of BmoLL onto Dex-PCL, nanoparticles

The adsorption of BmoLL and LC lectins onto the surface of Dex-PCLs s
nanoparticles was evaluated. An amount of 4 mg of lyophilized unloaded Dex-PCLs s
nanoparticles was diluted in 1 ml of 10 mM phosphate buffered saline (pH 7.4) containing
30 ug of lectin, and incubated overnight under magnetic agitation at room temperature.

Then, the conjugates were centrifuged (Beckman L7-55 centrifuge, USA) at 144,000 g for
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30 min and washed twice with water for removing free lectin. The amount of adsorbed
lectin was calculated from the values of the dosed lectin in the supernatant.

The adsorption of BmoLL on the surface of Dex-PCLs 5 nanoparticles was verified
by the haemagglutinating activity and specificity for D (+)-galactose assays. The pellet of
BmoLL-adsorbed nanoparticles was resuspended in 500 pl of 10 mM PBS and serially
diluted for determination of haemagglutinating activity [26]. The specificity of BmoLL
was assessed by determining the haemagglutinating activity in the presence of 3 mM D (+)-

galactose.

2.7Evaluationofthecytotoxicityof ~ Dex-PCL, nanoparticles

The cytotoxic effect of Dex-PCL, nanoparticles and their constituents, expressed
as cell viability, was evaluated on cells of human colon carcinoma (Caco-2) by using the
colorimetric technique with 3-(4,5-dimethyltiazole-2-yl)-2,5-diphenyltetrazolium bromide
(MTT). Row material and nanoparticles were placed in contact with Caco-2 cells at
different concentrations. The cells were grown as monolayers in Dubelcco’s modified
Eagle’s MEM medium (DMEM) containing 25 mM glucose (Eurobio, France),
supplemented with 10% heat-inactivated fetal calf serum (Boehreinger, Germany) and 1%
nonessential amino acids. For viability experiments, cells were grown in flasks until 80-
100% confluence during 15 days. Then, cells were seeded at a density of 7 x 10* per well
and cultured in 96-well plates (Corning Glass Works, USA). The cultures were exposed to
the Dex-PCL, nanoparticles were firstly diluted in PBS at concentrations ranging from 50
to 750 pg/ml for 72 h. The viability of Caco-2 cells was also evaluated after treatment
with sodium cholate solutions at 0.1 to 7.5 pug/ml concentration range, and BmoLL in

phosphate buffered saline (pH 7.4) at concentration ranging from 30 to 500 pug/ml. After
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72 h incubation, a solution of 0.05% MTT /well was added and plates were incubated for
4 hours. The supernatant was removed, DMSO (50 ul/well) was added and read at 590
mn. The maintenance of cells and all experiments were carried out at 37°C in a 5% CO,
atmosphere. Different concentrations of nanoparticles were tested in quadruplicate and
repeated three times in separated experiments. Results are expressed as the mean + SD of
viable cells.

Alternatively, Caco-2 cells monolayers were grown up on Transwell filters inserts
(Dulbecco, France) ® (Beaver: porosity of 0.4 um; diameter 12mm; 3 x 10* cells per
cm2). The integrity of these monolayers has been assessed by measuring the
transepithelial resistance (TEER) of these membranes. 0.5 ml of the cellular suspension
was added in the superior part of the Transwell®, and 1.5ml of complete medium in the
basolateral chamber. TEER was measured using a volt-ohmmeter (Millicel ERS,
Millipor®), and was calculated in .cm2 multiplying the electric resistance for the area of
the surface of filtro. Briefly, the TEER was determined at the initial time of the
experiment and further determined after increasing incubation times of the different

preparations with the cells monolayers.

2.8 Evaluation of the bioadhesive potential of the nanoparticles

The bioadhesive potential of the nanoparticles has been determined by incubating
radiolabelled nanoparticles in the presence of Caco-2 cells. Briefly, Caco-2 cells were
placed in the wells of a cell culture plate as further described. Radiolabelled particles were
prepared accordingly to the preparation procedure described in paragraph 2.2. The
radiolabelling procedure was achieved by introducing *H PLA (obtained from Prof. M.

Vert, Laboratoire des Biopolymeres, Montpellier, France). Due to the hydrophobic nature
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of the *H PLA, this polymer could be easily inserted in the PCL core structure of the
particles, resulting in a very stable labeling of the PCL modified particles. Aliquots of the
prepared suspensions (100 ul, 27 and 10 pCi/g of particles for PCL and Dex-PCL
particles, respectively) were introduced at the concentration of 83,25 g in the wells and
incubated for increasing periods of time. Further, the content of each well was withdrawn
and added with two successive washings of the cells with PBS. Separately, the adherent
cells were treated by Triton X100, in order to ensure a complete lyse of the cells in order
to determine the amounts of the particles adhering to the cells and/or the amount of
phagocyted cells. 4 mL of a radioluminescent cocktail (Ultima Gold, Packard, France) was

added to the samples which were treated according to a routine procedure.

3. Results and Discussion
3.1 Protein-loaded Dex-PCL, nanoparticles

The capability of new copolymers Dex-PCL, to form core-corona nanoparticles
with a caprolactone matrix coated by dextran molecular chains was accomplished by using
both simple and double emulsion methods. Nanoparticles made of preformed
(co)polymers are generally prepared following methods such as emulsification-solvent
evaporation, nanoprecipitation or salting-out. All these techniques require the previous
dissolution of the copolymers in an organic solvent. However, all Dex-PCL, copolymers
were insoluble in most of the organic solvents commonly used for the preparation of
nanoparticles (acetone, THF, ethyl acetate, methylene chloride, chloroform) at the
opposite of the homopolymer PCL, soluble in all of them. At our knowledge, no method
has been yet developed to prepare nanoparticles using copolymers which are insoluble in
water and in the organic solvents compatible with biomedical applications. It was

therefore the aim to develop an original "interfacial migration - solvent evaporation"”
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method leading to nanoparticle formation by using the newly synthesized family of
insoluble Dex-PCL, copolymers.

In this technique, the copolymers were first allowed to migrate to an o/w interface
to form a stabilizing layer around the solvent droplets (Fig. 1). The droplet size was
reduced by sonication and then the organic solvent was evaporated, leading to the
formation of a fine aqueous suspension of nanoparticles. The size of the Dex-PCL,
nanoparticles could be reduced to less than 100 nm by using sodium cholate as a
surfactant. The “interfacial migration - solvent evaporation” process could only be applied
to Dex-PCL,, copolymers. Indeed, PCL or mixtures of PCL and Dex failed to produce
nanoparticles in the absence of additional surfactants.

The size distribution of Dex-PCL, nanoparticles was quite narrow, bellow to 200
nm. The entrapment of BSA, BmoLL and LC into Dex-PCL, nanoparticles was
successfully achieved. Furthermore, these nanoparticles improved surface protein
adsorption, suggesting their application as oral drug delivery systems.

The influence of the type of polymer on the size diameter and the zeta potential of
nanoparticles was evaluated (Fig. 2). The diameter and the polydispersity index of
nanoparticles were about 200 nm (Fig. 2a) and inferior to 0.17, respectively,
independently of the used polymer. As defined, the polysispersity index, which represents
a distribution width of a sample, should be valued less than 0.1 for a sample to be
considered as a monodispersive system without any larger aggregates [27]. Therefore,
these results are an indicative of the narrow size distribution feature of nanoparticles.

The dextran corona outer the polycaprolactone core modulated the surface charge
of nanoparticles, which was evaluated by zeta potential measurements (Fig. 2b). Zeta
potential results corroborate the hypothesis of core-corona type for Dex-PCL,

nanoparticles (Fig. 1). The increase of graft PCL in copolymers promoted the formation of

92



nanoparticle sterically stabilizes by dextran chains arranged at their surface. The dextran
corona induced to an increase on the surface charge of the nanoparticles. In fact, it can be
seen that PCL 2K nanoparticles presented -38 mV zeta potential while Dex-PCL; (3 PCL
grafted chains) had -18 mV zeta potential. As a result the zeta potential of nanoparticles
was decreased with the increase of dextran content (lengh and density) of graft
copolymers. This fact could be explained by the shielding effect of dextran chains, which

probably occupy the outer coating of nanoparticles [28, 29].

Although Dex-PCL, nanoparticles prepared by simple or double emulsion method
presented almost the same mean diameter and particle size distributions (Fig. 3), a better
reproductibility and stability was observed for nanoparticles obtained by double emulsion
technique. Moreover, no significant difference was detected on the zeta potential values of
Dex-PCL nanoparticles obtained by simple or double emulsion methods. The density of
unloaded Dex-PCL, nanoparticles was about 1.1 g/cm’ whatever the Dextran-caprolactone

copolymer ratio is.

The morphology of unloaded Dex-PCL, nanoparticles was visualized by SEM, one
day and fifteen days after fabrication (Fig. 4). Nanoparticles were spherically shaped and
almost monodispersed, with a mean diameter of 200 nm. The surfaces of nanoparticles
were found to be smooth showing some irregularities. Regarding the stability of Dex-
PCL, nanoparticles, it can be observed a clear evolution on the size and shape after 15
days of fabrication. The Dex-PCL;; conducted to a great number of particles in the
formulation, but a rapid size evolution provoking the formation of aggregates was
observed. Dex-PCL; promoted smallest and monodispersed nanoparticles. Moreover, an

inferior quantity of nanoparticles in the formulation was observed. Thus, Dex-PCL;s s
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seems to promote the slowest evolution on the particle size and, consequently a best
stability of nanoparticles.

The use of Dex-PCLss copolymer promoted a significant improvement in BSA
entrapment into nanoparticles compared with both nanoparticles prepared with PCL 2K
(30%) and PCL 10K (23%). An increasing on the potential zeta of BSA loaded-
nanoparticles was observed as compared to unloaded nanoparticles (Fig. 2). This suggests
the presence of BSA also on the surface of nanoparticles, which increased the surface
charges of nanoparticles. This behaviour was verified for nanoparticles prepared with PCL
polymers or Dex-PCL, copolymers.

Concerning the application of BmoLL, a previously study was performed to
investigate the encapsulation of Bauhinia monandra lectin (BmoLL) in new nanoparticles
type PCL-core and dextran-corone. The influence of the manufacturing conditions of
nanoparticles on the hemagglutinating activity (HA) of BmoLL was evaluated [30].

In this work the influence of the preparation method on the BmoLL and LC lectins
encapsulation rate in the Dex-PCLss nanoparticles was evaluated (Table 2). The
entrapment efficiency of BmoLL and LC lectins was major affected by the manufacturing
process. Significant improvements on the entrapment of LC (56%) and (26%) BmoLL
were achieved by using double emulsion technique for the preparation of
nanoparticles.Therefore, it can be deduced that the BSA loading had affected the surface
charge of nanoparticles as verified by the zeta potential values. Presumably, BSA was also
adsorbed into dextran corona provoking a change on the surface zeta potential of
nanoparticles. { values were obviously proportional to the amount of PCL in the
copolymer chains, indicating that a fine modulation of the surface charge of nanoparticles
can be achieved by the controlled design of dextran and PCL quantities in copolymer

molecules.
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3. 2lmitroKineticreleagofBS Arom Dex-PCL; s nanoparticles

The release behavior of BSA from loaded-Dex-PCLs s nanoparticles produced by
simple and double emulsion methods was evaluated in vitro using phosphate buffered
saline at pH 7.4 (Fig. 5). As can be seen, the BSA kinetic behavior from Dex-PCLs s
nanoparticles presented three different phases (burst, increasing the sustained release). An
initial burst effect is produced at the first 24 h, followed by an increase on the release of
BSA to attain 65% at 72h, and a sustained release for over 120 h. A significant difference
on the BSA pattern release between nanoparticles prepared by simple or double emulsion
technique was verified. Initially, a high burst effect on BSA release rate (35% of the
entrapped BSA) was observed at the first 24 h for BSA-loaded nanoparticles prepared by
simple emulsion method. In contrast, the BSA release from loaded-Dex-PCLs s
nanoparticles prepared by double emulsion method was retarded in 20% at the some time.
This burst effect could be attributed to the immediately release of BmoLL molecules
adsorbed at the surface of nanoparticles followed by the slowly diffusion of BSA from the
polymeric caprolactone core. Another issue to be mentioned is that BSA affinity for the
polycaprolactone is probably not enough to entrap a huge amount of molecules during the
fast process of nanoparticles manufacturing by simple emulsion procedure. Therefore
more BSA molecules should be retained on surface of nanoparticles. The sustained release
behavior of BSA from Dex-PCLs 5 nanoparticles over 120 h supports the hypothesis that
the release mechanism is governed by the diffusion of the protein more than by the erosion
of the polymer. Similar results were obtained by Kim and collaborators [31] studying the
indomethacin kinetics from nanospheres prepared with pluronic-PCL copolymers.

Moreover it is well known that polycaprolactone and its copolymers have a slower

permeability to proteins and peptides [32].
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The ability of Dex-PCLs 5 nanoparticles to provide a controlled release of BSA was
confirmed, and it can be concluded that the effect of binding affinity of BSA in Dex-
PCLs s nanoparticles plays an important role in the in vitro release kinetic pattern of BSA.
3.3AdsorptionofBmolLlontoDex -PCLnmnoparticles

The adsorption of lectins onto Dex-PCLs s nanoparticles prepared by using the
double emulsion method was confirmed by the heamagglutinating activity of
nanoparticles. The BmoLL adsorption was 25% (+ 0.34) while LC was 40.4% (£ 1.5) for
incubation concentrations of 30 pug/ml. Free BmoLL presented a HA at 43 ng/ml while
BmoLL adsorbed onto nanoparticles promoted HA only at 1.4 pg/ml. BmoLL galactose
specificity was expressed by the inhibition of HA when BmoLL-adsorbed nanoparticles
were placed in contact with galactose at 6.23 mM. These results corroborate the
adsorption of lectins at the surface of Dex-PCL, nanoparticles.

3. 4Evaluationofthecytotoxicityof ~ Dex-PCL, nanoparticles

The biocompatibility of Dex-PCL, nanoparticles, BmoLL and sodium cholate was
evaluated in vitro by the cytotoxicity test using Caco-2 cells. It can be seen that Dex-PCL,
nanoparticles had no toxic effect on Caco-2 cells even at 700 pg/ml (Fig. 6). The treatment
of Caco-2 cells with Dex-PCL, nanoparticles (41 pg/ml) prepared by simple emulsion
method provoked an initial reduction of 30% on the cellular viability. However cellular
viability was maintained at 70% even at high concentrations of nanoparticles (660 pg/ml).
On the contrary, the treatment with Dex-PCL, nanoparticles prepared by double emulsion
method produced only a 15% reduction on cell viability. This fact can be attributed to a
probably instability of nanoparticles prepared by simple emulsion method followed by

realinsing of insoluble polymers or by the presence of sodium cholate residues.
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BmoLL had no toxic effect on Caco-2 cells at the concentrations from 15 to 500
pg/ml. The cellular viability remained almost 90% from the initial cellular monolayer. As
a result BmoLL was considered to be non cytotoxic.

The sodium cholate presented a pronounced toxic effect on Caco-2 cells at the
concentrations above 0.5 pg/ml.

Therefore results showed that BmoLL, sodium cholate at 0.1% and nanoparticles
prepared with the new Dex-PCL, copolymers have no cytotoxicity and are apparently save
for biomedical applications. Moreover these findings can provide tools to determine the
conditions for studying in vitro the adhesion and the specificity of BmoLL and Dex-PCL,
nanoparticles for intestinal cells.

The measurement of the transepithelial resistance was an other mean to evaluate
the cytotoxicity of the particles, using experimental conditions closer to oral delivery
situations. Fig. 7a shows that the TEER progressively dropped following the contact of the
unloaded particles with cells. Cells monolayers are very sensitive to changes in the
mediums as shown by the controls. As can be seen the addition of PBS in the incubation
medium is likely to produce considerable changes a decrease in the TEER. Unloaded
nanoparticles had an additional effect on the TEER, compared to the control, which could
be attributed either to the presence of traces of various substances used in the preparation
of the nanoparticles, or to a direct contact of the particles with the cells [33]. Additionally,
it can be seen that the toxicity of the sodium cholate used in the preparation as a stabilizer
was attenuated in the colloidal preparations, compared to a simple sodium cholate solution
at the same concentration. This could be probably attributed to at least a partial adsorption
of the cholate to the particles, thus decreasing the potential of the sodium cholate to
interact with the cells membranes. Similar trends can be seen with Lens culinaris lectins

loaded particles (figure 7b). However, the TEER was more deeply affected than in the
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case of the blank particles. This could be due to the presence of the lectin at the surface of
the particles, which was very likely the result of increased interactions with the cells
membrane. In fact, as early demonstrated [34] and as further demonstrated, the lectins are
able to increase the bioadhesive interactions with cells surfaces bearing glycoproteins
containing specific sugars in their glycoside moieties. In turn, these interactions are likely
to modify the permeability of these membranes to ions, thus resulting in increased ions
fluxes and increased electrical currents, resulting in a TEER decrease. Despite the rather
pronounced effect of the particles on the TEER, the in vivo significance of these results is
still unknown and transposition of these results to in vivo situation would be very
hazardous.
3.5 Bioadhesive interactions of the lectins conjugated particles to Caco-2 cells

Fig. 8 shows the percentage of the particles which could interact strongly with
Caco-2 cells through bioadhesive interactions and possibly further phagocytosis by the
cells. Despite the preliminary nature of these results, examination of the data shows that
the presence of the lectins in the surface of the particles resulted in striking adhesion to the
Caco-2 cells. Caco-2 cells express various glycoproteins bearing a variety of sugars and
sugars sequences which are likely to be recognized by lectins particles conjugates. In the
present case, Lens culinaris is specific from D mannose, which is expressed at the surface
of Caco-2 cells [34]. As can be seen, in the absence of the lectins, the binding of the
conjugates to the cells is close to zero or very low (typically less than 0,1 %). On the
contrary, the presence of the lectin resulted in interaction percentages which could be as
high as 5%, depending on the incubation time, which represents tremendous increases in
the interaction potential of the particles. As can be seen, the highest interactions were
obtained for the PCL-dextran particles, compared to the PCL nanoparticles. In fact, it is

well known that the development of specific interactions is a two step phenomenon which
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necessitates at first a non-specific interaction of the particle with the substrate, followed by
the development of the specific interaction. Accordingly, it was likely that the non-specific
interactions of the particles with the Caco-2 cells membranes was favored in the case of
the Dex-PCL particles, compared to the plain PCL particles, due to the differences in their
zeta potential. The zeta potential of the protein charged Dex-PCL particles was probably
close to the neutrality (as shown in the case of BSA) while on the contrary the one of the
plain PCL particles was highly negative. As a consequence, the PCL particles could be
efficiently repulsed by the electronegatively charged surface of the Caco-2 cells, resulting
in a lowering of the number of particles able to develop further specific interactions
through the lectin-sugar system. In view of this mechanism, it cannot be excluded that
additional factors which were not studied here, be involved in the regulation of the
bioadhesion process, including factors such as the lectin surface density, the modification
of the polarity of the membrane due to the proteic nature of the lectins at the surface of the
particles. Finally, it can be seen that the level of interaction increased when the duration of
the incubation was increased. This could be the result of a time dependent phagocytosis of
the particles by the Caco-2 cells, following their adhesion to the cytoplasmic membrane of

the cells.
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4. Conclusion

In conclusion, results confirmed the ability of new Dex-PCL, copolymers to form
nanoparticles with a narrow size diameter by using both simple and double emulsion
methods. Results of zeta potential measurements of Dex-PCLn strongly suggested that the
formed nanoparticles were core-corona type with dextran chains placed preferentially
outer the surface of caprolactone matrix. A lectin from leaves of Bahunia monandra
(BmoLL) was successful loaded in Dex-PCL, nanoparticles as compared to bovine serum
albumin used as a reference. Furthermore, BSA, BmoLL and lectin from Lens culinaris
(LC) were adsorbed into the surface of Dex-PCLn nanoparticles, strongly suggesting their
application as drug or protein carriers with modulated biodistribution and specificity for
oral delivery. Moreover results indicated that the outer layer of dextran increase the
adsorption capacity of Dex-PCL nanoparticles for proteins. A hypothesis that BSA or
lectins was also loaded in dextran-layer was strongly supported by zeta potential
measurements, kinetics and the in vitro adsorption studies. Therefore the present type
core-corona Dex-PCL, nanoparticles would be useful as both carriers for hydrophobic
drugs and proteins as well as site-specific drug delivery since its possible to conjugate

lectins on their surface leading to an efficient capture of the particles by the cells.
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Table 1.

Influence of the type of polymer in the mean diameter, the encapsulation of the BSA

and the zeta potential of Dex-PCL 55, PCL 2,000 g/mole and PCL 10,000 g/mole

nanoparticles. The final polymer concentration was 1mg/ ml. The nanoparticles were

produced by the double emulsion method.

Polymers BSA Mean Polydispersity  Encapsulation Zeta
Diameter Index Rate (%) Potential
(%) v
+SD (nm) (mV)
Dex-PCLss 4.76 188+58 0.172 32.08 -5.2
38.5 172441 0.090 33.33 2.4
51.00 211464 0.154 69.01 -1.3
PCL 2K 38.50 189+44 0.088 31 -8.9
51.00 189+48 0.122 30.71 -6.4
PCL 10K 38.50 177453 0.157 21.06 -4.9
51.00 185+65 0.055 23.15 -3.5
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Table 2.
The evaluation of the influence of the preparation method on the particle size diameter
and lectin entrapment efficiency in Dex-PCLss nanoparticles. The polymer

concentration was 1 mg/ml, and the lectin-polymer ratio was 5%.

Lectin Preparation Method Mean Diameter Encapsulation
£ SD (nm) rate (%)
Lens Culinaris Simple Emulsion 114 £40 5891
Lectin Double Emulsion 128 £ 51 79.84
BmoLL Simple Emulsion 97 + 34 22.64
Double Emulsion 103 + 39 52.41

The initial concentration of BmoLL and Lens culinaris lectin was 50 pg/ml.
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List of captions

Figure 1. Schematic illustration of the mechanism of core—corona Dex-PCL,
nanoparticles formation.

Figure 2. Evaluation of the mean diameter (a) and surface charge (b) of unloaded
nanoparticles prepared by double emulsion method, for new Dex-PCLn nanoparticles
compared with PCL,: (1) Dex-PCL7;, (2) Dex-PCL3, (3) Dex-PCLss, (4) PCL 2K, (5)
PCL 10K, (6) PCL 40K.

Figure 3. Stability of unloaded Dex-PCL, (n = 7.1, 5.5 and 3) nanoparticles produced by
using simple emulsion (a) and double emulsion (b) methods. The nanoparticles were
storaged at 4°C.

Figure 4. Evaluation of the morphology of unloaded Dex-PCLn nanoparticles by scanning
electronic microscopy: Dex-PCL7; (a and b), Dex-PCL;s 5 (¢ and d), and Dex-PCL; (e and
f). Macrographs were taken one day after (a, ¢ and e) and fifteen days (b, d and f) after
fabrication of nanoparticles.

Figure 5. In vitro kinetic release profiles of BSA from Dex-PCL s 5 nanoparticles prepared
by simple (O) and double emulsion (M) methods. The concentration of BSA was 642

pg/ml of nanoparticles suspension.

Figure 6. The evaluation of the cytotoxicity: (a) unloaded Dex-PCLs s nanoparticles and
produced by double emulsion (W) and simple emulsion (O0) methods, BmoLL (@), and (b)
sodium cholate solution on the carcinoma of colon human cell (Caco-2) after 72 h of
incubation. Cellular viability (%)=(N¢/N.) x 100, where N; and N, are the number of
surviving cells in the treated group and in the untreated group, respectively. Lyophilized

nanoparticles were resuspended in 200 ul of phosphate buffered saline (pH 7.4). Serial
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dilutions from 10.31 to 660 pg of particle/ml were added in each well. The cell viability

end points were determined by MTT reduction.

Figure 7. Evaluation of transepithelial resistance (TEER) of Caco-2 monolayer cells in the

presence of unloaded (a) PCL and Dex-PCLss nanoparticles; LC-loaded (b) PCL and
Dex-PCLs s nanoparticles: (e, ¢) control, (ll, 0)PCL,( A, A) Dex- PCLs s nanoparticles

and (@, O) sodium cholate. The concentration of samples were 83.25 pug/well.

Figure 8. Association of the nanoparticles, estimated as a percentage of the radioactivity
recovered in the Caco2 cells, following incubation of nanoparticles suspensions for
increasing periods of time. unloaded PCL () and Dex-PCLss nanoparticles (@); LC-
loaded PCL (M) and Dex-PCLs s nanoparticles (A). The concentration of samples were

83.25 pg/well.
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(A) sonication of insoluble Dex-PCLn copolymers in the presence of water and methylene chloride, leading to the formation of a w/o

emulsion. (B) sonication of the w/o emulsion in the presence of an aqueous phase, leading to w/o/w emulsion formation. (C) solvent

evaporation, leading to nanoparticle formation.

Figure 1. Schematic illustration of the mechanism of core—corona Dex-PCL, nanoparticles formation.
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Figure 2. Evaluation of the mean diameter (a) and surface charge (b) of unloaded
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Figure 3. Stability of unloaded Dex-PCL, (n = 7.1, 5.5 and 3) nanoparticles produced by
using simple emulsion (a) and double emulsion (b) methods. The nanoparticles were

storaged at 4°C.
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Figure 4. Evaluation of the morphology of unloaded Dex-PCLn nanoparticles by scanning

electronic microscopy: Dex-PCL7; (a and b), Dex-PCLs 5 (¢ and d), and Dex-PCL; (e and
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f). Macrographs were taken one day after (a, ¢ and e) and fifteen days (b, d and f) after

fabrication of nanoparticles.
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Figure 5. In vitro kinetic release profiles of BSA from Dex-PCL s 5 nanoparticles prepared
by simple (O) and double emulsion (M) methods. The concentration of BSA was 642

pg/ml of nanoparticles suspension.
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Figure 6. Association of the nanoparticles, estimated as a percentage of the radioactivity

recovered in the Caco2 cells, following incubation of nanoparticles suspensions for

increasing periods of time. unloaded PCL () and Dex-PCLss nanoparticles (@); LC-
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loaded PCL (M) and Dex-PCLss nanoparticles (A). The concentration of samples were

83.25 pg/well.
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Figure 7. Evaluation of transepithelial resistance (TEER) of Caco-2 monolayer cells in the

presence of unloaded (a) PCL and Dex-PCLss nanoparticles; LC-loaded (b) PCL and
Dex-PCLs s nanoparticles: (e, ¢) control, (ll, 0)PCL,( A, A) Dex- PCLs s nanoparticles

and (@, O) sodium cholate. The concentration of samples were 83.25 pg/well.
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Figure 8. Association of the nanoparticles, estimated as a percentage of the radioactivity

recovered in the Caco2 cells, following incubation of nanoparticles suspensions for
increasing periods of time. unloaded PCL () and Dex-PCLss nanoparticles (@); LC-

loaded PCL (M) and Dex-PCLss nanoparticles (A). The concentration of samples were

83.25 pg/well.
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4. CONCLUSOES

A andlise dos resultados obtidos no desenvolvimento da presente tese permite a

elaboracdo das seguintes conclusdes:

. A atividade hemaglutinante da lectina de folha de Bauhinia monandra (BmoLL)
estd mais relacionada as condi¢cdes de armazenamento (liofilizagdo ou em solugdo
tamponada) do que ao processo de producdo das nanoparticulas (a¢do de ultra-som,
agitacdo mecanica do tipo ultra-turrax e presenca de solventes). Os resultados sugerem
que a BmoLL apresenta maior atividade quando armazenada na forma liofilizada e que a
acdo de ultra-som por um periodo curto de tempo de 30 segundos, de agitagcdo mecanica e

de solventes ndo parece ser deletéria sobre a atividade hemaglutinante;

. Nanoparticulas de polimeros biodegraddveis convencionais (PCL, PLA e PLGA)
contendo BmoLL encapsulada foram produzidas pelo método de emulsdo multipla,

utilizando desoxicolato de s6dio como tensoativo;

. As nanoparticulas apresentaram formas esféricas bem definidas, com didmetro
médio inferior a 200 nm e distribuicio de particulas relativamente monodispersa,

independente da natureza ou do peso molecular do polimero utilizado;

. A taxa de encapsulacdo de BmoLL foi 30% superior para nanoparticulas de PLGA
50/50 com relagdao as nanoparticulas de PCL. No entanto, a avaliacio da carga de
superficie das particulas pela medida do potencial zeta demonstrou uma maior afinidade

de BmoLL pela matriz polimérica de PCL;

o A liberacdo da BmoLL a partir das nanoparticulas foi inferior 50% durante 24 h;
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o BmoLL foi fortemente adsorvida na superficie de nanoparticulas com maior

afinidade para o PLGA 75/25;

. Novos copolimeros de dextrana e caprolactona (Dex-PCL,) foram sintetizados em
trés etapas: (i) polimerizacdo de €-caprolactona derivada monocarboxilica, (ii) ativagdo de
grupos carboxilicos com carbonildiimidazol e (iii) ligagdo com a dextrana com diferentes
quantidades de cadeias de PCL ligadas a uma cadeia de dextrana através de ligacdes

ésteres (n=7,1; 5,5 e 3);

. Os novos copolimeros de Dex-PCL, foram capazes de formar nanoparticulas do
tipo nucleo-coroa (matriz de PCL e coroa de dextrana), comprovada pela carga de

superficie elevada das nanoparticulas;

o BmoLL e lectina de Lens culinaris foram eficientemente encapsuladas em

nanoparticulas de Dex-PCLs s quando comparada a proteina de referéncia BSA;

. A camada externa de dextrana aumentou a capacidade de adsor¢do de proteinas na

superficie das nanoparticulas de Dex-PCL; s;

° BmoLL, desoxicolato de sédio e nanoparticulas de Dex-PCL, ndo apresentaram

citotoxicidade in vitro contra células de carcinoma humano de célon (caco-2);

. Nanoparticulas de Dex-PCL, podem ser utilizadas como carreadores de farmacos
hidrofébicos ou de proteinas, bem como apresentam potencial para conjugacdo com

lectinas para liberagdo sitio-especifica de farmacos;

o A presenca de lectina diminui a resisténcia transepitelia (TEER) da monocamada

de células Caco-2 facilitando a ades@o das nanoparticulas Dex-PCL;

o A intera¢do bioadesiva das nanoparticulas Dex-PCL radiomarcadas foi superior

aquela de nanoparticulas de PCL.

119



5. Referéncias Bibliograficas

AGRAWAL, B. B.; GOLDSTEIN, I J. Specific binding of concanavalin A to cross-
linked dextran gels. Biochemistry Journal, v. 96 (3), p. 23c-25c, 1965.

ALEN, C.; YU, Y., MAYSINGER, D.; EISENBERG, A. Polycaprolactone-b-
poly(ethilene Oxide) Block Copolymer Micelles as a Novel Drug Delivery Vehicle
for Neutrophic Agents FK506 and L-685,818. Bioconjugate Chemical, v. 9, p. 564-
572, 1998.

BARRAT, G. Characterization of Colloidal Drug Carrier Systems with Zeta Potential
Measurements. Pharmaceutical Technology Europe, p. 21-35, 1999.

BARRAT, G. M. Therapeutic applications off colloidal drug carriers. Pharmaceutics
Science Technology Today, v. 3 (5), p. 163-171, 2000.

BATYCKY, R. P.; HANES J.; LANGER, R.; EDWARDS, D. A. A theoretical model of
erosion and macromolecular drug release from biodegrading microspheres. Journal of
Pharmaceutical Science, v. 86, n. 12, p. 1464-1477, 1997.

BELTRAO, E. I .C.; CORREIA, M. T. S.; FIGUEREDO-SILVA, J.; COELHO, L. C. B.
B. Binding Evaluation of Isoform 1 from Cratylia mollis Lectin to Human Mammary

Tissues. Applied Biochemical and Biotechnology, v. 22, p. 21-30, 1998.

BENNS, J. M.; KIM, S. V, Tailoring new gene delivery designs for specific targets.

Journal of Drug Targeting, v.8, n. 1, p.1-12, 2000.

BIRRENBACH, G.; SPEISER, P. Polymerized micelles and their use a adjuvants in

immunology. Journal of Phamarmaceutical Science, v. 65, p. 1763-1766, 1976.

120



BRAZEL, C. & PEPPAS, N. A. Modeling of Drug release from swellable polymers.

European Journal of Pharmaceutics and Biopharmaceutics, v. 49, p. 47-58, 2000.

BREITENBACH, A.; LI, Y. X.; KISSEL, T. Branched biodegradable Polyesters for
parenteral drug delivery systems. Journal of Controlled Release, v. 64, p. 167-178,

2000.

BROWNLEE M.; CERAMI A. A glucose-controlled insulin-delivery system:

Semisynthetic insulin bound to lectin. Science, 267:1190-1191,1979.

CHEN, H.; TORCHILIN, V.; LANGER, R. Lectin-bearing polymerized liposomes as

potential oral vaccine carriers. Pharmaceutical Research, v. 13, p. 1378-1383, 1996.

CHUL HA, J.; KIM, S. Y.; LEE, Y. M. Poly (ethylene oxide)-poly(propylene oxide)-
poly(ethylene oxide) (pluronic) / poly(e-caprolactone) (PCL) amphiphilic block
copolymeric nanospheres 1. Preparation and characterization. Journal of Controlled

Release, v. 62, p. 381-392, 1999.

COOMBES, A. G. A.; TASKER, S.; LINDBLAD, M.; HOLMGREN, J.; HOSTE, K;
TONCHEVA, V.; SCHACHT, E.; DAVIES, M. C.; ILLUM, L.; DAVIS, S. S.
Biodegradable polymeric microparticles for drug delivery and vaccine formulation:
the surface attachment of hydrophilic species using the concept of poly (ethylene

glycol) anchoring segments. Biomaterials, v. 18, p. 1153-1161, 1997.

COUVREUR, P. Vecteurs nanoparticulaires de médicaments. In : BURI, P. Et al. Formes
Pharmaceutiques Nouvelles: aspects technologiques. Biopharmaceutique & Medical.

cap. 14, p. 577-611, 1985.

COUVREUR, P.; KANTE, B. e ROLAND, M. Les perspectives d utilisation des formes
microdispersées comme vecteurs intracellulaires. Phamaceutic Acta Helvechia, v. 53,

n. 12, p. 341-347, 1978.

121



COUVREUR, P.; VRANCKY, H. BRASSEUR, F.; ROLAND, M. Toxicité des
nanospheres a base de polycyanoacrylates d' alkyleS. T. P. Pharma, v. 5, n. 1, p. 31-

37, 1989.

DAMGE, C.; VRANCKX, H.; BALSCHMID,T. P.;, COUVREUR, P. Poly (alkyl
cyanoacrylate) nanospheres for oral administration of insulin. Journal of

Pharmaceutical Science, v. 86 (12), p. 1403-1409, 1997.

EDELMAN, G. M.; CUNNINGHAM, B. A.; REEKE JR., G. N.; BECKER, J. W_;
WAXDAL, M. J.; WANG, J. L. The covalent and Three-Dimensional Structure of

Concanavalin A. Proc. Nat. Acad. Sci. USA, v. 69, n. 9, p. 2580-2584, 1972.

EL-SAMALIGY, M.S.; ROHDEWALD, P. E MAHMOUD, H. A.
Polyalhylcyanoacrylate nanocapsules. Journal of Phamaceutical Pharmacologie, v.

38, p. 216-218, 1985.

EZPELETA, 1.; ARANGOA, M. A.; IRACHE, J. M.; STAINMESSE, S.; CHABNET, C.;
POPINEAU, Y.; ORECCHIONI, A.-M. Preparation of Ulex europaeus lectin-gliadin
nanoparticle conjugates and their interaction with gastrointestinal mucus.

International Journal of Pharmaceutics, v. 191, p. 25-32, 1999.

EZPELETA, 1; IRACHE, J. M.; STAINMESSE, S.; CHABENAT, C.; GUEGUEN, J;
ORECCHIONI, A. Preparation of lectin-vicilin nanoparticles conjugates using the

carboiimide couple technique. International Journal of Pharmaceutics, v. 142, p. 227-

233, 1996.

FATTAL E.; VAUTHIER, C.; AYNIE, [; NAKADA, Y.; LAMBERT, G.; MALVY C.;
COUVREUR, P. Biodegrable polyalkycyanoacrylate nanoparticles for the delivery of

oligonucleotides. Journal of Controlled Release, v. 53, p. 137-143, 1998.

122



FERDUS, A.; STEMBRIDGE, N. Y. ; SINGH, M. Role of monensin PLGA polymer
nanoparticles and liposomes as potiator of ricin A immunotoxins in vitro. Journal of

Controlled Release, v. 50, p. 71-78, 1998.
FLORENCE, A. T. The oral absortion of micro- and nanoparticulates: neither exceptional
nor unusual. Pharmaceutical Research, v. 14, n. 3, p. 259-266, 1997.

FORSSEN, E.; WILLIS, M. Ligand — targeted liposomes, Advanced. Drug Delivery.

Reviews, v. 29, p. 249-271, 1998.

GABOR, F.; STANGL, M.; WIRTH, M. Lectin-mediated biodhesion: binding
characteristics of plant lectins on the enterocyte-like cell lines Caco-2, HT-29 and

HCT-8. Journal of Controlled Release, v.55, p. 131-142, 1998.

GABOR, F.; WIRTH, M.; JURKOVICH, B.; HABERL, I.; THEYER, G.; WALCHER,
G.; HAMILTON, G. Lectin-mediated bioadhesion: Proteolytic stability and binding-
characteristics of Wheat germ agglutinin and Solanum tubeosum lectin on Caco-2,

HAT-29 and human colonocytes. Journal of Controlled Release, v.49, p. 27-37, 1997.

GREF, R.; DOMB, A.; QUELLEC, P.; BLUNK, T.; MULLER, R. H.; VERBAVATZ, J.
M.; LANGER, R. The controlled intravenous delivery of drugs using PEG-coated
sterically stabilized nanospheres. Advanced Drugs Delivery Reviews, v. 16, p. 215-
233, 1995.

GREF, R.; MINAMITAKE, Y.; PERACCHIA, M. T.; TRUBETSKOY, V.; TORCHILIN,
V.; LANGER, R. Biodegradable long-circulating polymeric nanospheres. Science, v.
163, p. 1600-1603, 1994.

HANS, M. L.; LOWMAN. A. M. Biodegradable nanoparticles for drug delivery and
targeting. Current Opinion in Solid State and Materials Science, v. 1, p. 000-000,

2002.

123



HUSSAIN, N.; PRAFUL, U. J.; FLORENCE, A. T. Enhanced oral uptake of tomato
lectin-conjugated nanoparticles in the rat. Pharmaceutical Research, v. 14 n.5, p. 613-

618, 1997.

IRACHE, JM.; DURRER, C.; DUCHENE, D.; PONCHEL, G. Preparation and
characterization of lectin-latex conjugates for specific bioadesion. Biomaterials, v. 15,
p- 899-904, 1994.

JAULIN, N.; APPEL, M.; PASSIRANT, C.; BARRATT, G.; LABARRE, D. Reduction of
uptake by a macrophagic cell line of nanoparticles bearing heparin or dextran
covalently bound to poly(methyl methacrylate). Journal of Drug Targeting, vol. 8, p.
165-172, 2000.

JEON, S. I; LEE, J. H.; ANDRADE, J. D.; DEGENNES, P. G. Protein Surface
Interactions In The Presence of Polyethylene Oxide .1. Simplified Theory. Journal of
Colloid and Interface Science, v. 142, n. 1, p. 149-158, 1991.

KENNEDY, J. F.; PALVA, P. M. G.; CORELLA, M. T. S.; CAVALCANTIL, M. S. M;
COELHO, L. C. B. B. Lectins, versatile proteins of recongnition: a review.
Carbohydrate Polymers, v. 26, p. 219-230, 1995.

KHOPADE A. J.; NANDAKUMAR K. S.; JAIN N .K.. Lactin-functionalized multiple
emulsions for improved cancer therapy. Journal of Drug Target, v. 6, n. 4, p. 285-
292, 1998.

KIM, S.Y.; HA, J. C; LEE, Y. M. Poly(ethylene oxide)- poly(propylene oxide)-
poly(ethylene oxide) / poly(e-caprolactone) (PLC) amphiphilic block copolymeric
nanospheres II. Termo-responsive drug realese behaviors. Journal of Controlled

Release, v. 65, p. 345-358, 2000.

124



KOMPELA, U. B.; LEE, V. H. L.; Delivery systems for penetration enhancement of
peptide and protein drugs: design considerations. Advanced Drug Delivery Reviews,
n. 46, p. 211-245, 2001.

KREUTER, J.; SPEISER, P. In vitro studies of poly (methyl methacrylate) adjuvants.
Journal of Pharmaceutics Science, v. 65, n. 11, p. 1624-1627, 1976

KUMAR, N.; RAVIKUMAR, M. N. V.; DOMB, A. J. Biodegradable block copolymers.
Advanced Drug Delivery Reviews, v. 53, p. 23-44, 2001.

LAMPRECHT, A; UBRICH, N.; HOMBREIRO PEREZ, M.; LEHR, C. -M.;
HOFFMAN, M.; MAINCENT P. Influences of process partameters on nanoparticle
preparation performed by a double emulsion pressure homogenization technique.
International Journal of Pharmaceutics., v. 196, p. 177-182, 2000.

LAMPRECHT, A; UBRICH, N.; HOMBREIRO PEREZ, M.; LEHR, C. -M.;
HOFFMAN, M.; MAINCENT P. Biodegradable monodispersed nanoparticles
prepared by pressure homogenization-emulsification. International Journal of
Pharmaceutics., v. 184, p. 97-105, 1999.

LEIST M.; WENDEL, A. A novel mechanism of murine hepatocyte death inducible by
concanavalin A. Journal of Hepatology, v. 25 n. 6, p. 948-959, 1996.

MARTIN A.; BUSTAMANTE, P.; CHUN, A. H. C. Physical Pharmacy, 4t ed., Editor
Lea & Febiger, 1993.

MARTY, J. J.; OPPENHEIM, R. C. e ESPEISER, P. Nanoparticles- A new colloidal drug
delivery system. Phamaceutic Acta Helvechia, v. 53,n. 1, p. 17-23, 1978.

MARUYAMA, A.; ISHIHARA, T.; KIM, J.; KIM, S.W.; TOSHIHIRO, A. Desing of
multi-layered nanoparticles as a DNA carrier. Colloids and Surfaces A:

Physiochemical and Engineering Aspects, v. 153, p. 439-443, 1999.

125



MEYENBURG, S.; LILIE, H.; PANZNER, S.; RUDOLPH, R. Fibrin encapsulated
liposomes as protein delivery system studies on the in vitro release behavior, Journal
of Controlled Release, v. 69, p. 159-168, 2000.

MEYER, J.; WHITCOMB, L.; COLLINS, D. Efficient encapsulation of proteins within
liposomes for slow release in vivo, Biochemistry. Biophysic Research.
Communication, v. 199, p. 433-438, 1994.

MODY, R.; JOSHI, S.; CHANEY, W. Use of lectin as diagnostic and therapeutic tools for

cancer. Journal of Pharmaceutic Toxilogic Methods, v. 33, p. 1-10, 1995.

MOLPECERES, J.; ABERTURAS, M. R.; GUZMAN, M. Biodegrable nanoparticles as a
delivery system for cyclosporine: preparation and characterization. Journal of

Microencapsulation, v. 17, n.5, p. 599-614, 2000.

MOSQUEIRA, V. C. F.; LEGRAND, P.; GULIK, A.; BOURDON, O.; GREF, R
LABERRE, D.; BARRAT, G. Relationship between complement activation, cellular
uptake and surface physicochemical aspects of novel PEG-modified and

nanocapsules. Biomaterials, v. 22, p. 2967:2979, 2001.

NAISBETT, B. and WOODLEY, J. The potential use of tomato lectin for oral drug
deliver: 2. Mechanism of uptake in vitro. International Journal of Pharmaceutics, v.
110, p. 127-136, 1994.

OHYA, Y.; CAIL R.; NISHIZAWA, H.; HARA, K.; OUCHI, T. S.T.P. Pharma Sciences,
v. 10, n. 1, p. 77-82, 2000.

OLIVIER, J-C.; VAUTHIER, C.; TAVERNA, M.; FERRIER, D.; COUVREUR, P.
Preparation and characterization of biodegradable poly(isobutylcyano acrylate)

nanoparticles with the surface modified by the adsorption of proteins. Colloids

Surfaces B: Biointerfaces, v. 4, p. 349-356, 1995.

126



OTSUKA, H.; NAGASAKI, Y., KATAOKA, K. Surface -characterization of
functionalized polylactide through the coating with heterobifunctional poly(ethylene
glycol)/polylactide block copolymers. Biomacromolecules, v.1, p. 39-48, 2000.

PASSIRANI, C.; BARRAT, G.; DEVISSAGUET, J-P.; LABARRE, D. Long-circulating
nanoparticles bearing heparin or dextarn cavalently bound to poly(methyl
mathacrylate). Pharmaceutical Research, v.15, n. 7, p. 1046-1050, 1998.

PASSIRANI, C.; BARRATT, G.; DEVISSAGUET, J-P.; LABARRE, D. Interactions of
nanoparticles bearing heparin or dextran covalently bound to poly (methyl
methacrylate) with the complement system. Life Science, v. 62, n. 8, p. 775-785,
1998.

PEKNA, M.; LARSSON, R.; FORMGREN, B.; NILSSON, U.R.; NILSSON, B.
Complement activation by polymethylmethacrylate minimized by end-point heparin
attachment. Biomaterials, v. 14, p. 189-192, 1993.

PEPPAS, B. L. Polymers in controlled drug delivery. Medical plastics and biomaterials
magazine. Disponivel em: <http://www.devicelink.com/mpb/archive/97/11/003.htmI>
acesso em 06 de janeiro 2000.

PERACCHIA, M. T., VAUTHIER, C., PUISIEUX, F.; COUVREUR, P. Development of
sterically stabilized poly(isobutyl 2-cyanocrylate) nanoparticles by chemical coupling
of poly(cthylene glycol). Journal of Biomedical Materials Research, v. 34, p. 317-326
, 1997.

PONCHEL, G.; IRACHE, J.-M. Specific and non-specific bioadhesive particulate systems
for oral delivery to the gastrointestinal tract. Advanced Drugs Delivery Reviews, v. 34,

p. 191-219, 1998.

127



PRYME, I F.; BARDOCZ, S.; PUSZTAI A.; EWEN, S. W. B. The mass of a murine
non-Hodgkin lymphoma tumors is reduced by phytohaemagglutine - induced gut
hyperplasia and feeding a protein-depleted diet. Cancer Detection and Prevention, v.

22 n.1, p. 234-239, 1998.

QUELLEC, P.; GREF, R.; DELLACHERIE, E.; SOMMER, F.; TRAN, M. D;
ALONSO, M. J. Protein encapsulation within poly(ethylene glycol)-coated
nanospheres. II. Controlled release properties. Journal of Biomedical Materials

Research, v. 47 (3), p. 388-95, 1999.

QUELLEC, P.; GREF, R.; DELLACHERIE, E.; SOMMER, F.; VERBAVATZ, J. M.;
ALONSO, M. J. Protein encapsulation within polyethylene glycol-coated
nanospheres. 1. Physicochemical characterization. Journal of Biomedical Materials

Research, v. 42 n.1, p. 45-54, 1998.
RINIL J. M. Lectin structure. Annu. Ver. Biophys. Biomol. Struct. v. 24, p. 551-577, 1995.

SAHLI, H.; TAPON-BRETAUDIERE, J.; FISCHER, A-M.; STERNBERG, C.;
SPENLEHAUER, D.; VERRECCHIA, T.; LABARRE, D. Interactions of poly(lactic
acid) and poly(lactic acid-co-ethylene oxide) nanoparticles with the plasma factors of
the coagulation system. Biomaterials, v. 18,p. 281-288, 1997.

SINHA, V.R; KUMRIA, R. Polysaccharides  incolon -specificdrugdelivery. International
JournalofPharmaceutics,v.224,p.19  -38,2001.

SOPPIMATH, K.S.; AMINABHAVI, T.M., KULKARNI, A.R., RUDZINSKI, A.R.
Biodegradable polymeric nanoparticles as drug delivery devices. Journal of

Controlled Realese, v. 70, p. 1-20, 2001.

128



TOBIO, M.; GREF, R.; SANCHEZ, A.; LANGER, R.; ALONSO, A. J. Stealth PLA-PEG
nanoparticles as protein carriers for nasal administration. Pharmaceutical Research, v.

15 (2), p. 270-275, 1998.

TORCHILIN, V. P.; TRUBETSKOY, V. S. Which polymers can make nanoparticulate
drug carriers long-circulating?, Advanced Drugs Delivery Reviews, v. 16. P. 141-155,

1995.

VIJAYAN, M.; CHANDRA, N. Lectins. Current Opinion in Structural Biology, v. 9, p.

707-714, 1999.

VITTAZ, M.; BAZILZ, D.; SPENLEHAUER, D.; VERRECCHIA, T.; VEILLARD, M.;
PUISIEUX, F.; LABARRE, D. Effect of PEO surface density on long-circulating
PLA-PEO nanoparticles which are very low complement activators. Biomaterials, v.
17, p. 1575-1581, 1996.

WANG, H.; NG, T. B.; OOIl, V. E.C.; LIU, W. K. Effects of lectins with different
carbohydrate-binding specificities on hepatoma, choriocarcinoma, melanoma and

osteosarcoma cell line. The international Journal of Biochemistry & Cell Biology, V.

32, p. 353-372, 2000.

WIRTH, M.; FUCHS, A.; WOLF, M.; ERTL, B.; GABOR, F. Lectin-medieated drug
targeting: preparation, binding characteristics and antiproliferattive activity of Wheat

germ agglutinin conjugated doxorubicinnon Caco-2 cells. Pharmaceutical Research,

v. 15, n.7, p. 1031-1037, 1998.

WOODLE, M. C.; LASIC, D. D. Sterically stabilized liposomes. Biochemical Biophysical

Acta, v. 113, p. 171-199, 1992.

129



XIONG, C. D.; CHENG L. M.; XU, R. P.; DENG, X. M. Synthesis And Characterization
Of Block-Copolymers From D,L-Lactide And Poly (Tetramethylene Ether Glycol)

Journal of Applied Polymer Science, v. 55, n. 6, p. 865-869, 1995.

YAMAZAKI, N.; KAIHOU, S.; SHODA, M.; SAKUTA, H.; KATSURA, T,;
MIZUTANI, F. Fetuin-liposome conjugates and mobilized lectins as model system
for studying multivalent carbohydrate-lectin interactions. National Institute of

Materials and Chemical Research , Tsukuba Science City Japan, 1998.

YAMAZAKI, N.; KOJIMA, S.; BOVIN, N.V.; ANDRE, S.; GABIUS, S.; GABIUS, H.-J.
Endogenous lectins as targets for drug delivery, Advanced Drug Delivery Reviews, n.
43,p. 225-244, 2000.

YANG, X.; ROBINSON, J.R. Bioadhesion in mucosal Drug Delivery. In OKANO T.

Biorelated Polymers and Gels. USA: Academic Press, p. 135:192, 1998.

YOO, S. H.; EUN O H, J.; HYEUNG LEE, K.; PARK, T. G. Biodegradable nanoparticles
containing doxorubucin-PLGA conjugate for sustained release. Pharmaceutical
Research, v. 16, n.7, p. 1114-1118, 1999.

ZAMBAUX, M. F.; BONNEAUX, F.; GREF, R.; DELLACHERIE, E.; VIGNEROM, C.
Preparation and characterization of protein C-loaded PLA nanoparticles. Journal of
Controlled Release, v. 60, p. 179-188, 1999.

ZAMBAUX, M. F.; BONNEAUX, F.; GREF, R.; MAINCENT, P.; DELLACHERIE, E.;
ALONSO, M. J.; LABRUDE, P.; VIGNEROM, C. Influence of experimental
parameters on the characteristics of poly (lactic acid) nanoparticles prepared by

double emulsion method. Journal of Controlled Release, v. 50, p. 31-40, 1998.

130



International Journal of Pharmaceutics

Submission of Manuscripts

For the initial submission of manuscripts for consideration, hardcopies are sufficient. The
original plus two copies, complete with two sets of figures (including originals or
duplicates of sufficient quality for clarity of reproduction) and tables, must be submitted in
English. All data that would help referees to evaluate the paper should also be supplied.
Manuscripts should be typewritten with double spacing and adequate margins on one side
of the sheet only (not more than 26 lines per page). All pages should be numbered
sequentially. Manuscripts should be sent to one of the following Editors-in-Chief
according to the geographical origin of the author. Please include full contact information
- corresponding author name, e-mail address, telephone and fax numbers, and full postal
address.

After final acceptance for publication, your revised manuscript on disk together with
two printed hard copies, should be submitted to the accepting editor. It is important that
the file on disk and the printout are identical. Both will then be forwarded by the editor
to Elsevier.

When the paper is to be published as a Rapid Communication, this should be clearly
indicated to the Editor-in-Chief.

The Americas and Australia

Dr J.H. Rytting, Pharmaceutical Chemistry Dept, University of Kansas, 2095 Constant
Avenue, Lawrence, KS 66047, U.S.A., Fax: +1 785 864 5736; E-mail: rytting @ku.edu

Electronic Manuscripts

131



O
After final acceptance for publication, your revised manuscript must be submitted on disk,

together with two identical printed hard copies, to the accepting Editor. It is important that
the file on disk and the printed copies be identical. Electronic files can be submitted on
floppy disks, ZIP/JAZ disks, or CD-ROM. Please do not split the manuscript into
separate files (title page as one file, text as another, etc.) Ensure that the letter ' 1' and digit
" 1' (also letter ' O' and digit ' 0' ) have been used properly, amdyfmrmarticle (tabs,
indents, etc.) consistently. Characters not available on your word processor (Greek letters,
mathematical symbols, etc.) should not be left open but indicated by a unique code (e.g,
gralpha, @, #, etc., for the Greek letter ). Such codes should be used consistently
throughout the entire text. Please make a list of such codes and provide a key. Do not
allow your word processor to introduce word splits and do not use a ' justified' layout.
Please adhere strictly to the general instructions on style/arrangement and, in particular,
the reference style of the journal. It is very important that you save your file in the word
processor format. If your wordprocessor features the option to save files ' in flat ASCII' ,
please do not use it. Format your disk correctly and ensure that only the relevant file (one
complete article only) is on the disk. Also, specify the type of computer and
wordprocessing package used, label the disk with your name and the name of the file on
disk.

Additional instructions on how to prepare your manuscript can be found at:

http://authors.elsevier.com/quickguide . More in-depth guidelines for submitting

artwork/illustrations can be found at: http://authors.elsevier.com/artwork .

Types of Papers

(1) Full Length Manuscripts

The arrangement of full length papers should accord with the following:

(a) Title

The full title should not exceed 85 characters including spaces between words.

(b) List of Authors

Initial(s) (one given name may be used) followed by the surname of author(s) together
with their affiliations. When the work has been carried out at more than one address, the
affiliation of each author should be clearly indicated using superscript, lower-case letters.
The author to whom correspondence should be directed must be indicated with an asterisk.
(c) Affiliation(s) Name(s) and address(es) of the establishment(s) where the work was

done, designated by superscript, lower-case letters where appropriate.

132



(d) Abstract

An Abstract not exceeding 200 words (a single paragraph) should be provided typed on a
separate sheet.

(e) Keywords

A maximum of 6 keywords or short phrases suitable for indexing should be supplied. If
possible keywords should be selected from Index Medicus or Excerpta Medica Index.
Authors may also wish to refer to the Subject Index published in International Journal of
Pharmaceutics, for example, Vol. 211/1-2, pp. 119-135.

(f) Corresponding Author

The author to whom correspondence should be directed should be designated with an
asterisk (do not include the address unless different from that indicated by the author' s
affiliation). Telephone, telex and fax numbers of the corresponding author may be
included if provided.

(g) Text

The text should be divided into main sections, such as the following: 1. Introduction. 2.
Materials and methods. 3. Results. 4. Discussion. Acknowledgements. References, figure
legends, tables and figures. These sections must be numbered consecutively as indicated.
Subdivisions of a section should also be numbered within that section, for example, 2.1.
Materials, 2.2. Relative humidity measurement, 2.3. Sample preparation, etc.

(h) Nomenclature

Standard nomenclature should be used throughout; unfamiliar or new terms and arbitrary
abbreviations should be defined when first used. Unnecessary or ambiguous abbreviations
and symbols are to be avoided. Data should be expressed in SI units.

(1) Figure Legends, Table Legends, Footnotes

Figure legends, tables and footnotes should be typed on separate sheets, lines double
spaced. Footnotes, to be numbered consecutively in superscript throughout the text, should
be used as little as possible.

(j) References

See below for full details.

(2) Rapid Communications

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

(b) Figures should not be included otherwise delay in publication will be incurred.

133



(c) Do not subdivide the text into sections. An Abstract should be included as well as a

full reference list.

(d) No proofs will be sent to the author(s).

(3) Notes (formerly Short Communications)

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

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

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

(4) Descriptions/Reviews of Computer Programs The manuscript should include

information on hardware compatibility and software availability (including costs, ordering

address, etc.). All manuscripts must be accompanied by a manual describing software

validation, operating instructions (in greater detail than in the manuscript) and illustrations

of input and output data sets. In order that reviewers can appropriately evaluate the

package, three copies of the manual and software (diskettes, tapes, etc.) should accompany

submission. Software and manual will be returned only on request by the authors.

(5) Reviews and Mini-Reviews Suggestions for review articles will be considered by the

Editors-in-Chief. "Mini-reviews" of a topic are especially welcome.

References

(a) Text citation The Harvard system of citation must be used. References should be cited

in the text within parentheses: where several citations are given within a single set of

parentheses, they should be arranged in ascending order of year of publication; where

more than one reference with the same year of publication is cited, they should be

arranged in alphabetical order of the first authors' namesWhen referring to a work of

more than two authors, the name of the first author should be given, followed by et al.

Examples of text citations: (Gesztes et al., 1988; Chestnut et al., 1989; Legros et al., 1990;

Mhando and Li Wan Po, 1990; Korsten et al., 1991; Langerman et al., 1991, 1992a,b;

Masters et al., 1991; Bonhomme et al., 1992; Kolli et al., 1992).

(Shaw et al., 1978; Nakano and Arita 1990b; Nakano et al., 1990a,b; Bone et al., 1992)

(b) Reference list All references cited in the text should be listed at the end of the paper

(typed with double spacing) and assembled alphabetically. More than one paper from the

same author(s) in the same year must be identified by the letters a b c, etc. placed after the

year of publication.
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References must consist of names and initials of all authors, year, title of paper,
abbreviated title of periodical, and volume and first and last page numbers. ' Personal
communication' and ' unpublished data' should be cited in the tenly. Papers referred to
as ' submitted for publication' must include the name of the journal to which submission
has been made. Journal titles should be abbreviated according to the 'List of Serial Title
Word Abbreviations' (available from International Serials Data System, 20, rue
Bachaumont, 75002 Paris, France. ISBN 2-904939-02-8).

Example of arrangement in the reference list: Crowe, J.H., Crowe, L.M., Chapman, D.,
1984a. Infrared spectroscopic studies on interactions of water and carbohydrates with a
biological membrane. Arch Biochem. Biophys., 232, 400-407.

Crowe, J.H., Crowe, L.M., Hoekstra, F.A., 1989. Phase transitions and permeability
changes in dry membranes during rehydration. J. Bioenerg. Biomembr., 21, 77-92.

Crowe, J.H., Crowe, L.M., Carpenter, J.F., Aurell Wistrom, C., 1987. Stabilization of dry
phospholipid bilayers and proteins by sugars. Biochem. J., 242, 1-10.

Crowe, J.H., Crowe, L.M., Carpenter, J.F., Rudolph, A.S., Wistrom, C.A., Spargo, B.J.,
Anchordoguy, T.J., 1988. Interactions of sugars with membranes. Biochim. Biophys.
Acta, 947, 367-384.

Crowe, L.M., Crowe, J.H., Womersley, C., Reid, D., Appel, L., Rudolph, A., 1986.
Prevention of fusion and leakage in freeze-dried liposomes by carbohydrates. Biochim.
Biophys. Acta, 861, 131-140.

Crowe, L.M., Mouradian, R., Crowe, J.H., Jackson, S.A., Womersley, C., 1984b. Effects
of carbohydrates on membrane stability at low water activities. Biochim. Biophys. Acta,
769, 141-150.

Examples of presentation for various types of publication:

Langerman, L., Chaimsky, G., Golomb, E., Tverskoy, M., Kook, A.L, Benita, S., 1990. A
rabbit model for evaluation of spinal anesthesia: chronic cannulation of the subarachnoid
space. Anesth. Analg., 71, 529-535.

Timsina, M.P., Martin, G.P., Marriott, C., Ganderton, D., Yianneskis, M., 1994. Drug
delivery to the respiratory tract using dry powder inhalers. Int. J. Pharm., 101, 1-13.
Gibaldi, M. and Perrier, D., 1982. Pharmacokinetics, 2nd Ed., Dekker, New York.
Deppeler, H.P., 1981. Hydrochlorothiazide. In: Florey, K. (Ed.), Analytical Profiles of
Drug Substances, Vol. 10, Academic Press, New York, pp. 405-441.
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US Pharmacopeia XXII, 1990. US Pharmacopeial Convention, Rockville, MD, pp. 1434-
1435.

Mueller, L.G., 1988. Novel anti-inflammatory esters, pharmaceutical compositions and
methods for reducing inflammation. UK Patent GB 2 204 869 A, 23 Nov.

Du Plessis, J., 1992. Topical liposomal delivery of biologically active peptides. Ph.D
Thesis, Potchefstroom University for CHE, South Africa.

Figures and Tables

Figures

Line drawings (including graphs) should be drawn in black ink on white paper or on
tracing paper with blue or faint grey rulings; graduation will not be reproduced. Lettering
should be large enough to permit photographic reduction. If figures are not to be reduced,
their format should not exceed 16 x 20 cm. Photographs (or half-tone illustrations) must
be of good quality, submitted as black and white prints on glossy paper, and have as much
contrast as possible. The magnification of micrographs should be indicated by a scale bar
in the figure. Figures should be clearly marked on the reverse side with the number,
orientation (top) and author' s name; a soft pencil or a feltipped pen should be used for
marking photographs. The illustrations should be numbered with Arabic numerals. The
legends should be typed separately with double spacing.

Colour reproduction is available at cost. The 2003 price for colour figures is 272 Euro for

the first page and 182 Euro for subsequent pages.

Tables
All tables must be numbered consecutively (with Arabic numerals) and be cited in the
text. Titles should be short but descriptive. Tables should be compiled on separate sheets,

abc otc. Do not use

together with a legend and/or footnotes identified by superscripts
vertical lines and keep horizontal rules to a minimum.

Proofs, Offprints and Page Charges

Proofs

Elsevier Science is now sending PDF proofs to authors by e-mail for correction. If an
author is unable to handle this process, regular print proofs will be sent. Elsevier Science
will do everything possible to get the article corrected and published as quickly and

accurately as possible. Therefore, it is important to ensure that all corrections are sent back
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in ONE communication. Subsequent corrections will not be possible. Only typesetting
errors may be corrected; no changes in, or additions to, the accepted manuscript will be
allowed. Proofs should be returned to Elsevier Science within 48 hours.

Offprints

Upon acceptance, an offprint order form will be sent to the author(s) together with proofs.
Offprints may be ordered by filling in and returning to the Publisher the order form sent to
the authors with the proofs of their paper. Twenty-five offprints of each paper will be
provided free of charge. Additional copies may be ordered at prices shown on the offprint
order form which will be sent to the author. Offprints ordered after the journal has been
printed will cost considerably more than those ordered immediately.

Page Charges There will be no page charges.

Author enquires All questions arising after acceptance of the manuscript by the editors,
especially those relating to proofs, publications and reprints should be directed to the
Publisher:

Elsevier Science Ireland Ltd. Brookvale Plaza East Park Shannon, Co. Clare Ireland Tel:
+353 61 709600 Fax: + 353 61 709100 E-mail: authorsupport@elsevier.com

Please visit the Elsevier Science Author Gateway at http://authors.elsevier.com to track

accepted articles and set up e-mail alerts to inform you of when the article status has
changed. Information on artwork guidelines, copyright information, and frequently asked
questions is also available.

No responsibility is assumed by the Publisher for any injury and/or damage to persons or
property as a matter of products liability, negligence or otherwise, or from any use or
operation of any methods, products, instructions or ideas contained in the material herein.
Because of the rapid advances made in the medical sciences, independent verification of

diagnoses and drug dosages should be made.
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Preparation of Manuscripts

(Revised January 2002)

Manuscripts must be submitted in quadruplicate, typewritten (or reproduced on a high-
quality printer) on 22 _ 28 cm or A4 paper, one side only, with adequate margins. The
entire manuscript (including abstract, references, tables, and figure legends) should be
double-spaced. All pages should be numbered consecutively. References, tables, figure
captions, schemes, and figures should be placed in that order, at the end of the paper.
Sequences of tables, charts, and schemes should be numbered with Arabic numerals.
Original drawings and photographs should be attached to the end of one copy and authors
should indicate by text or marginal nota-tions in the typescript where the figures are to be
inserted. Do not send a disk with a new manuscript. Authors should write in clear, concise
English and follow the style of headings in a current issue of Macromolecules. Foreign
authors should have the spell-ing, grammar, and style checked by someone fully proficient
in the En glish language. The title should be a brief, accurate description of the contents of
the paper. Names of authors to whom correspondence should be addressed should be

designated by an asterisk.

Copyright. A properly completed Copyright Status Form must be provided for each
submitted manuscript. See the first issue of each volume or visit the Publica-tions Division

Web site (http://pubs.acs.org). The form must be included with the manuscript package.

An abstract must be provided for all Articles, Com-munications, Notes, and Reviews. For
full-length ar-ticles, use between 100 and 150 words in complete, concise sentences to
indicate what is new, different, and significant. The abstract should be presented in a
findings-oriented format; that is, one in which the first sentence is a succinct, informative

summation of the most important results and conclusions. The remainder should highlight
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pertinent supporting details, related findings, types or classes of compounds investigated,
and methods used. The abstract should be self-contained for direct use in Chemical
Abstracts or other secondary services. For shorter papers, abstracts should be cor-

respondingly brief.

The Experimental Section should provide a clear, unambiguous description of materials,
methods, and equipment in sufficient detail to permit repetition of the work elsewhere.
Repetitive descriptions of a general procedure should be avoided. Precautions for
handling dangerous material or for performing hazardous proce-dures should be
explicitly stated.

References. It is the responsibility of authors to ensure the accuracy of references.
Because subscribers to the Web edition of the journal are now able to click on the “CAS”
tag following each reference to retrieve the corresponding CAS abstract, reference
accuracy is critical. References should be typed in the format of Macromolecules (see
below) and cited in the text by superscript numbers without parentheses or spaces. When
more than one reference is cited in one place, separate the numbers by commas without
spaces. Authors should consult the Journal Web site available via http://pubs.acs.org as a
guide to proper format. Information on a standard list of abbreviations for ACS journals
may be found in The ACS Style Guide (1997), available from Oxford University Press,
Order Depart-ment, 201 Evans Road, Cary, NC 27513. The following format for journals
(1) and books (2) must be used: (1) Balsara, N. P.; Fetters, L. J.; Hadjichristidis, N.;
Lohse, D. J.; Han, C. C.; Graessley, W. W.; Krish-namoorti, R. Macromolecules 1999, 32,
6137-6147. (2) Wignall, G. D. In Encyclopedia of Polymer Scienc e and Engineering, 2nd
ed.; Mark, H. F., Bikales, N. M., Overberger, C. C., Menges, G., Eds.; Wiley-Interscience:
New York, 1999; Vol. 10, p 112.

Length of Manuscript. Because of the limitation on the number of pages that can be
published in Macro-molecules in a given year, it is important that authors keep their text
as short as possible. Care should be taken not to use an overly-long Introduction section,
and only references that pertain to the information in the article should be used. Authors
should not repeat information found in their previous publications.

Guidelines for Illustrations in ACS Journals
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General Considerations. Remove all color from graphics, except for those graphics that
you would like to have considered for publication in color (see “Color” section for
details). Artwork may be submitted as separate graphics files (see “Disk Preparation”
section later in this document) or as hardcopy originals. Please note that even if graphics
files are submitted, good quality, hardcopy original figures are still required. The quality
of the illustrations printed in your paper depends on the quality of the originals you
provide. Figures cannot be modified or enhanced by the journal production staff. ACS
journal pages are now produced completely electronically. The chemical structures,
graphs, photographs, or other illustrations you send with your paper will be scanned into
the journal page using a digital scanner. The scanner is very sensitive; it will faithfully
copy all flaws such as smudges, uneven lines, incomplete erasures, etc. In preparing
illustrations, contrast is important. Use dark black ink on high-quality, smooth, opaque
white paper. Ordinary white bond paper works well. Avoid tracing paper or textured
“artist” papers. lllustrations must fit a one- or two-column format on the journal page:

For efficient use of journal space, single-column illustrations are preferred.

Single (preferred)

Double

Width

minimum 10.5 cm (4.13 in.)

maximum 8.25 cm (3.25 in.) 17.78 cm (7 in.)

Maximum depth 24 cm (9.5 in.) 24 cm (9.5 in.)

For best results, submit illustrations in the actual size at which they should appear in
the journal. Original illustrations which do not need to be reduced to fit a single or double
column will yield the best quality. Lettering should be no smaller than 4.5 points.
(Helvetica or Arial type works well for lettering.) Lines should be no thinner than 0.5
point. Lettering and lines should be of uniform density. If you must submit
Macromolecules, Vol. 35, No. 1, 2002 11* artwork that must be reduced, use larger
lettering and thicker lines so that, when reduced, the artwork meets the above-mentioned
parameters. Avoid using complex textures and shading to achieve a three-dimensional
effect. To show a pattern, choose a simple cross-hatch design.

Submit only original artwork or high-quality pho-tographic prints of originals;

photocopies do not repro-duce well. Artwork should be produced by a high-quality
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graphics plotter or a laser printer. Use high-quality paper and choose the highest resolution
available. For example, select 600 dpi rather than 300 dpi.

Photographs. High-contrast prints with a smooth or glossy finish work best. Send
photographs that are single- or double-column width so that they will not have to be
reduced. Do not submit negatives, slides, or overhead transparencies. Avoid photographs
produced on a laser printer and prints cut from a printed publication; these do not give
good results. Do not write on the front or back of the image area of the photograph. These
marks may show through when the photograph is scanned.

Color. Color reproduction, if approved by the Editor, will be provided at no cost to the
author. Color illustra-tions should only be submitted if essential for clarity of
communication. A surcharge of $100 per 100 reprints will be added to the standard cost of
reprints. Do not submit color prints to be printed in black and white.

Chemical Structures. Structures should be pro-duced with the use of a drawing program
such as ChemDraw. Structure drawing preferences (preset in the ACS Stylesheet in
ChemDraw) are as follows:

(1) As drawing settings select:

chain angle 120°

bond spacing 18% of width

fixed length 14.4 pt (0.508 cm, 0.2 in.)

bold width 2.0 pt (0.071 cm, 0.0278 in.)

line width 0.6 pt (0.021 cm, 0.0084 in.)

margin width 1.6 pt (0.056 cm, 0.0222 in.)

hash spacing 2.5 pt (0.088 cm, 0.0347 in.)

(2) As text settings select:

font Arial/Helvetica

size 10 pt

(3) Under the preferences choose:

units points tolerances 3 pixels

(4) Under page setup choose:

Paper: US Letter

Scale: 100%

Authors using other drawing packages should, insofar as possible, modify their program’s

parameters so that they reflect the above guidelines.
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Journal of Controlled Release

1. Scope of the journal

The journal publishes papers on the science and technology of the controlled release and
delivery of drugs and other agents. The terms "controlled release" and "delivery" are used
in their broadest sense to include mechanisms such as diffusion, chemical and enzymatic
reactions, dissolution, osmosis, targeting, and the utilization and manipulation of
biological processes. A broad spectrum of papers dealing with all aspects of controlled
release and delivery, including gene delivery, tissue engineering and diagnostic agents, is
encouraged. The use of prodrugs and carriers such as water-soluble polymers, micro- and
nanoparticles, liposomes and micelles is included in the scope. Relevant papers on the
toxicology and biocompatibility of drug delivery systems are also published.

In addition to original full length papers, notes, reviews and rapid communications, the
journal includes book reviews, reports of future meetings, and announcements pertaining
to the activities of the Controlled Release Society. Persons considering writing a review

are encouraged to contact the Review Editor.

2. . Preparation of manuscripts

Manuscript Types

Full length papers are not limited in length and should include Title, Abstract, Methods
and Materials, Results, Discussion, Conclusions, Acknowledgments and References (see
below). Rapid Communications are preliminary reports of research that are of sufficient
importance and general interest that accelerated publication is justified. The length is
limited to 1000 words. Notes are shorter manuscripts, limited to 1500 words, that describe

studies of general interest and significance, but which may be limited in scope.
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General procedures

The language of the Journal is English. Three copies of the manuscript, typed with double
spacing and ample margins, should be submitted. The following format and order of
presentation is suggested:

Title, author(s), address(es). The title should be no longer than 100 letters and spaces.
The address should include the country mailing or *Zip* code when available, as well as
the telephone and fax numbers, and e-mail address. Indicate to whom correspondence and
proofs should be sent.

Abstract. The abstract should present a summary of the problem, scientific method, major
findings and conclusions, in no more than 200 words and one paragraph. Unsubstantiated
speculation should not be included. Footnotes may not be used. References, if cited, must
provide complete publication data.

Keywords (5)

Introduction. The purpose of this section is not to review the literature, but to briefly
introduce the objective of the research and its significance.

Materials and methods. Procedures should be described in sufficient detail to permit
others to repeat and reproduce the results of the work. Sources of commercial products
need not be listed unless unique. Published methods need not be restated but must be
referenced. Where the reference is to papers under review or in press, copies should be
provided to the Editor to facilitate review.

Results. Tables and Figures that summarize the results and improve their comprehension
are encouraged, but only if the space required is not excessive and less than can be stated
in the text. The number of Tables and Figures will generally be restricted to 4 and 8 in
number, respectively. The reproducibility and statistical significance of measurements,
material or biological, must be included when relevant.

Discussion. This section should deal with the interpretation of the results and their
significance to the field of study. Repetition of information presented in other sections
should be avoided, as should general reviews of the literature. In some cases it may be
advantageous to combine the Results and Discussion sections.

Conclusion. A short, one paragraph summary of the most important finding(s) of the
research.

Acknowledgment (if any). Recognition of financial support, technical assistance and

advice.
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References. Number consecutively throughout the text and supply a separate Reference
List. Abbreviate according to the ' Bibliographic Guide for Editors and Authors' , 1974
(Chemical Abstracts Service, The Ohio State University, Columbus, OH 43210) and the
" List of Serial Title Word Abbreviations' , 1985, ISDS, 20 rue Bachaumont, 75002 Paris,
France; ISBN 2-904938-02-8. Examples:

Journal:

[1] E. Porges, B. Schade, W. Ropte, Automated flow-through method to determine the
dissolution rate of slightly soluble substances, Pharm. Ind. 47(1) (1985) 77-86.

Book:

[2] A.R. Gennaro, Remington' s Pharmaceutical Sciences, XXII, Mack Publishing
Company, Easton, PA, 1990.

Book Chapter:

[3] S.L. Ali, Nifedipine, in: K. Florey (Ed.), Analytical Profiles of Drug Substances, Vol.
18, Academic Press, New York, 1989, pp. 221-288.

Patent:

[4] J.B. Phipps, D.F. Untereker, Iontophoresis apparatus and methods of producing same,
U.S. Patent 4, 744, 787, May 17, 1988.

Report:

[5] N.F. Cardarelli, K.E. Walker, G. Zweig, Development of registration criteria for
controlled release pesticide formulations, U.S. Environmental Protection Agency,
Washington, DC 20460, EPA-504/9077-916, January 1978.

Tables. Number consecutively and type on a numbered, separate page. Please use arabic
numerals and supply a heading. Column headings should be explanatory and carry units.
Figures. Number consecutively with arabic numerals. Please supply one original and two
additional copies. Number all line drawings on the front and all photos on the back and
add the author' s namelndicate the top of all photographs and line drawings when there
may be doubt. Supply a list of captions on a separate page. All photographs must be
glossy black-white prints. All line drawings must be drawn in Indian ink on drawing-
paper. High-resolution computer print-outs are also acceptable. All lettering and artwork
must be sufficiently clear and open to take a two- or three-fold reduction. Colour
reproduction is available at cost. The 2003 price for colour figures is 272 Euro for the first

page and 182 Euro for subsequent pages.
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Units and abbreviation. SI units should be used: English units or other equivalents
should be given in parentheses if necessary. On graphs, if values are recorded in non-SI
units, then additional scales in SI units should be used. If a large number of symbols are
used, it is helpful if authors submit a list of these symbols and their meanings.

Electronic manuscripts

ifter final acceptance for publication, your revised manuscript must be submitted on
disk, together with two identical printed hard copies, to the accepting Editor. It is
important that the file on disk and the printed copies be identical. Electronic files can
be submitted on floppy disks, ZIP/JAZ disks, or CD-ROM. Do not split the manuscript
into separate files (title page as one file, text as another, etc.). Ensure that the letter "1" and
digit "1" (also letter "O" and digit "0") have been used properly, and format your article
(tabs, indents, etc.) consistently. Characters not available on your wordprocessor (Greek
letters, mathematical symbols, etc.) should not be left open but indicated by a unique code
(e.g., gralpha, @, #, etc., for the Greek letter ). Such codes should be used consistently
throughout the entire text. Please make a list of such codes and provide a key. Do not
allow your wordprocessor to introduce word splits and do not use a “justified' layout.
Please adhere strictly to the general instructions on style/arrangement and, in particular,
the reference style of the journal. It is very important that you save your file in the
wordprocessor format. If your wordprocessor features the option to save files "in flat
ASCII", please do not use it. Format your disk correctly and ensure that only the relevant
file (one complete article only) is on the disk. Also, specify the type of computer and
wordprocessing package used, label the disk with your name and the name of the file on
the disk.

Additional instructions on how to prepare your manuscript can be found at:

http://authors.elsevier.com/quickguide . More in-depth guidelines for submitting

artwork/illustrations can be found at: http://authors.elsevier.com/artwork .

3. Submission

Three copies of the complete manuscript and illustrations should be sent to the Editor
responsible for your region.

Please include full contact information - corresponding author name, e-mail address,
telephone and fax numbers, and full postal address. Persons considering submitting a

review are encouraged to contact the Review Editor. Book reviews are by invitation only.

Editor-in-Chief
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Dr. C.G. Pitt, 1374 Hanover Lane, Ventura, CA 93001, USA; e-mail: cpitt@prodigy.net

European Editor
Prof. W.E. Hennink, Department of Pharmaceutics, University of Utrecht, Sorbonnelaan

16, 3508 TB Utrecht, The Netherlands; e-mail: jcr@pharm.uu.nl

Japan and Far East Editors
Prof. T. Nagai, Editor; e-mail: nagai @hoshi.ac.jp

Prof. K. Takayama, Associate Editor Department of Pharmaceutics, Hoshi University,

Ebara, Shinagawa-ku, Tokyo 142-8501, Japan; e-mail: takayama@hoshi.ac.jp

Review Editor

Prof. V.P. Torchilin, School of Pharmacy, Bouve College of Health Sciences,
Northeastern University, Mugar Building, Room 312, 360 Huntington Ave, Boston, MA
02115, USA; e-mail: vtorchil@lynx.neu.edu

Book Review Editor

Prof. R.A. Siegel, Department of Pharmaceutics WDH 9-177, University of Minnesota,
308 Harvard St. SE, Minneapolis, MN 55455, USA; e-mail: siege017 @tc.umn.edu

Copyright regulations for authors
Upon acceptance of an article by the Journal, author(s) will be asked to transfer the
copyright of the article to the publisher. This transfer will ensure the widest possible

dissemination of information.

5. Correcting proofs and reprints

Elsevier Science is now sending PDF proofs to authors by e-mail for correction. If an
author is unable to handle this process, regular print proofs will be sent. Elsevier Science
will do everything possible to get the article corrected and published as quickly and
accurately as possible. Therefore, it is important to ensure that all corrections are sent back
in one communication. Subsequent corrections will not be possible. Only typesetting
errors may be corrected; no changes in, or additions to, the accepted manuscript will be
allowed. Proofs should be returned to Elsevier Science within 48 hours.

The Journal of Controlled Release has no page charges. Twenty-five offprints of each
paper will be supplied free of charge to the corresponding author. Additional offprints can
be ordered at prices shown on the offprint order form that accompanies the galley proofs.
No responsibility is assumed by the Publisher for any injury and/or damage to persons or

property as a matter of products liability, negligence or otherwise, or from any use or
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operation of any methods, products, instructions or ideas contained in the material herein.
Because of the rapid advances made in the medical sciences, independent verification of
diagnoses and drug dosages should be made.

6. Author enquiries

All questions arising after acceptance of a manuscript by the Editor, especially those
relating to proofs, publication and reprints, should be directed to the Publisher: Elsevier
Science Ireland Ltd, Brookvale Plaza, East Park, Shannon, Co., Clare, Ireland, Tel: +353-
61-709600, Fax: +353-61-709100, E-mail: authorsupport@elsevier.com.

Please visit the Elsevier Science Author Gateway at http://authors.elsevier.com to track
accepted articles and set up e-mail alerts to inform you of when the article status has
changed. Information on artwork guidelines, copyright information, and frequently asked

questions is also available.
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