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RESUMO

A carbamazepina (CBZ), farmaco pouco hidrossollevede primeira escolha nos
tratamentos da epilepsia psicomotora e neuralgimetwo trigémeo, ndo apresenta
forma farmacéutica parenteral disponivel aos p&eEseim que pode se fazer necessario
em situacOes de emergéncia, como tratamento imtensi coma. O presente trabalho
visa o desenvolvimento de um sistema nanoemulsigngmkla técnica de
emulsificacdo espontanea, para administracdo maetmte CBZ. Um primeiro grupo
de formula¢des foi preparado, visando a incorparagi3 mg/mL de farmaco, porém
durante o periodo de armazenamento ocorreu o ap&m@o de precipitados
cristalinos, o que foi atribuido a transicdo polifitda da CBZ, sugerindo a
necessidade de alteracdes na concentracao do tarteasoativos e fase oleosa. Para
avaliar a influéncia do tipo de 6leo e tipo de taivo sobre as caracteristicas das
formulacbes (tamanho de goticula, indice de pglatisidade, potencial zeta, teor e
taxa de associacdo do farmaco, e viscosidade)erfgregado um delineamento
fatorial Z. Um método por CLAE foi desenvolvido e validadogpa doseamento das
formulagbes, que foram desenvolvidas com 2 mg/mLC8&. Estas apresentaram
caracteristicas compativeis com a via parenter@ierp ainda foram encontrados
precipitados cristalinos apos trés meses de arragramo. A formulagdo considerada
mais promissora, composta por lecitina de soja ctemsoativo, e mistura de Oleo de
ricino e triglicerideos de cadeia média (1:1, pgomo fase oleosa, foi otimizada e
suas caracteristicas foram novamente avaliaddsjndo o emprego de microscopia
eletrénica de transmissao (MET) e a realizacaondeestudo de liberacéa vitro. A
formulacdo apresentou tamanho de goticula em t@®ol50 nm e indice de
polidispersidade de 0,2, o que foi confirmado alalise realizada por MET. Estas
caracteristicas, assim como o potencial zeta (m¥) e o teor (acima de 93 %),
mantiveram-se estaveis mesmo apos trés meses @Gzemamento. A cinética de
liberacdo da CBZ a partir da formulagcdo obedeceguaacdo de Higuchii(r 0,99).

Palavras-chave:.carbamazepina, nanoemulsdes, administracdo paaknter
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DEVELOPMENT OF A CARBAMAZEPINE NANOEMULSION FOR
PARENTERAL DELIVERY

ABSTRACT
Carbamazepine (CBZ), a widely used anticonvulsamg,dis an example of a poorly
soluble drug, are available only as tablets, suspaa and capsules in the
pharmaceutical market. No parenteral treatmentviilable for patients. In this
context, the aim of this study was to developmembamezepine nanoemulsions by
spontaneous emulsification process, as an altgenfdr patients who can not take this
drug orally. A first group of formulations was peepd with a drug content of 3.0
mg/mL, nevertheless, during the storage time, thesmulations presented drug
precipitates as a result of a polymorphic transitidn optimization of oily phase, drug
content and emulsifier proportion resulted in aoselcgroup of 2.0 mg/mL of CBZ
formulations. The development of these nanoemuisivas made by applying & 2
factorial design to study the influence of type af and lipophilic emulsifier on
nanoemulsions characteristics (droplet size, zetanpial, viscosity, drug content and
association to the oily phase). A HPLC method wagetbped and validated for the
quantitative determination of carbamazepine (CBH&) the nanoemulsions. The
emulsions characteristics were acceptable for par@nroute but drug precipitates
were still observed after three months of stordge nanoemulsion composed by a
mixture of castor oil and MCT (1:1, w/w) as oily reoand soybean lecithin as
lipophilic emulsifier seemed to be the most prongsiformulation. So, this was
optimized and characterized again, including asmasasion electronic microscopy
(TEM) analysis and am vitro drug delivery study. The last formulation presdnte
mean droplet size of about 150 nm, confirmed by Tamlysis and polidispersity
index of 0.2. These characteristics, as well ag petencial (-40 mV) and drug content
(above 93%) remained stable even after three marith®rage. The Higuchi was the
model which best characterized this release pr(Rfe> 0.99).

Keywords: carbamazepine, nanoemulsions, parenteral delivery.
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INTRODUCAO GERAL




Emulsdes lipidicas vém sendo utilizadas com suckasmais de cinglenta anos
como fonte de calorias e acidos graxos na nutrfi@@nteral. Suas propriedades
fisico-quimicas, biocompatibilidade, biodegradalsiie e baixa toxicidade as tornam
excelentes veiculos para administracdo de farmgdB&NITA e LEVY, 1993;
WRETLIND, 1999; FLOYD, 1999).

Para serem compativeis com a via parenteral, essiesnas precisam ter como
caracteristica principal o reduzido tamanho dakglats de 6leo, que deve ser inferior
a 1 um, geralmente na faixa de 100-500 nm, o que dermneissas formas

farmacéuticas como nanoemulsdes (BENITA e LEVY,3)99

A administracdo parenteral de farmacos pouco siE@&em desafio tecnoldgico e
as nanoemulsdes do tipo 6leo em agua (O/A) podertor@ar esse problema pela
incorporacdo do farmaco no interior das goticusldo, evitando o uso de solventes
e co-solventes (propilenoglicol, etanol, dimetiléxido, polietilenoglicol) que, muitas
vezes, Sd0 responsaveis pelo aparecimento de sedpdesejaveis como dor,
inflamacéo e precipitacdo do farmaco durante a mdtracéo, além do fato de serem
dose-limitantes em func&o de sua toxicidade (LEVBENITA, 1989; YALIN et al.,
1997; LUNDBERGset al., 2003)

A carbamazepina € o farmaco de primeira escolha @aratamento da epilepsia e
neuralgias craniofaciais e movimenta, no Brasil$2S milh6es por ano. Somente o
Instituto de Tecnologia em Farmacos (FarmanguinBiéi3CRUZ) produz anualmente
43 milhdes de comprimidos deste farmaco (CASTELOIBR). Cabe ressaltar que a
carbamazepina faz parte da Relacdo Nacional decsiedintos Essenciais (Rename),
elaborada pelo Ministério da Saude. Esses fatostaleno interesse tanto da industria

farmacéutica como de 6rgéaos federais por este &rma

A carbamazepina esta disponivel no mercado farniaoégob as formas de
comprimidos, cépsulas e suspensdes orais (LUND;18@ROLKOVAS, 2004,
BRASIL, 2006; FDA, 2006). A obtencdo de uma forngéla de uso parenteral, é

desejavel, pois em situacfes adversas ou em capesifecos, como cirurgias em



pacientes epiléticos, tratamento intensivo ou camagministracdo intravenosa pode
tornar-se uma opcao terapéutica necessaria (BEQRAN-LACAN et al., 2002
AKKAR e MULLER, 2003a; MULLERet al., 2004).

Em funcdo das caracteristicas fisico-quimicas eddérmaco como baixa
hidrossolubilidade, baixa molhabilidade e a exisi@nle quatro formas polimoérficas e
um diidrato (KOBAYASHI et al., 2000; RUSTICHELLI et al., 2000), o
desenvolvimento de uma forma farmacéutica pararagiracdo parenteral necessita
do emprego de estratégias farmacotécnicas que tperma concepcdo de uma

formulag&o para uso intravenoso.

Levando-se em consideracao as potencialidadessiemmas nanoemulsionados na
administracdo intravenosa de farmacos pouco sawevestigar a viabilidade de
veiculacdo da carbamazepina numa nanoemulsdochpipgbde ser em um meio
interessante para o desenvolvimento de uma formaat@utica de uso intravenoso,
até o presente ainda ndo disponivel comercialm@atgcos estudos foram realizados
com este farmaco, com esse proposito, e 0 emprag@ahica de emulsificacédo
espontanea na obtencdo das nanoemulsfes nao ¢otalesé o presente momento,

para a carbamazepina.



OBJETIVOS




Objetivo geral

Desenvolver e caracterizar nanoemulsdes contemtdaroazepina, com vistas

a administracao intravenosa.

Objetivos especificos

Investigar a viabilidade de desenvolvimento de pamdsdes contendo

carbamazepina pela técnica de emulsificacdo espeaita

Selecionar 6leos nos quais o farmaco apresentaca sadubilidade visando

a preparacdo de nanoemulsdes;
Selecionar excipientes adequados visando a vidmestracao parenteral;

Desenvolver diferentes formulacdes com auxilio da delineamento

fatorial;

Desenvolver e validar uma metodologia analiticaapardoseamento da

carbamazepina em nanoemulsoes;

Caracterizar e avaliar as formulacdes quanto aiénflia dos diferentes
Oleos e tensoativos sobre as propriedades figjoasjcas e fisico-quimicas

das nanoemulsdes preparadas.



CAPITULO 1: REVISAO BIBLIOGRAFICA




1. Emulsdes parenterais

Emulsdes sao definidas como sistemas heterogémetes wom liquido é disperso
em outro sob a forma de pequenas goticulas. Devidristéncia de uma tensao na
interface das duas substancias, em funcdo dasfdoes terem forcas de atracéo
diferentes, um terceiro componente, o tensoativaxréscentado, atuando na reducao
da tenséo interfacial, e promovendo uma barreirgraoa coalescéncia (FLOYD,
1999; LACHMAN, 2001). Na terminologia das emulsdagase dispersa € conhecida
como fase interna e o meio dispersante como fasenexou continua. As emulsdes
que tém a fase externa aquosa sdo conhecidas coutgdes de 6leo em agua (O/A).
Em contrapartida, as emulsdes que tém fase intgrnasa e fase externa oleosa sao
denominadas agua em 0leo (A/O) (ALLENal., 2005).

O interesse pelo desenvolvimento de emulsdes paaen€ descrito desde 1920 e
tem como base a existéncia dos quilomicros, p#tsale diametro entre 0,5-1,0 um
provenientes das lipoproteinas, que apresentam uamc@mposicao triglicerideos,
colesterol e fosfolipidios sendo, portanto, godisulle gordura circulantes no sangue
(KESSLER, 2001). Entre 1940 e 1950, muitos estugls®cando a formulacgao,
preparacdo e uso de emulsdes parenterais foramvidgdos e, somente em 1960,
um produto tornou-se comercialmente disponiveljpomul® (EUA) ou Infonutrof
(Europa), desenvolvido com vistas a nutricdo parahtmas que em pouco tempo foi
retirado do mercado em funcédo de severas reacGessad (WRETLIND, 1999;
KESSLER, 2001).

A primeira emulsdo parenteral lancada no mercadeomlsiderada segura,
denominada Intralipitj foi desenvolvida por Arvid Wretlind e Oscar Scarth, em
1961, com objetivo de prover acidos graxos esssneiaser fonte de calorias a
pacientes que néo poderiam fazer uso de nutrigg&oagnO sucesso deste estudo veio
em funcdo de que os pesquisadores focaram o dégemmoto da emulsdo parenteral
na utilizacdo de matérias primas altamente pudfsaespecialmente fosfolipideos, e

na producdo de emulsbes com tamanho de goticulallsmme ao tamanho dos



quilomicrons, isto €, menor que 1um, o que as toamemulsdes (KESSLER, 2001,
HARDY, 2003).

A formulacdo e o processo de preparacdo desenwslyidra a emulsdo Intralifid
deram inicio a investigacdo de emulsbes O/A comiouli@s de administracdo de
farmacos pouco sollveis em &gua, porém somente @wosurgimento de novos
excipientes pode-se estabilizar a associacdo doatar as emulsdes (KESSLER,
2001).

Na década de 1970, foi lancado no mercado o prmeredicamento,
disponibilizado até os dias de hoje, veiculado numamoemulsdo parenteral, o
Diazemul§ (diazepam). Hoje, passadas trés décadas, existaoppaonedicamentos
disponiveis para administracdo intravenosa, sol fssia farmacéutica, apesar de
uma série de vantagens que esses sistemas apmesésita como a reducdo da
toxicidade, em comparacdo com sistemas que utilszdwentes ou co-solventes, e por
consequéncia aumento da estabilizacdo de farmampassam sofrer hidrélise ou
oxidacdo. Outras possiveis vantagens, que aindsane ser mais exploradas seriam
a sua acdo como vetores e a liberacdo controladaraecos (BENITA e LEVY,
1993; FLOYD, 1999; WRETLIND, 1999 KESSLER, 2001).t&bela apresentada a

seguir apresenta exemplos de medicamentos encosisat esta forma farmacéutica.



Tabela 1. Exemplos de medicamentos encontrados naemado farmacéutico na

forma de nanoemulsdes para administracéo parenteral

Nome

i Farmaco Indicacéo Mercado Referéncias
comercial
Europa,
. : , Canadd, @ SWEETMAN,
Diazemul$ Diazepam Sedativo Nova 2006:
Zelandia
Diprivan” . Mundial  SWEETMAN,
Propofol Anestesico _ 2006
Propovafi (Brasil) '
. AKKAR e
EtLC.’m'fo%te' Etomidato Hipnético EJ“arogg’ MULLER,
pu P 2003a
Lipotalor’ Palmitato de Antiinflamatorio Alemanha  WABEL, 1998
dexametasona '
. Inibidor de
Alprostadil ~
.0 . agregacao ~ SWEETMAN,
Liple (Prostggglandma plaguetaria, Japao 2006:
. Vasodilatador
Ropior’ Flurbiprofeno Antiinflamataorio Japdo SWEETMAN,
P acetil nao esteroide P 2006;
Europa,
Vitaminas A, D Asia, SWEETMAN
. - 0 y y -~ K 1
Vitalipid EeK Nutricdo parenteral Australia e 2006:

Africa do
Sul




1.1 Composicao e selecao de excipientes para nano&des parenterais

A composicao das nanoemulsdes geralmente envavenhinacao de trés a cinco
componentes para formar as fases aquosa, olegdarfacial. A adicdo de um co-
tensoativo, auxilia na diminuicdo da tenséo intalgpara valores abaixo dos limites
proporcionados pelo agente emulsivo primario. Eoirigmte ressaltar que a orienta¢ao
para sistemas O/A ou A/O é principalmente depemrdelais propriedades fisico-
guimicas do tensoativo (CUNHA JUNIGdRal., 2003, OLIVEIRAEt al., 2004).

Quando se visa a administracdo de farmacos poukives® em agua, uma
vantagem relevante das nanoemulsdes sobre solpadasterais € o custo reduzido,
uma vez que o0s solventes utilizados para a obtedgdsolucbes de farmacos
lipofilicos s&o mais caros e potencialmente toxiéssim, a diluicdo do farmaco em
um solvente seguro e barato, a agua, € altamestgasdel desde que a eficacia do
produto ndo seja afetada (LACHMAdial., 2001).

Com a finalidade de atingir os requisitos necegsapara a administracao
intravenosa, 0s excipientes utilizados na preparalzs nanoemulsdes parenterais
devem ser ndo irritantes e atoxicos, devendo-seatencdo especial aos dois
componentes majoritarios da formulacédo, o 6leotensoativo (BENITA e LEVY,
1993; FLOYD, 1999).

1.1.1 Oleos

A selecdo adequada do Oleo utilizado como fasenaté o primeiro passo no
desenvolvimento de uma nanoemulséo e a solubilidadérmaco a ser incorporado é

0 parametro que rege essa escolha.

Os oleos utilizados para a preparacdo de nanoeesufsienterais devem possuir
elevado grau de pureza, para evitar possiveis @sagdmo irritacdes, que poderiam
ocorrer com 0 uso daqueles de pureza inferior (BBNé LEVY, 1993; FLOYD,
1999; KESSLER, 2001).
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Dentre os 6leos utilizados na preparacdo de narie@esuparenterais podemos
citar: oleo de soja (LEVY e BENITA, 1989; Y& al., 1993; MIZUSHIMA,1996;
JUMAA e MULLER, 1998; KIBBE, 2000; SZNITOWSK#At al., 2001; SEKIet al.,
2004; 2006; WANGet al., 2006), 6leo de ricino (JUMMA e MULLER, 1998;
JUMMA e al.,, 1998; FLOYD, 1999; CUNHA JUNIORet al., 2003;
TAMILVANAN, 2004), triglicerideos de cadeia médiBENITA E LEVY, 1993; YU
et al., 1993; FLOYD, 1999; KLANGet al., 1994; JUMMA e MULLER, 1998;
KIBBE, 2000; BOUCHEMAL et al., 2004; SADURNIet al., 2005) , 6leo de coco
(WANG et al., 2006; HUNGet al., 2006) 6leo de gergelim (JUMMA e MULLER,
1998; WANG et al., 2006), 6leo de améndoas, (JUMMA e MULLER, 1998),
esqualeno (WANGt al., 2006), oleo de foca (Clét al., 2006), e oleato de etila, (YU
etal., 1993; PARKet al., 1999; KIBBE, 2000, WLt al., 2006).

Apesar de diversos tipos de 6leos serem utilizadoestudos de desenvolvimento
de nanoemulsdes parenterais, o 6leo presente maiandds produtos comerciais € o
Oleo de soja ou a mistura deste com trigliceridisosadeia média (TCM ou MCT - do
inglés: medium chain triglycerides), a exemplo do Lipotal6he Etomidate-Lipur®,
respectivamente. (WABEL, 1998, HELLMICé al., 2004).

1.1.2 Tensoativos

Apenas um limitado numero de tensoativos € coreilter seguro para
administracdo parenteral, sendo os mais empregagasoxamero 188, polissorbato
80 e as lecitinas (BENITA e LEVY, 1993; WABEL, 199BIULLER e KERCK,
2004).

Os tensoativos de natureza anfétera, como aslasjtapresentam baixa toxicidade
e sao substancias frequentemente utilizadas naigiiodde nanoemulsdes injetaveis
(YU et al., 1993; FLOYD, 1999; MEDINAet al., 2001; SZNITOWSKAet al., 2001).
Esses tensoativos precisam apresentar elevadeaappag suas propriedades fisicas e
emulsionantes dependem da composi¢cdo e concentdasadosfolipideos e acidos
graxos presentes. Devido a elevada lipofilicidadelecitinas ndo tém capacidade de

formar nanoemulsdes com baixa tensao interfagaiimg o0 emprego de co-tensoativos
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€ aconselhado para promover a estabilizacdo demaniséo (PARKet al., 1999). As
lecitinas de soja e de gema de ovo (figura 1) edigmoniveis comercialmente para a
producao de formas farmacéuticas de uso pare(it&X®VRENCE e REES, 2000).

CHy—C——P—QCH, CHoN (CHy )y

R' e R = 4cidos graxos

Figura 1: Estrutura quimica da Lecitina (KIBBE, BD0

Os tensoativos de natureza nao ibnica, como osliotgros de polioxietileno e
propileno (poloxameros), polissorbatos e polietilglitdéis (PEG) sdo também
utilizados na preparacdo de nanoemulsdes paren{&aRICKLEY, 2004; HANet
al, 2004). Entre os principais representantes dasigog destacam-se o poloxamero
188 e o polissorbato 80 (figura 2). A utilizacassks dois emulsificantes como co-
tensoativos € amplamente difundida em funcédo deabascosidade apresentada por
estes componentes, 0 que nao alteraria a viscesatagroduto final, e pela formacéao
de uma barreira estérica na interface, impedindgragacdo das goticulas de Oleo
(BENITA e LEVY,1993; CUNHA JUNIORet al., 2003; TAMILVANAN e BENITA,
2004). Abrol e colaboradores (2005) descreveram @uaso do polissorbato 80
associado com leticina de soja promove uma maitabidigacdo e reducao do
tamanho de goticula da fase interna de uma naneémuontendo o flavondide
silimarina. Um outro representante dos tensoathés ibnicos comumente utilizado
na preparacdo de emulsdes e solubilizacdo de solastdipofilicas é o éleo de ricino

polietoxilado, que apesar de ser responsavel pgbes de hipersensibilidade ainda &

12



muito utilizado em formulacbes parenterais, priabigente para solubilizacdo de
farmacos antineoplasicos utilizados em quimiotergl@ONSTANTINIDES et al.,
2000; TIJEet al, 2003; CONSTANTINIDES,et al.,, 2004; BAKER e NAGUIB,
2005).

Emulsionantes ibnicos sdo geralmente toxicos ndrastnacdo parenteral, e como
uma concentracdo relativamente elevada destes cemi@s € necessaria para a
estabilizacdo da grande area de interface formatia as fases oleosa e aquosa, a
utilizacéo destes ndo é recomendada (CUNHA JUNSCHR, 2003).

HOCHLHOM, © i(CHLCH-0)xOH

(I _-(CHCH,0)OH
0 \(

"(CHZCHz0)20CO(CHzCH=CH(CH2):CHa

W+X+Y+Z-~20
Polissorbato 80

Poloxamero
HoC{CH4CH,0),0C0(CH,);CH=CHCH.CHOH(CH.) :CH,
HC(CH.CHL0),OCO(CH,);CH=CHCH.CHOH(CH.) :CH,
HoC{CHLCH,0),0C0(CH,);CH=CHCH.CHOH(CH,):CHy

(x+y+2z~35)

Oleo de ricino polietoxilado

Figura 2: Estrutura quimica do polissorbato 80pyx@&mero 188 e Oleo de ricino
polietoxilado (TIJIEet al, 2003; KIBBE, 2006).

1.1.3 Demais adjuvantes

O pH das formulacGes é geralmente ajustado cont@uaquosas de HCI ou
NaOH (FRONZA,et al., 2004). Em relacdo a este parametro, o pH idealrda

nanoemulsdo parenteral deve estar entre 6 e 7¢ ongntém a integridade fisica do
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sistema, diminuindo a hidrélise dos ésteres deoaaigaxos dos Oleos e fosfolipidios,
quando estes séo utilizados (BENITA e LEVY, 1998}prna o sistema compativel
fisiologicamente. Esta faixa de pH também permitéorizacdo os grupamentos
fosfato na superficie do filme de lecitina, esiahitdo melhor a interface. Valores de
pH abaixo de 5 devem ser evitados, pois resultamdecrécimo da repulséo

eletrostatica das goticulas da fase interna, premiy 0 aumento do tamanho de
goticula e a coalescéncia (BENITA e LEVY, 1993(HD, 1999).

Com o processo de emulsificacéo, o 6leo ndo exenckum efeito osmatico, desta
forma, o ajuste da isotonicidade (280-300mOsm)kdeve ser realizado no produto
final (FLOYD, 1999). Agentes como sorbitol, xilitel mais comumente, glicerina, na
concentracao entre 2,25-2,5% (p/v) sao utilizados essa finalidade (LEVY e
BENITA, 1989; YUet al., 1993; MIZUSHIMA, 1996; JUMAA e MULLER, 1999;
HARDY, 2003).

As caracteristicas da agua utilizada em formulapdea administracdo parenteral
de farmacos deve apresentar as especificacbegda [ara injetaveis”, preconizados
pelas farmacopéias (FARMACOPEIA BRASILEIRA, 1988S®), 2005)

1.2 Técnicas de preparo
1.2.1 Métodos Fisicos

A preparacdo da nanoemulsdo € basicamente iniciidaés da emulsificacao
classica, isto é, preparam-se duas fases, umdlitpoé outra hidrofilica, que séo
aquecidas separadamente (70 °C) e vertidas, um@ aalutra, sob agitacao, seguida
da reducédo do diametro médio das goticulas realizdthvés de meétodos fisicos
(KESSLER, 2001; TEIXEIRAet al., 2002; FRONZAet al., 2004). A preparacéo de
formulacbes por esta técnica foi descrita parardoge farmacos por Sznitowska e
colaboradores (2001), assim como para o diazepafVYLe BENITA, 1989),
tetrazepam (JUMMA e MULLER, 2001), clometiazol (Ménet al., 2001) e, mais
recentemente, para a nalbufina (WAMNIG., 2006).
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1.2.2 Incorporacao extemporanea

O segundo método descrito é a incorporacdo de €armauma emulsédo pré-
formada (KESSLER, 2001). A utilizacdo desta técrfimadescrita por Strickley e
Anderson (1993) para a incorporacdo de um farmageremental derivado do
tiocarbamato (NSC 629243) nas emulsdes Liposyrelintralipid® e por Cohen e
colaboradores (1996), que avaliaram a incorporagd@oanfotericina B em uma
emulsdo Intralipil. Yalin e colaboradores (1997) também avaliaramcarporacéo
do lorazepam em uma nanoemulsdo previamente ddgielavdsse procedimento de
preparo geralmente necessita a utilizacdo de uwers® organico para assegurar a
completa solubiliza¢do do farmaco, o que represemiz limitacdo desta técnica, uma
vez que € comum a ocorréncia de fenbmenos de ilindhale como a precipitacdo do
farmaco na fase externa, floculacdo e coalescéidéan disso, a adicdo de um

solvente pode comprometer a integridade do sis(eéir@YD, 1999).

Recentemente foi desenvolvida uma tecnologia pedeiat denominada
SolEmul€, onde ndo é necessaria uma previa solubilizacdofadmaco. Esta
metodologia prevé a mistura do farmaco, na formgpdlfinamente disperso, na
nanoemulsdo comercial. A utilizacdo desta técnicadéscrita para incorporacédo de
itraconazol (AKKAR E MULLER, 2003b), anfotericina @AULLER et al., 2004),
carbamazepina (AKKAR e MULLER, 2003a; MULLER® al., 2004) e silimarina
(ABROL et al., 2005).

1.2.3 Emulsificacdo espontanea

A emulsificacdo espontanea € uma alternativa issarge para estudos de
desenvolvimento, uma vez que permite a prepara@qetjuenos volumes de
formulacdo. Outra vantagem desta técnica é queepamcao das nanoemulsdes é
realizada sem necessidade de aquecimento das fasgse € interessante para
farmacos termolabeis. Por esse método, o farmaadilico é dissolvido em um
solvente organico juntamente com o Oleo que comstifase interna da hanoemulséo e
com um tensoativo lipofilico. A fase aquosa é costpoalém de agua, de um

tensoativo hidrofilico. Apés a preparacao das dases, verte-se a fase organica sobre
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a aquosa sob agitacdo moderada, e 0 solvente ocogénietirado por evaporacdo a
pressdo reduzida (Ylet al.,, 1993; POUTON, 1997; TEIXEIRAet al., 2002;
BOUCHEMAL et al., 2004). Estudos utilizando esta técnica de poegdaram
descritos para os farmacos diazepam e anfoteri®i(¥U et al., 1993), flubiprofeno
(PARK et al., 1999), penicilina G (SANTOS-MAGALHAESt al., 2000), acido all-
trans-retindico (HWANGt al., 2004).

1.3 Caracterizacdo das nanoemulsdes
1.3.1 Tamanho de goticula da fase interna

O tamanho de goticula da fase oleosa é uma daderdsticas mais importantes na
caracterizacdo de uma nanoemulsdo parenteral, @nagwe € necessario que a
formulacédo seja compativel com o didametro dos vasoguineos (FLOYD, 1999).
Goticulas com tamanho superior a 1 um sao cliniogarieaceitaveis, pois certamente
seriam responsaveis por embolia (BENITA e LEVY, 3P0 tamanho de goticula
também constitui um dos parametros importantevaldagao da estabilidade fisica da
formulacdo, uma vez que os fendmenos como flocalag@&oalescéncia podem ser
monitorados pela evolucdo do didmetro médio bemocpela distribuicdo deste
(LEVY e BENITA, 1989; BENITA e LEVY, 1993; FLOYD, 999).

Dentre os fatores que infuenciam o diametro daisas de Oleo estdo as técnicas
de preparacdo e a composicdo da formulacdo. A pocagdo de farmacos pode
influenciar o diametro e a distribuicdo das gotisulNa aplicacdo da técnica de
emulsificacdo espontanea, os fatores responsaedas giteracdo nos diametros de
goticula podem ser a velocidade de migracdo daestdvorganico na fase aquosa, a
concentracao da fase oleosa e o volume de cadadaméases (TEIXEIRAet al.,
2002). A adicdo extemporanea do farmaco numa naueém pré-formada pode ter

como conseqiéncia um aumento no diametro das FEsICDOHENEet al., 1996).
1.3.2 Potencial zeta

Os tensoativos estabilizam a interface da emulé@oapenas com a formacao de

uma barreira mecéanica, mas também através da @odie uma carga elétrica de
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superficie, denominada potencial zeta, que tem lidede de produzir forcas
repulsivas entre as goticulas de 6leo evitando aéescéncia. (BENITA e LEVY,
1993; FLOYD, 1999).

O potencial zeta reflete a composicao da interflecemulséo, seja em relacéo aos
tensoativos formadores do filme interfacial ou estagdo a presenca de farmacos
associados a interface (FRONZ&Aal., 2004). A utilizacdo de tensoativos anidnicos
determina que quanto mais negativo o potencial zetapresenta, maior a rede de
cargas das goticulas e por consequéncia, maiseestda formulacdo. Valores
inferiores a — 30 mV sugerem alto grau de estaukdfisica. As lecitinas, exemplos
tensoativos amplamente empregados em nanoemuli&®s,como componentes
majoritarios os fosfolipidios que levam a formagd&odformulacdes com potencial zeta

elevado valor absoluto, entre -40 e -50 mV.
1.3.3 Viscosidade

Apesar de pouco descrita na literatura, a avalidgdaiscosidade da formulacéo é
de grande importancia, uma vez que, formulacée®sas costumam ser dolorosas ao
paciente (JUMAA e MULLER, 1998). Além disso, a asilade também é um
parametro que deveria ser avaliado no monitoramelatoestabilidade fisica da
emulsdo, uma vez que elevados valores de viscasigadem ser indicativos de
coalescénciPRINDERREet al., 1998).

A viscosidade é altamente influenciada pela congfosidas nanoemulsdes. E
descrito que o Oleo da fase interna e também su@ntracdo na formulacdo levam ao
aumento dessa caracteristica na formulacdo (LEVBE&ITA, 1989; JUMAA e
MULLER, 1998). Outro fator que altera esse paramétra natureza do tensoativo,
assim como sua concentracdo. Tanto o O0leo commspdévo estdo fortemente
ligados ao tamanho de goticula que, geralmenteiretathente proporcional aos
valores de viscosidade, isto é, quanto maior o mémade goticula, maior a
viscosidade (JUMAA e MULLER, 1998)
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2 Carbamazepina
2.1 Uso Terapéutico

Apés sua introducéo lenta na terapéutica, a carbgpirea foi aceita como farmaco
de primeira escolha na profilaxia das crises apdéte no tratamento de neuralgia
trigémea e glossofaringea. Também é eficaz emrldisfimaniacos depressivos como
alternativa para os casos que nao respondem @oUftlizada também no tratamento
de distonias e diabetes insipido, é indicada parsodsoladamente ou em associacao
com outros farmacos anticonvulsivantes (BRODIE e HNSON, 1997,
KORLOKOVAS, 2004; SWEETMAN, 2006; MCEVOYet al., 2006). A
carbamazepina apresenta a estrutura triciclica indio®estilbenos (figura 3) e certa
semelhanca estrutural com o fenobarbital, a ferat@ o clonazepam (BRODIE E
JOHNSON, 1997; MCNAMARA, 2001; USP, 2005).

NH;

—

C1sH12N,0 = 236.3 g/mol

Figura 3: Estruturas quimica e molecular da carlzapiaa (5Hdibenz[b,flazepino-5-
carboxamida).

Independentemente da patologia, o tratamento cocarlamazepina deve ser
iniciado com uma posologia diaria baixa, sendo astaentada lentamente até que se
obtenha o efeito farmacoldgico desejado. A deteagdino dos niveis plasmaticos pode
ajudar no estabelecimento da posologia adequadzalinente, a dose pode variar

entre 100 a 200 mg ao dia, aumentando-se lentaraethdse, e em alguns pacientes,
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uma dose de 1600 ou mesmo 2000 mg/dia pode seprmma@ (BRODIE e
JOHNSON, 1997; WHO, 2002).

Devido a auséncia de uma forma farmacéutica de pasenteral, ha poucas
informacdes sobre a posologia indicada por estaMas de acordo com Akkar e
Muller (2003a), e considerando-se a biodisponiadil e o perfil plasméatico da dose
oral de 200 mg, estima-se que a dose adequadaup@ainjecdo intravenosa de

carbamazepina deva ser 20 a 50 mg.
2.2 Farmacocinética

Como o indice terapéutico da carbamazepina € vatadnte estreito, a sua
biodisponibilidade e eliminacdo sdo fatores queedewser considerados. Apos
administracdo por via oral, a carbamazepina é wiolsomo intestino com uma
biodisponibilidade estimada de 80-90 %. Entretaesta é lenta e irregular, e 0 pico
plasmatico meédio da substancia inalterada ocorratém0 horas apés uma dose oral
Gnica inicial (BRODIE e JOHNSON, 1997; SWEETMAN, ) KORLOKOVAS,
2004).

O volume aparente de distribuicdo do farmaco vaa 0,8 a 2,0 I/kg. A
carbamazepina encontra-se 70 % a 80 % ligada aseimme plasmaticas
(KORLOKOVAS, 2004 ; BRODIE e JOHNSON, 1997; MCNAMAR 2001;
SWEETMAN, 2006).

A carbamazepina é amplamente metabolizada no figadie a biotransformacéao
via epoxido € a mais importante. O metabdlito casdmeepina-10-11-epdxido tem um
terco da atividade anticonvulsivante do farmaco rimatapresentando atividade
antidepressiva e antineurdgica (MCNAMARA, 2001; K@XOVAS, 2004
SWEETMAN, 2006).

A meia-vida do farmaco apds uma dose Unica podelseaté de 48 horas, mas
apos administracdo repetida por varias semanasiaavida cai substancialmente. Isso
ocorre porque a carbamazepina induz sua proprirabgformacdo (BRODIE e
JOHNSON, 1997; KORLOKOVAS, 2004).
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ApoOs a administracdo de uma dose oral Unica detpde carbamazepina, cerca
de 72 % sao excretados na urina e 28 % nas feaastil, cerca de 2 % da dose sé&o
recuperados como substancia inalterada e cerca #%e cbmo metabdlito 10,11-
epoxido, farmacologicamente ativo (BRODIE e JOHNSAN97; SWEETMAN,
2006).

2.3 Caracteristicas Fisico-Quimicas

Quanto as suas propriedades fisicas, o farmacaattedzado por ser um poé
cristalino branco amarelado, com ponto de fusdoeedB89 °C a 193 °C. E
praticamente insollvel em agua e éter, levememdgedoem etanol e acetona, soluvel
em cloroférmio e propilenoglicol (LUND, 1994; CLARKS, 2006).

A carbamazepina possui pelo menos quatro formas@dicas (I, 11, lll, IV) e um
diidrato. A forma Ill € também conhecida como mdimoeca (3), enquanto a | €
conhecida como trigonabif e a Il é denominada triciclicg) (KANENIWA et al.,
1984; KRAHN e MIELCK, 1987apud KOBAYASHI et al., 2000)1.

Foi demonstrado que as fornae 3, quando submetidas a umidade transformam-
se no diidrato (KANENIWA et al.,, 1984; KRAHN e MIELCK, 1987apud
KOBAYASHI et al., 2000Y. Estudos de dissolucéo revelaram que a dissoingal
das duas formas anidras € 3) foi maior que a do diidrato, e ambos transfornsam-
rapidamente na forma diidratada (KANENIW& al., 1987 apud NOKHODCHI et
al., 2005¥. O estresse fisico aplicado durante o processéabiécacdo, como a
micronizacdo, também afetam a transicdo de uma afogmstalina em outra
(VILLAFUERTE-ROBLES, 1982apud NOKHODCH] et al., 2005)°.

O estudo do polimorfismo desse farmaco € de extigrpartancia, uma vez que a
forma encontrada como referéncia na USP (UnitedeSt&harmacopoeia), € o

polimorfo 3 (GOSSELIN, 2003). Assim, diversos trabalhos jaforealizados com o

1 Kaneniwa, N., Yamaguchi, T., Watari, N., Otsulkh,Hygroscopicity of carbamazepine crystalline pens.Yakugaku Zasshi 104, 184—
190, 1984.

Krahn, F.U., Mielck, J.B. Relations betweenesaV polymorphic forms and the dihydrate of carbzepine. Pharm. Acta Helv. 62, 247—
254, 1987.
2 N. Kaneniwa, J. Ichikawa, T. Yamaguchi, K. Hayash Watari, M. Sumi, Yakugaku Zasshi 107 (198088
3 L. Villafuerte-Robles, Zur polymorphic and meofszhen Earbeitung des carbamazepin, Ph.D. Théaisburg University, Hamburg,
1982
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objetivo de caracterizar essas formas polimorfisiszando-se as mais diversas
técnicas analiticas, tais como: microscopia elaejn difracdo de raios X,
espectrofotometria na regido do infravermelho, raaletria exploratoria diferencial,
termogravimetria e ressonancia magnética nucleddRYRANARAYANAN e
WIEDMANN, 1990; HAN e SURYANARAYANAN, 1997; PHADNI&t al., 1997;
KOBAYASHI, 2000; RUSTICHELLIet al., 2000; MURPHYet al., 2002; SETHIA e
SQUILLANTE, 2002; GOSSELIN, 2003; MCGREGO® al., 2004; NOKHODCHI
et al., 2005).

2.4 Desenvolvimento de formas farmacéuticas injetéis contendo carbamazepina

A maioria dos estudos de desenvolvimento de forfaamacéuticas contendo
carbamazepina sédo focados na administracdo pooraia Os trabalhos existentes
relacionados com o desenvolvimento de formas pdrmairgstracdo intravenosa da
carbamazepina utilizam como veiculo solu¢des colotenfarmaco complexado com
hidroxipropil{3-ciclodextrina, que é um oligossacarideo ciclicoivéelo do amido,
utilizado para aumentar a solubilidade de farmamgosmeios aquosos (STEULET
al., 1990; LOSCHERet al., 1995; LOSCHER e HOENACK, 1997; BREWSTER
al., 1997). Outros autores utilizam co-solventes gatabilizar o farmaco, a citar os
trabalhos realizados por Levy e colaboradores goe 1975, utilizaram uma mistura
de etanol, propilenoglicol e 4gua para administrgu@renteral de carbamazepina em
macacos e por Tauboll e colaboradores (1990), eplezaram um estudo utilizando o
glicofurol como solvente e avaliaram a atividad#ieguilética da carbamazepina em

gatos.

A incorporacéo de carbamazepina em nanoemulsdestizcdada por Sznitowska e
colaboradores (2001), que realizaram um estudostédbiedade onde foi avaliado o
efeito da presenca deste e de outros farmacos, ammemulsdes preparadas pela
técnica de microfluidizacdo. Os resultados demarestn que a formulacdo contendo
carbamazepina foi estavel mesmo apds autoclavager@mp foi observada a

precipitacdo de cristais do farmaco.
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A preparacdo de nanoemulsdes parenterais contermdo camplexo de
carbamazepina com hidroxiproffitciclodextrinas foi realizada por Becirevic-Lacan e
colaboradores (2001), com a incorporacao do farmesdormulacdes desenvolvidas,

permaneceram fisicamente estaveis por no maximmas

Mais recentemente, uma nanoemulsao parenteral nmmtearbamazepina foi
desenvolvida por Akkar e Milller (2003a) atravéstetmologia SolEmuls descrita
anteriormente. Por meio desta técnica, os autdésecam emulsdes nas quais a
carbamazepina esta presente em concentracdes del,0,55,0 e 10,0 mg/ml.
Entretanto, precipitados cristalinos de farmaco di&solvido foram observados nas
duas formulacGes contendo a maior concentracaardeato. Foi observado que com
0 aumento da concentracdo de carbamazepina houwainmmuicdo do tamanho de
goticula. Para a otimizacdo das formulacdes, fop@sto que uma formulacdo
contendo 3 mg/ml seria alternativa adequada, unzaque, na concentracdo de 1
mg/ml a emulsdo apresentou-se estavel e, em 5 mfphdbservada a presenca de
cristais do farmaco, porém essa concentracdo iethama ndo foi testada pelos

pesquisadores.
3 Planejamento Fatorial no desenvolvimento de fornsafarmacéuticas

O desenvolvimento de uma forma farmacéutica peranitglizacéo de ferramentas
que otimizam este estudo, e dentre elas esta ejpraanto fatorial. Planejamentos
como este sao de grande utilidade em investigagfesninares, quando se deseja
saber se determinados fatores tém ou nao influésolare a resposta. S&o
planejamentos simples de serem executados e pogleampliados para formar um
planejamento mais complexo, que é necessario qusadguer conhecer melhor a

relacéo entre a resposta e os fatores (BUTTON,)2001

Um experimento fatorial com k fatores, cada umsletam 2 niveis, € denominado
experimento fatorial 2 O processo experimental dessa técnica consistecalimar
testes onde para cada réplica completa do expdomeondas as possiveis
combinacdes dos niveis dos fatores sdo pesquisadlaprincipal vantagem desse

planejamento € utilizar um numero reduzido de erpEItos para a obtencdo das
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estimativas dos efeitos dos fatores com elevadais®@ (WERKEMA, 1996;
BARROS NETOet al., 1996).

No desenvolvimento de nanoemulsdes parenteraisingldgrabalhos citam a
utilizacdo de delineamentos experimentais. Priedeer colaboradores (1998)
propuseram a aplicacdo de dois delineamentos d&@equienciais para a otimizagao
do processo de preparacéo e avaliacdo da estdeildtlaemulsdes O/A. A utilizacéo
de planejamento fatorial também foi utilizada pa@lilY e colaboradores (1997) para
avaliacdo da concentracdo de lorazepam em nandesulm funcdo do pH da
formulacdo e o tempo de armazenamento. A otimizalg@ocaracteristicas de uma
nanoemulsdo contendo lorazepam também foi degmoitaMedina e colaboradores
(2001) aplicando um delineamento fatorial, Dnde as varidveis eram tipo e
concentracao de tensoativo, porcentagem de fassaoke a influéncia da filtracao e

esterilizacdo sobre a formulacéo final.

23



CAPITULO 2: DESENVOLVIMENTO DE NANOEMULSOES PARENTERAIS
CONTENDO CARBAMAZEPINA: ESTUDO DA INFLUENCIA DO
POLIMORFISMO DO FARMACO NA VIABILIDADE DAS FORMULAC OES
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Introducéo

O desenvolvimento de uma nanoemulsdo requer aae&@alide uma série de
parametros que permitam a concepcao de uma fordwkstavel. O ponto de partida
para esse procedimento é a escolha adequada dquée@i compor a fase interna da
nanoemulsdo. Esta escolha deve ser realizada ia ganrestudos de solubilidade do
farmaco (FLOYD, 1999; FRONZAet al., 2004; BOUCHEMAL et al., 2004). A
composicdo qualitativa e quantitativa dos demaisipientes também deve ser
criteriosa e compativel com a via de administraGHOMMA e MULLER, 1998;
BOUCHEMAL et al., 2004; HUNGet al., 2006)

A carbamazepina é um farmaco que apresenta polsnmarf propriedade de certas
substancias apresentarem mais de uma forma delizeagéio. Para este farmaco, ja
foram descritas pelo menos quatro formas polimasfi¢ (oua), 11 (ouy), Il (ou B) e
IV, além de um diidrato (KANENIW/Aet al., 1984; KRAHN e MIELCK, 1987pud
KOBAYASHI et al., 2000). A transicdo polimorfica pode ser um odiétor que pode

alterar as caracteristicas de uma formulacdo nanegmada.

A incorporacdo de carbamazepina em uma nanoemijgdiza foi estudada por
Akkar e Muller (2003a). Os autores investigaranegwacao de 0,5, 1,0, 5,0 e 10,0
mg/mL de carbamazepina, sendo que a formulacdemdnotl mg/mL apresentou-se a
mais promissora em funcdo do ndo aparecimentoistaisrde farmacos precipitados
durante o periodo de armazenagem. A formulacdo &ormg/ml apresentou
precipitacdo cristalina de CBZ porém, em quantidadaito menores do que a
formulacdo de 10 mg/mL. Desta forma, os autore®rsug que a incorporacdo de
3mg/mL de CBZ apresenta-se como uma possivel @giaapara o desenvolvimento

de uma formulacéo parenteral de pequeno volume.

Diante do exposto, este capitulo apresenta um@stadiabilidade de preparacéo
de uma emulséo parenteral contendo 3 mg/ml de madepina, conforme proposto
por Akkar e Muller (2003a).
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ABSTRACT Carbamazepine (CBZ) is available in pharmaceutieaket as tablets, capsules and oral
suspensions not having a parenteral formulationcfmical use. Parenteral emulsions are a good
alternative to poorly water soluble drugs, suchGBZ. In this way, four different emulsions
containing 3 mg/mL of CBZ were developed, but dgranperiod of storage drug crystals precipitates
appeared. To investigate this phenomenon, diffedeatanning calorimetry, infrared spectroscopy
and light microscopy were employed. The resultgyeated a polymorphic transition frognform to
dehydrate form, resulting in drug precipitationhaligh the emulsions themselves remained stable

during at least three months.

KEYWORDS Intravenous nanoemulsions, carbamazepine, polymorphism

Shortened version for title: CBZ polymorphic transition in nanoemulsions
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INTRODUCTION

Carbamazepine (CB2Z) is used for the managemerilgfpsy and several psychiatric diseases
(Genaro, 2000; Goodman et al., 2001; Sweetman,)200@ drug is available for patients as tablets,
capsules and oral suspensions (Orange Book, 26@8yever, up to now, there is no parenteral
formulation commercially available, which would baesirable in cases when a parenteral
administration is necessary such as coma, swalppiaoblems or emergencies.

Several investigations have been undertaken oeetast 30 years with the aim to develop
intravenous pharmaceutical dosage forms for CBZveigl. The use of organic co-solvents,
complexation with cyclodextrins and the incorparatof CBZ in emulsions were investigated (Akkar
& Muller, 2003; Becirevic-Lacan et al., 2002; Brawerset al., 1997; Levy et al., 1975; Loscher et al.
1995; Sznitowska et al., 2001; Tauboll et al., 990

Intravenous emulsions are a source of calorieseasdntial fatty acids for patients, and for at
least 50 years, their low toxicity and their effeehess for drug solubilization make them a good
alternative to the delivery of poorly water soluldeigs (Benita & Levy, 1993), such as CBZ. In
recent years, three studies describe the incoiparaf CBZ into pre-formed emulsions as a strategy
for the drug parenteral administration. Sznitowaka co-workers (2001) evaluated the presence of
different drugs, including CBZ, on the stability glarenteral emulsions. With CBZ emulsion,
recrystallization was observed after autoclaving.

In another study, Becirevic-Lacan and co-worke@ prepared emulsions with either CBZ
alone or CBZ complexed with hydroxyprodAeyclodextrin (HBCD) by using the classical method
of mixing oil (isopropyl miristate), emulsifier (bsorbate 20) and water phases under speed stirring
The formulations presented a mean droplet sizeimgnffom 598 nm to 1638&um, not being
recommended for parenteral administration, and whysically stable for only one month.

Akkar and Miiller (2003) proposed the use of a patériechnology (SolEmuiy,
which, according to the authors, promotes the ipadbn of drugs in the interfacial area of
emulsions by adding a finely dispersed drug pow@enocrystals) into a pre-formed
emulsion (Intralipi@) followed by high-pressure homogenization. Thishtelogy was able
to incorporate 1mg/ml of CBZ into emulsions but thehors suggested that 3.0 mg/ml would
result in an acceptable volume for i.v. bolus adstiation, considering the drug blood
profile. The preformed emulsion employed is compolg medium chain triglycerides and
egg lecithin, which comprise most of lipophilic cpaments employed in the currently
available parenteral nanoemulsions. Drug precipitatvas observed in higher drug loadings
and no other oils and emulsifiers have been tested.

In the present work, we continued investigation®iider to obtain feasible 3 mg/mi

CBZ nanoemulsions by testing different oil cored @amulsifiers as well as by employing a
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spontaneous emulsification process. As far as wecancerned, this method has not been
investigated up to now with the goal to develop GBilbmicron emulsions.

Unfortunately, after a short period of storage,gdeuystals could be observed at the
bottom of the storage vials. Once previous liteetueports the occurrence of CBZ
polymorphic transitions in aqueous environment @awa et al.,, 1984; Kaneniwa et al.,
1987; Kobayashi et al., 2000; Krahn & Mielck, 1988wes et al., 1987; Otsuka et al., 2000;
Ruschichelli et al., 2000; Tian et al.,, 2006a), amd investigation concerning this
phenomenon in nanoemulsions has been performddontj we aimed to study this event by

optical microscopy, thermal analysis and infrangélcsroscopy.

MATERIALS AND METHODS

Materials

Bulk CBZ (99.1%) was purchased from Henrifarma (8aalo, Brazil). Ultrapure water was
obtained from a Milli-@ Plus apparatus by Millipore (Billerica, USA). Thecipients tested for the
preparation of emulsions were soybean lecithingld@B75) and medium chain triglycerides (MCT),
kindly gifted by Lipoid GmbH (Ludwigshafen, Germgnyurified castor oil, soybean oil and olive
oil, purchased from Sigma Aldrich (Seelze, Germapyyified sesame seed oil, peanut oil, polyoxyl
35 castor oil (Etocas 35 HY and polysorbate 80 (Crillef®}t kindly donated by Croda (Campinas,
Brazil); and, glycerol purchased from Nuclear (S2aulo, Brazil). All other reagents were of

analytical grade.

Determination of CBZ solubility in different oils
The selected oils were castor oil, olive oil, s@eil, sesame seed oil, peanut oil and MCT.
An excess amount (10 mg) of CBZ was added to 5 gach oil, and kept under moderate magnetic
stirring at room temperature during 24 hours. Theildrated sample was centrifuged at 15000 rpm
for 20 min to separate the undissolved drug. Theicehof the best oil was made by visual
observation, using a qualitative criteria basedlaited States Pharmacopoeia (USP) “Description and

Relative Solubility” chapter (USP, 2005).

30



Preparation of CBZ nanoemulsions

Preliminary tests were performed in order to obfaasible formulations. Some parameters as
organic solvents proportions as well as the needl lfdrophilic emulsifiers used as co-surfactant to
stabilize the emulsions were verified. Four difféardormulations were prepared using different
combinations of oil (castor oil or MCT) and lipopbiemulsifier (soybean lecithin or polyoxyl 35
castor oil). The formulations were named as follotvee emulsion composed by castor oil and
soybean lecithin (C-L); composed by castor oil godlyoxyl 35 castor oil (C-C35); composed by
MCT and soybean lecithin (MTC-L); and composed bg Mand polyoxyl 35 castor oil (MTC-C35).
Polysorbate 80 was used in all formulations as dpfitic surfactant. The final composition of
emulsions (%, w/v) was made up of oil 10, lipoph#urfactant 4, hydrophilic surfactant 4, glycerol
2.25, and distilled water up to 100.

The emulsions were prepared according to the mettestribed by Yu and co-workers
(1993). Briefly, CBZ was dispersed in the oil, mixeith the lipophilic emulsifier and dissolved in a
acetone:ethanol (50:50 v/v) solution (oily phagé)e hydrophilic emulsifier was dissolved in water
(aqueous phase). The oily phase was then slowlgdadisto the aqueous phase under moderate
magnetic stirring. The aqueous phase immediatelyetl milky with opalescence as a result of the
nanoemulsion produced. The solvents were removee@rureduced pressure. The amount of CBZ
added on the preparations corresponded to 3.0 na/mhtug content on the final formulation. The

emulsions were stored at 4 °C.

Characterization of nanoemulsions

The formulations were characterized with respegbhgsical appearance and mean particle
size, which was assessed in a Malvern Nanosizegizetr® nano-ZS ZEN 3600 (Malvern
Instruments, USA). All analyses were made in tcagie after adequate dilution in ultra-filtered

purified water (0.221m).
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Characterization of CBZ polymorphic transition

Drug crystals precipitates observed in the emutsiarre collected after three months and
dried in a vacuum dissecator for further analysgigifferential scanning calorimetry (DSC), infrared
spectroscopy (IR) and optical microscopy. In DS@lgsis, a Shimadzu DSC-60 cell was used, and
approximately 2 mg of samples were weight out alatqul in sealed aluminum pans. An empty
aluminum pan was used as reference. The temperatuge was 23C to 500°C with heating rate of
10°C/min in dynamic nitrogen atmosphere with the fi@ate of 50 ml/min. Fourier transform infrared
(FT-IR) spectra were recorded on a Perkin-Elmer &1d#00 apparatus using KBr discs in the range
of 4000-400 crt. All results were compared to that of bulk CBZ€eThorphology of the crystals was
observed in a light microscopy Olympus PME 3 asded with a Moticom 1300 camera and a

Moticom Images Advanced 3.1. software, which alldwlee registration of the images.

RESULTS AND DISCUSSION
Solubility study of CBZ
The solubility of CBZ in various types of oils was/estigated in order to select the most
appropriate oily phase. Such study is a prelimimaguirement in emulsions development. Once CBZ
is sparingly soluble in water, it is desirable thiave its greatest solubility into the oily coretloe
nanoemulsion. As can be seen in Table 1, amonitlestigated oils, CBZ was more soluble in MCT

and castor oil. In this way, both of them were @moas oil components of the formulations.

TABLE 1 Solubility of CBZ in various oils at 25T

Oil CBZ solubility
Castor oll ++
MCT ++
Soybean oil +
Olive oll +/-
Peanut oll --

Sesame seed oil --

++ sparingly soluble, + slightly soluble, +/- very slightly soluble, -- practically insoluble
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Characterization of CBZ nanoemulsions
The particle size is the most important physicodbamproperty of emulsions because it
dictates the compatibility with the parenteral ufccording to Table 2, the mean droplet size of
emulsions ranged from about 113 to 210 nm, whigeRhvaried from 0.09 to 0.37, in agreement with
results previously reported for emulsions obtaineyl spontaneous emulsification procedure

(Bouchemal et al., 2004; Yu et al., 1995).

TABLE 2 Particle size (nm) and polydispersity index measure s for CBZ
nanoemulsions (3.0 mg/ml).
Formulations Droplet size (nm) Polydispersity index (PD)
C-L 1575+1.0 0.18 £ 0.004
C-C35 209.9+0.7 0.26 £ 0.012
MCT-L 113.4+1.7 0.37 £0.048
MCT-C35 175.2+4.3 0.09 £ 0.042

Nevertheless, in about a week under storage, it pegsible to observe the start of drug
precipitation on the bottom of the container. Indar to have better insight whether drug
polymorphism could origin this phenomenon, drug stals were investigated by DSC, IR
spectroscopy and optical microscopy.

The DSC characterization of CBZ bulk powder presénh Figure 1 shows a first event
corresponding to the melting ¢ form (174.6 °C), followed by exothermic crystadition asa
polymorph (175.8°C), which subsequently melted3.6 °C (Kobayashi et al., 2000; Koester et al.,
2003; Rustischelli et al., 2000). The DSC analgéithe precipitated crystals (Figure 1) shows #iat
samples have a similar behavior but different ftbembulk material. A large endothermic event can be
observed between 54.1 °C and 99.4 °C, which carnefspto the water associated to the crystals. A
second endothermic event, the melting point of CBZ¢curs at 190.7 °C followed by sample

degradation.
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FIGURE 1 DSC thermal profiles of CBZ bulk material and pr  ecipitated crystals from
emulsions at heating rate of 10 €T min ™.

The analysis of CBZ crystals by DSC suggests tieapblymorph found on the crystals would
be no longer th@ form previously characterized on the bulk powderthe dehydrated form (Han &
Suryanarayanan, 1997; Nair et al., 2002; Otsukd. £1999). It is important to notice that fidorm
is the polymorph indicated by USP (Gosselin et 2003; Phadnis et al., 1997). This polymorphic
transition occurred probably because CBZ is in guneaus environment, and it is reported that
polymorphic formsa and convert to the dihydrate under this condition (Ndial., 2002; Otsuka et
al., 1999; Tian et al., 2006a).

Since DSC may not provide enough evidence of tietence of polymorphism, even though
CBZ thermal behavior has been fully reported, iditig the influence of the operative heating rate
(Lowes et al., 1987; Nair et al., 2002; Otsukalet1®99; Rustichelli et al., 2000), a FTIR anadysi
was also performed, which corroborated the DSCltesthe FTIR analysis (Figure 2) showed a
sharp peak at 3460 ¢hn(-NH valence vibration) on the bulk material, cteristic of anhydrous
CBZ. The crystals analysis demonstrated the preseha broad peak in the OH stretching region of

3300-3400 cm. Bands at 3460 crh 1674 cm' (-CO-R vibration), 1603 and 1593 chirange of -

34



C=C- and -C=0 vibration and -NH deformation) coblkl seen in all samples (Koester et al., 2003;
Ruschichelli et al., 2000; Tian et al., 2006a). Toss of the water associated to the crystals is
observed by the broad peak on the OH stretchinigmedhis broad peak overlaps the —NH vibration

(Reffner et al., 2005).
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FIGURE 2 (A) FTIR spectra for the precipitated crystals from the four

nanoemulsions developed and from the bulk material. (B) Enlarged OH starching

region (3000-3800 cm ™).
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Moreover, the photomicrographs of the crystalsshi@mvn in the Figure 3 and reveal that all
crystal samples have a needle-like morphology,ataristic of the dehydrated form, differently form
the B-polymorph which presents a prismatic morphologyhtiala, 1992; Murphy et al., 2002; Tian et

al., 2006a; Tian et al., 2006b).

c-L C-C35
100 um 100 um

MCT-L MCT-C35
100 um 100 um

FIGURE 3 Photomicrographs of CBZ crystals from all develope d nanoemulsions

The results obtained in this work suggest that gmagipitation is a result of a polymorphic
transition, once the dihydrate is the less soldblten of CBZ and the solubility of the anhydrous
carbamazepine is approximately twice that of itsydrate form (Kobayashi et al., 2000; Luhtala,
1992). This polymorphic transformation may be aultesf CBZ association within the oil-water
interface. This is reported for drugs like CBZ whiare poorly soluble in water as well as in the
registered oils (Akkar & Miiller, 2003; Yu et al.993). Akkar and Miller (2003) attributed this
preferred location to CBZ solubilty as well as titne method employed (high-pressure
homogenization), but according to the present tesitlis suggested that spontaneous emulsification

method lead to the same phenomenon.
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CONCLUSION
In conclusion, the viability of producing 3.0 mg/@BZ nanoemulsions was not achieved. A
late-appearing drug precipitation was detectechéaqueous phase, which was characterized as the
less soluble polymorphic form of CBZ, the dihydragalditional studies are under development to

optimize a suitable submicron emulsion for pareaitdelivery of CBZ.
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CAPITULO 3: VALIDACAO DE METODOLOGIA ANALITICA PARA
DOSEAMENTO DE NANOEMULSOES PARENTERAIS CONTENDO
CARBAMAZEPINA
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Introducéo

A validacdo de uma metodologia tem como objetivangipal assegurar que
determinado procedimento analitico selecionadoefganresultados reprodutiveis e
confiaveis, que sejam adequados aos fins para @ss denha sido planejado
(GARFIELD, 1994).

Diversos métodos sdo descritos para a determindgacarbamazepina em formas
farmacéuticas de uso oral (AL-ZEK al.,1999; ABDEL-HAMID, 2000; KOESTER
et al., 2003; YUANEet al., 2003; GAVINI et al., 2006) e materiais biologicos(SARIS
et al., 1997; MANDRIOLIet al., 2001; KOESTER et al., 2004; GAVINt al., 2006;
YOSHIDA et al., 2006) porém, mesmo com alguns trabalhos enflocam
desenvolvimento de uma forma farmacéutica nanoéomalda contendo este farmaco,
ndo ha relato na literatura de nenhum método amalftara o doseamento da

carbamazepina nesta forma farmacéutica.

Diante do exposto, o presente capitulo tem comoeetigbj descrever o
desenvolvimento e a validacdo de uma metodologgéditena para o doseamento de

carbamazepina nas formulagdes desenvolvidas.
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Abstract

A high performance liquid chromatographic (HPLC) method was developed and validated for the
quantitative determination of carbamazepine (CBZ) in intravenous nanoemulsions. The method
validation yielded good results with respect to linearity, specificity, precision and accuracy. The
method was carried out on a RP-18 column with a mobile phase composed of methanol-water (70:30,
v/v) subjected to a gradient of acetonitrile after drug elution, and detection at 286 nm. The linearity in
the range of 10.0-50.0 pg/mL presented a determination coefficient (r’) of 0.9996, calculated by least-
squares regression; the R.S.D. values for intra-day and inter-day precision for % recovered were
<0.44 and <1.21% respectively; and the recovery of CBZ from the sample matrix ranged from 94.3 to
104.9%.

Keywords

Column liquid chromatography
carbamazepine
nanoemulsions

parenteral

validation
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Introduction

Carbamazepine (CBZ) (Fig. 1) is an extensively udedg for the management of
epilepsy and psychiatric diseases [1,2]. Neverfisglas a result of its low water solubility (<
200 pg/mL) [3] there is no parenteral formulatiamenercially available [4], which would be

desirable in cases such as coma, swallowing prabteremergency.

NH;
o \/

N

Fig. 1. Structure of CBZ

A novel pharmaceutical dosage form, consistingroindravenous nanoemulsion of CBZ,
is under development by our research group. Lipmllsions have been widely studied for
parenteral feeding and drug delivery, especiallydugs with poor water solubility [5-8].
The composition of such kind of formulation is cdexy once it presents oils, lipophilic

and/or hydrophilic emulsifiers, and other stabilgziexcipients.

A literature survey reveals the absence of analtmethods for CBZ assay in such
systems. In fact, a small number of HPLC methode teeen described for the quantitation of

drugs in parenteral emulsions [9-11].

The purpose of the present work was to developvatidate an HPLC method for CBZ

determination in nanoemulsions composed by difteegnipients.
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Experimental

Materials and reagents

CBZ reference standard (99%) was obtained from &igidrich (Sdo Paulo, Brazil). CBZ
raw material was purchased from Henrifarma (SaoldRd8razil). Ultrapure water was
obtained from a Milli-@ Plus apparatus (Millipore, Billerica, USA). HPL@age acetonitrile
and methanol were purchased from Vetec (Rio deirdarigrazil). The excipients used in the
preparation of the emulsions were soybean lecithipoid S75°) and medium chain
triglycerides (MCT), kindly gifted by Lipoid GmbHLudwigshafen, Germany); purified
castor oil, purchased from Sigma Aldrich (Seelzetrgany), polysorbate 80 and polyoxyl 35
castor oil (Etocas 35 HY) kindly donated by Croda (Campinas, Brazil). Ghptewas

purchased from Nuclear (S&o Paulo, Brazil).

Four different formulations were prepared usindedént combinations of oils and lipophilic
emulsifiers. The formulations were numbered a®¥ad: the emulsion composed by castor oll
and soybean lecithin (#1); castor oil and polya3ylcastor oil (#2); MCT:castor oil mixture
and soybean lecithin (#3); MCT:castor oil mixturedapolyoxyl 35 castor oil (#4).
Polysorbate 80 was used in all formulations as dyphkiitic surfactant. The final composition
of emulsions (%w/v) was made up of oil 10, lipophilic surfactant ¥diophilic surfactant 4,
glycerol 2.25, and distilled water up to 100. Thenfulations were prepared with and without
CBZ (2 mg/mL).

Apparatus and chromatographic conditions

The HPLC apparatus consisted of a Shimadzu LC-}@fem (Kyoto, Japan) equipped with
a model LC-10AT pump, an SPD-10AV variable-wavetbndetector (set at 286 nm), an
SCL-10Avp system controller, Rheodyne 7125 injecti@lve with a 2Qul loop and C18
Polaris cartridge (150 mmx4 mm i.d.uf particle size, 100 A pore diameter, end-capped).
The mobile phase consisted of a methanol-water3Q791v) isocratic flow rate until 6.0
minutes of run (drug detection). After that, a &negradient of acetonitrile was started,
reaching 100% of acetonitrile after two minutes aathaining in this way for more 10
minutes until return to the initial condition. Tlgeadient flow is used with the objective of

eluting the lipophilic compounds retained on théuom. The LC system was operated at
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flow-rate of 0.7 mL min’; the sensitivity was 0.5 AUFS and the chart speed 0.5 cm
min* and 40+1°C (Shimadzu CTO 10AS).

Standard solution

The stock solution of CBZ was prepared by dissgvdb.0 mg in 25.0 mL of methanol,
resulting in a 1.0 mg/mL solution of CBZ. From tkislution, a working standard solution of
100.0pg/mL was prepared. This solution was then dilutetheeded to prepare five different

standard solutions from 10 to 50 pg/mL of CBZ.
Sample preparation

The four different developed nanoemulsions werayaess using the conditions described in
this document. A 1.0 mL volume of CBZ emulsion waituted in methanol until the
concentration of 30.0 pg/mL. The result solutiorsviitered through a 0.4gm membrane
and injected in the HPLC.

Method validation

Validation was based on the ICH Harmonized Tripar@Guideline, Q2(R1) [12], taking into
account the characteristics which are relevants@erformance considering the assay of a

drug in a final dosage form, in this case, nanosians.

The specificity was evaluated by analyzing soluiaontaining the excipients employed for
the preparation of CBZ emulsions. The system respavas examined for the presence of

interference or overlaps with the CBZ responses.

The linearity was assessed by injecting five steshdalutions in the concentration range of
10-50pug/mL, each in three replicates. A calibration cuwes constructed and the proposed
method was evaluated by linear regression. Charstiteparameters for regression equation

(y = ax + b) were obtained by least-squares method.

The detection and quantification limits were cadtetl based on the standard deviation of the

response and the slope, using the calibration cimte
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The intra-day precision (repeatability) was evaddaby assaying six emulsion samples (30.0
png/mL), during the same day and under the sameiexgetal conditions. Inter-day precision

was evaluated by assaying solutions on 3 diffedags. The % R.S.D was calculated.

An accuracy study was carried out by applying tleeetbped method to assay CBZ in
emulsions where the emulsions (placebos) were dpieh known amounts of CBZ, at 3
different levels (lower, medium and upper conceitrg corresponding to 2040g/mL, 30.0
ug/mL and 40.Qug/mL. Samples were diluted, filtered and analyZddceach level of spiking,

three independent experiments were performed.

Results and Discussion

A reversed phase HPLC method was proposed as ableuimethod for quantitative
determination of CBZ in emulsions. The chromatogragonditions were adjusted in order
to obtain efficient routine analysis. Two proponsoof the mobile phase A (methanol-water)
were evaluated: 75:2%/(), like a previous reported study [13], and 70:80)( Under the
second alternative, the assayed drug was basedsmved from the solvent front peak,

differently from the first proportion.

The chromatograms shown in Fig. 2 demonstrate that method is specific and no
interference from the excipients, which are alstected by UV, was observed for the
determination of CBZ (retention time: 4.0 minuteBue to the apolarity of the excipients,
they are retained in the column during the elutbdrihe mobile phase A (methanol-water,
70:30,Vv/v), and are eluted only with an acetonitrile gratiéihis procedure contributes to
prolong the longevity of the column and prevent amgrference from the excipients in

subsequent analysis.
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Fig. 2. Chromatograms of: (A) individual methanol solusarontaining CBZ and
formulations excipients; and (B) chromatogramsnaividual methanol solutions containing
only the formulations excipients

Good linearity was observed in the 10.0-50gdmL range. The response for the drug was
linear and the calibration equation was y= 98706%0427 (=15) showed excellent
determination coefficientrf = 0.9996), highly significant for the metho@<(.05). The
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confidence intervals for the intercept includedozed71137; +70283). Therefore, the result
confirms the absence of constant systematic ekMoreover, the analysis of residuals (data
not shown) revealed no specific pattern, indicatingormal distribution [14]. The detection

and quantification limits were 0.8§/mL and 2.ug/mL, respectively.

A satisfactory intra-day and inter-day variabivtyas obtained, as can be observed in Table 1.

R.S.D. values were found to be below 2.0%.

Table 1.Results from the precision of the method
Experimental

Theoretical

Amount (ig/mi) AmourétD(L;g/mI + % Recovered RSD (%)
Intra-day
Day 1 (n=6) 30.0 30.67 £0.13 102.24 +0.45 0.44
Day 2 (n=6) 30.0 29.83+£0.04 99.44 £ 0.15 0.15
Day 3 (n=6) 30.0 30.34 £ 0.09 101.14 +0.31 0.30
Inter-day (n=18) 30.0 30.28 £ 0.37 100.94 +1.22 211.

The mean of the recovery from all four differentnfiilations was 100.6%, showing a good

agreement between amounts added and assayed gjable

Table 2.Recovery of CBZ standard solution added to emulsamples

Sample Amount of CBZ Recovery (%)*
Added (pg/ml) Found (ug/ml) (% RSD)
20.0 20.20
i 95.1-103.8
Emulsion# 1 30.0 30.42 2.9)
40.0 39.78
20.0 20.05
Emulsions# 2 30.0 30.64 97.2-104.9
(2.9)
40.0 40.00
20.0 20.36
Emulsion # 3 30.0 30.13 98.4-102.2
(1.3)
40.0 40.17
20.0 19.95
Emulsion # 4 30.0 29.76 94.3 - 103.4
(2.6)
40.0 40.79

* n = 9 (three independent experiments for eachadrike three spiking levels).
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Emulsions samples containing CBZ were assayed tisengonditions described in this paper.
The determination of drug content demonstratedIRsSof < 2.0% from triplicate analysis of

each emulsion. These results indicate a precidgterad methodology.

Conclusions

The proposed method can be used for quantitatiterrdaation of CBZ in intravenous
emulsions, which comprise a complex mixture of congnts with lipid nature. The method
was found to be simple, precise, accurate andtsendrurthermore, the method uses simple

reagents, with minimum sample preparation procexlure
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CAPITULO 4: DESENVOLVIMENTO DE NANOEMULSOES
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Introducéo

O segundo capitulo deste trabalho descreve um eestical que tinha por
objetivo a incorporacao de 3,0 mg/mL de carbamazepuma forma farmacéutica
nanoemulsionada. As formula¢cdes desenvolvidaseduoostraram adequadas para a
via parenteral devido a precipitacdo de cristaisfatmmaco, o que foi atribuido a

localizacéo preferencial do farmaco a interfaceesicao polimorfica.

Diante deste resultado, a reducdo da concentrazdarchaco e a elevacao da
quantidade dos tensoativos parecem estratégiasigsaias na obtencdo de uma

formulacéo estavel.

Neste capitulo, € proposta a preparacdo e otimizdednovas nanoemulsfées
veiculando 2,0 mg/mL de carbamazepina. Alterac@sspmnoporcdes dos tensoativos,
assim como a proposicdo de uma nova fase oleosseadi® nos resultados
apresentados no estudo anterior foram realizadas. ddlineamento fatorial foi
utilizado como ferramenta para a elaboracédo dosrarpntos, avaliando a influéncia

dos 6leos e tensoativos lipofilicos utilizados sods caracteristicas das formulacgdes.

Apoés a otimizacdo da formulacdo que se apresentis pnomissora, estudos
de microscopia eletronica de transmissdo e um estiadliberagcaan vitro foram

realizados a fim de complementar a caracterizagdorchulacao final.
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Abstract

Carbamazepine (CBZ), a widely used anticonvulsang,dis a poorly soluble drug
with no parenteral treatment available for patiefitsis study was aimed at developing a
nanoemulsion for CBZ intravenous delivery. The $ppaous emulsification method was
used to prepare different formulations containing@mL CBZ. Likewise, a 2full factorial
experimental design was applied to study the imiteeof two independent variables (type of
oil and type of lipophilic emulsifier) on emulsiophysicochemical characteristics. The
nanoemulsions were evaluated concerning droplet geta potential, viscosity, drug content
and association to oily phase. The formulation Whpgresented the best characteristics
required for intravenous administration was sebketed refined with respect to the lipophilic
emulsifier content (increase from 5 % to 6 % of deygithin). This formulation was
characterized and kept its properties in a sat@fgcrange over the evaluated period (3
months), that is: droplet size around 150 nm, drogtent around 95 % and zeta potential
around — 40 mV. The transmission electron microgagvealed emulsion droplets almost
spherical in shape with an amorphous core, wheteas vitro release profile assessed by
dialysis bags demonstrated a release kinetics sqoat time dependent, with 95 % of c.a.

having been released within 11 hours.

Keywords. Carbamazepine, nanoemulsions, intravenous, spamiaremulsification, factorial

design.
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1. Introduction
Carbamazepine (CBZ), 5H-dibenz(b,f)azepine-5-casbuge (Fig. 1), is a widely used

antiepileptic agent which has been effective in therapy of psychomotor seizures and
trigeminal neuralgia for 40 years (Genaro, 2000p&oan and Gilman, 2001; Sweetman,
2006). Due to its poor water solubility (< 2Q@/ml), the drug has a slow and irregular
gastrointestinal absorption (Lund, 1994; Kobayatal., 2000; Sethia and Squillante, 2002).
To date, CBZ is only available in the pharmacelgicaarket in tablets (immediate release,
controlled release and chewable), capsules andsosglensions (FDA, 2006a). No parenteral
formulation is offered to patients, which could yeobe quite helpful in cases such as

emergencies, coma, swallowing problems, among aih@rmstances.

NH;
0

—

Fig. 1. Structure of carbamazepine.

Over the last three decades, some authors havstigaied strategies to administer CBZ
to the intravenous route, such as applying co-stévé evy et al., 1975, Tauboll et al., 1990)
and complexation with hydroxypropgtcyclodextrin (HBCD) (Loscher et al., 1995;
Brewster et al., 1997; Loscher and Hoenack, 198@é)ertheless, these approaches are of
limited success, since solvents can be dose lignitime to their toxicity, and few products
based on complexation with cyclodextrins are abélaon the pharmaceuticals market

(Thompson and Chaubal, 2002; Chaubal and Rosera6).2
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Recently, the preparation of submicron emulsiorssdraerged as a promising alternative
for CBZ intravenous administration (Sznitowska kf 2000; Becirevic-Lacan et al., 2002;
Akkar and Mdller, 2003). Emulsion formulations affan appealing alternative for the
administration of poorly water soluble drugs du¢hteir effectiveness for drug solubilization,
potential for improved efficacy and anticipatedigat acceptance and compliance due to the
reduced side effects (Constantinides et al., 20@éyeover, lipid emulsions have been used
for at least 30 years in patients requiring pamahtautrition (Washington, 1996; Floyd,
1999).

Concerning lipid emulsions and CBZ, the use of sitad methods (Sznitowska et al.,
2000; Becirevic-Lacan et al., 2002) and a patenésthnology which uses high-pressure
homogenization (SolEmUly (Akkar and Miller, 2003) have been already regbrin the
literature. The development of parenteral nanoeimngsthrough spontaneous emulsification
and the testing of different oils and emulsifiecenprise another strategy which is currently
under investigation by our research group.

In the spontaneous emulsification method, the addif the solvent-oil solution results
in the emulsification of the oily phase into narmulets, due to some kind of interface
instability originating from rapid diffusion of theolvent across the interface and decrease of
the interfacial tension (Vitale and Katz, 2003; Bbemal et al., 2004). This method is
receiving increased attention and is interestimgdanulation studies as it is easy to perform
in laboratory scale, does not require sophisticatpdpment nor the use of high temperature,
and generally leads to the formation of small debpdize formulations, among other
advantages. Droplet size and distribution are gtyoaffected by the nature of the solvent
used during the process (Bouchemal et al., 2004 cansidering its toxicity, those belonging

to Class Il or Il from European Pharmacopoeia shbe preferred.
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In a previous investigation, the solubility of CBZ different oils used in parenteral
formulations was studied (medium chain triglycesideastor, soybean, olive, peanut, sesame
seed oils). Its solubility was higher in castor fullowed by medium chain triglycerides
(MCT), and CBZ nanoemulsions were prepared withseéh®ils through spontaneous
emulsification (Kelmann et al., 2006).

A factorial design is frequently used for plannihgs type of research as it provides the
maximum amount of information, yet requires thesteaumber of experiments (Sucker, 1971;
Montgomery, 1991). Factorial design enables alidiacto be varied simultaneously, allowing
for the quantification of the effects caused byejpeindent variables as well as the interactions
between them. Factors might represent a continqaastity or categories, and optimization
can be performed through sequential experiments.

In the present study, a preliminary factorial desigas proposed to investigate the
influence of the category’s type of oil and typelipbphilic emulsifier, with the intention of
developing CBZ nanoemulsions through spontaneouds#ioation. In a second step, the
formulation which presented the best charactesstrjuired for intravenous administration
were selected and refined so as to improve itsipbgisemical stability.

2. Materials and methods
2.1 Materials

The CBZ reference standard (99 %) was obtained fRigma-Aldrich (Sado Paulo,
Brazil). CBZ raw material was purchased from Hexrifa (S&o Paulo, Brazil). Ethanol and
acetone were purchased from Vetec (S&o Paulo,|Braxcipients used in the preparation of
nanoemulsions were: soybean lecithin (Lipoid §78hd medium chain triglycerides (MCT),
kindly donated by Lipoid GmbH (Ludwigshafen, Germpgrpurified castor oil, purchased
from Sigma Aldrich (Seelze, Germany); polyoxyl 3&swr oil (Etocas 35 HY and

polysorbate 80 (Crillet 9, donated by Croda (Campinas, Brazil) and glycenaichased
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from Nuclear (Sao Paulo, Brazil). All other reageniere of analytical grade. Water used in
the preparation of formulations was distilled wizerén HPLC analyses water was obtained
from a Milli-Q® Plus apparatus (Millipore, Billerica, USA).
2.2 Determination of CBZ solubility in oils

The solubility of CBZ in castor oil, MCT and a mixé at the ratio of 1:1 (w/w) of both
oils was determined. An excess amount of CBZ wadeddo each oil and kept under
moderate magnetic stirring for 24 hours to readhlibgium. The sample was centrifuged at
15000 rpm for 20 min, an aliquot of the supernataas diluted with methanol and CBZ
content was assayed by high performance liquidmbtography (HPLC).
2.3 High-performance liquid chromatographic analysis

The HPLC apparatus consisted of a Shimadzu LC-3tem (Kyoto, Japan) equipped
with a model LC-10AT pump, an SPD-10AV variable-wkngth detector (set at 286 nm),
an SCL-10Avp system controller, Rheodyne 7125 tigecvalve with a 20ul loop. The
stationary and mobile phases used included a Cl&@i®acartridge (150 mm x 4 mm i.d., 5
um particle size, 100 A pore diameter, end-cappent) aethanol:water (70:30 v/v),
respectively. The mobile phase was pumped in arasio flow for 6 minutes followed by an
acetonitrile gradient for elution of the lipid cooments. The method was validated for CBZ
assay, according to ICH guidelines (ICH, 2005)hwiéspect to specificity, linearity*(>
0.999), precision (intra-day R.S.D. < 0.44 and rialgy R.S.D. <1.21 %), and accuracy
(recoveries between 99.4 and 102.1 %) (Kelmanh,e2@06).
2.4 Preparation of formulations
2.4.1. Preparation applying a factorial design

Two factors and their influence on the nanoemulsiomoperties (particle size,
polydispersity index, zeta potential, viscosityugircontent, and drug association) were

evaluated using a’Zull factorial design. The investigated factorsrevetype of lipophilic
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emulsifier and type of oily phase (Table 1). Theidge required a total of 4 experiments
(Table 2) and the different formulations were pregain triplicate to estimate experimental
error. Analysis of variance (ANOVA) and Tukey'’s peise comparisons were performed at a
significance level of p 0.05. To perform the statistical analysis of treag the Design

Expert® software (Stateese, Minneapolis, USA) wsedu

Table 1 Variables and levels of 2actorial design for preparation of CBZ nanoeruisi

Variables Levels

Castor oil (+)
A. Oil phase compositidn
Castor oil: MTC (1:1) (-)

Soybean lecithin (+)
B. Lipophilic emulsifief
Polyoxyl 35 castor Oil (-)

&Variable in higher level (+), variable in lowewn&d (-)
®Final oil concentration: 10.0 % (w/v)
¢ Final lipophilic emulsifier concentration: 5.0 %/{)

Table 2. Experimental arrangement

Combination* Coded units Composition
A B

Q) M-C35 - -

A C-C35 + -

B M-L - +

AB C-L + +

*A: oily phase composition; B: lipohilic emulsifiefl) lower level to all variables.

The emulsions were prepared by spontaneous encalsiin according to the following
briefly described procedure (Yu et al., 1993; Barohl et al., 2004): the drug is mixed with
the oil [castor oil or a mixture of castor oil:MCI:1 (w/w)]. The lipophilic emulsifier

(soybean lecithin or polyoxyl 35 castor oil) is gsbtved in a solution of acetone:ethanol
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(50:50, v/v) and added to the oil:drug dispersiasulting in the oily phase. The hydrophilic
emulsifier (polysorbate 80) is dissolved in watemiing the aqueous phase. For adjustment
of isotonicity, 2.5 % (w/v) of glycerol was addexlthe aqueous phase. The oily phase is then
slowly added into the aqueous phase under moderatgnetic stirring, forming the
nanoemulsion. Solvents and most of the water ar®ved under reduced pressure resulting
in a formulation concentration of 10 % (v/v) of thetial volume from the aqueous phase.
The emulsions were stored at 4 °C £ 2 °C. The amofirhydrophilic and lipophilic
surfactants was fixed to 4.0 % and 5.0 % (w/w) eesigely, and the drug content was 2.0
mg/ml at the final emulsion. The pH was adjusted.® with a NaOH 0.1 M solution. The
formulations were named as follows: the emulsiomnlenap of castor oil and soybean lecithin
(C-L); that made up of castor oil and polyoxyl 3stor oil (C-C35); that made up of castor
0il:MCT and soybean lecithin (M-L); and that mageaf oil:MCT and polyoxyl 35 castor oil
(M-C35). Blank formulations were also prepared. falimulations had their physicochemical
characteristics evaluated.
2.4.2. Refinement of the selected formulation

Based on the characteristics required for parenéehainistration (mainly mean droplet
size and viscosity), as well as on the physicdlibta after three months of storage, the best
combination of oil and lipophilic emulsifiers waglscted and changed according to the
increase in the lipophilic emulsifier content (frd@0 to 6.0 %, w/w). This formulation was
named M-L-6.
2.5 Characterization of CBZ nanoemulsions

All formulations were characterized with respecphysical appearance, particle size, zeta
potential, viscosity, drug content and associatuith the emulsion oily phase. Most analyses
were repeated after 3 months. The refined formudatwas also evaluated regarding these

parameters plus morphology aimdvitro release.
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2.5.1 Particle size analysis

The mean particle size and polydispersity indexewereasured at 25 °C by photon
correlation spectroscopy (PCS) using a Malvern Niamewo/Zetasizét nano-ZS ZEN 3600
(Malvern Instruments, USA). Each 15 pl sample wiagetl in 10 mL of ultrapure water. The
analysis was performed three times to determinenmakues.
2.5.2 Zeta potential measurement

The zeta potential was measured by electrophoreticbility using Malvern
Nanosizer/Zetasiz€rnano-ZS ZEN 3600 (Malvern Instruments, USA). Aflalyses were
done in triplicate and each 15 pl sample was dilintel0 mL of NaCl (1mM) ultra-filtered
(0.22um).
2.5.3 Viscosity

The rheological measurements were carried outAW& 350 viscometer (Schott-Gerate,
Hofheim, Germany) equipped with a capillary tube(Wtscosimeter constant, k= 0.035).
Seven milliliters of each emulsion (adjusted to+26.1 °C) were poured into the filling tube
and transferred to the capillary tube by gentldisncThe time was recorded, in seconds, for
the liquid to flow from the upper to the lower markthe capillary tube. All formulations
were analyzed in triplicate.
2.5.4 Drug content and association with the emulsions

The amount of CBZ in the emulsions was assayechbyHPLC method as previously
described. A 1.0 mL volume of emulsion was dilutednethanol and the resulting solution
was injected in the HPLC.

Free CBZ in the nanoemulsions was determined bysumgey the non-incorporated drug
present in the agueous phase after ultrafiltratemififugation (Michalowski et al., 2004)

using Microcoff centrifugal filter devices (100,000 NMWL; Milliper USA). The CBZ
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associated with emulsions was calculated from tfferdnce between the total and the free
drug concentrations.
2.5.5 Microscopic studies

A drop of the refined CBZ emulsion was placed onagbon-coated copper grid (200
mesh) overlayed with 1 % formwar in chloroform,iiséal by 2.0 % uranyl acetate aqueous
solution and examined by transmission electronicrosicopy using a JEM-1200 EXII,
instrument (JEOL, Tokio, Japan).

2.5.6 In vitro release study

The release of CBZ from the refined nanoemulsiors waaluated using the dialysis
technique. Dialysis bags (Spectra/Por® membrane MO,0000, Spectrum, USA) were
soaked in filtered diffusion medium (Phosphate &ufiH= 7.4) for 24 hours and kept under
refrigeration until use. One milliliter of the emsidn was placed in each dialysis bag (n=3),
then sealed at both ends with medicell clips (SpattUSA), and placed at the bottom of the
dissolution vessels. The study was carried out MKa7000 multi-bath dissolution tester
(Varian, USA), at 37 + 0.5°C using dissolution ajapas USP 1l with an agitation speed of 50
rpm. Aliquots of 2 ml were withdrawn from the difsiton medium at designed intervals for
11 hours. An equivalent volume of fresh medium wadded to maintain the volume of the
dissolution medium at 400 ml, which in turn ensuties sink condition. For comparison
purposes, bulk CBZ and water at the same contehtvalume were placed in the dialysis
bags, and the profile of CBZ released was assdnstte procedure described above.

The samples were analyzed by the previously destdtPLC method, whose parameters
were re-validated with respect to this performastedy (ICH, 2005). In this way, the
specificity was evaluated by analyzing a blank mamolsion submitted to the same test
conditions and linearity range was widened (2 aud@nl; R>>0.999). The release kinetics of

CBZ from the nanoemulsion was assessed by firgrdtd Q = In Q - ky.t), zero order (=
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Qo + ko.t) and simplified Higuchi (Q= k+.t“?) equations. The mathematical evaluation was
performed considering the points up to 90% of CRfease, since those precede the
beginning of the profile plateau.

3. Results and discussion

3.1 Solubility determination in tested oils

The drug solubilization in the oily phase is a prprisite to exploiting the nanoemulsion
advantages. In previous studies only the use of M@&Kkar and Muller, 2003), isopropyl
miristate (Becirevic-Lacan et al., 2002) and soybedl (Sznitowska et al., 2001) are
described for CBZ nanoemulsion development. Likew&nulsion stability problems or drug
precipitation were also reported. Two studies usheycombination of castor oil and MCT
(1:1 w/w) revealed that this mixture led to a deseein the castor oil viscosity and interfacial
tension of the oily phase (Jumma and Muller, 19R8nma e Miiller, 1999). In this way, the
use of castor oil and a mixture of castor oil an€M™Mseemed to be a promising and
previously uninvestigated approach.

The solubility study results revealed that CBZ isam more soluble in castor oil than in
MCT. The castor oil:MCT (1:1 w/w) mixture reportedtter results than only MCT, but even
applying this strategy, the solubility of CBZ wasuhd to be low (Fig. 2) as compared to
tetrazepam (~ 45 mg/g in a 1:1 castor oil:MCT migju a drug which was previously
investigated with respect to the development ofairgnous emulsions (Jumaa and Miuller,
2001). This low solubility brings as a consequeaceeduced drug association to the oily
phase and dictated a higher incorporation of hykitigpand lipophilic emulsifiers, which
were used in permitted concentrations for the garahroute, according to the inactive

ingredient list approved by the U.S. Food and Dkdginistration (FDA, 2006b).
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Fig. 2. CBZ solubility in castor oil, MCT:castor (1:1)l@nixture and MCT.

3.2 Preparation of CBZ parenteral emulsions

After preparation, all formulations presented akynéspect with apparently low viscosity,
which was further measured. The emulsions prepartdsoybean lecithin presented a more
yellowish appearance compared to those formed yppyg 35 castor oil, which were almost
blank. Formulations were stored undetC4 after 24 hours, their characterization was
performed.

The main feature common to all emulsions is theictsdroplet size, which must be in a
nanometer range. Therefore, particle size analysis performed to confirm whether the
resultant emulsions were indeed nanoemulsions.dBplgrsity index gives information on
the deviation from the average size, and valuegoup.250 are acceptable for parenteral
emulsions (Muller et al., 2004). As can be seelfrign 3, photon correlation spectroscopy
indicated that the average size of the emulsiotiseéigange of 150 nm to 212 nm with a low
polydispersity index, not significant (ANOVA<0.05). The mean particle size of emulsions

was smaller when soybean lecithin was used a®pHific emulsifier but these results are not

68



significantly different either (ANOVA, p<0.05). In general, emulsions containing the
smallest globules (usually 200-500 nm) tend tanieentost physically stable (Floyd, 1999).
Emulsifiers act not only as a mechanical barriet &#lso through the formation of a
surface potential (zeta potential) which can preduwepulsive electrical forces among
approaching oil droplets and thus hinders coalescéBenita and Levy, 1993; Floyd, 1999).
The more negative the zeta potential, the grehtenét charge of the droplets, and the more
stable the emulsion is (Han et al., 2001). Zetzmiwdl values lower than —30 mV generally
indicate a high degree of physical stability (Watal., 2006). The results of CBZ emulsion
zeta potential measurements presented in Fig. wesha negative surface charge. This was
calculated at approximately -35 mV for formulatigmepared with soybean lecithin and -5
mV for formulations with polyoxyl 35 castor oil. i& known that lecithin has high negatively
charged phospholipids, which can produce emulsiatts a high zeta potential (Benita and
Levy, 1993). The formulations prepared with polyb2$ castor oil, a non-ionic emulsifier,
presented a negative zeta potential most likelytdube release of fatty acids from the castor
oil portion. The results suggested that the emutsioomposed of soybean lecithin have
sufficient charge and mobility to inhibit aggregattiof oil droplets, unlike of those made with
polyoxyl 35 castor oil as lipophilic emulsifier. lact, after three months in storage, the
formulations prepared with polyoxyl 35 castor aiegented a slight creaming phenomenon,
therefore, formulations prepared with lecithin sedrnto be preferred. It should be noted that a
comparison of the zeta potential data with theigarsize results showed, in general, that a
decrease in particle sizes of emulsions was accoieghdy a decrease in negative surface
charge values. It should be pointed out that blamkilsions particle size and potential zeta
were also evaluated (data not shown). The reshhisvesd no significant differences when

compared to the CBZ emulsion, which suggests tBat @oes not influence the droplet size.
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Fig. 3. Results of mean droplet size (x S.D.) and popedisity index values (£ S.D.) @BZ
nanoemulsions after 24 h (blank columns and tres)ghind 3 months (grey columns and circles) of
preparation. C-L: emulsion composed by castorril soybean lecithin; C-C35: composed by castor

oil and polyoxyl 35 castor oil; M-L: composed bystar oil:MCT and soybean lecithin; and M-C35:

composed by oil:MCT and polyoxyl 35 castor oil.
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Fig. 4. Zeta potential results of CBZ nanoemulsions. Mewitis same letter are not significantly
different (ANOVA, Tukey test, g 0.05). Grey columns: measures (+ S.D.) after Rléck columns:
measures (+ S.D.) after 3 months. C-L: emulsionmased by castor oil and soybean lecithin; C-C35:

composed by castor oil and polyoxyl 35 castorMil.: composed by castor oil:MCT and soybean

lecithin; and M-C35: composed by 0il:MCT and polybR5 castor oil.

The droplet size and zeta potential are the m@sesentative parameters in the control of
emulsions stability. To evaluate the emulsion $itghithese aspects were monitored over 3
months. After this period, these parameters stdt the requirements for i.v. administration.
The emulsions prepared with the castor oil:MCT nm&t presented a reduction in mean
droplet size, as can be observed in Fig. 3. Thiy & the result of a good particle
stabilization, since the castor oil presents a lagiount of free fat acids that can act as co-
surfactants producing an oil phase with superi@aperties (Yamaguchi et al.,, 1995). The
polydispersity index (Fig. 3) and zeta potentiag(B) remained practically unchanged for all
formulations (p= 0.05).

Viscosity measurements are not usually describegdcenteral drug delivery emulsions,
but this is a relevant characteristic as viscousllsions are usually painful to the patient

during i.v. administration. This parameter depenaisiong other, on the nature of the
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surfactant (Nielloud et al., 1996). As can be obserin Table 3, the formulations prepared
with soybean lecithin presented a significantlyheigviscosity values (g 0.05), especially
C-L formulation. Jumaa and Mduller (2001) suggedtet viscosities higher than 3.9 mPa.s

may be not attractive for parenteral administration

Table 3.Results of viscosity, drug content and drug asgioei of CBZ nanoemulsions

Formulations

C-L C-C35 M-L M-C35
Viscosity (mPa-s) 9.51+0.3%1 2.85+0.20 4.97 +0.49 2.75+0.11
Drug Content (%) 90.35+ 2.4 101.03+1.%7  101.36+1.0 98.38+ 1.8
Drug association (%) 89.79 + 0.41 89.51 +0.32 91.38 + 0.45 88.94 + 0.38

Each value represents the mean + S.D. (n=3). Miedite with the same letter are not significardifferent
(ANOVA, Tukey test, x 0.05). C-L: emulsion composed by castor oil angbsan lecithin; C-C35: composed
by castor oil and polyoxyl 35 castor oil; M-L: cooged by castor o0il:MCT and soybean lecithin; an€C85:
composed by oil:MCT and polyoxyl 35 castor oil.

As can be also observed in Table 3, HPLC analgsisaled a drug content ranging from
approximately 90.4% to 101.4%. The CBZ content df @nulsion was statistically different
from the other formulations ( 0.05). Since a reference parenteral dosage forsralvsent, a
drug content limit from 90% to 110% for CBZ tabletas considered (USP, 2005). In this
manner, the results may be judged to be satisfacéatditionally, approximately 90% of the
total CBZ content was found in the inner phasehef ¢émulsions. There is no significant
difference (g0.05) among CBZ association efficiencies in theowe formulations.

The polynomial equations for droplet size, polyéisity index, zeta potential, viscosity,
drug content, and drug association are presenté&th® (1) to (6), respectively, wheyas
dependent variable, A the type of oil, B type @blphilic emulsifier and AB the interaction

between the two factors.
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(1) y=166.67 - 0.67A -15.50B + 4.83AB

(2) y=0.18 - 0.01A - 0.01B + 1.67E-003AB
(3) y = 20.88 — 0.56A -14.18B + 0.49AB

(4) y=4.88.67 — 1.17A - 2.21B + 1.13AB

(5) y=99.77 — 2.08A -1.93B + 3.42AB

(6) y=90.39 - 0.21A -1.12B + 0.075AB

By the manner described by Montgomery (1991), #sponse value of the effects could
be calculated. Main effects alone do not have mmeaning when they are involved in
significant interactions. Those interactions are kby to getting the optimal conditions. The
results obtained from the interactions are showRig 5. From the AB interaction on drug
content, droplet size, viscosiy and polydispersigex, it is showed that when the emulsifier
(variable B) is used at high level (soybean lenittand the variable A is used at low level
(mixture of oils), a better response is observed.sinificant effect could be seen in AB

interaction on zeta potential and association iefficy results.
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Considering all evaluated statistical parameters @nysical stability, the M-L emulsion
seemed to be the most promising formulation. The afscastor oil:MCT mixture as oily
phase makes the formulations less viscous whilbesany lecithin gives a highly negative zeta
potential to the emulsion, which contributes to tbhemulation stability when compared to
those prepared with polyoxyl 35 castor oil. Therefdv-L emulsion would be preferred.

However, after 3 months, the mean drug content Ibffamulations decreased to
approximately 51%. This phenomenon occurred méstylidue to a polymorphic transition
of CBZ. It has been reported that CBZ has somerpoiphic forms and that in an aqueous
environment they convert to the dehydrated forra, léss soluble form of CBZ (Nair et al.,
1999; Otsuka et al., 1999; Kelmann et al., 200@nTet al., 2006). In order to overcome this
drawback, an increase in the lipophilic emulsitientent (6.0 %, w/w) was proposed as a first
strategy to improve the physicochemical stabilityM>L emulsion, that is, to refine this
formulation.

3.3. Characterization of the refined formulation

Emulsion M-L-6 characteristics were evaluated wéspect to droplet size, polidispersity
index, zeta potential, drug content (at 0 and 3thms)n morphology anth vitro drug release.
As can be observed in Table 4, the results wersidered satisfactory and after three months,
the evaluated characteristics still met the requéets for parenteral administration, with no

precipitation being visualized.
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Table 4. Results of the characterization of M-L-6 CBZ namulsion

Storage time

(days) Characterization
Droplet size (nm) Polydispersity Zeta potential Drug Content
index (mV) (%)
0 148.47 £ 7.04 0.211 £ 0.04 -39.68+1.61 95.2559
90 153.00 = 3.27 0.200 £ 0.01 -40.10+1.71 93769

Each value represents the mean + S.D. (n=3). Grulgon composed by castor oil and soybean legithin
C35: composed by castor oil and polyoxyl 35 castipM-L: composed by castor oil:MCT and soybean
lecithin; and M-C35: composed by oil:MCT and polyb85 castor oil.

The results of transmission electron microscopy lsarobserved in Fig. 6. The figure
reveals that the lipid emulsion droplets were alnsperical in shape and have an amorphous
core. The results corroborate with the droplet sizalysis, showing that droplets are present

in the nanometer range, varying from approximal€ to 250 nm.

Fig. 6. Transmission electron photomicrograph of the M-CHBZ nanoemulsion.
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Finally, a preliminary evaluation of CBZ releasén&eior from the refined nanoemulsion
was performed. The mean cumulative % CBZ releasesug time plot for nanoemulsion and
drug freely dispersed in water inside the dialyisé&y is presented in Fig. 7. As can be
observed, the release kinetics of CBZ from the samdsions is slower than that of the free
drug, and both can be considered prolonged. Moredath release kinetics seem to be a
square root time dependent. Higuchi provided thedehavhich best characterized these
release profiles (R> 0.99 for plotting the nanoemulsions, anfd>R0.98 for plotting the free
drug) and described drug release as a diffusioogsobased on Fick’s law (Costa and Lobo,
2001). Kinetics, as well as the prolonged drugasteobserveth vitro can be explained by
the fact that CBZ diffusion from the oily core amterface is hindered by the aqueous
medium, which acts as a barrier to drug transpaettd its very low solubility in water. In the
same way, the free drug presents a behavior wlsctygical from a dispersed system,
considering a low aqueous soluble drug. In the adsthe nanoemulsion, such sustained
delivery is frequently reported in the literatugctiultz et al.,, 1997; Constantinides et al.,
2000; Abrol et al., 2005) and may ocauarvivo; however one can expect the foreignness of
nanoemulsions to increase drug uptake by the litisgues due to oil droplet phagocytosis
(Grassi et al., 2000; Abrol et al., 2005). It isrtllomentioning that the dialysis membrane also
accomplishes a physical separation of the nanoémnsisfrom the CBZ released to the
medium and may be in part responsible for thisuieatThis technique is criticized by some
authors for not mimickingn vivo conditions and release mechanism for parenterdero
(Henriksen et al., 1995; D’'Souza and DelLuca, 2006)s, all data concerning drug release
from nanoemulsions should be interpreted with eaue further test conditions for evaluating

CBZ release should be investigated.
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4. Conclusions

The factorial design was a beginning instrumentsatecting the mixture of castor
oil:MCT (1:1 w/w) and soybean lecithin as the besy phase and lipophilic emulsifier,
respectively, in order to prepare 2 mg/mL CBZ nanalsions by spontaneous emulsification.
Nevertheless, a reduced drug content after 3 mdaths the refinement of formulation by
increasing soybean lecithin content to 6.0% (w/iW)e physicochemical characteristics, such
as drug content, zeta potential, and droplet siege evaluated after 24 hrs and 3 months of
preparation, demonstrating the feasibility of thésnulsion for the i.v. route. The

morphological evaluation confirmed the formationamf emulsion in the nanosize range. An
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in vitro release study was also performed, revealing aselkimetics which fits the Higuchi
model.

The stability of this refined formulation will beurther assessed and the need for
optimization will be complemented by sequentiatdai@al designs. Upon obtaining successful
results, preclinical studies are to be undertakesh @therin vitro test conditions may be
investigated in the attempt to establishirawtro-in vivo correlation.

Acknowledgements

This work was supported by Funpesquisa/UFSC andhd&gdo de Apoio a Pesquisa
Cientifica e Tecnologica do Estado de Santa Cata(iFAPESC), Brazil. We would like to
thank the Brazilian Government for their patronsbipR.G. Kelmann (CAPES) and G.
Kuminek (PIBIC/CNPq), as well as to Christiane Le@nd Lali Ronsoni Zancan for their
help in this study.

References

Abrol, S., Trehan, A., Katare, O.P., 2005. Compeaeabtudy of Different Silymarin
Formulations: Formulation, Characterization anitmo/In Vivo Evaluation. Curr. Drug
Del., 2, 45-51.

Akkar, A., Miller, R.H., 2003. Formulation of intrenous carbamazepine emulsions by
SolEmuls® technology. Eur. J. Pharm. Biopharm.F&k-312.

Becirevic-Lacan, M., Jug, M., Bacic-Vrca, V., Catiizmek, B., 2002. Development of o/w
emulsion formulation for carbamazepine by using tined cyclodextrins. Acta Pharm, 52,
149-1509.

Benita, S., Levy, M.Y.,1993. Submicron emulsiongaléoidal drug carriers for intravenous
administration: comprehensive physicochemical attareation. J. Pharm. Sci, 82, 1069-

1079.

79



Bouchemal, K., Briancon, S., Perrier, E., Fessi2®04. Nano-emulsion formulation using
spontaneous emulsification: solvent, oil and su&iatcoptimization. International Journal of
Pharmaceutics, 280, 241-251.

Brewster, M. E, Anderson, W. R, Meinsma, D., Moredg Webb, A. I., Pablo, L., Estes, K.
S., Derendorf, H., Bodor, N., Sawchuk, R., CheuhgPop, E., 1997. Intravenous and oral
pharmacokinetic evaluation of a 2-hydroxypropyleseyclodextrin-based formulation of
carbamazepine in the dog: comparison with commigr@sailable tablets and suspensions. J.
Pharm. Sci, 86, 335-339.

Chaubal, M.V., Roseman, T.J., 2006. Drug Delivergnitls for Parenteral Therapeutics.
Pharmaceutical Technology, 02 sep.

Constantinides, P.P., Tustian, A., Kessler, D.BRO4 Tocol emulsions for drug solubilization
and parenteral delivery. Adv. Drug Del. Rev., 583-2255.

Constantinides, P.P., Lambert, K.J., Tustian, ASChneider, B., Lalji, S., Ma, W., Wentzel,
B., Kessler, D., Worah, D., Quay, S.C., 2000. Fdation development and antitumor
activity of a filter-sterilizable emulsion of patekel. Pharm. Res., 17, 175-182.

Costa, P., Lobo, J.M.S., 2001. Modeling and consparpf dissolution profiles. Eur. J.
Pharm. Sci., 13, 123-133.

D’'Souza, S.S., DelLuca, P.P., 2006. Methods to Asse¥itro Drug Release from Injectable
Polymeric Particulate Systems. Pharm. Res., 234480

FDA, Food and drug administration, 2006a. Approsiee) products with therapeutic
equivalence evaluations. 26th edition, p. 92-9362@vailable at:
<http://www.fda.gov/cder/orange/obannual.pdf>, d2.n

FDA, Food and drug administration, 2006b. Inactngredient Database. Available at

<http://www.accessdata.fda.gov/scripts/cder/iigéxdfm>, 12 nov.

80



Floyd, A.G., 1999. Top ten considerations in thealigoment of parenteral emulsions. Pharm.
Sci. Tech., 2, 134-143.

Genaro, A.R. (Ed.), 2000. Remington: The Pharmacausciences and Practice of
Pharmacy. Lippincott, Williams & Wilkins, Philaddija.

Goodman, L.S., Gilman, A. G., Hardman, J. G, Limdbl. E., 2001. Goodman & Gilman's
the pharmacological basis of therapeutics. McGralvBéok Co., New York.

Grassi, M., Coceani, N., Magarotto, L., 2000. Mathé&cal modeling of drug release from
microemulsions: theory in comparison with experitsed. Colloid Interface Sci. 228, 141-
150.

Han J., Davis, S.S., Washington, C., 2001. Phygicglerties and stability of two emulsion
formulations of propofol. Int .J. Pharm., 215, 2207-

Henriksen, I., Sande, S.A., Smistad, G., AgrenKar]sen, J.,1995. In vitro evaluation of
drug release kinetics from liposomes by fractiatialysis. Int. J. Pharm. 119, 231-238.
ICH, 2005. Validation of Analytical Procedures: Texd Methodology, International
Conference on Harmonization, IFPMA, Geneva.

Jumaa, M., Miller, B.W., 1998. The effect of oihgponents and homogenization conditions
on the physicochemical properties and stabilitparenteral fat emulsions. Int. J. Pharm.,
163, 81-89.

Jumaa, M., Miller, B.W., 1999. In vitro investigatiof the effect of various isotonic
substances in parenteral emulsions on human ecyifes Eur. J. Pharm. Sci., 9, 207-212.
Jumaa, M., Miiller, B.W., 2001. Development of a Bldvarenteral Formulation for
Tetrazepam Using a Lipid Emulsion. Drug Dev. Indafn., 27,1115-1121.

Kelmann, R.G., Kuminek, G., Teixeira, H.F., Koeste6., 2006. Development of
nanoemulsions for carbamazepine parenteral admanst: The influence of drug

polymorphism. Paper submitted to Journal of Phayna&c Pharmaceutical Sciences.

81



Kelmann, R.G., Kuminek, G., Teixeira, H.F., Koeste, 2006. Determination of
carbamazepine in parenteral nanoemulsions: Developand validation of a HPLC

method. Paper submitted to Chromatographia.

Kobayashi, Y., Itai, S., Yamamoto, K., 2000. Pystoemical propreties and bioavailability of
carbamazepine polymorphs and dehydrate. Int. JniPh&93, 137-146.

Levy, R. H., Lockard, J. S., Green, J. R., Frie] Nfartis, L., 1975. Pharmacokinetics of
carbamazepine in monkeys following intravenous @nadladministration. J. Pharm. Sci, 64,
302-307.

Léscher, W., Hoenack, D., 1997. Intravenous carlzaypiae: comparison of different
parenteral formulations in a mouse model of convalstatus epilepticus. Epilepsia, 38, 106-
113.

Léscher, W., Honack, D., Richter, A., Schulz H. Schurer ,M., Dusing, R., Brewster, M. E.,
1995. New injectable agueous carbamazepine solthtrongh complexing with 2-
hydroxypropyl-beta-cyclodextrin: tolerability antigrmacokinetics after intravenous
injection in comparison to a glycofurol-based fofation. Epilepsia, 36, 255-61.

Lund, W., 1994. The pharmaceutical codex: Prinsipled Practices of Pharmaceutics. The
Pharmaceutical Press, 12 ed. London.

Michalowski, C.B., Guterres, S.S., Dalla Costa,ZDQ4. Microdialysis for evaluating the
entrapment and release of a lipophilic drug fromaparticles, J.Pharm. Biom. Anal., 35
1093-1100.

Montgomery, D.C., 1991. Design and Analysis of Expents, 3rd Ed, Wiley, New York, p.
228-301.

Miller, R.H., Schmidt, S., Buttle, I., Akkar, A.cBmitt, J., Brémer, S., 2004. SolEmitls
novel technology for the formulation of i.v. emuwlss with poorly soluble drugs. Int. J.

Pharm., 269, 293-302.

82



Nair, R., Gonen, S., Hoag, S.W., 2002. Influencpafethylene glycol and povidone on the
polymorphic transformation and solubility of carberepine. Int. J. Pharm., 240, 11-22
Nielloud, F., Marti-Mestres, G., Laget, J.P., Fenhez, C., Maillols, H., 1996. Emulsion
formulation: Study of the influence of parameterhvexperimental designs. Drug. Dev. Ind.
Pharm. 22, 159-166.

Otsuka, M., Ofusa, T., Matsuda, Y.,1999 . Effecen¥ironmental humidity on the
transformation pathway of carbamazepine polymorpiodifications during grinding. Coll.
Surf. B, 13, 263-273.

Schultz, K., Mollgaard, B., Frokjaer, S., Larsen I897. Rotating dialysis cell as in vitro
release method for oily parenteral depot solutitmts.J. Pharm., 157,163-169.

Sethia, S., Squillante, E., 2002. Physicochemilatacterization of solid dispersions of
carbamazepine formulated by supercritical carbowide and conventional solvent
evaporation method. J. Pharm. Sci., 91, 1948-1957.

Sucker, H., 1971. Methoden zum Planen und AuswenderVersuchen; |. Factorial Design,
eine Einfuhrung. APV-Informationsdienst, 17, 52-68.

Sweetman, S.C. (Ed), 2006. Martindale: The Comietey Reference. Pharmaceutical
Press, London, UK, (electronic version) in
<http://'www.medicinescomplete.com/mc/martindalefent/>.

Sznitowska, M., Janicki, S., Dabrowska,E., ZurowBkgczkowska, K., 2001. Submicron
emulsions as drug carriers: Studies on destahdizg@totential of various drugs. Eur. J.
Pharm. Sci., 12,175-179.

Tauboll, E., Lindstrom, S., Klem, W., Gjerstad, 1990. A new injectable carbamazepine

solution :antiepileptic effects and pharmaceutprabperties. Epilepsy Res., 7, 59-64.

83



Tian, F.; Zeitler, J.A.; Strachan, C.J.; SavilleJDGordon, K.C.; Rades, T., 2006.
Characterizing the conversion kinetics of carbarpamepolymorphs to the dihydrate in
agueous suspension using Raman spectroscopy.rin.Hsiam. Anal., 40, 271-280.
Thompson, D.O., Chaubal, M.V., 2002. Cyclodext{@®S)—Excipients by Definition,
Drug Delivery Systems by Function, Part I: Injed¢aBpplications. Drug Deliv. Technol. 2
34-38.

United States Pharmacopeia & National FormulariNE23, 2005. Pharmacopeial
Convention, Rockville, MD. Eletronic version.

Vitale, S.A., Katz, J.L., 2003. Liquid droplet desgions formed by homogeneous

liquid— liquid nucleation: “The Ouzo effect”. Lamuir 19, 4105-4110.

Wang , J., Sung, K.C., Hu, O.Y., Yeh, C., Fang 2006. Submicron lipid emulsion as a drug
delivery system for nalbuphine and its prodrug€ahtr. Rel., 115, 140-149.
Washington, C., 1995. Stability of lipid emulsidios drug delivery. Adv. Drug Del. Rev.,
20,131-145.

Yamagushi, T., Nishizaki, K., Itai, S., Hayashi, Bhshima, H., 1995. Physicochemical
Characterization of Parenteral Lipid Emulsion: ieihce of Cosurfactants on Flocculation
and Coalescence. Pharm. Res., 12, 1273-1278.

Yu, W., Tabosa Do Egito, E.S., Barrat, G., FesBl,, Devissaguet, J.P. And Puisieux, F.,
1993. A novel approach to the preparation of igblet emulsions by spontaneous

emulsification process. Int. J. Pharm., 89, 139:-:146

84



DISCUSSAO GERAL

85



7

A carbamazepina é o farmaco de primeira escolhacordrole da epilepsia
(Korlokovas, 2004; SWEETMAN, 2006). Aproximadamesit& milhdes de pessoas,
cerca de 1% da populacdo mundial, sofrem destdogeo(SANDERet al., 1996),
entretanto, o tratamento a base de carbamazepiigp@nibilizado apenas para uso
oral. Isto ocorre em funcédo da baixa hidrossoldade do farmaco (LUND, 1994;
AKKAR e MULLER, 2003; CLARKE, 2006), o que determaira necessidade de se
empregar estratégias farmacotécnicas que permitadesenvolvimento de uma
formulac&o para uso intravenoso.

Diante destes aspectos, foi proposto o desenvahtorse uma forma farmacéutica
nanoemulsionada para administracdo parenteral dsarmoazepina, utilizando-se a
técnica de emulsificacdo espontanea na conceptmdaulacdes. Esta técnica nao
requer equipamentos sofisticados e permite a me@arde pequenos volumes, sendo
assim interessante para estudos de bancada. &inl@scrito que este processo conduz
geralmente a obtencdo de emulsdes de reduzido hande goticula, e com baixo
indice de polidispersidad€abe ressaltar que ndo ha nenhum relato na literdtu
emprego desta técnica no preparo de nanoemulsbsdo carbamazepina.

Inicialmente foi estudada a possibilidade de deslerv formulacbes contendo 3
mg/ml de farmaco. Esta concentracdo foi proposta base no estudo de Akkar e
Muller (2003), que sugere que essa concentracaeripodontornar o problema de
precipitacdo de farmaco observado pelos autorggbdizar a administracdo de um
pequeno volume, considerando-se o perfil plasméiécoarbamazepina.

Um pré-requisito para o desenvolvimento de uma eautsado € a investigacao da
solubilidade do farmaco no nucleo oleoso. Estuddsrimres descrevem somente a
utilizacdo de oOleo de soja, miristato de isopropilBCM (SZNITOWSKAet al., 2000;
BECIREVIC-LACAN et al.,, 2002; AKKAR e MULLER, 2003). Outros o0leos
comumente empregados na producdo de nanoemuls@depais foram testados no
presente estudo, porém, em nenhum destes foi bphalai uma grande quantidade de
farmaco, sendo que o 6leo de ricino e os triglism$ de cadeia média (TCM)
apresentaram os melhores resultados. Estes for&n escolhidos como fase oleosa
das nanoemulsbes em estudos subsequentes. A esbmthabutros excipientes

utilizados no preparo das formulacdes foi feita dmse em estudos preliminares, e

86



uma concentracdo de 4 % de tensoativo (lecitinasodi@ ou 6leo de ricino
polietoxilado) foi estabelecida. De fato, a carbaepéa mostrou-se uma molécula
desafiadora, pois além da baixa solubilidade emaagambém apresenta baixa
solubilidade em 6leos. Assim, houve a necessidadgecempregar uma concentracao
de tensoativo maior que a usualmente descrita émlassdeste tipo, muito embora
esta se encontre dentro dos limites estabeleciglosRDA (FDA, 2006b) para a via
parenteral.

As formulacdes desenvolvidas contendo 3 mg/ml d& @&am consideradas
adequadas com relacdo ao tamanho de goticula @@nfasna, caracteristica principal
de uma nanoemulsdo parenteral, uma vez que o d@net goticulas de 6leo devem
ser inferiores a 1um para serem compativeis comasss sanguineos (BENITA e
LEVY, 1993; FLOYD, 1999). Porém, o aparecimentopdecipitados cristalinos de
farmaco, apds alguns uma semana de armazenamavritdilizaria a administracéo
das nanoemulsdes pela via intravenosa.

As causas da precipitacdo do farmaco nas formwa@diam investigadas por
meio da analise dos cristais empregando-se caltsi@amexploratéria diferencial,
espectroscopia na regido do infravermelho e miogpacoptica. Esse conjunto de
metodologias permitiu a identificacdo de um fendonde transicdo polimérfica da
carbamazepina, que sugere a associacdo preferawidirmaco a interface da
goticula de 6leo e, portanto, estando em contato @dase aquosa, uma vez que é
descrito que a forma anidra de carbamazepina (f@mpresente na matéria-prima,
transforma-se em diidrato quando exposta a um amebaguoso (TIANet al., 2006).

A partir dos resultados apresentados no primeingparde formulagdes, foi
proposta a reducdo da concentracdo de farmaco Zarey/ml, um aumento da
concentracdo do tensoativo lipofilico (para 5 %) @ alteracdes na fase oleosa,
utilizando-se o 6leo de ricino ou uma mistura deste TCM (1:1 p/p). A utilizacéo
desta mistura de O6leos € descrita na literaturaViBA e MULLER, 1998;
JUMMAA e MULLER, 1999) como uma estratégia parairaiduicdo da viscosidade
da formulacdo assim como para a reducdo da tenséidacial da emulsdo, o que

poderia contribuir para uma maior incorporacaocaiméco.
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No preparo desse novo grupo de formulacfes, fagregado um delineamento
fatorial, com o objetivo de avaliar estatisticaneeatinfluéncia do tipo de fase oleosa
(6leo de ricino ou mistura de 6leo de ricino conM)@ tipo de tensoativo lipofilico
(lecitina de soja ou 6leo de ricino polietoxiladedbre as caracteristicas fisico-
guimicas das nanoemulsbes (tamanho de goticulaceinde polidispersidade,
potencial zeta, viscosidade, teor de farmaco edexassociacdo as goticulas de 6leo).

Para o doseamento das formulagdes, foi desenvaviddidada uma metodologia
analitica por HPLC. O método mostrou-se, espegifato €, ndo ha interferéncia dos
excipientes na determinacdo da carbamazepinay l{rfea0,9996), preciso (DPR =
1,21 %) e exato (recuperacao de 99,4 a 102.1 %).

As alteracbes propostas demonstraram inicialmenée ajincorporacdo de uma
menor quantidade de carbamazepina foi viavel nasnulacdes. Todas as
nanoemulsdes apresentaram tamanho de goticula aftequsem diferenca
significativa (p< 0,05). O emprego da mistura de 6leo de ricino BI'h@ composicao
da fase oleosa das formulacdes contribuiu para siguaificativa diminuicdo da
viscosidade das formulagdes que continham lecitieasoja como tensoativo. A
mesma influéncia ndo foi observada para as forrieagontendo oOleo de ricino
polietoxilado.

Apoés cerca de trés meses de armazenamento, padopitristalinos puderam ser
observados nas formulacbes e o doseamento destasctano resultado um
decaimento, em média, de 50 % do teor inicial, gegde as formulacbes que
continham o6leo de ricino polietoxilado apresentaoaiendomeno de cremagem.

A formulacdo mais promissora dentre as quatro debadas no planejamento
fatorial foi a composta pela mistura de 6leos atifec de soja como tensoativo
lipofilico. Esta foi novamente otimizada e caraetmia quanto ao tamanho de
goticula, indice de polidispersidade, potenciah seteor de farmaco, e monitorada por
trés meses. Estudos de microscopia eletrbnica atesrissdo confirmaram que o
tamanho das goticulas da fase interna sdo comigatiuen a via de administracao
parenteral e um estudo de liberag&ovitro demonstrou que a carbamazepina é

liberada a partir de um lento processo de difusdque € explicado por sua baixa
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hidrossolubilidade. Durante o periodo de trés megesrmazenamento, ndo foram

observadas alterac6es no aspecto externo e nezgipifacao de carbamazepina.

89



CONCLUSOES

90



Dentre os diferentes 6leos utilizados em nanoeraslparenterais, e que foram
testados, a carbamazepina apresenta-se pouco IsGiive mg/g). Os dois
Oleos que promovem uma maior solubilidade do fams#mo: Oleo de ricino e
TCM,;

A obtencdo de nanoemulsdes contendo 3mg/ml de roadspina ndo se
apresentou viavel em funcdo da ocorréncia de ptacm do farmaco,

fendmeno que teve inicio apdés uma semana de ararazeio;

A precipitacdo do farmaco foi resultado de uma digiio polimérfica da

carbamazepina, da fornapresente na matéria-prima, na forma diidratada;

Apés a otimizacdo das proporcdes de tensoativdilim alteracbes na fase
oleosa e a reducdo da concentracdo de farmaco2parg/ml foi possivel o
desenvolvimento de uma formulacéo estavel por umompeeriodo de tempo,

porém inferior a trés meses;

A formulacdo mais promissora, contendo lecitinaaja e a mistura de Oleo de
ricino de TCM, foi otimizada e permitiu a veiculac@le 2,0 mg/ml de

carbamazepina numa nanoemulséo estavel,
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ANEXO |: CARACTERIZACAO DA CARBAMAZEPINA UTILIZADA COMO
MATERIA-PRIMA

METODOLOGIA

Os testes de identificacdo para a CBZ (Herifarnég Baulo, Brasil) foram
realizados conforme descrito na Farmacopéia Nomerfcana (USP 28/NF 23, 2005)
e Farmacopéia Brasileira 42 edicdo (2000) utiliandmo substancia quimica que

referéncia CBZ fornecida pela empresa Sigma-Aldsmbh nimero de produto C4024.
Espectroscopia na regido do infravermelho

O espectro de absorcéo na regiao do infravermealoaamazepina foi obtido
em espectrofotometro Shimadzu (IR Prestige 21), pastilha de 10 mg de amostra
em 100 mg de brometo de potassio (USP,2005).

Espectroscopia na regiao do ultravioleta (UV)

Foi preparada uma solugao 0,001% (p/v) em etared@ctro de absrocéo no
UV foi obtido na regido entre 200 a 400 nm em espitdometro Varian (Cary 50).
Empregou-se cubetas de quartzo de 1 cm de peroptsm utilizando etanol como

branco (Farmacoéia Brasileira, 2000).
Identificacao por difracéo de raios X

O teste para identificagcdo da forma cristalina alda@mazepina por difracdo de
raios-X foi realizado em difratrometro de marcaliphimodelo X ‘Pert utilizando-se
radiacdo Culd1 (y= 1.54056 A), operando em 40 kV e 30 mA (USP,2005).

Identificacdo colorimétrica

Cerca de 0,1g de carbamazepina foi adicionado a Aemacido nitrico e
levados a banho maria por 3 minutos até o aparetimde cor (Farmacoéia
Brasileira, 2000).

Perda por dessecacéo
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Pesa-filtros I 52 mm x 48 mm) previamente dessecados e taradam fo
adicionados de exatamente cerca de 0,5 g de carbpma. As amostras foram
colocadas em estufa por duas horas. Os resultagloséd determinacdes foram

analisados e a média foi expressa em porcentagammgEoéia Brasileira, 2000).
Determinacéo do ponto de fuséo

Uma pequena quantidade de carbamazepina foi cacmadaparelho de ponto
de fusdo Microquimica (MQAPF-301). A amostra foiuagda sob razdo de

aguecimento de 5 °C por minuto até a completa fa&&aP, 2005).
Determinacéo da pureza

Exatamente 50 mg de carbamazepina foram diluidasnetanol para um
volume fina de 50 ml. DiluicBes sucessivas foraalizadas até a obtencdo de uma
solucédo de concentracdo de 0,001 %. Uma soluca@gmade mesma concentracéo,
foi preparada. As absorvancias das duas soluc@Gadtaietes foram medidas em
comprimento de onda de 285 nm, utilizando-se méteomo branco e cubetas de
quartzo com percurso optico de 1 cm e o teor gel@N,O foi calculado a partir das

leituras obtidas (Farmacoéia Brasileira, 2000).
Caracterizacao termoanalitica

A caracterizacdo termoanalitica da carbamazepina réalizada por
termogravimetria em célula TGA-50 (Shimadzu), sdmoafera dinamica de
nitrogénio (50 ml/ min), razdo de aquecimento de,°C/min, em cadinho de Pt
contendo massa de amostra de aproximadamente deréang , e por calorimetria
exploratoria diferencial em célula DSC-60 (Shimgdzaob atmosfera dinamica de
nitrogénio (50 ml/ min), razdo de aquecimento d€@Onin e utilizando cadinho de

aluminio, contendo aproximadamente cerca de 2 nagraestra.
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RESULTADOS

Alguns resultados obtidos para a caracterizacdocathamazepina foram

agrupados e podem ser visualizados na Tabela 1.

Tabela 1. Resultados para caracterizacdo da cazkeama

Teste Especificacdes Resultados
Identificacéo colorimétrica Desevr:a\/rcr)rl]\t/eilrrr]lg_rglc; ;Jlaenj;ﬂgragéo De acordo
Perda por dessecacéo Maximo 0,5 % (p/p) 0,002%
Ponto de fusédo 189 - 193 °C 190,1 - 192,3 °C
Pureza 98 - 102 % 99,1%

Espectroscopia na regido do infravermelho

A carbamazepina pode ser caracterizada por diEsebtindas. A banda
localizada em 3464 chrepresenta o grupamento N-H da carbamazepinaetesra
o farmaco como sendo a forrfila Outras bandas localizadas em 1678'q@=0),
1593 cni (C=C), 3157 cni e 1487 crit (C-H) foram observadas, conforme pode ser

visualizado na figura 1
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Figura 1. Espectro de absorcdo da CBZ no infraviione

Espectroscopia na regido do ultravioleta

O maximo de absorcdo pbde ser observado em 284,9demtificando o

farmaco por esta metodologia, conforme preconizaBras. 1V (2000).
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Figura 2. Espectro de absorcdo da CBZ na regiddtdioleta

Identificacao por difracédo de raios X

As caracteristicas do gréfico e as intensidadesivas, principalmente em 7,6
0 (95,4%), demonstradas na tabela 6, caracteriz&m@aco como sendo o polimorfo

3 da carbamazepina (Katzhendéerl., 1998 and Rustichekit al., 2000).
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Figura 3. Grafico representativo da analise dead#o de raios X

Tabela 2: Intensidades relativas nos diferentealéagara difracéo de raios X

Theta (angulo)

Intensidade Relativa (%)

7,5
7,6
13,6
13,6
13,7
16,0

56,4
95,4
99,2
100,0
97,7
22,94
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Caracterizagao termoanalitica

A curva TG/DTG (Figura 4) revelou que o farmaderno-estavel até proximo
de 210 °C. Entre 220 e 366 °C, ha dois eventosiagle massa de aproximadamente

91,5% e 6,3% respectivamente.

TGA
DT
mg mgfmin

000, l ENDO

100.00 700.00 300.00 200.00
Temp [C]

Figura 4: Curva TG da carbamazepina e atmosfeéardaa de N e razao de

aquecimento de 10 °C/min

A curva DSC (Figura 5) ndo mostrou variacéo @italaté aproximadamente a
temperatura de 170 °C. Entre 173,06 e 176,13 °EraddsSe um evento endotérmico
que, segundo descrito na literatura, correspondesa@ao da forma polimorficg,
seguido por outro evento exotérmico que caracterizgristalizacdo da amostra como
forma a. Um terceiro evento ocorre entre 188,94 °C e B2(7, caracteristico da
fusdo do farmaco. A decomposicdo do farmaco é mwidda apOs a fusdo, em
aproximadamente 210 °C, confirmando o que foi destnado pela andlise
termogravimétrica. O perfil encontrado para a cadmeepina € semelhante aos
resultados descritos na literatura para a caraatgio da forma polimérficg da
carbamazepina (RUSTICHELIg al., 2000; GAVINI et al., 2006), e a decomposicao
do farmaco é evidenciada apds a fusdo, em aproaimaate 210 °C, confirmando o

que foi demonstrado pela analise termogravimeétrica.
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Figura 5: Curva DSC da carbamazepina

CONCLUSAO

Diante dos resultados encontrados em todos @stdetcaracterizacdo da matéria-
prima, o farmaco foi considerado de acordo com asirpetros estabelecidos pelos
compéndios oficiais e literaturas cientificas pésapas e a forma polimérfica
encontrada € a form@, preconizada pela Farmacopéia AmericaPiaADNIS et al.,

1997; GOSSELINet al., 2003)
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