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RESUMO

As infeccbes fungicas oculares estdo sendo reconhecidas em todo o mundo
como uma importante causa de morbidade e cegueira. A baixa
biodisponibilidade dos farmacos como a anfotericina B, antifUngico bastante
utilizado no tratamento destas infeccbes, nos tecidos posteriores dos olhos
aliada as barreiras anatdmicas oculares, que sdo capazes de limitar a sua
absorcéo e associado ao grave risco de desenvolvimento de reacdes adversas
levam, geralmente, a um insucesso no tratamento desejado e a sérias
consequéncias para 0s pacientes acometidos. Pesquisadores em todo o
mundo estdo buscando novas alternativas para contornar esta problematica e
uma das principais linhas de pesquisa estabelecidas consiste no
desenvolvimento de novas formulacbes que visam melhorar a
biodisponibilidade e reduzir a toxicidade associada a aplicacdo da anfotericina
B. As microemulsdes surgem como novos sistemas capazes de carrear este
farmaco para uso oftalmolégico. O presente estudo objetivou a obtencdo de
uma microemulséo biocompativel com a via de administracdo ocular contendo
anfotericina B a fim de se estabelecer uma nova forma farmacéutica viavel para
a administracdo topica nos olhos. O sistema obtido demonstrou, por meio dos
estudos de caracterizacdo realizados, biocompatibilidade com a via de
administracdo pretendida e surge, portanto, como uma nova e interessante
apresentacao farmacéutica contendo anfotericina B para ser utlizada, no
futuro, no tratamento de infec¢des fungicas oculares.

Descritores : Anfotericina B; Solugfes Oftalmicas; Carreadores de Farmacos;

Preparacdes Farmacéuticas; Microemulsdes

viii



SUMARIO

Dedicatoria v
Agradecimentos v
Lista de Abreviaturas vi
Lista de Figuras Vil
Resumo viii
1. INTRODUCAO 10
2. REVISAO DA LITERATURA 13
3. ANEXACAO DO ARTIGO 21

3.1. Titulo do Artigo 21
4. COMENTARIOS, CRITICAS E SUGESTOES 54
5. APENDICE 58

5.1. Apéndice | 58
6. REFERENCIAS BIBLIOGRAFICAS (Vancouver) 62

Abstract 65




1. INTRODUCAO

As doencas oculares sdo principalmente tratadas topicamente pela
aplicacao de solucdes (gotas oftalmicas) contendo farmacos administrados por
meio de colirios. Estas formas farmacéuticas convencionais correspondem a
90% das formulacdes oftalmoldgicas disponiveis, entretanto, a rapida perda pré
corneana causada pela drenagem nasolacrimal e pela presenca das lagrimas
tornam este fato um dos maiores problemas associados a absorcédo dos
farmacos nos olhos. Somente 5% da dose administrada sdo capazes de
penetrar através da coOrnea e alcancar os tecidos intra-oculares, sendo os
outros 95% eliminados através da absorcdo pela conjuntiva ou via ducto
nasolacrimal @.

As infeccdes fangicas oculares estdo sendo cada vez mais reconhecidas
como uma importante causa de morbidade e cegueira em todo o mundo e o
tratamento destas infeccbes nédo foge ao contexto apresentado. As infeccbes
graves supurativas que levam a ulceragcfes nos tecidos envolvidos possuem
um progndéstico geralmente severo e o0 seu tratamento depende de um
diagnoéstico rapido e eficiente. Entretanto, além dos desafios gerados pela
natureza do olho, o tratamento dessas patologias ainda gera incertezas quanto
aos protocolos clinicos que trazem, como farmaco de escolha, a anfotericina B
(AmB) @7,

A AmB topica corresponde ao tratamento de escolha para as infeccbes
fungicas superficiais que acometem o olho causadas por Candida e em locais
onde a natamicina (5%) ndo esta aprovada para o uso. Sua formulacdo atual
(Fungizone®) contém desoxicolato de sédio (agente emulsificante necessario

para promover a micelizacdo da AmB), que provoca durante a instilacdo
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bastante irritacdo, o que leva a uma nao adesdo ao tratamento por parte do
paciente e, conseqiientemente, ao agravamento dos sintomas ©.

Entretanto, quando as lesbes se mostram mais profundamente
localizadas nos tecidos oculares, este farmaco deve ser entdo administrado
através das vias intravenosa, intravitreal ou intracameral, devido a
incapacidade que a AmB tem em atravessar a cornea intacta, submetendo o
paciente aos desconfortos proporcionados por estas formas de administracao e
aos efeitos adversos relacionados ©.

Diante de todos estes problemas associados ao uso da AmB no controle
de infeccdes fungicas oculares, percebe-se que o desenvolvimento de novos
sistemas capazes de carrear este farmaco com a finalidade de melhorar sua
biodisponibilidade, estabilidade e diminuir sua toxicidade sao, portanto,
necessarios.

As microemulsbes (MEs) correspondem a uma alternativa promissora
para melhorar a biodisponibilidade e diminuir os efeitos adversos causados
pelo uso da AmB. Estes veiculos possuem propriedades que favorecem a sua
administracdo através desta via e consistem em sistemas transparentes
(isotropicamente translicidos) e estaveis termodinamicamente de dois liquidos
imisciveis estabilizados por um filme interfacial de compostos tensoativos que
se localizam na interface Oleo/dgua, podendo ser facilmente preparadas e
esterilizadas. Estes sistemas oferecem ainda vantagens adicionais como: maior
capacidade de incorporar tanto farmacos hidrofilicos como lipofilicos, pequeno
tamanho de goticulas da fase interna e viscosidade adequada para a liberacao

de farmacos nos olhos %19,
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A idéia de utilizar tais sistemas como carreadores para a AmB com o
objetivo de diminuir a toxicidade deste farmaco, aumentar a sua estabilidade na
preparacao farmacéutica e biodisponibilidade vem reforcar o objetivo de muitos

pesquisadores no mundo 49,

O objetivo do presente trabalho visou,
portanto, desenvolver e caracterizar um sistema microemulsionado contendo
AmB pretendido para a administracao tépica ocular por meio de colirios, forma
farmacéutica liquida e destinada a aplicacéo sobre as mucosas oculares.

O sistema foi, portanto, desenvolvido por meio de uma metodologia de
construcdo de diagramas de fase pseudo-ternario (DFPT) e caracterizado
fisico-quimicamente segundo o0s ensaios referidos na literatura como
importantes, sendo suas caracteristicas delineadas e avaliadas com a
finalidade de atender as particularidades da via de administracdo topica ocular.

Com esta pesquisa, espera-se que a discussdo sobre o tema seja mais
enfatizada sobre os aspectos clinicos, epidemiologicos, microbiolégicos e
tecnoldgicos, fortalecendo a hipdétese de que o tratamento sobre o ponto de
vista multidisciplinar € mais eficaz e seguro para o paciente no que diz respeito
a melhora de sua qualidade de vida. Com isso, o desenvolvimento desta nova
formulacdo podera trazer, para o futuro, uma nova apresentacdo farmacéutica

para a AmB, mais eficaz, estavel e com menos risco de proporcionar as

reagOes adversas referidas com o uso da formulag&o convencional.
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2. REVISAO DA LITERATURA

As infeccbes causadas por fungos na cérnea, denominadas de
ceratomicoses e endoftalmites estdo entre as mais freqlientemente
encontradas apresentando-se como lesdes supurativas que se desenvolvem,
geralmente, por meio de Ulceras. Estas infeccdes ja sdo consideradas as
responsaveis por mais de 50% de todos os casos de infeccGes oculares
registrados, especialmente nas areas tropicais e subtropicais do mundo, tendo
como um dos principais agentes etioldgicos, fungos leveduriformes do género

Candida e filamentosos do género Fusarium ® (Figura 1).

Figura 1: Olho acometido por uma ceratomicose (Thomas, PA. 2003)

A cérnea corresponde a uma importante barreira mecanica e quimica,
pela qual limita o acesso de substancias exdgenas para o interior do olho,
protegendo, assim, os tecidos intra-oculares. Esta barreira consiste em uma
estrutura transparente e avascular com um didmetro e uma espessura em torno
de 12 mm e 520 pm, respectivamente. Localiza-se no segmento anterior do

olho e a sua superficie consiste na principal rota de absor¢éo de farmacos por

13



meio da via ocular, entretanto esta absorcdo € ineficiente e gera uma baixa
biodisponibilidade dos farmacos que s&o administrados topicamente 7.

Dois fatores rendem a cOrnea uma efetiva barreira de absorcdo dos
farmacos: O primeiro é a sua pequena area de superficie e a segunda é que
ela é relativamente impermeavel. Outro fator bastante importante capaz de
reduzir a biodisponibilidade dos farmacos administrados reside na rapida perda
pré corneana ocasionada pela acdo do sistema lacrimal e pela presenca das
lagrimas ®+ 19

A eficacia clinica de agentes antifiungicos em micoses oftalmicas
depende, em grande parte, da concentracdo do farmaco e da sua capacidade
em alcancar o tecido ocular alvo. Isto depende, ainda, de um grande namero
de fatores que incluem a massa molecular e a rota utilizada para a sua
administracdo, assim como a duracao do tempo de contato do farmaco com o
tecido ocular alvo e a sua habilidade de penetracdo através da cornea.
Farmacos que apresentam grande massa molecular, como a AmB (924,10 Da),
excedendo 500 Da raramente sdo capazes de penetrar a estrutura intacta da
cornea .

A AmB € um antibiotico poliénico macrociclico com uma potente acao
fungicida e fungistatica contra uma grande faixa de espécies fungicas
oportunistas e desde 1956 é considerada um dos farmacos mais eficazes
contra seérias infecgbes fungicas sistémicas tais como candidiases,
histoplasmoses e aspergiloses. Em oftalmologia, seu uso também €& importante
e estd relacionada, principalmente, ao tratamento de infec¢des causadas por

Candida desde 1959 % 20:21)
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Este farmaco foi primeiramente isolado em 1955 a partir de coldnias de
Streptomices nodosus coletados na Venezuela e consiste em um pé amarelo-
alaranjado que apresenta duas propriedades fisico-quimicas: comportamento
anfifilico devido aos grupos polares e apolares do anel lactbnico e anfotérico
devido a presenca de grupos aminas e carboxilicos ionizaveis. Sua molécula é,
ainda, pouco soluvel em solventes aquosos e em muitos solventes organicos,
sendo sua solubilidade em agua, no pH fisiolégico (pH 6-7), menor do que 1

mg/mL ©? (Figura 2).

Hidrofilice OH Hidrafilico

Hidrofabico

Figura 2: Férmula estrutural da AmB

Massa molar (C47;H73NO47) — 924,10 Da (Patrick, 1995)

A formulacdo comercial atual da AmB, Fungizone®, comercializado pela
Bristol-Myers Squibb, consiste em um sistema micelar que contém 41 mg de
desoxicolato de sodio e 50 mg de AmB. Para a administracdo topica ocular,
uma solucdo extemporanea (0,15 a 0,3%) pode ser preparada diluindo-se esta
apresentacao comercial em agua esterilizada e posteriormente administrando o

medicamento a cada 30 a 60 minutos. Durante este intervalo, essa solugéo
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deve ser armazenada sobre refrigeracao e protegida da luz, por onde se reduz,
assim, a velocidade de degradacéo deste farmaco em solugéo © 2.

O principal mecanismo de acdo da AmB consiste na habilidade que sua
molécula possui em interagir com 0s esterois da membrana, colesterol das
membranas plasmaticas das células humanas e o ergosterol das membranas
celulares fungicas, e formar, com isso, canais (poros), na qual ha a liberacéo
de constituintes internos, tais como potassio, calcio, magnésio e fosfato. Esta
liberacdo, seguida de um desequilibrio na atividade enziméatica das membranas

afeta, consequentemente, a vida celular, sendo esta, a razdo para a sua

atividade fungicida ®® (Figura 3).

CITOPLASMA

Figura 3: Mecanismo de acdo da AmB

* Formacao de poros pela AmB na bicamada lipidica das membranas celulares

Fonte: Prof® Dra Ivonete Batista de Araljo

Dois persistentes problemas relacionados a aplicacdo topica da AmB

consistem na grande possibilidade de toxicidade na cérnea (ceratites), pela

16



qual poderia originar a uma ndo adesdo ao tratamento por parte do paciente e
levar, com isso, a uma interpretacdo errobnea de que o microorganismo nao é
susceptivel a terapia, assim como a sua baixa estabilidade quando em solucéo.
Essa toxicidade, que pode ainda se desenvolver por meio de blefarites e irites,
esta associada ao desoxicolato de sédio e pode ser bastante reduzida quando
formulacdes lipidicas sdo usadas como veiculos para a incorporacdo deste
farmaco sem o uso deste componente emulsificante ¢ 24,

O uso de carreadores lipidicos, tais como as microemulsdes (MESs),
utilizadas para incorporar a AmB, ja vem sendo descrito por diversos
estudiosos, porém nenhum deles atribuiu 0 emprego deste sistema a via ocular
(1416) 'As MEs aparecem como uma importante alternativa para a liberagéo
topica ocular da AmB a ser estudada devido as suas propriedades intrinsecas e
estruturas especificas. Estes sistemas podem ser facilmente preparados por
emulsificacao e esterilizados por filtragdo, possui viscosidade adequada e alta
capacidade para solubilizar tanto farmacos lipofilicos quanto hidrofilicos. Sua
capacidade em prolongar a liberacdo dos farmacos, diminuindo a freqiéncia de
administracdo das doses consiste na principal vantagem para a administracéo
ocular 101213,

Além disso, devido a sua consisténcia aquosa, transparéncia,
estabilidade termodindmica e sua capacidade em nao influenciar na
visibilidade, quando comparada com as pomadas oftalmicas, podem levar uma
maior ades&o ao tratamento por parte do paciente % 213,

O conceito de ME foi introduzido nos anos quarenta por Hoar e

Schulman que geraram uma solucado transparente, de Unica fase, por titulagéo

de uma emulsdo de aspecto leitoso com hexanol. Posteriormente, seus
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colaboradores definiram o sistema formado como sendo microemulsionado,
definicdo esta ampliada, segundo novos pontos de referéncia, por Danielson e
Lindman em 1981 que descreveu estes sistemas como sendo solucdes
liguidas, opticamente isotrGpicas e termodinamicamente estaveis compostas
por agua, 6leo e tensoativos (Figura 4). Pela classificacdo proposta por Winsor
em 1948, devido a presenca de uma Unica fase, este sistema pode ser
classificado como do tipo Winsor 1V, classificacao esta, considerada ideal para

0s novos sistemas carreadores de farmacos ©>2” (Figura 5).

T
"”% UNIVERSIDADE ESTADU;

D /N "JULIO DE MESQUITA ¢

Faculdade de Ciéncias Fa

Figura 4: Emulsd@o x Microemulséo

Fonte: Prof. Dr. Anselmo Gomes de Oliveira - UNESP - Araraquara/SP

No desenvolvimento de novos sistemas para uso ocular, o formulador
deve considerar varias perspectivas. Além das barreiras fisiolégicas impostas
pelo olho e das deficiéncias das formas farmacéuticas convencionais em
promover uma adequada absorcao, varios farmacos também ndo possuem
caracteristicas favoraveis ao uso através desta via e devido a sua importancia

clinica no tratamento de diversas patologias, eles continuam sendo
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administrados por meio de condi¢cdes adversas ao paciente. Sendo assim, apos
a escolha dos provaveis sistemas microemulsionados a partir do DFPT, ha a
necessidade de se caracterizar estes sistemas com e sem o farmaco
incorporado a fim de se obter a formulacdo em que abranja todos os requisitos
da via de administracdo ocular e que favorecam os aspectos clinicos e

tecnoldgicos necessarios (0121928,

Figura 5: Classificacé@o para sistemas dispersos pro posta por Winsor (Winsor, PA. 1948)

Portanto, os estudos de caracterizacdo de uma ME desenvolvida com a
finalidade de se tornar um carreador para a AmB e com 0 objetivo de se
diminuir a toxicidade deste farmaco e aumentar a sua estabilidade vem reforcar
0 objetivo de muitos pesquisadores no mundo, no entanto, a partir da grande
possibilidade desse sistema em possuir as caracteristicas necessarias para a
administracdo topica ocular, um novo foco de aplicacdo para este se torna
possivel uma vez que, com o advento no nimero de casos de pacientes
acometidos por infec¢Bes fungicas oculares no mundo e pela auséncia de

formulagbes convencionais que contenham antifUngicos existentes no
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mercado, 0 seu uso poderia contribuir com um tratamento mais eficaz e seguro,

permitindo uma melhora na qualidade de vida destes pacientes.
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3. ANEXACAO DE ARTIGO
3.1.Titulo do Artigo : Development and characterization of a microemulsion
system containing amphotericin B for ophthalmic use

REVISTA: Clinical and Experimental Ophthalmology — Fator de Impacto:

1,347
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ABSTRACT

Aim: The development of new ophthalmic drug delivery systems containing
antifungal agents has received considerable attention because of all drawbacks
presented with the use of conventional dosage forms. Topical amphotericin B
eye drops is the standard treatment for ocular infections caused by Candida.
However, its toxicity and poor bioavailability leads to no patient compliance and
aggravation of symptoms. The present work describes the development and
characterization of one microemulsion system containing amphotericin B,
aiming, in a long term, its use for ophthalmic applications.

Methods: The microemulsion was developed and prepared by the titration
technique. The physicochemical characteristics and stability were determined,
both in the absence and in the presence of amphotericin B. Its content was
investigated by spectrophotometric studies, which evaluated the influence of
sterilization process by filtration and the characterization of aggregation form
into the system.

Results: The performed studies showed that the presence of amphotericin B
incorporated into the system did not induce serious changes in its
physicochemical properties, which were, in general, maintained when compared
to the blank microemulsion. The spectrophotometric studies showed, however,
that not only the amphotericin B concentration decreased with the sterilization
process by filtration, but also an increase of amplitude of the band at 322 nm,
assigned to amphotericin B self-associated species, was revealed.

Conclusions: The characterization of these systems demonstrated that they

have compatible characteristics with the ophthalmic route, and could be eligible
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as a new and interesting amphotericin B delivery dosage form to be used by

eye drops.

Key words: Amphotericin B; Eye drops; Drug carriers; Pharmaceutical

nanotechnology; Microemulsion
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INTRODUCTION

Ocular fungal infections are being increasingly recognized as an
important cause of morbidity and blindness. The clinical efficacy of antifungal
agents on the treatment of these diseases depends to a great extent on the
concentration achieved in the target ocular tissue. A number of factors,
including the molecular mass, concentration of the drug and the route by which
it was administered, the duration of contact with the target ocular tissue and the
ability of the compound to penetrate the eye, moreover, the effects of corneal
resistance and the nasolachrymal drainage, lead for a poor bioavailability of
these drugs & 2.

Amphotericin B (AmB) is a broad spectrum antifungal agent mainly used
to treat invasive fungal infections . For ophthalmic applications, this drug has
been administered by intravenous, topical, intravitreal and intracameral routes,
however, many drawbacks can be described with its use by these several
routes . Topical AmB (1.5 — 3.0 mg/mL) is the standard treatment for ocular
infections due to Candida and related fungi and in the regions where natamycin
is not available @ ®. The current formulation of AmB eye drops (micelle system,
Fungizone®, Bristol-Myers Squibb, USA) contains deoxycholate (AmB-M),
which renders their instillation painful and leads to poor compliance and
aggravation of symptoms ®) Moreover, the corneal penetration of AmB, in the
presence of an intact corneal epithelium, is, also, reduced and one persistent
concern is the possibility of corneal toxicity. Indeed, its solution is prepared
freshly with sterile water and must be refrigerated in a dark bottle to reduce the

2, 68)

speed of disintegration ¢ Because of all drawbacks related, the
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development of stable and safe new pharmaceutical formulations for the topical
ocular administration of AmB might, therefore, be desirable.

Various systems as carriers to new drug delivery vehicles have been
developed to increase ocular absorption and reduce the toxicity related of drugs
® Microemulsions (MEs) are an interesting alternative to topical ocular
delivery, because of their intrinsic properties and specific structures ©. A ME is
a system which contains water and oil coexisting in thermodynamic equilibrium
due to the presence of a surfactant film at the oil-water interface *. They can
be easily prepared through emulsification process and sterilized by filtration.
They all can have their viscosity adapted and possess a higher ability for
dissolving drugs ©. Their capacity of prolonged release of drugs, decreasing
the frequency of application of eye drops, per day, consists in an important
characteristic for ocular administration ©.

The aim of the present work was the development and characterization
of a ME system intended for topical ocular administration of AmB by eye drops.
The physicochemical characteristics were evaluated for attempted the
physicochemical particularities of the topical ophthalmic route.

METHODS
Materials

Monobasic and dibasic sodium phosphate, sodium hydroxide and
hydrochloric acid were purchased from Vetec Fine Chemicals (Brazil). Soy
phosphatidylcholine, Lipoid® S100, was a gift sample from Lipoid, Germany.
Tween® 80 and AmB were purchased from Sigma-Aldrich (USA). Miglyol® 812N

was a gift sample from Sasol, Germany. Methanol was purchased from Tedia
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Company (USA). The micelle dosage form, AmB-M, was a gift sample from
UNICAT (Natal/RN, Brazil).
Pseudo-ternary phase diagram (PTPD)

For preparation of the PTPD, an adequate surfactant [(Lipoid® S100)/co-
surfactant (Tween® 80) (3:7)] and oil (Miglyol® 812N) weight ratios was used in
the range from 1:9 to 9:1, respectively, to obtain the phase diagram. To the
mixture, the aqueous phase (phosphate buffer 7.4) was titrated with an
automatic pipette, stirred with a sonicator for 1.5 min, and placed in an
ultrasound bath for 3 min. The transition from separated phase to optically clear
ME was observed and analyzed by naked eye.

Preparation of microemulsion

For preparation of the ME (Table 1), one point from the PTPD was
chosen in term of homogeneity, transparency and optical isotropy. This choice
show a formulation that has as first phase a phosphate buffer pH 7.4 solution
containing Lipoid® S100, and as the second phase Miglyol® 812N and Tween®
80. Both first and second phases were magnetically stirred, separately, for 20
and 3 min, respectively. The final production of the ME was concluded by
addition of the first phase in the second phase following by a sonication process
(1.5 min) and ultrasound bath (3 min). Three cycles in sonicator and ultrasound
bath were realized to form a true ME.

Amphotericin B loading process

AmB was incorporated at maximum concentration of 5 mg/mL ) into
ME. Briefly, appropriated amounts of AmB were weight and added directly into
the ME previously prepared, under continuous magnetic stirring. After 1 min, the

AmB was dissolved by addition of sodium hydroxide (NaOH) solution (1 N) and
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after solubilization, the pH of the preparation was neutralized to 7.0-7.5 with a
hydrochloric acid (HCI) solution (1 N). Finally, the AmB-loaded-microemulsion
(AmB-ME) was filtered through 0.45 pum membrane filters to remove the
suspended particles and, then, sterilized through a sterile filter of porous size of
0.22 pum (Sartorius Minisart® filters, Germany).

Physicochemical characteristics of ME and AmB-ME

Both the ME and AmB-ME were characterized in terms of macroscopic
aspects, pH, rheological behavior and viscosity, refractive index, conductivity,
particle size, surface tension and zeta potential. All parameters were
determined at 25° £ 1°C and the analyses were carried out in triplicate.

The macroscopic parameters observed by naked eye were the color, the
consistency and the homogeneity. The transparent appearance was evaluated
by percentage of transmittance. The pH values were performed by digital pH
meter PG2000 (Gehaka, Brazil) equipped with a glass electrode, which was
previously calibrated with 4.0 and 7.0 pH standard solution. The electrode was
placed directly in the ME and AmB-ME samples, which were stored in a
scintillation flask (15 mL).

The rheological analyses (RA) of ME (10mL) and AmB-ME (10mL) were
performed using a controlled stress rheometer fitted with concentric cylinder
geometry (DC-41), connected with a hake K20-DC50 thermostatic bath. The
experiments were recorded with a shear rate in the range of 1 to 100 1/s and
performed for both up and down curves.

With an Abbé refractometer (Analytik, Jena, AG, Germany), the refractive

index (RI) was determined. The equipment was calibrated with distilled water,
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and 30 pL of the samples were placed on the refractometer prism for RI
evaluation.

The conductivity values were measured by a conductimeter MC 226
(Toledo/Mettler, Brazil), equipped with an Inlab 730 electrode (TTLER/Toledo,
Brazil). The electrode was placed directly in the ME and AmB-ME stored in the
scintillation flask (15 mL).

Particle size analyses of samples were measured by photon correlation
spectroscopy using a Particle Sizing System by Dynamic Light Scattering (DLS)
— Brookhaven Instruments Corporation, EMI 9863 model (Holtsville, NY, USA)
with laser source He-Ne 10 mW, 532 nm-HUGHES, and self correlator with 64
channels. Before of the analysis, the samples were diluted in phosphate buffer
(pH 7.4) to yield a 1:32 solution and after were filtered with a membrane of 0.8
pum to remove eventual impurities. The size measurements were carried out at
fixed angle of 90° and the correlator was operated in parallel mode. The
cumulate method of analysis was used to calculate the droplet size according to
the intensity of scattered light. The RI was in accordance with the index of each
analyzed sample needed to perform these analyses.

The surface tension of the samples was measured using a Sensadyne
QC-6000 tensiometer by Chem-Dyne Research Corp. This parameter was
carried out through the bubble shape method using azotes atmosphere. Its
value was measured when the tension reached a constant value.

The electrophoretic mobility was measured determining the mobility of
particles by zetasizer nano equipment (Microtrac Zetatrac, USA). The samples
were placed directly into a cell where a potential difference (150 V) at a

modulation frequency of 1000 Hz was applied. Therefore, the movement of the
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charged patrticles to electrode of opposite polarity and the speed of the charged
particle were observed.

Quantitative analyses and characterization of the a  ggregation state of
AmB

AmB content, before and after of the filtration process through 0.45 and
0.22 um membrane filters, respectively, was determined using the Libra S32
UV-visible spectrophotometer (Biochrom, Brazil). The values were recorded
over the wavelength of 405 nm, which is the maximum absorption to AmB
monomeric form 2. Prior to the determination of AmB into the AmB-ME, the
systems were diluted in methanol to yield concentrations of 5 x 10°® mg/mL.

To evaluate the aggregation form, the AmB-ME samples were diluted in
phosphate buffer pH 7.4 and in the blank ME to yield a 5 x 10°® mg/mL solution.
The spectrum of these solutions was recorded at the wavelength from 300 to
450 nm and compared to the ones obtained for the AmB-M in phosphate buffer
(pH 7.4) and pure AmB in methanol at the same concentration (5 x 10° mg/mL).
AmB entrapment efficiency for the MEs

The entrapment efficiency was assessed after centrifugation (11000 g =
14000 rpm) of 1 mL of each formulation for 10 min. The aim of this procedure
was not to settle ME droplets, but to settle both metastable systems and AmB
crystals not incorporated in the ME droplets. At the end of the centrifugation
cycle, the presence of crystals or AmB charged droplets was evaluated.

Stress testing

The samples were submitted, to a total of six freeze-thaw cycles. Each

cycle consisted of 24 h at 45°C followed by 24 h at 8°C during 12 days. These

cycles were important to determine the chemical stability of the dispersed
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system and were examined for macroscopic aspects, pH, refractive index,
conductivity and AmB content as described earlier.

RESULTS AND DISCUSSION

Pseudo-ternary phase diagram (PTPD)

The phase behavior of simple ME containing oil, water and surfactants
can be studied with the aid of a PTPD in which each corner of the diagram
represents 100% of that particular component. The PTPD describes the
experimental conditions in which these components must be combined to form
clear preparations, important characteristic to their application in the eye %%,

The area of existence of oil-in-water (O/W) ME containing Migliyol®
812N, phosphate buffer (pH 7.4) and an adequate combination of Lipoid® S100
and Tween® 80 (3:7) was denoted by Figure 1. The point chosen corresponds
an O/W ME, presenting homogeneity; transparency, and optical isotropy,
characteristics of one true ME (Table 1). This diagram describes, yet, the wide
range of possibilities to obtain areas of clear ME where O/W systems will
prevail.

All the ME components were chosen based in their biocompatibility
characteristics to the eye (Table 1). The surfactant and co-surfactant
concentrations are usually high due the necessity to decrease the interfacial
tension and providing the thermodynamic stability of these systems. For
ophthalmic applications, this fact can be very important because it guarantees a
good spreading effect on the cornea and mixing with the precorneal film
constituents, thus possibly improving the contact between the drug and the
corneal epithelium “¥. However, this high concentration can lead to ocular

toxicity “®. Therefore, the ionic surfactants, which are generally toxic, shall be
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avoided and amphoteric and non-ionic surfactants, like soy phosphatidylcholine
and Tween® 80 are indicated for this use because they exhibit excellent
biocompatibility. The oil and the aqueous phases shall be chosen by its
conditions to form clear ME and their capacity of solubilization of drugs. They
also should be well tolerated by the eye. The most often oil phase used are the
triesters of glycerol, capric and caprylic acids (Miglyol® 812N) and phosphate
buffer for the aqueous phase ®®.
Preparation of microemulsion

To prepare this ME, the proportion and addition order of components,
and the mechanical stirring and the heating process promoted by sonication
method were of utmost importance. In fact, the control of these parameters
speeds up the process of microemulsification. The sonication method is often
used, particularly in systems which contain non-ionic surfactants and was very
important for the process, allowing the formation of transparent system and
assisting in reducing of the size of dispersed droplet *©.

The resulting system was easily prepared and presented a yellow color,
a homogeneity aspect, a transparent appearance (Table 2) and the absence of
precipitates. Such characteristics is typical for a Winsor IV system, and,
therefore, it could be used as a drug delivery systems for ophthalmic use ®.
Amphotericin B loading process

The attraction of O/W ME is in their ability to incorporate drugs into the oil

phase, thereby, enhancing their solubility 2.

Because of their high
solubilization capacity, these systems can be used as carriers for drugs which
having poor water solubility. The AmB molecule has one ring structure

comprising of a hydrophobic heptane chain and a hydroxyl rich hydrophilic
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chain that imparts an amphoteric nature to the molecule. Because of this
intrinsic characteristic, the incorporation of this drug into the system is a
challenge since it has poor agueous as well as oil solubility. However, many
works described the use of alkaline pH to solubilize this drug into the ME @219,

The presence of AmB into the ME showed, after the addition of NaOH
solution (1 N), a complete incorporation of the drug into the system, maintained,
therefore, the characteristics of homogeneity and transparency of the blank ME.
Once the drug was dissolved, the system was neutralized to pH between 7.0-
7.5 with HCI solution (1 N) and this adjustment decreased the transparency
(Table 2) observed earlier, probably because of some interference on the
interfacial tension. This fact can be explained by the own chemical property of
AmB molecule characterized by its amphiphilic and amphoteric behavior.
However, the maintenance of the Winsor IV system aspect indicates that the
physicochemical stability of the ME was not perturbed @% 7.
Physicochemical characteristics of ME and AmB-ME

The physicochemical characteristics of ME and AmB-ME (Table 2)
revealed a great compatibility with the characteristics ascribed for dosage forms

used for ophthalmic route ©°.

The blank ME appears as a promising carrier
system for the incorporation of drugs necessary to many ophthalmic diseases.
On the other hand, the incorporation of AmB did not induce important changes
in these parameters.

The adjustment of the initial pH at 7-8 is very important in order to
minimize the hydrolysis of the phospholipids presents, which can decrease the

pH of the ME. Indeed, the solubility, stability and corneal permeability of the

drugs are, also, quite dependent of this parameter. The physiological pH values
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presented by the blank ME and the AmB-ME predicts the maximum comfort and

absence of eye irritation when this preparation would be instilled in the eye © >

21)'

The ophthalmic solution of the conventional dosage form, represents
90% of the available ophthalmic formulations in the market. However, the rapid
pre-corneal loss and high tear fluid induce a low bioavailability of the drug into
the ocular structures. Developing new topical ocular delivery systems that
improve the ocular retention and increase the corneal drug absorption consist
on a big challenge “?. The AmB addition to the obtained blank ME did not have
an effect on the rheology. However a slight decrease in the viscosity value of
AmB-ME was observed. Despite of that both systems presented a viscosity
value that allows sterile filtration. This viscosity value can still increase the
ocular residence time of AmB without the occurrence of discomfort, blurred
vision or foreign body sensation with the cornea surface, favoring, thereafter, a
better penetration of this drug into the eye. Indeed, on the beginning, the
system presented an initial deformation tension which after started to flow as a
Newtonian behavior, which ensures that blinking should not have effect on the
viscosity © ¥ (Figure 2).

The presence of AmB into the ME decreased the transparency observed
in a blank ME as can be observed with the values obtained from percent of
transmittance. However, do not expected that these systems cause impairment
of vision and discomfort to the patient after instillation because of the proximity
of the RI values obtained with the water (1,33) and the cornea and lachrymal
fluid (1,34 — 1,36). The RI and percent of transmittance data prove the

transparence of the system @ 1423,
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The high value of conductivity found for the system allows us to classify
them as oil-in-water type. This characteristic was maintained after the
incorporation of the AmB, showing that this drug is not able to cause changes in
the intrinsic properties of the developed ME. This type of ME (O/W) is preferred
to use in the eye because of the droplet structure can be often retained during
the dilution process by the lachrymal fluid. Its administration could be
advantageous, because increases membrane permeability and facilitates the
corneal drug delivery, achieving prolonged release and higher penetration into
the deeper layers of the ocular structure and the aqueous humor than the native

drug (15, 16)

. Moreover, the increase in the value of conductivity after the
incorporation of the AmB can be explained by the addition of ionic solutions
(NaOH and HCI) necessary to incorporate this drug into the system.

The small droplet size of the ME system, presented in the range of
nanometers, is due to the interaction between the co-surfactant molecules with
the surfactant film which decrease the radius of curvature of the microdroplets,
forming transparent systems “¥. The results of the droplet size of the MEs were
reported as Xio, Xso and Xgo, being the droplet diameter for the 10", 50" and
90™ cumulative volume percentiles ®?. They showed that the presence of AmB
increased slightly the droplet size. This increase can be explained because,
under the experimental conditions (pH 7.4), the AmB is amphoteric and very
slightly water soluble and then can be favorably partitioned into the oil phase,
increasing the droplet volume. Because of its amphiphilic characteristics, a

fraction of AmB molecules can, yet, be placed at the interface between the two

phases leading, also, to an increase in the droplet size ?. However, this fact
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was not able to cause changes on the isotropic characteristic of the blank ME
(Figure 3).

Originally, several research groups suggested that for the ME formation,
a negative free energy is necessary. This can be obtained when large
reductions in surface tension are accompanied by significant favorable entropic
change ®®. Therefore, the microemulsification is spontaneous and the resulting
dispersion has high concentration of surfactants that can lead to ocular toxicity
9 Qualitatively, due the high concentration of aqueous phase which allows the
formation of oil-in-water (O/W) dispersion, the proportions of the components on
formulation and the nature of the surfactants used (amphoteric for Lipoid® S100
and non-ionic for Tween® 80), the spontaneous microemulsification was not
possible and a non-spontaneous preparation method (sonication) was needed.
Thus, because of this fact the results indicated high surface tension, both for
blank ME and for AmB-ME which suggests that there are not surfactant and co-
surfactant molecules free into the system and that all of them find out in the
interfacial area ** 9,

The corneal surface is negatively charged. Therefore, the charges of the
droplets, which constitute the internal phase (oil) could influence their
absorption in the ophthalmic route. The studies showed that positively charged
ME are appropriate for this route. The electrostatic attraction between the
positively charged ME surface and negatively charged cell surface generate
bioadherence because of the opposite surface charges and provide
enhancement of drug absorption. So, the developed ME presented a positive
zeta potential value (+ 122.73 = 2.25) which is appropriate for the ophthalmic

route because this is necessary to increase the contact time of the AmB with
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the cornea surface. Moreover, the AmB changed the nature of the surface
charge without change the mean droplet size 29,
Quantitative analyses and characterization of the a  ggregation state of
AmB

The sterility of the systems was achieved by filtration through 0.22 pm
sterile filters. Microbiological tests have shown that this process was able to
sterilize the samples (data do not shown). UV-visible procedures were used to
determine the final amount of the drug incorporated into the ME. The results
suggest that there is a loss of AmB. The Table 3 shows the decrease in the
AmB concentration with the use of these filters, based in a nominal content of 5
mg/mL. The first filtration at 0.45 um deleted the AmB suspended and the
probable drug excess of the dispersed system. Nevertheless, a small loss of
drug was also observed with the sterile filtration. This fact can be probably
ascribed to the adsorption entrapment on the filter considering the colloidal

19 | oss of AmB on

nature of the disperse phase caused under this drug
filtration of AmB formulations such as AmB colloidal dispersion for parenteral
use and from AmB-ME has been previously reported by several research
groups (12, 27-29)

As described earlier, AmB is an amphiphilic molecule. Its hydrophobic
pole consists of a series of seven double bands in trans configuration, which
leads to an intense absorption spectra around 400 nm. The shape of the
spectra will depend on the state of aggregation of molecules and the relative
proportion of such different forms depends on concentration. The different

behavior was measured by the variation on the absorption spectra calculated by

the molar extinction coefficients (¢) and revealed that, in phosphate buffer, the
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AmB-M presented four characteristics absorption bands, observed at 329, 364,
385 and 408 nm. In methanol, four bands with decreasing intensities at 406,
383, 363 and 345 nm can be seen. These spectral bands indicate the existence
of aggregates states and monomers, respectively. All of these results are in
agreement with the literature %32,

A comparison of UV-visible absorption spectra of AmB-M in phosphate
buffer, pure AmB in methanol and AmB-ME diluted in phosphate buffer and in
blank ME is presented in Figure 4. As it can be clearly seen on the spectra of
AmB-ME diluted in phosphate buffer, the presence of one intense band at 329
nm indicates the formation of self-associated AmB structure. However, the shift
of such band from 323 to 329 indicated that the complex between AmB and ME
is different of the complex formed by AmB and micelles. Indeed, when these
spectra were compared with the AmB-ME diluted in blank ME, it can be seem
that only the monomeric species is present 32,

Clinically, the aggregation state of AmB is directly related to its
mechanism of action and toxicity ®* 3. The water soluble monomer is usually
related as a low toxic form to AmB while water-soluble oligomers have been
defined as the most toxic. The efficacy and toxicity of a lipidic based emulsion
for parenteral use containing AmB were showed by Araujo et al. Their assays,
using Red Blood Cells and Candida tropicalis as model cells, demonstrated that
their system was effective against these fungal cells maintaining the efficacy
and decreasing the toxicity presented by AmB-M. So, depending on its

aggregational state, AmB may present several patterns of activity against fungal

cells compared to the toxicity of mammalian cells, showing that a lipid carrier as
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ME can modify the equilibrium between monomeric and oligomeric forms of this
drug in the aqueous media and change its overall activity and toxicity ©°.
AmB entrapment efficiency for the MEs

After the centrifugation process, some drug precipitation was observed
which demonstrate that AmB was not properly incorporated to the disperse
system. The average entrapment efficiency value in the formulation was,
therefore, 70.2% (Table 3).
Stress testing

The freeze-thaw cycles consists of one stability test which designed to
determine the behavior of the samples under adverse condition of packaging.
The results obtained showed that the systems did not suffer any significant
changes on evaluated parameters maintaining the characteristics observed
earlier as can be seen through the table 4.
Conclusion

The results show that AmB-ME presents optimal characteristics to be
administered by the ophthalmic route ®® and this system could be used, in a
long term, has a probable new ophthalmic delivery system for AmB to treat
ocular fungal infections by eye drops. Their favorable characteristics and huge
potential to decrease the toxicity at the cornea caused by Fungizone® suggest
its therapeutic application. The blank ME appears, also, as an interesting
system for incorporation of both lipophilic and hydrophilic drugs needed to

control many ophthalmic diseases.
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Figure legends

Figure 1. Pseudo-ternary phase diagrams of the system containing Miglyol®
812N (oil phase), phosphate buffer pH 7.4 (aqueous phase), Lipoid® S100
(surfactant) and Tween® 80 (co-surfactant), showing the area of existence of

microemulsions and the point chosen for characterization.

Figure 2: Particle size frequency and accumulative frequency of the

microemulsion (ME) (A) and amphotericin B-loaded-microemulsion (AmB-ME)

(B).

Figure 3: Viscosity (A and B) and rheological behavior (A’ and B’) of the
microemulsion (ME) (A and A’) and amphotericin B-loaded-microemulsion

(AmB-ME) (B and B’).

Figure 4: UV-visible absorption spectra of pure Amphotericin B (AmB) in
methanol (A), the micelle dosage form Amphotericin B (AmB-M) in phosphate
buffer (pH 7.4) (B) and AmB into the microemulsion diluted at phosphate buffer

(pH 7.4) (C) and in microemulsion (AmB-ME) (D).
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Table 1

Composition of blank ME

Product Technical name Function % (w/w)
Lipoid® S100 Soya hydrogenated Surfactant 6.3
phosphatidylcholine
Tween®80 Polysorbate 80 Co-surfactant 14.7
Miglyol® 812N Caprylic/capric Oil phase 11.0
triglyceride
Phosphate buffer ~ -------------- Aqueous phase 68.0

solution pH 7.4
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Table 2

Evaluated parameters of ME and AmB-ME (Mean + SD)

Parameter Blank ME AmB-ME
Percent transmittance (%) 98.0 60.0
pH 7.40 +£0.04 7.16 £0.31
Viscosity (mPa.s) 48.28 + 0.36 47.20 £0.31
Refractive index 1.373 £0.00 1.374 £0.00
Conductivity (US) 733.00 + 3.46 1820.00 + 712.43

Particle size (nm)

X10 7.22 +0.41 7.39 +0.52
Xs0 9.79+0.42 9.87 +£0.64
Xoa0 13.96 +£0.49 14.15 +0.59
Surface tension (dyn/cm) 71.40 £ 0.57 71.10+1.06
Zeta potential (mV) +67.52 +0.59 +122.73 £2.25
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Table 3

AmB content (Mean + SD)

Parameters AmB Content (mg/mL) AmB Content (%)
Without filtration 3.51+0.35 70.20
After 0.45 pm 2.98 +0.33 59.60
After 0.22 pm 2.50+0.16 50.00
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Table 4

Results of stability of ME and AmB-ME after the freeze-thaw cycles (Mean %

SD)

Parameter Blank ME AmB-ME

pH 7.48 +0.00 7.91+0.10
Refractive index 1.378 £0.00 1.377 £0.00
Conductivity (US) 829.03 + 10.33 1692.3 + 109.20

AmB content (mg/mL)  —emeeemeeeee-

3.34£0.54
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4. COMENTARIOS, CRITICAS E SUGESTOES

Com o desenvolvimento deste projeto esperou-se obter uma nova
formulacdo denominada ME, capaz de incorporar a AmB, com caracteristicas
proprias que favorecessem a sua administracdo por meio da aplicacao tépica
ocular, além de proporcionar a comunidade cientifica o entendimento de uma

tecnologia até entdo pouco explorada por nossos pesquisadores (Figura 6).

Figura 6: ME branca e com a AmB incorporada

Fonte: Arquivo pessoal do autor

O cronograma de execucdo, anteriormente determinado com a
construgdo do projeto, foi cumprido em sua totalidade e durante toda a
execucdo das atividades realizadas, um enorme crescimento intelectual e
cientifico foi sendo percebido devido a necessidade de se interpretar os
resultados obtidos, levando-os sempre a um entendimento que fosse voltado a
idéia da multidisciplinaridade. Com o cumprimento do cronograma, todas as
metas foram alcancadas e diversos alunos de iniciagdo cientifica puderam se

envolver direta e indiretamente com os estudos realizados.
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Conforme pode ser verificado nos resultados gerados, a metodologia
utilizada foi capaz de atender a necessidade do desenvolvimento do projeto e
os sistemas desenvolvidos apresentaram resultados que nos permitem afirmar
gque 0os mesmos podem ser, portanto, do ponto de vista tecnoldgico, aptos a
serem utilizados através da via de administracdo topica ocular. Para a sua
realizacdo, além dos nossos equipamentos, foram estabelecidos diversos
contatos bastante importantes com varios outros laboratorios da UFRN e da
UFPE, que gentilmente cederam seus equipamentos e instalacées, dando um
suporte imprescindivel a parte experimental do projeto e a quem eu devo

enormes agradecimentos.

A realizacdo destes estudos mostrou ainda que foi possivel a obtencao
de uma forma farmacéutica liquida e de facil preparacao, estéril, contendo um
farmaco bastante importante para a terapéutica antifingica ocular e que a ME
branca pode servir para a incorporacao de outros farmacos pouco sollveis em
agua, ou ainda, que nado possuam uma formulacdo oftalmolégica em particular
necessarios ao tratamento das mais diversas patologias oculares de forma
mais eficaz para a sociedade. Sendo assim, durante toda a fase experimental e
devido a esta grande diversidade de ensaios realizados, varios trabalhos
puderam ser apresentados em congressos locais, regionais, nacionais e
internacionais até o momento, incluindo a confeccdo de mais um artigo
cientifico que ja estd apto a ser submetido, além deste apresentado nesta
dissertacao.

A publicacdo acima reforca a importancia do tema para a comunidade
cientifica, pois a pobre biodisponibilidade da AmB gerada a partir das barreiras

anatbmicas e fisiologicas do olho associados a grande possibilidade de
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toxicidade ocular, além da baixa estabilidade da preparacdo extemporanea
utiizada para a aplicacdo topica, faz com que se torne necessario 0
desenvolvimento de um novo sistema carreador para a AmB, sistema este,
possibilitado devido ao enorme crescimento, recentemente, do uso das MEs
relacionadas para o uso farmacéutico.

Em decorréncia disso, o0 objetivo de reduzir o potencial risco de reacdes
adversas gerado com o uso da AmB convencional, cuja formulacdo é mais
apropriada para a administracdo intravenosa, no tratamento de infeccdes
fungicas oculares, além de proporcionar a chance de se ter uma forma
farmacéutica prépria para aplicacdo topica nos olhos para a AmB, ainda
inexistente no mercado, torna o referido artigo como uma referéncia basica e
primordial de orientacdo para o desenvolvimento de novas formulacbes para
uso oftalmolégico somando-se aquelas poucas referéncias que sé&o
encontradas hoje nos principais indexadores que trazem o assunto sobre a
utilizacao desses sistema para uso oftalmoldgico.

Entretanto, € evidente a necessidade ilimitada de desenvolver novas
alternativas terapéuticas para melhorar a qualidade da assisténcia a saude e
acompanhar os avancos tecnoldgicos e cientificos do dia-a-dia. Portanto, sao
necessarios que novos estudos sejam realizados com as formulagfes
desenvolvidas para que o entendimento seja claro e que atinja o equilibrio
entre todas as areas da saude. Sendo assim, ensaios de eficicia clinica da
AmB-ME, farmacocinéticos, estudos de citotoxicidade e de toxicidade,
epidemioldgicos, microbioldgicos, entre outros, seriam de grande valia para a
complementaridade da idéia desenvolvida por meio deste trabalho, tornando o

tema aberto para a comunidade cientifica explorar, por meio de outros
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projetos, dissertacdes ou teses. Em 2010, pretendo dar continuidade a varios
destes estudos por meio do curso de Doutorado no Programa de Poés-

Graduacao em Ciéncias da Saude.

Por fim, consideramos que o desenvolvimento desta pesquisa de
Mestrado bem como a pos-graduacdo foram fatores importantes que
contribuiram enormemente para a construcdo, execucdo, discussdo e
divulgacdo desse tema que a cada ano torna-se mais importante para a
oftalmologia e que o0s objetivos estabelecidos da multidisciplinaridade
enfatizados pelo PPGCSA puderam ser alcancados com sucesso quando 0s

assuntos envolvidos no trabalho foram interdisciplinarizados.
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ABSTRACT

Ocular fungal infections are being increasingly recognized as an important
cause of morbidity and blindness of the world. The poor bioavailability of drugs,
like amphotericin B, antifungal enough used in the treatment of these infections,
in the posterior tissues of the eye combined with the anatomical ocular barriers,
which are able to limit their absorption, and associated with serious risks of
adverse reactions, generally, carry a treatment failure and serious
consequences for affected patients. Researchers around the world are looking
for new alternatives to overcome this problem and one great possibility is the
researches which involve the development of new formulations to improve the
bioavailability and reduce the toxicity associated with the application of
amphotericin B. Microemulsions appear as new systems capable of loading this
drug for ophthalmic use. This study aimed to obtain a biocompatible
microemulsion with the topical ocular route of administration containing
amphotericin B in order to establish a new and stable pharmaceutical dosage
form for topical administration in the eye. The system obtained demonstrated
through the characterization studies carried out biocompatibility with the route of
administration desired and, therefore, appears as an interesting and novel
dosage form containing amphotericin B for use, in future, in the treatment of
fungal eye infections.

Descriptors :  Amphotericin  B; Ophthalmic  Solutions; Drug carriers;

Pharmaceutical preparations; Microemulsions.
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