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RESUMO

O écido gélico, &cido 3,4,5-tridréxi-benzoico, é uma substancia fendlica, que sofre oxidagao
na presenca de luz, oxigénio, em meio alcalino e em altas temperaturas. Apresenta uma
variedade de atividades terapéuticas, entre elas, antioxidante e antitumoral, que podem ser
comprometidas devido a instabilidade da molécula. O objetivo desse trabalho foi desenvolver
e caracterizar lipossomas furtivos como veiculo carreador para o &cido galico e validar um
método analitico de cromatografia de alta eficiéncia (CLAE) para determinagdo de &cido
galico nos nanossistemas. Os lipossomas foram preparados pelo método de hidratacdo do
filme lipidico e caracterizados através da determinacdo do tamanho de particula, indice de
polidispersdo (PDI) e potencial zeta. O sistema cromatografico teve como fase estacionaria
uma coluna de fase reversa Cis, a fase movel foi composta por acido acético a 1% e
acetonitrila em diferentes proporcdes (60:40 a 90:10 v/v) e fluxo de 1 mL/min a 25 °C e
deteccdo em 272 nm. Os parametros de validacdo do método CLAE, linearidade, precisdo,
exatidao, robustez, limites de deteccdo e quantificacdo foram determinados segundo diretrizes
internacionais de padronizacdo. Lipossomas furtivos nanométricos com tamanho médio das
vesiculas de 84,5+1,9 nm, PDI = 0,224, pH = 6,8 e potencial zeta = - 33,4+0,15 mV foram
obtidos. A encapsulacdo do acido galico nos lipossomas nédo alterou suas propriedades fisico-
quimicas: tamanho médio das vesiculas de 81,9+0,4 nm, PDI=0,235, pH=6,6 e potencial zeta
= - 30,0 £1,40 mV. O método analitico desenvolvido apresentou tempo de retencdo de 2,65
min, fator de cauda de 1,33, altura equivalente do prato teérico (HEPT) de 0,12, além de
pratos tedricos acima de 2000. A faixa de linearidade da curva analitica do acido galico foi de
10 a 100 pg.mL™, ajustada pela seguinte equagdo de regressdo: Area do pico = 1,102 x [AG]
(Lg.mL™) - 0,203; r = 0,9997. A repetibilidade (coeficiente de variacdo) do método foi 2,83%
e a precisdo intermediaria indicou que a diferenca entre as médias foi estatisticamente
insignificante (p < 0,05). O método foi robusto com a variagcdo de temperatura e fluxo. Os
limites de deteccdo e quantificacdo do acido galico foram de 1,49 e 4,53 ug.mL'l,
respectivamente. A exatiddo revelou uma recuperacdo média do analito de 100,9 %. O
doseamento e a eficiéncia de encapsulagdo do acido galico nos lipossomas foi de 99,30 +
1,56% e 92,72 + 0,16%, respectivamente. O método proposto € exato, preciso e reprodutivel,
sendo capaz de quantificar o acido galico em preparacgdes lipossomais.
Palavras chaves: Acido galico. Lipossomas furtivos. Caracterizacio de lipossomas. CLAE.

Validacéo.



ABSTRACT

Gallic acid, 3,4,5-trihydroxybenzoic acid, is a phenolic substance that undergoes oxidation in
the presence of light, oxygen, alkali and high temperatures. Presents a variety of therapeutic
activities, including antioxidant and anti-tumor, these activities may be compromised due to
molecule’s instability. The aim of this study was to develop and characterize stealth
liposomes as carrier vehicles for gallic acid (GA) and validate an analytical method of High
Performance Liquid Chromatography (HPLC) for the determination of gallic acid in
nanosystems. Liposomes were prepared by hydration of lipid film method and characterized
by determining the particle size, polydispersity index (PDI) and zeta potential. The
chromatographic system had a C18 column in reverse phase as the stationary phase, mobile
phase consisted of 1% acetic acid and acetonitrile in different ratios (60:40 to 90:10 v/ v) and
flow rate of 1 mL/min at 25°C and detection at 272 nm. Validation parameters of the HPLC
method, linearity, precision, accuracy, robustness, limits of detection and quantification were
determined according to international guidelines for standardization. Nanosized stealth
liposomes vesicles with an average size of 84.5 nm+1,9,, PDI = 0.224, pH = 6.8 and zeta
potential = - 33,4+0,15 mV were obtained. Gallic acid encapsulation in liposomes did not
alter their physico-chemical properties: average vesicle size of 81.9 nm+0,4,, PDI = 0.235, pH
= 6.6 and zeta potential = -30.0 mV+1,40. The developed analytical method showed a
retention time of 2.65 min, tailing factor of 1.33, height equivalent to a theoretical plate
(HETP) of 0.12 and theoretical plates above 2000. The linearity range of gallic acid
calibration curve was from 10 to 100 pug.mL™, adjusted by the following regression equation:
Peak area = 1.102 x [GA] (ng.mL™) - 0.203, r = 0.9997. The repeatability (coefficient of
variation) of the method was 2.83% and intermediate precision indicated that the difference
between the means was statistically insignificant (p < 0.05). The method was robust with the
variation of temperature and flow. Limits of detection and quantification of gallic acid were
1.49 and 4.53 pg.mL™, respectively. Accuracy showed an average recovery of 100.9% of the
analyte. The dosing and encapsulation efficiency of gallic acid in the liposomes was 99.30 +
1.56% and 92.72 £+ 0.16%, respectively. The proposed method is accurate, precise and

reproducible, being able to quantify gallic acid in liposomal preparations.

Keywords: Gallic acid. Stealth liposomes. Liposome characterization. HPLC. Validation.
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1 INTRODUCAO

O écido géalico (AG), acido 3,4,5-triidroxi-benzdico, € uma substancia fendlica,
intermediaria do metabolismo secundario de plantas, originado pela rota biossintética via
acido chiquimico, sendo um derivado do acido benzéico (CARVALHO; GOSMANN;
SCHENKEL, 2004). Compostos fendlicos sdo quimicamente muito reativos e esta reatividade
também pode ser inferida ao &cido galico, possuindo, em geral, caracteristicas &cidas
(CARVALHO; GOSMANN; SCHENKEL, 2004). S&o facilmente oxidaveis, tanto através de
enzimas vegetais especificas quanto por influéncia de metais (como ferro e manganés), da luz,
do calor, e na presenca de oxigénio ou em meio alcalino, resultando no escurecimento de suas
solucgdes (ROSA et al., 2013).

O AG é conhecido por apresentar uma grande variedade de funcdes bioldgicas,
antioxidante (FIUZA et al., 2004), ansiolitica (NAGPAL; SINGH; MISHRA, 2013),
neuroprotetora (MANSOURI et al., 2013), antidiabética (LIU et al., 2013), antimicrobiana
(DIAZ-GOMEZ et al., 2013; NEO et al., 2013) e antitumoral (VERMA; SINGH; MISHRA,
2013). Com relacdo a atividade antitumoral, o AG apresenta efeitos sobre varios tipos de
tumores, destacando-se o0 apoptético (YOU; PARK, 2010), antiproliferativo (MADLENER et
al., 2007), antiangiogénico (LU et al., 2010) e antimetastético (HO et al., 2010). Estas acdes
fazem deste farmaco uma importante biomolécula para uso terapéutico. Além disso, apresenta
citotoxicidade seletiva para células cancerigenas e baixa citotoxicidade para células normais
(VERMA,; SINGH; MISHRA, 2013).

Apesar de suas promissoras atividades bioldgicas, o uso terapéutico do acido galico
apresenta limitacbes como descrito anteriormente. Diante disso, para remediar estas
propriedades limitantes, o uso da nanotecnologia surge como uma alternativa para viabilizar o
futuro uso deste farmaco na terapia anticancerigena.

Nas ultimas décadas, a tecnologia farmacéutica contribuiu fortemente para o
desenvolvimento de sistemas de liberacdo de farmacos para variadas aplicacdes terapéuticas
(TORCHILIN, 2012). Esta area das ciéncias farmacéuticas esta envolvida no
desenvolvimento, caracterizacdo e aplicacdo de sistemas terapéuticos em escala hanométrica
ou micrométrica. Estudos de tais sistemas tém sido realizados ativamente no mundo com o
propdsito de direcionar e controlar a liberagdo de farmacos (SAKATA et al.,, 2007). O
emprego de varias técnicas de encapsulacdo, aplicados a extratos e/ou compostos
polifendlicos de plantas confirmaram que a encapsulagdo é um meio atraente para
potencializar suas atividades (MUNIN; EDWARDS-LEVY, 2011).
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Dentre o0s sistemas nanotecnoldgicos de liberagdo controlada de farmacos destacam-se
os lipossomas, que sdo vesiculas contendo uma ou mais bicamadas lipidicas concéntricas,
separadas por um meio aquoso. Estes sistemas possuem a capacidade de carrear tanto
farmacos hidrofilicos quanto hidrofébicos, sdo biodegradaveis, biocompativeis e néo
imunogénicos (BATISTA et al., 2007). No progresso do uso desses sistemas, modificacdes
surgiram em suas estruturas visando aumentar sua capacidade terapéutica. Sabe-se que
lipossomas convencionais, constituidos basicamente de um fosfolipideo, colesterol e um
lipidio com carga, sdo facilmente identificados e capturados pelo sistema fagocitario
mononuclear (SFM). Para contornar esta limitacdo e aumentar o tempo desses sistemas na
corrente sanguinea, e consequentemente as possibilidades de chegar as células alvo,
desenvolveram-se lipossomas de longa duracdo, também conhecidos como lipossomas
furtivos, nos quais, adiciona-se uma camada polimérica na superficie que inibe o processo de
reconhecimento molecular e a captura pelo SFM (SAGRISTA et al., 2000). O método mais
comum para a modificacdo de superficie é a utilizacdo de um polimero hidrofilico e ndo-
16nico, como o polietileno glicol (PEG), um processo chamado “PEGuilacao” (MOSQUEIRA
etal., 2001).

As propriedades dos lipossomas estéo diretamente envolvidas com a sua fungdo. Estas
carateristicas incluem tamanho de particula, forma, lamelaridade e carga de superficie, sendo
indispensavel a determinacédo precisa desses parametros (PATIL, JADHAYV, 2014).

Atualmente, ndo existe disponivel na literatura um método validado para doseamento
do AG presente em sistemas de liberacdo controlada nanoparticulados utilizando
Cromatografia de liquida de alta eficiéncia (CLAE).

A validacdo tem como objetivo demonstrar que o método analitico desenvolvido é
eficaz para a finalidade pretendida, sendo assim, determinado qualitativamente, semi-
guantitativamente e/ou quantitativamente o farmaco e outras substancias em produtos
farmacéuticos. Para tanto, o método deve atender as exigéncias das aplicacdes analiticas,
apresentando especificidade, linearidade, precisdo, sensibilidade, robustez, limite de deteccao
e exatiddo (ANVISA, 2003).

Diante do abordado, o objetivo deste estudo foi desenvolver e caracterizar lipossomas
furtivos contendo AG, visando conferir protecdo e preservacdo a fim de aumentar o seu
potencial biologico. Adiciona-se a isso, a necessidade de desenvolver e validar uma

metodologia analitica por CLAE para doseamento do AG nos nanossistemas obtidos.
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2 OBJETIVOS

2.1. GERAL

Preparar e caracterizar lipossomas furtivos contendo acido galico (AG-Lipo), além de
desenvolver e validar um método analitico por Cromatografia Liquida de Alta eficiéncia

(CLAE) para quantificagdo do farmaco livre e nos lipossomas.

2.2. ESPECIFICOS

- Preparar lipossomas furtivos com acido galico (AG-Lipo) e sem acido galico (Lipo);

- Caracterizar os lipossomas furtivos através da determinacdo do tamanho de particula, indice
de polidispersdo (PDI), pH e potencial zeta;

- Desenvolver e realizar validacdo de método analitico por CLAE para quantificacdo do acido
galico contido nas dispersdes lipossomais;

- Realizar o doseamento e a eficiéncia de encapsulacdo (EE%) do &cido galico contido nas

dispersdes lipossomais.



17

3 FUNDAMENTACAO TEORICA
3.1 POLIFENOIS E TANINOS

Polifenois séo caracterizados estruturalmente pela presenca de dois ou mais aneéis
aromaticos, cada um tendo, no minimo, um grupo hidroxila aromatico, além de serem ligados
por pontes carbono-carbono. Dentre os polifendis, detacam-se os &cidos fendlicos, os quais
contém um Unico anel aromatico, e que consistem de derivados dos &cidos benzdico (figura
1a) e cinamico (figura 1b) (GALLI, 2007).

Figura 1 - Estrutura do acido galico, derivado do &cido benzdico (a); Estrutura do &cido cafeico,
derivado do 4cido cindmico (b).

d b
HO
)
HO HO \ 0
OH
HO HO OH

Fonte: GALLI (2007)

Os taninos sdo designados como &cidos fendlicos que advém do metabolismo
secundario de plantas, podendo ser encontrados nas raizes, casca, folhas, frutos, sementes e
seiva de uma extensao de vegetais. Estes compostos sdo sollveis em agua, com exce¢do dos
de elevado peso molecular, e se classificam em taninos hidrolisaveis e taninos condensados
ou proantocianidina (BATTESTIN; MATSUDA; MACEDO, 2004).

Os taninos hidrolisaveis sdo assim designados por suas ligacdes éster-carboxila
sofrerem hidrolise em condigdes &cidas e basicas. Sua estrutura € composta de uma mistura de
acucares com fenois simples, tais como, acido galico ou digélico (figura 2A). Tendo como
unidade basica um poliol, frequentemente uma D-glicose, com seus grupos hidroxilas
esterificados pelo acido galico (galotaninos, figura 2B) ou pelo hexadihidroxifénico
(elagitaninos) (BATTESTIN; MATSUDA; MACEDO, 2004). Os taninos condensados ou
protocianidinas, diferentemente dos taninos hidrolisaveis, apresentam resisténcia a hidrolise e
possuem estruturas complexas (BATTESTIN; MATSUDA; MACEDO, 2004).
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Figura 2 - Fenois simples que constituem os taninos hidrolisaveis (A); Estrutura quimica de tanino
hidrolisavel (B).
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Fonte: BATTESTIN; MATSUDA; MACEDO (2004)

3.2 ACIDO GALICO
3.2.1 Propriedades fisico-quimicas do acido galico

O AG, écido 3,4,5-triidroxi-benzoéico, € uma substancia fendlica, intermediéria do
metabolismo secundario de plantas, originado pela rota biossintética via acido chiquimico,
sendo um derivado do &cido benzéico. E freqiientemente encontrado na natureza na forma de
seu dimero de condensagdo, o acido elagico. Tanto o AG como o0 &cido eldgico sdo
constituintes de taninos hidrolisaveis, dos quais sdo liberados por hidrdlise é&cida
(CARVALHO; GOSMANN; SCHENKEL, 2004). Uma série de substituintes na porcao acida
do AG permite a obtencdo de ésteres com uma variedade de analogos e propriedades
farmacoldgicas distintas (LOCATELLI; FILIPPIN-MONTEIRO; CRECZYNSKI-PASA,
2013). Os sais e ésteres de AG sdo denominados galatos (MASOUD et al., 2012). O AG ¢
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encontrado em grande quantidade no cha verde, em frutas como a uva, morango, abacaxi,
banana, liméo, e na casca de macas, bem como, no vinho tinto e branco (YOU et al., 2010).

Ligado ao anel benzeno, o acido galico possui um grupo carboxilico e trés grupos OH
fenolicos nas posicdes 3, 4 e 5. Estes grupos apresentam uma constante de dissociacdo (pKa)
de 4,4 ;8,2;10,7 e 13,1 (MELO et al., 2009).

Polewski e colaboradores (2002), avaliaram as absorbancias em UV-vis do AG
solubilizado em solugdes tamponadas com diferentes pH. Sendo evidenciado o deslocamento
do A (comprimento de onda) de absor¢ao do AG de 272 nm em pH 2,8 para 260 nm em pH 7.
As mudancas observadas indicaram a existéncia de duas formas do &cido gélico, resultantes
da dissociagdo de protons no grupo carboxilico (COOH): forma neutra que existe abaixo do

pKa aparente de 3,4 e a forma ibnica acima deste pKa, apresentadas na figura 3.

Figura 3 - Estrutura quimica do (a) acido galico e do (b) anion do acido galico.
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Fonte: Modificada de POLEWSKI; KNIAT; SKA (2002)

O AG se apresenta instavel em temperaturas extremas, na presenca de oxigénio ou luz
(ROSA et al., 2013). Possui uma coloracdo amarelo esbranquigada, apresentando-se na forma
de cristais, com massa molecular de 170,12 g/mol, temperatura de fusdo de 250 °C e
solubilidade em agua de 1.1% a 20°C (VERMA,; SINGH; MISHRA, 2013).

Rosa e colaboradores (2013) descrevem que 0 AG apresenta baixa solubilidade em
agua. No entanto, pode formar ligaces de hidrogénio, porque tem hidroxilas polarizadas de
grupos fendlicos e carboxilicos, tanto intramoleculares como intermoleculares. Contudo,
segundo o coeficiente de particdo (LogP), que expressa a lipofilicidade relativa de uma
substancia, quanto maior o valor, maior é a lipossolubilidade de um determinado composto
qguimico, o LogP do AG é de 0,89, bem menor que a maioria dos seus derivados galatos,
podendo considera-lo uma substancia relativamente solivel em agua (BENNETT et al.,
2004).
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O AG ¢ conhecido principalmente por ser um antioxidante natural, atua na prevencao
da oxidagdo de biomoléculas, tais como, proteinas, carboidratos, &cidos nucléicos e lipideos.
Esta propriedade € de grande valia na preservacdo de alimentos e é caracterizada como em
outros polifendis, pela capacidade de atuar como doadores de hidrogénio ou elétrons para
espécies reativas (GALLI, 2007).

Em adic&o, os compostos fendlicos sdo quimicamente muito reativos e esta reatividade
também pode ser inferida ao AG (CARVALHO; GOSMANN; SCHENKEL, 2004). Além
disso, sdo facilmente oxidaveis, tanto através de enzimas vegetais especificas quanto por
influéncia de metais (como ferro e manganés), da luz e do calor, ou, em meio alcalino,
ocasionando o0 escurecimento de suas solugBes. Outra caracteristica relacionada € a
capacidade de complexacdo com metais, tornando o AG conhecido como um forte agente
guelante que forma complexos de alta estabilidade com o ferro (POLEWSKI; KNIAT;
SLAWINSKA, 2002).

O espectro de absorcdo do AG apresenta dois picos no UV-vis, que variam conforme
o0 solvente em que se encontra solubilizado, o pH da solugdo e o meio propicio para mudancas
decorrentes de reacfes com outros constituintes ao longo do tempo. Em solucdo aquosa
oxigenada e tamponada em pH 7,4, o comprimento de onda (1) de maior energia absorve em
220 nm e o de menor energia em 260 nm, logo apds solubilizacio do AG no meio. A medida
que o tempo transcorre outras trés bandas de absorc¢éo, em 320 nm, 400 nm e 630 nm surgem,
indicando a oxidacdo do composto sob estas condicbes (GIL-LONGO; GONZALEZ-
VAZQUEZ, 2010).

Durante a auto-oxidacdo dos anions de AG, o oxigénio é consumido e anions
superdxido e peroxido de hidrogénio (H,0,) sdo produzidos (GIL-LONGO; GONZALEZ-
VAZQUEZ, 2010). Em solugdes aquosas ligeiramente alcalinas, mesmo na auséncia do Oy,
mas na presenca de polifendis, o peroxido de hidrogénio (H,O;) pode ser formado (MELO et
al., 2009).

Em experimentos de fotodecomposicéo por irradiacdo UV a concentragdo do AG em
meio aquoso decai com o tempo de reacgdo. Isto foi observado com uma maior velocidade nos
maiores valores de pH. Sendo atribuido a forma dissociada (ionizada), por apresentar maior
reatividade que o oxidante, no caso o peroxido de hidrogénio e a irradiacdo UV, enquanto a
forma néo dissociada (neutra) tem menor reatividade (BENITEZ et al., 2005).

3.2.2 Propriedades farmacoldgicas do acido galico
O AG é conhecido por apresentar uma grande variedade de fungdes bioldgicas, além

de sua atividade antioxidante primaria, a qual estd principalmente relacionada com a
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modulacdo da carcinogénese (FIUZA et al., 2004). Como antioxidante é capaz de capturar
espécies reativas de oxigénio, como por exemplo, anions superdxido, peréxido de hidrogénio,
radicais hidroxila e acido hipocloroso. Este efeito pode beneficiar a prevencdo e controle de
muitas doencas, como as cardiovasculares (GIL-LONGO; GONZALEZ-VAZQUEZ, 2010).
Senevirathne e colaboradores (2012) demonstraram a atenuacdo do estresse oxidativo
induzido por um hidroperéxido organico em células do figado, por inibicdo da geracdo de
espécies reativas de oxigénio, peroxidacdo lipidica e aumento dos niveis de enzimas
antioxidantes.

Os efeitos citotdxicos do AG e seus derivados galatos sdo decorrentes da sua agdo pro-
oxidante, e ndo antioxidante (YOSHINO et al., 2002). Vérias evidéncias apontam que
antioxidantes naturais sdo capazes de inibir o crescimento de células cancerigenas. Além
disso, tem-se sugerido que estes compostos podem ser utilizados de varias formas, quer como
agentes de prevencdo do cancer ou mesmo como farmacos na terapia do cancer
(SUBRAMANIAN et al., 2014).

O AG apresenta citotoxicidade frente a uma variedade de linhagens de células
cancerigenas, em decorréncia de diferentes mecanismos de acéo ja elucidados, destacando-se
0 apoptdtico (YOU; PARK, 2010), antiproliferativo (MADLENER et al., 2007),
antiangiogénico (LU et al., 2010) e antimetastatico (HO et al., 2010) (Tabela 1). Esta a¢do faz
deste farmaco uma importante biomolécula para uso terapéutico. Além disso, apresenta
citotoxicidade seletiva para células cancerigenas e baixa citotoxicidade para células normais
(VERMA; SINGH; MISHRA, 2013). Lu e colaboradores (2010) confirmaram essa
caracteristica seletiva do AG quando constataram a inibicdo de 95%, 91%, e 89% do
crescimento celular em células endoteliais normais do cérebro de camundongos nas
concentragdes de 20, 30, e 40 pg/ml, respectivamente. Enquanto que, para as linhagens U87 e
U251n, nas mesmas concentracdes foi de 70%, 54% e 38% para a primeira linhagem e 81%,
67% e 49% para a segunda linhagem. Esta seletividade do acido galico para celulas
cancerigenas, também foi observado por KAUR e colaboradores (2009) em células epiteliais
da prostata ndo neoplasicas (PWR-1E) tratadas sob as mesmas condi¢des de células
cancerigenas da prostata, mas diferentemente das linhagens cancerigenas ndo apresentaram

inibicdo significativa da proliferacédo celular.
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Quadro 1 - Dados de ICs, e mecanismos de acdo do acido galico frente a linhagens de células

cancerigenas.

Linhagem de

célula Tipo de célula 1Cs0 Mecanismo de Referéncias
. (UM) acao
cancerigena
Calu-6 Cancerdepulmdo 16 55, M  Apoptético  (YOU: PARK, 2010)
A459 Céncer de pulmao 103?\%00 Apoptotico (YOU; PARK, 2010)
HL-60 Leucemia 24 uM Antiproliferativo (MADLZ%I(\)I;E)R etal,
Hela Cancer cervical 80 uM Apoptoético (YOU et al., 2010)
u87 Celulas glioma 176 uM  Antiangiogénico (LU et al., 2010)
U251n Celulas glioma 235 uM Antimetastatico (LU et al., 2010)
Carcinoma
AGS gastrico humano 10 uM Apoptético (HO et al., 2010)
Carcinoma de
DU145 préstata 25 uM Apoptoético (KAUR et al., 2009)
22RV1 Carcinoma de 40 uM (KAUR et al., 2009)
prostata
3T3L1 Adipdcitos 100 uM Apoptoético (HSU;ZI(;%)YEN’
Leucemia (SAKAGUCHI;
HL-60RG promielocitica 31,7 uM Apoptético INOUE; OGIHARA,
humana 1998)
(SAKAGUCHI;
dRLh-84 Hepatoma de rato 36,4 uM Apoptotico INOUE; OGIHARA,
1998)
(SAKAGUCHL;
PLC/PRF/5  Hepatoma humano 36,7 uM Apoptético INOUE; OGIHARA,
1998)
U-20S OSICOSACOMA 9o um - Antimetastético  (LIAO etal., 2012)
umano

Fonte: Adaptado de VERMA; SINGH; MISHRA (2013)

Raina e colaboradores (2008) testaram a eficacia quimioprotetora do AG contra cancer

de prostata em modelos transgénicos de adenocarcinoma de prostata (camundongos TRAMP).

Os animais foram alimentados com &gua suplementada com AG (0,3% e 1%) da 4° a 24°

semana de vida, tendo como controle um grupo alimentado com agua ndo suplementada. O

tratamento com AG inibiu o crescimento do cancer de préstata e a progressdo do
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adenocarcinoma em estagio avangado nos camundongos TRAMP, via forte supressdo da
progressédo do ciclo e proliferacéo celular e aumento da apoptose.

Ainda com relacdo a estudos in vivo da acdo antitumoral do AG, constatou-se que 0
mesmo suprimiu carcinogénese na pele de camundongos Swiss induzida por DMBA (7,12-
dimetil Benz[a]antraceno). Onde nos grupos tratados com AG houve uma redugdo da
incidéncia de tumores e inibicdo de antioxidantes enzimaticos e ndo enzimaticos
(SUBRAMANIAN et al., 2014). Em adicdo, o AG ocasionou uma significativa diminuicdo do
peso do baco e do figado em camundongos Balb/c induzidos a leucemia por células WEHI-3
(HO et al., 2009).

Efeitos toxicos decorrentes de um estudo de toxicidade subcrénica do AG contido na
dieta de ratos F344, nas concentracbes de 0, 0,2, 0,6, 1,7 e 5% de AG durante 13 semanas,
foram evidenciados em concentracdes acima de 119 e 128 mg/kg/dia (0,2 % de AG), em ratos
machos e fémeas, respectivamente. Doses superiores causaram entre outros efeitos adversos,
perda de peso corporal (5% de AG) desde a primeira semana do tratamento e hipertrofia
centrilobular das células hepaticas (1,7% de AG), foi observada em animais de ambos 0s
sexos. Além de reducdo da concentracdo de hemoglobina, hematocrito e contagem de
glébulos vermelhos apds a administracdo de 0,6 % de AG para as fémeas e a 5% de AG para
0s machos (NIHO et al., 2001).

Desordens neuropsiquiatricas ganham muita forca atualmente e as expectativas
revelam um aumento gradual de casos novos em todo o mundo. O AG também apresenta
acao farmacoldgica sobre um desses disturbios, a depressdo. Evidenciando resultados ainda
melhores quando encapsulado em nanoparticulas de quitosana e administrados na mesma dose
que 0 AG livre em camundongos (NAGPAL; SINGH; MISHRA, 2013). Em modelos animais
de doenca de Parkinson onde o estresse oxidativo cerebral e o déficit de memoria foi induzido
por 6-hidrodopamina, sugeriu-se que o AG atuou como um neuroprotetor, via aumento da
defesa antioxidante do cérebro (MANSOURI et al., 2013).

O potencial antidiabético através da inibicdo da acdo de enzimas que participam da
hidrolise de carboidratos é referido ao AG (LIU et al., 2013), sendo ainda apontado como
capaz de promover a prote¢do dos rins no tratamento em longo prazo de doengas crbnicas
(PENG et al, 2012).

KIM e colaboradores (2006) constataram o efeito anti-alérgico in vitro e in vivo do
AG, sugerindo que o mecanismo de agdo estaria associado ao bloqueio da liberagdo de

histamina e da expressdo de citocinas pro-inflamatorias.
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A atividade antimicrobiana do AG foi demonstrada frente a cepas de Helicobacter
pylori (DIAZ-GOMEZ et al., 2013), Escherichia coli ATCC 2922, Staphylococcus aureus
ATCC 6838 (NEO et al., 2013).

3.2.3 Tecnologia farmacéutica aplicada ao &cido galico
Os polifénois estdo entre 0s compostos ativos mais veementes sintetizados por plantas,
e apresentam combinacdes Unicas de atividades quimicas, fisicas e biologicas. Contudo, sua
limitada solubilidade e/ou estabilidade, frequentemente associadas a uma baixa
biodisponibilidade, tém de ser contornadas para torna-los capazes de responder as demandas
nas areas de cosméticos, nutricdo e salude. O emprego de varias técnicas de encapsulacdo
aplicadas a extratos e/ou compostos polifendlicos de plantas, confirmaram que a encapsulacéo
é um meio atraente para potencializar suas atividades (MUNIN; EDWARDS-LEVY, 2011).
Devido a estes empecilhos, ha relatos na literatura da encapsulagdo do AG em
complexos de inclusdo, microparticulas e nanoparticulas, além de conjugados com este
farmaco ( BOZIC et al, 2012; ROSA et al., 2013; NAGPAL; SINGH; MISHRA, 2013;).
Diversas pesquisas também se concentram na sintese de conjugados de quitosana com
0 AG. A conjugacdo permite a formacdo de derivados funcionais por ligagdo covalente de
uma molécula com a espinha dorsal da quitosana, a qual possui dois grupos reativos atraves
dos quais essa ligacdo pode ocorrer: 0s grupos amina livres em unidades desacetiladas, e 0s
grupos hidroxil nos carbonos C; e C¢ em unidades acetiladas ou desacetiladas (ALVES,
2008).
De acordo, com as necessidades de cada campo de aplicacdo, as particulas com AG,
foram elaboradas para desempenhar as seguintes funcdes:
e Protecdo do composto da degradacdo a partir do seu meio circundante (ROSA et al.,
2013; NEO et al., 2013; LIU et al, 2013);
e Preservacdo e aumento da eficacia terapéutica de algumas de suas atividades
bioldgicas (BITAN-CHERBAKOVSKY; ASERIN; GARTI, 2012; BOZIC et al,
2012).
e Desenvolvimentos de sensores para aplicagdo bioanalitica (HUANG; YU; TSENG,
2010; SU et al., 2012) ;
e Funcionalizagdo do polimero, com o qual foi conjugado (BOZIC et al, 2012;
PASANPHAN; CHIRACHANCHALI, 2008).

e Desenvolvimento de alimentos funcionais (ROBERT et al., 2012);
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e Controle na liberacdo do AG encapsulado (HUANG; YU; TSENG, 2010; LI et al.,

2011; YU et al., 2011);

e Aplicacdo na industria alimenticia como material para embalagem (NEO et al., 2013).

LIU e colaboradores (2013), desenvolveram um novo método mediado por radicais
livres para sintese de conjugados de quitosana com AG, que se destacou como candidato a
agente anti-diabético, constatado pela inibi¢do da atividade de a-glucosidase e a-amilase,
enzimas que participam da hidrolise de carboidratos. Filmes funcionalizados de quitosana
também foram adquiridos por meio da conjugacdo com AG, obtendo-se uma nova estratégia
para realizacdo da modulacdo sinérgica de atividades caracteristicas do polimero e do
polifenol, antibacteriana e antioxidante respectivamente, de materiais a base de quitosana
(BOZIC et al, 2012). O efeito protetor ao dano celular ocasionado pelo estresse oxidativo
induzido por terc-butilhidroperéxido (T-BHP) em células sadias do figado, foi evidenciado
naquelas pré-tratadas com conjugados de quitosana e &cido galico (SENEVIRATHNE et al.,
2012).

A encapsulacdo do acido galico em microesferas de quitosana (AG/C) e xantana
(AG/X), e a complexacdo em complexos de inclusdo de B-ciclodextrina (AG-B-CDS)
resultou na preservacao da capacidade antioxidante do AG ap6s a encapsulacdo em todas as
matrizes, destacando-se as microparticulas GA/C que obtiveram a mais elevada porcentagem
de eficiéncia de encapsulacdo (91,07%) (ROSA et al., 2013).

Robert e colaboradores (2012), promoveram a adi¢do de um grupo acetil ao amido e a
inulina, dois polissacarideos, para encapsulacdo do AG. Os autores constataram que a
inclusdo de um grupo acetil na molécula de amido melhorou a eficiéncia de encapsula¢do do
AG nas microesferas, contudo, o efeito oposto foi observado por acetilagdo da inulina. A
liberacdo do AG foi rapida para todos os sistemas estudados (< 9 horas), 0 que sugeriu que 0s
mesmos podem ser utilizados na fabricacdo de alimentos funcionais.

Microcapsulas constituidas da associagédo de gelatina e agarose, para aplicacéo topica e
oral foram desenvolvidas contendo AG, estas apresentaram uma eficiéncia de encapsulacéo
de 70,28%, e liberacdo de 90% apos duas horas em condicBes de pH intestinal, e prote¢do no
tratamento da toxicidade hepética e renal aguda em camundongos (LAM et al., 2012).

Complexos nanoparticulados de quitosana, AG e Fe

foram preparados,
caracterizados e considerados estaveis, bem como, promissores para o futuro uso como
carreadores de proteinas antioxidantes e produtos naturais (YU et al., 2011).

Um estudo de otimizacdo de nanoparticulas contendo AG foi realizado por meio de

um planejamento fatorial, que variou as concentracdes de quitosana e Tween 80, esse
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utilizado com o intuito de servir como agente de entrega a células cerebrais. A administracdo
dos sistemas nanotecnoldgicos com a adicdo de Tween 80° propiciou um aumento na
atividade ansiolitica quando comparado com as nanoparticulas na auséncia do tensoativo,
refletida pelos modelos comportamentais e a reducdo nos niveis de nitrito no plasma
(NAGPAL; SINGH; MISHRA, 2013).

A producéo de nanofibras de zeina contendo AG aliou a eletrofiagdo, uma técnica de
encapsulacdo promissora para estabilizacdo de antioxidantes, ao produto de encapsulacéo,
uma proteina hidrofébica extraida do milho, que é conhecida por sua alta resisténcia térmica e
barreira ao oxigénio, a deficiéncia na instabilidade e a capacidade de auto-oxidacdo do AG.
Desta forma, foi obtido um sistema nanotecnol6gico que preservou a capacidade de captura
de radicais livres do polifenol, acompanhada de uma alta eficiéncia de encapsulacao (> 99%).
Esses sistemas apresentaram aplicabilidade para atuacdo como material de embalagem na
inddstria alimenticia (NEO et al., 2013, 2013).

Macromoléculas carreadoras, como o0s dendrimeros, tem se destacado como
dispositivos de entrega em escala nanométrica. Caracterizam-se por serem moléculas
tridimensionais, que consistem de um nucleo central, unidades de ramificacdo e grupos
funcionais. Estes grupos desempenham um papel importante no controle das propriedades de
porcdes terapéuticas que sdo encapsuladas ou complexadas com ele. O AG foi co-encapsulado
com dendrimeros em carreadores lipidicos, onde as macromoléculas apresentaram uma
possivel modulacdo na liberagcdo da droga, decorrente de interacdes eletrostaticas, entre 0 AG
e os dendrimeros (BITAN-CHERBAKOVSKY; ASERIN; GARTI, 2013).

O desenvolvimento de sensores para aplicacdo bioanalitica ocorre como um objetivo
adicional em sistemas nanoparticulados providos de AG. Em especial na sintese de
nanoparticulas de ouro, agindo como um agente redutor e atuando na deteccdo fluorencente
de ciromazina, um inseticida (SU et al., 2012); e na detecgéo de Pb* (HUANG; YU; TSENG,
2010). Como também elucidando a importancia dos grupos hidroxil do AG para eficacia da
acao anti-tumoral, visto que, na sintese das nanoparticulas de ouro revestidas com AG, a
molécula do polifenol é reduzida a sua forma oxidada (Figura 4), uma quinona, resultando na
inibicdo da acdo anti-tumoral quando comparado ao AG livre. Diante disso, evidencia-se a
importancia desses grupos no efeito citotoxico do AG sobre as células (LI et al., 2011). A
caracteristica seletiva do AG para linhagens de células cancerigenas foi evidenciada nos testes
realizados com AG encapsulado em nanofibras de zeina, ndo apresentando citotoxicidade
frente a células de fibroblastos (L929) (NEO et al., 2013).
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Figura 4 - Oxidacéo do &cido galico a sua forma quinona durante a sintese de nanoparticulas de ouro.

COOH COOH

3 + A ——e a4+ 3 + BH

OH OH OH

OH 0

Fonte: Lletal. (2011)

3.3 NANOTECNOLOGIA
3.3.1 Nanotecnologia Farmacéutica

Nanotecnologia é a aplicacdo da ciéncia em sistemas na escala nanomeétrica, ou seja,
estruturas com tamanho caracteristico de 0,1 a 1000 nanémetros (nm) (FERRARI, 2005). A
nanotecnologia € um campo cientifico multidisciplinar que tem apresentado um grande
avanco nos ultimos anos, encontrando aplicacGes nas mais diversas areas, desde setores de
energia e eletrdnica até a industria farmacéutica. Essa ciéncia baseia-se no principio de que os
materiais na escala nanométrica podem apresentar propriedades quimicas, fisico-quimicas e
comportamentais diferentes daquelas apresentadas em escalas maiores (ROSSI-
BERGMANN, 2008).

A aplicacdo da nanotecnologia para o tratamento, diagnéstico, monitoramento e
controle de sistemas biologicos foi recentemente denominada “Nanomedicina” pelo National
Institute of Health nos Estados Unidos (MOGHIMI et al., 2005).

Atualmente a nanomedicina gira em torno de trés principais areas de aplicacdo: a
engenharia de tecidos, com o desenvolvimento de 6rgdos, e implantes com maior afinidade
pelo tecido original, através do crescimento de células em arcaboucos artificiais de polimeros
biodegradaveis ou hidroxiapatita em peliculas biossintéticas (THOMAS; DEAN; VOHRA.,
2006); o desenvolvimento de nanosensores, que detectam de forma rapida e precisa
concentragdes muito pequenas de moléculas, através do uso de particulas como pontos
quanticos, nanoparticulas de ouro, nanoparticulas magnéticas ou fulerenos (JAIN, 2005); e 0s
sistemas de carreamento e liberacdo de farmacos e vacinas para melhorar a sua eficacia
terapéutica (SHAFTER, 2005).
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3.3.2 Sistemas de liberacdo controlada

Quando um farmaco é administrado, a um ser humano ou animal, apenas uma parcela
da dose atinge o tecido alvo, sendo que a maior parte € desperdicada, em decorréncia da
distribuicdo por outros tecidos e a sua metabolizacdo ou excrecdo antes de atingir o local de
acdo. Com o intuito de melhorar a farmacocinética e a biodistribui¢do de farmacos, na década
de 80, surgiu a tecnologia da liberacdo controlada de farmacos, como um método
comercialmente atrativo para administracdo do principio ativo de forma controlada. Sendo
assim, a liberacdo pbde ser manipulada para a producdo de sistemas de liberacdo rapida,
controlada ou prolongada da substancia bioativa (SWARBRICK, 1996). Neste contexto, 0
termo “farmaco” engloba todos compostos bioativos administrados com intuito terapéutico,
desde moléculas de baixo peso molecular a proteinas e a material genético (CABRAL, 2004).

A liberacdo controlada implica a associagdo, quimica ou fisica, dos farmacos com
materiais biocompativeis em sistemas que, quando administrados, tenham a capacidade de
controlar, de forma pré-determinada, a taxa de liberacdo/entrega do farmaco a partir desse
mesmo sistema, e/ou conduzir o farmaco até o tecido em que este deve atuar. Estes sistemas
sdo designados assim por sistemas de libertacdo controlada (SLC) de farmacos (KHAN,
2001).

Os SLC's caracterizam-se por apresentar diversas vantagens em relacdo aos sistemas
convencionais, tais como, melhor controle da liberacdo do principio ativo, melhora da eficacia
terapéutica com uso de doses menores que as usuais , resultando em menor probabilidade de
atingir doses toxicas ou sub-terapéuticas; maior intervalo de administragdo, com o
consequente aumento da adesdo do paciente ao tratamento, bem como, possiblidade de
direcionamento do farmaco para seu alvo (ROSSI-BERGMANN, 2008).

A tecnologia dos SLC's oferece uma abordagem inteligente para a entrega de farmacos
por acoplamento destes a um sistema transportador, tal como microesferas, nanoparticulas,
lipossomas, entre outros, que modulam as caracteristicas de liberacdo e de absorcdo do
farmaco (VASIR; TAMBWEKAR; GARG, 2003).

3.3.3 Lipossomas

H& mais de 4 décadas, Alec Bangham constatou que fosfolipideos em sistemas
aquosos formam estruturas fechadas em bicamadas desde entdo muitos avangos foram
conquistados nas pesquisas com lipossomas, tornando-0s mais estaveis a medida que se
compreendia suas caracteristicas fisico-quimicas e interagdes com fluidos biol6gicos

(TORCHILIN, 2005). Inicialmente, eles foram utilizados para estudar membranas bioldgicas;
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as aplicacOes praticas, principalmente na entrega de farmacos surgiram na década de 1970
(LASIC, 1998).

Lipossomas sdo vesiculas constituidas de uma ou mais bicamadas lipidicas
concéntricas, separadas por um meio aquoso (BATISTA et al., 2007). Os lipideos se
organizam de forma que suas cadeias hidrofobicas interagem dando origem & bicamada e os
grupos hidrofilicos orientam-se para solucdo extra-vesicular e a cavidade interna
(EDWARDS; BAEUMNER, 2006).

Os lipossomas séo constituidos basicamente de fosfolipideos e esterdis (VEMURI,;
RHODES, 1995). A fosfatidilcolina ¢ o lipideo mais empregado nas formulagcdes de
lipossomas, devido a sua grande estabilidade frente a variac6es de pH ou da concentracéo de
sal no meio (BATISTA et al., 2007). Enquanto que o colesterol atua aumentando a fluidez da
bicamada, reduzindo a permeabilidade a moléculas hidrossoliveis e melhorando a
estabilidade das vesiculas na presenca de fluidos bioldgicos (VEMURI; RHODES, 1995).

O numero de bicamadas em torno do compartimento aquoso classifica os lipossomas
em unilamelares (uma Unica bicamada) e multilamelares (de duas a multiplas bicamadas).
Também sdo categorizados quanto ao tamanho para as vesiculas unilamelares, sendo
identificados como lipossomas unilamelares pequenos - SUV (small unilamellar vesicles) e
lipossomas unilamelares grandes - LUV (large unilamellar vesicles) (Figura 5) (LASIC,
1998).

Figura 5 - Lipossomas multilamelares e unilamelares, SUV e LUV.
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Fonte: Adaptado de LASIC (1998)
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Véarios métodos foram desenvolvidos para producdo de lipossomas, sendo bastante
relatado a hidratacdo de um filme lipidico. Neste método, os constituintes sdo dissolvidos em
solvente organico, seguido da evaporacdo do solvente e formacéo do filme lipidico. Procede-
se a hidratacdo do filme com agua ou tampdo concomitantemente a agitacdo vigorosa,
promovendo a formacéo da dispersdo de lipossomas multilamelares. O momento da incluséo
do farmaco durante a preparagdo das vesiculas vai depender da natureza quimica do mesmo,
sendo adicionados ao solvente organico (lipofilicos) ou solubilizados na solucdo tampéo
(hidrofilicos). Esta técnica produz lipossomas multilamelares, sendo necesséaria a aplicacédo de
métodos mecanicos, eletrostaticos ou quimicos para aquisicao de lipossomas unilamelares,
LUV’s e SUV’s. Os mais frequentes sdo os mecanicos, estando incluidos: a sonicac¢do, o uso
da prensa de French, homogeinizador/fluidificador e extrusdo através de membrana de
policarbonato com variadas porosidades (BATISTA et al., 2007).

A aplicacdo de métodos para caracterizagdo imediata seguida do preparo e
armazenamento de lipossomas € requerida para o controle de qualidade da producdo. Entre
eles, priorisa-se a determinacdo do tamanho das particulas, indice de polidispersdo (PDI),
compossicdo lipidica e o percentual da eficiéncia de encapsulacdo do farmaco (EE%)
(VEMURI; RHODES, 1995).

Tamanho, carga e propriedades de superficie dos lipossomas podem ser facilmente
alteradas pela simples adicdo de novos componentes lipidicos e / ou por variagdo dos métodos
de preparacdo. Estas modificacGes possibilitam uma maior aplicacao terapéutica, sendo assim
classificados quanto as caracteristicas de interacdo com sistemas biologicos (TORCHILIN,
2005).

ApoOs a administracdo sistémica, lipossomas séo geralmente reconhecidos como
particulas estranhas e, por conseguinte, sujeitos a endocitose pelas células do sistema
fagocitico mononuclear (SFM), células de Kupffer encontradas principalmente no figado e no
baco (LASIC, 1998). As vesiculas que apresentam esta caracteristica sdo conhecidas como

lipossomas convencionais (Figura 6).
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Figura 6 - Lipossoma convencional.

Farmaco hidrofilico (a); Farmaco lipofilico (b).
Fonte: Adaptado de TORCHILIN (2005)

Para suprir a precoce captura pelo SFM e aumentar as chances de chegar a células
alvo, foram desenvolvidas vesiculas que permanecem no sangue em um tempo de cerca de
100 vezes maior que os lipossomas convencionais. Devido esta caracteristica estas vesiculas
estericamente  estabilizadas com  componentes  hidrofilicos naturais como o
monossialogangliosideo GM1 e fosfatidilinositol, ou de polimeros hidrofilicos sintéticos,
especificamente os polietilenosglicdis (PEG) foram referidas como lipossomas furtivos
(stealth) (Figura 7) (LASIC; PAPAHADJOPOULOS, 1995; SAGRISTA, 2000).

Figura 7 - Lipossomas furtivos

PEG (e); Opsoninas (f)
Fonte: Adaptado de TORCHILIN (2005)
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A estabilidade bioldgica melhorada dos lipossomas furtivos
é um resultado da inibicdo das intera¢cbes com as proteinas do plasma (tais como opsoninas e
lipoproteinas) e receptores de superficie celular pela barreira estérica acima da bicamada
(LASIC; PAPAHADJOPOULQS, 1995). Em decorréncia disso, ocorre 0 aumento do tempo
de disponibilidade do farmaco na corrente sanguinea, aliada a vetorizacdo passiva de
particulas manomeétricas, em decorréncia do efeito do aumento da permeabilidade e retencédo
(EPR) vascular no cancer. Faz dos lipossomas furtivos importantes ferramentas no tratamento
dessa patologia.

Em adicdo, em termos de aplicacdo terapéutica, lipossomas podem oferecer protegédo
contra degradacdo do farmaco no corpo, liberacdo controlada do agente encapsulado, e ainda
a possibilidade de modificacdo da superficie dos lipossomas pela conjugacdo de moléculas de
direcionamento que promovem um aumento na eficacia da entrega do farmaco ao alvo
(BOWEY, TANGUAY, TABRIZIA, 2012).
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4- METODOLOGIA

4.1 Reagentes
O 4cido gélico e o colesterol foram obtidos da Sigma (St. Louis, USA). A

diestearoilfosfatidiletanolamina ligada ao polietilenoglicol (DSPE-PEG) e a fosfatidilcolina
de soja foram adquiridas na Lipoid GMBH (Ludwigshafen, Alemanha). Os solventes e outros

produtos quimicos foram fornecidos pela Merck (Darmstadt, Alemanha).

4.2 Preparacédo dos lipossomas furtivos contendo &cido galico

Os lipossomas furtivos contendo acido galico (AG-Lipo) foram obtidos pelo método
de hidratacdo do filme lipidico (LIRA et al, 2009). Inicialmente, o acido galico (10 mg) e os
lipidios (42 mM), fosfatidilcolina de soja (PC), colesterol (CH) e polietilenoglicol-
diestearoilfosfatidiletanolamina  (DSPE-PEG) (7,5:2,0:.0,5)  foram  solubilizados
separadamente em uma solucdo de cloroférmio:metanol (3:1). Posteriormente, a solucdo foi
submetida a rotaevaporacdo sob pressdo reduzida até a formacdo de um filme lipidico
uniforme. O filme lipidico foi, entdo, hidratado utilizando 10 mL de tampdo fosfato pH 6,8,
com formacdo de lipossomas multilamelares (MLV). Para obtencdo de lipossomas
unilamelares pequenos, a dispersdo de MLV foi submetida a agitacdo em sonda de ultrassom
(Vibra Cell, BRANSON, USA) a 200 W e 40 Hz por 300 s. Os lipossomas furtivos sem
farmaco (Lipo) foram preparados pelo mesmo método para estudo comparativo de

estabilidade.
4.3 Caracterizacao fisico-quimica dos lipossomas furtivos

O tamanho meédio e o indice de polidispersdo (PDI) dos lipossomas foram
determinados por espectroscopia de autocorrelacdo de fotons (PCS), utilizando analisador de
particulas a laser DelsaTMNano-S (Beckman Coulter, Califérnia, USA). O potencial zeta foi
determinado no equipamento ZetasizerNano-ZS90 (Malvern, Worcestershire, UK), utilizando

a técnica de mobilidade eletroforética.

4.4. Desenvolvimento de metodologia analitica para quantificacdo do acido gélico por CLAE
Atualmente, ndo héa disponivel na literatura um método validado para dosagem do AG

presente em sistemas de liberagdo controlada nanoparticulados utilizando CLAE. Por isso,

tornou-se necessario desenvolver um método para este fim. Primeiramente, o comprimento de

onda de maior absorbancia do AG foi determinado com varredura em espectrofotometro UV-
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Vis entre os comprimentos de onda de 200 e 400 nm em diluicdo adequada a partir da solugéo
estoque padréo em acetonitrila.

4.4.1 Condigdes cromatogréaficas

A quantificacdo do AG foi realizada por CLAE utilizando um método isocratico. As
anélises cromatogréficas foram realizadas em equipamento Aliance 2695 (Waters, EUA)
acoplado a um detector de arranjos de diodos (PDA) 2998 (Waters, EUA), operado a 272 nm.
Uma coluna de fase reversa Cig (250 mm x 4,6 mm, 5 mm, XBridge™ Waters) protegida por
uma pré-coluna da mesma composicdo (20 mm x 4,6 mm) foi utilizada com uma fase mével
composta por acetonitrila:dgua acidificada com &cido acético 1%, pH 3,5, a um fluxo de 1,0
mL/min a 25°C e um volume de injecdo de 20 uL. Diferentes proporcdes de fase movel foram
utilizadas para avaliar o melhor cromatograma. O desempenho do sistema cromatografico foi
avaliado a partir dos seguintes parametros: numero de pratos tedricos (N), fator de cauda (T) e
altura equivalente do prato tedrico (HEPT), observando-se os cromatogramas obtidos na

concentracdo de 50 pg/mL.

4.4.2 Preparacdo das amostras

A curva analitica do AG foi preparada a partir de dilui¢des de uma solucdo estoque em
acetonitrila (1 mg/mL), variando as concentracdes de 10 a 100 pg.mL™. A solucdo estoque
padrdo foi preparada por transferéncia de 10 mg de AG para um baldo volumétrico de 10 mL
e solubilizacdo em acetonitrila, e entdo, submetida a sonicacdo por 5 minutos. Em seguida,
diluicdes apropriadas foram efetuadas com acetonitrila para obtencdo de uma curva padrédo
em seis niveis de concentragdes diferentes de AG: 10, 20, 40, 60, 80 e 100 pg.mL™.

4.4.3 Validacdo do método para quantificagdo do &cido galico em lipossomas

Para a validacdo do meétodo analitico para quantificacdo de AG em lipossomas
furtivos, os parametros de validacdo foram avaliados segundo as exigéncias da Conferéncia
Internacional de Padronizacdo de Requerimentos Técnicos para Registro de Produtos
Farmacéuticos de Uso Humano (International Conference on Harmonisation - ICH of

Technical Requirements for Registration of Pharmaceuticals for Human Use) (ICH, 2005).
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4.4.3.1 Linearidade

Para a determinagéo da linearidade, foram realizadas trés curvas padrdo auténticas em
triplicata com seis concentracdes diferentes de AG (10, 20, 40, 60, 80 e 100 pg.mL™).
Estabeleceu-se correlacao linear entre concentracao, considerada variavel independente (x), e
relacdo entre as areas dos picos cromatograficos do farmaco e do padréo interno, considerada
variavel dependente (y). Os parametros da correlacdo foram estimados pelo método dos

minimos quadrados.

4.4.3.2 Exatidao

A exatiddo foi avaliada pelo método de recuperagdo do analito adicionado em
quantidades conhecidas a formulacdo lipossomal placebo em trés concentracfes diferentes:
10, 50 e 100 pug.mL™, correspondendo, respectivamente, a 20, 100 e 200% da concentrag&o
teste. Todas as amostras foram preparadas em triplicata (n=9). O coeficiente de variacdo e a

porcentagem de recuperagdo foram utilizados para avaliar a exatiddo, definida como:

100

o concentracao obtida
Exatidao = ( — — )
concentragdo teorica

4.4.3.3 Preciséo

Para o estudo de precisdo foi utilizada a concentracdo de 50 pg.mL™ do AG
(concentracéo teste) determinada em solucdes diferentes (n=6). As analises foram realizadas
em dois dias diferentes (inter-dia), por dois analistas diferentes (intra-dia). As médias dos

resultados obtidos foram avaliadas pelo teste t de Student (teste bilateral, p < 0,05).

4.4.3.4 Robustez

A robustez do método proposto foi verificada pela variacdo de temperatura de anélise
(25 °C e 30 °C) e variagéo de fluxo (1,0 mL/min e 1,2 mL/min). A concentragdo de 50 pg.mL"
! de AG foi determinada em seis ensaios diferentes. A avaliacdo da robustez foi realizada pela
andlise dos coeficientes de variacdo entre as médias obtidas, utilizando o teste t de Student
(teste bilateral, p < 0,05).

4.4.3.5 Limites de deteccdo (LD) e quantificacdo (LQ)
Os limites de deteccdo e quantificacdo foram estimados matematicamente a partir da
curva padrdo resultante da média das trés curvas de calibracdo auténticas. O célculo para

determinar os valores correspondentes baseia-se no desvio padrdo do residual da linha de



36

regressdo e sua relagdo com a inclinacéo da reta (coeficiente angular) na curva padrdo. Para

determinar o limite de detecgéo e quantificagdo foram utilizadas as equacdes:

D.P.
LD = (T) X 3,3

Em que o LD é o limite de deteccdo; LQ € o limite de quantificacdo; D.P. é o desvio padréo
do intercepto com relacdo ao eixo dos Y e | é a inclinacdo de curva de calibracéo.

4.5 Doseamento e eficiéncia de encapsulacédo dos lipossomas contendo acido galico

Para determinacdo do AG na forma lipossomal, transferiu-se uma aliquota da
formulagdo (50 pL) para um eppendorf. Em seguida, adicionou-se a amostra 950 pL de
acetonitrila. A solucédo foi submetida a agitacdo por 1 min para romper a estrutura lamelar dos
lipossomas e liberar o contetdo de AG encapsulado. Por fim, a solucdo foi centrifugada a
10.000 rpm por 10 min e o sobrenadante foi filtrado em filtros Millex® (0,22 pm, Millipore,
USA). A concentracdo tedrica de AG na amostra foi de 50 pg.mL™. Os ensaios de
doseamento foram realizados em triplicata.

A eficiéncia de encapsulacdo foi  determinada pelo método de
ultrafiltracdo/centrifugacdo, onde 400 pL dos lipossomas foram colocados em unidades
filtrantes Amicon® Ultra (Millipore, USA) e centrifugados a 10.000 rpm por 1h. Uma aliquota

do ultrafiltrado foi, entdo, diluida em acetonitrila e submetida a leitura em CLAE.
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5 RESULTADOS E DISCUSSAO
5.1 Caracterizacdo fisico-quimica dos lipossomas
Os lipossomas furtivos foram preparados pelo método de hidratagdo do filme lipidico

e os dados de caraterizacdo fisico-quimica para Lipo e AG-Lipo, tamanho de particula, PDI,

pH e potencial zeta estdo apresentados na Tabela 1.

Tabela 1. Caracterizagdo fisico-quimica dos lipossomas furtivos contendo acido galico apés a
preparacao.

Formulacdes Tamanho de indice de pH Potencial zeta
particula (nm) polidispersao (mV) £DP*
+DP* (PDI)
Lipo 845+19 0,224 6,8 -33,4+0,15
AG-Lipo 819+04 0,235 6,6 -30,0 + 1,40

* DP=desvio padrdo, n=3; Lipo=lipossomas furtivos sem farmaco; AG-Lipo=lipossomas furtivos

contendo acido galico.

As suspensdes coloidais exibiram distribuicido de tamanho das vesiculas
moderadamente polidisperso (Tabela 1), classificadas assim por se encontrarem com PDI
entre 0,1 e 0,4 nm (BHATTACHARIJEE, 2016). Além de apresentar tamanhos apropriados
para dispersdes coloidais em escala manométrica.

Apos a encapsulacdo de AG nos lipossomas ocorreu uma pequena varia¢do no pH da
formulacéo lipossomal ( Lipo = 6,8; AG-Lipo = 6,6), contudo essa alteracdo ndo compromete
a estabilidade do AG, visto que o pH continua acido. Cuidado tomado na escolha do pH do
tampdo para solubilizacdo do AG e preparo dos lipossomas, pois 0 mesmo é facilmente
oxidado em pH alcalino (POLEWSKI; KNIAT; SLAWINSKA; 2013).

Os resultados do potencial zeta estdo apresentados na Tabela 1, onde ambas as

formulagGes exibiram um potencial zeta negativo.

5.2 DESENVOLVIMENTO DE METODOLOGIA ANALITICA PARA QUANTIFICA(}AO
DO ACIDO GALICO POR CLAE

O espectro de varredura do AG em acetonitrila revelou dois picos de absorbancia
maxima nos comprimentos de onda de 216 nm e 272 nm (Figura 2), corroborando os dados
relatados na literatura (POLEWSKI; KNIAT; SLAWINSKA; 2013). Contudo, o comprimento
de onda escolhido para a quantificacdo do AG foi o de 272 nm, devido a menor interferéncia

dos excipientes lipidicos da formulag&o lipossomal.
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Figura 8. Espectro de varredura do &cido galico em acetonitrila.

Para otimizacdo da fase movel a ser utilizada na quantificagdo do AG, a proporcéo entre
acetonitrila e dgua acidificada foi variada de 60:40 para 90:10, com o intuito de melhorar a
resolucdo do cromatograma (Figura 3). Os parametros cromatograficos, numero de pratos
tedricos (N), fator de cauda (T) e altura equivalente a um prato teérico (HETP), também
foram calculados (Tabela 2). Com o aumento da proporcao do solvente organico houve uma
melhor resolucdo do cromatograma, visto que houve um aumento do nimero dos pratos
tedricos e uma diminuicdo do HETP, ou seja, uma melhor eficiéncia da coluna cromatogréafica
(Figura 3A-C). Contudo, na proporcdo acetonitrila:dgua 90:10 (Figura 3D), observou-se uma
reducdo no nimero de pratos tedricos e aumento do fator de cauda do pico. Diante destes
resultados, a propor¢do escolhida para a preparacdo da curva analitica de AG foi de
acetonitrila:agua 80:20 (Figura 3C). O método desenvolvido foi especifico para o acido galico
com tempo de retencdo de 2,65 minutos, permitindo que o tempo de analise total para cada

amostra fosse de 5 minutos.
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Figura 9. Anélise cromatogréfica do acido galico na concentracdo de 50 pg.mL™ em diferentes
proporcdes de acetonitrila:agua acidificada: (A) 60:40; (B) 70:30; (C) 80:20 e (D) 90:10.

O método proposto atendeu aos requisitos dentro dos limites preconizados (FDA,
2001) conforme dados apresentados na Tabela 2. A eficiéncia da coluna aumenta com o
nimero dos pratos teodricos, que devem ser acima de 2000 para apresentar eficiéncia
adequada, o que foi verificado também pela diminuicdo da altura dos pratos teoricos. Os
valores de fator de cauda, proximos de um, sdo ideais, pois indicam a simetria dos picos.
Além disso, 0 uso de &cido na fase mdvel é imprescindivel para prevenir a ionizacdo dos
grupos hidroxilas presentes nos compostos fendlicos, permitindo uma melhor simetria do pico
(CARVALHO et al, 2009). Essa afirmacédo é condizente com o valor do pKa de 4,4 do AG, e
realga o uso do pH em torno de 3,5 da agua acidificada, constituinte da fase mével, onde o

AG se encontrara na sua forma ndo-dissociada.
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Tabela 2. Pardmetros dos cromatogramas de acido gélico obtidos em diferentes proporcbes de
solventes por CLAE.

Proporcdo de solvente acetonitrila:agua

Parametros Limites . . . .
ecomendados 6040 70:30  80:20  90:10
N N > 2000 1282 1680 2073 1758
T T<2 1,02 1,12 1,33 1,4
HETP HEPT < 0,15 0,19 0,14 0,12 0,14

N=nUmero de pratos tedricos; T=fator de cauda do pico; HETP=altura equivalente do prato tedrico.

5.2.1 Linearidade

Os dados da curva analitica, resultantes da média de trés replicatas, foram ajustados
por analise de regressao linear (Tabela 3). O método mostrou-se linear entre as concentragdes
estudadas, de 10 a 100 pg.mL™. A equagdo da regressdo linear obtida foi y = - 0,203 x +

1,102, em que y é a absorbancia (area) e x a concentracdo (ug.mL™) em equivalentes de AG.

Tabela 3. Curva analitica do acido galico em acetonitrila a 272 nm.

Concentracéo teorica de Valor médio da area Concentracdo obtida de AG
AG (ug.mL™) (mAU/min) = D.P.* (ug.mL™) + DP*
10 11,27 £ 0,31 10,04 £ 0,28
20 21,9+0,43 19,69 £ 0,39
40 43,12 +0,16 38,95+ 0,15
60 66,3 £ 1,02 59,98 + 0,93
80 87,34 +£1,28 79,07 £ 1,64
100 110,59 + 1,07 100,17 £ 0,97

* DP=desvio padrédo, n=9.

O coeficiente de correlagdo obtido foi de 0,9997, significando que 99,97% da variacdo
total em torno da média é explicada pela regressdo linear, comprovando a adequacdo do
método ao intervalo avaliado. Os dados da analise de regressédo séo resumidos na Tabela 4. Os
valores dos limites de detec¢do (LD) e quantificacdo (LQ) estimados foram 1,49 e 4,53
ng.mL™, respectivamente (Tabela 4). Com esses resultados, verifica-se que 0 método possui
alta sensibilidade para detectar e quantificar o AG.
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Tabela 4. Parametros do método CLAE para a quantificacdo do AG.

Parametros Valores
Comprimento de onda de medicdo (nm) 272

Faixa linear (pug.mL™) 10-100
Intercepto £ (desvio padrao) -0,203 (x 0,499)
Inclinagdo * (desvio padréo) 1,102 (= 0,008)
Coeficiente de correlagéo (r?) 0,9997

Limite de deteccéo, LD (ug.mL™) 1,49

Limite de quantificacdo, LQ (ug.mL™) 4,53

5.2.2 Preciséo

A precisdo foi avaliada pelos estudos de repetibilidade (inter-dia) e preciséo
intermediaria (intra-dia). Neste estudo, através do teste t de Student foi avaliada a possivel
existéncia de diferenca estatisticamente significativa entre as médias obtidas para os ensaios
realizados em dias diferentes e com analistas diferentes. Como pode ser observado na Tabela
5, em todos os casos o t calculado foi sempre menor do que o t critico, demonstrando nédo
existir diferenca estatisticamente significativa entre as médias, ou seja, os resultados obtidos

expressam o mesmo valor (p < 0,05).

Tabela 5. Avaliacdo da precisdo do método de CLAE para a quantificagdo do AG.

Intra-dia
Concentracao Analista 1 Analista 2
tedrica CM+DP DPR(%) CM+DP DPR (%) .caloulado Ueritico*
(g-mL™)
50 50,79 £ 0,76 1,51 51,16 £ 1,21 2,38 0,12 2,23
Inter-dia
Concentracao Dial Dia2
tedrica CM+DP DPR(%) CM+DP DPR (%) tcacuaso ©Crtioo"
(g-mL™)
50 50,79+ 0,76 1,51 49,88 + 1,43 2,86 0,19 2,23

CM=Concentracdo média (ug.mL™) de seis determinacBes; DP=Desvio Padrdo; DPR (%)=Desvio
Padrdo Relativo. *Valor tabelado de t (teste bilateral, p<0,05).
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5.2.3 Exatidao

A exatiddo foi verificada para trés niveis de concentragdo: baixa, média e alta. Os
dados experimentais obtidos revelaram média de recuperacdo do analito de 100,9% (99,7-
101,6%) e que o maior coeficiente de variacdo foi de cerca de 3,23% (Tabela 6). Os
resultados do estudo de exatiddo demonstram que pequenas variacdes da concentracdo de
acido galico podem ser prontamente quantificadas pelo método, bem como ndo ha
interferéncia dos excipientes da forma lipossomal no doseamento do produto final, portanto, o

método analitico desenvolvido é exato.

Tabela 6. Resultados da exatiddo para trés niveis de concentracdes diferentes de AG.

Concentragdo de AG (ug.mL™) Dados estatisticos
Tedrica Experimental Media D.p.* DPR (%)*
10 10,30 10,13 10,06 10,05 0,24 2,37
50 49,07 50,55 52,21 50,61 1,57 3,10
100 103,44 97,48 98,30 99,74 3,22 3,23

* D.P.=desvio padrdo; DPR=desvio padrao relativo.

5.2.4 Robustez

A variacdo da temperatura e do fluxo de analise ndo afetou a absorbancia do AG. As
concentracfes médias obtidas para as analises de solu¢fes acondicionadas nas temperaturas
de 25 °C e 30 °C foi de 49,06 + 0,33 ug.mL™. A mudanca do fluxo resultou em concentragdes
médias de 50,68 + 1,78 ug.mL™. Entre todos os resultados experimentais, o valor maximo do
coeficiente de variacdo encontrado foi 3,51%. De acordo com o teste t de Student (Tabela 7)
ndo ha diferenca estatisticamente significativa entre os resultados obtidos, quando da
alteracdo na temperatura de analise (0,78) ou do fluxo (0,06) durante as anélises realizadas, ou
seja, no nivel de 95% de confianga as variagdes dos parametros analisados ndo influenciam a
quantificacdo do AG.

Poucas metodologias de validacdo para quantificacdo do AG por CLAE séo relatadas
na literatura, e em todas, o farmaco encontra-se em misturas de componentes polifenolicos.
Wang e colaboradores (2000) desenvolveram um método isocratico (fase mdvel composta por
metanol, agua e &cido ostofosférico, nas proporcées de 20:79,9:0,1%) para deteccdo de AG

em uma mistura com catequinas e cafeina no cha verde, tendo o comprimento de onda de
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deteccdo de 210 nm (WANG; HELLIWELL; YOU, 2000). No ano de 2003, outro método
analitico para detec¢do de AG, hamamelitanina e catequinas na casca, nos ramos e nas folhas
de hamamélis foi validado por Wang e colaboradores (WANG; PROVAN; HELLIWELL,
2003). Neste caso, fez-se necessario 0 uso de fase mével por gradiente (acido ortofosférico a
0,1% em &gua, eluicdo A, e &cido ortofosforico a 0,1% em metanol, eluicdo B) onde sdo
requeridas relagdes variaveis de solventes durante a corrida analitica, e repetiu-se a deteccéo
dos constituintes em 210 nm.

Este comprimento de onda ndo seria adequado para quantificacdo do AG em lipossomas,
pois iria sofrer interferéncia dos constituintes lipidicos da dispersdo lipossomal. Portanto, o
método desenvolvido e validado neste trabalho é uma importante ferramenta para auxiliar
pesquisas que necessitam de uma quantificacdo exata e precisa do acido galico em sua forma

pura e em preparacdes farmacéuticas.

5.3 DOSEAMENTO E EFICIENCIA DE ENCAPSULACAO DOS LIPOSSOMAS
CONTENDO ACIDO GALICO

A concentracdo total de farmaco (teor), por sua vez, é geralmente determinada pelo
rompimento das particulas em suspensdo e solubilizacdo do farmaco liberado em um solvente
adequado. Por conseguinte, a concentracdo de farmaco associada as nanoestruturas é
calculada pela diferenca entre as concentracdes de farmaco total e livre. Um sistema de
liberacdo ideal deve ter uma alta capacidade de encapsulacdo do farmaco, reduzindo, assim, a
quantidade de materiais matriciais administrado.

Apo6s o desenvolvimento da metodologia analitica, o acido galico presente nas
formulacBes lipossomais foi quantificado, onde se obteve um teor e uma eficiéncia de
encapsulacdo de 99,30 + 1,56% e 92,72 + 0,16%, indicando a eficacia do método
desenvolvido.

Atualmente, ndo existe disponivel na literatura um método validado para dosagem do
AG presente em sistemas de liberagdo controlada nanoparticulados utilizando CLAE, nem o
desenvolvimento de lipossomas contendo este farmaco. Contudo, alguns autores realizaram a
determinacéo do teor de AG em outros sistemas (ROSA et al, 2013; ROBERT et al, 2012). Li
e colaboradores (2011) desenvolveram nanoparticulas de ouro contendo AG, onde obtiveram
uma eficiéncia de encapsulacdo de cerca de 81%. Posteriormente, nanoesferas de quitosana e
de xantana foram preparadas, onde apresentaram uma eficiéncia de encapsulacao de 91,07% e
77,05%, respectivamente (ROSA et al, 2013). Nagpal e colaboradores (2013), através de um

estudo de planejamento fatorial, obtiveram valores de eficiéncia de encapsulacdo do AG em
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nanoesferas de quitosana de 97,24%. Portanto, a eficiéncia de encapsulacdo encontrada neste
trabalho corrobora com os descritos na literatura. Além disso, os lipossomas furtivos
desenvolvidos podem permitir ao farmaco um tempo maior de circulacdo na corrente
sanguinea e maiores possibilidades de chegar a célula alvo. Nos tratamentos anticancerigenos,
o0s sistemas furtivos proporcionam a redugdo da incidéncia de efeitos toxicos em relacdo as
células normais, reducdo da dose do agente quimioterapico para um dado grau de resposta
terapéutica, melhorando assim a eficacia terapéutica (HALEY; FRENKEL, 2008).
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6 CONCLUSOES

Concluimos que lipossomas contendo AG foram obtidos e caracterizados através de
parametros indispensaveis para a obrigatoriedade do controle de qualidade das vesiculas. A
encapsulacdo do AG no nanossistema lipossomal é inédita e foi bem sucedida, com uma alta
eficiéncia de encapsulagdo, em consonancia com a literatura quanto a outros sistemas de
liberacdo controlada que encapsularam este farmaco. O método desenvolvido e validado por
CLAE para quantificacdo do AG exibiu cromatogramas simétricos e com uma boa eficiéncia
da coluna. Além de apresentar-se dentro das diretrizes internacionais de padronizagdo
caracterizando-se como exato, preciso e reprodutivel, sendo capaz de quantificar o AG em

lipossomas.
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7 PERSPECTIVAS

Para contribuir com o refinamento da presente pesquisa faz-se necessario a aplicacéo
de andlises que garantam que o AG ndo sofreu degradacdo apds a encapsulacdo em
lipossomas, acompanhado de um estudo de estabilidade dos nanosistemas, além da aplicagdo
do método de quantificacdo por CLAE em outras formas farmacéuticas desenvolvidas pelo
nosso grupo de pesquisa. Como perspectivas apontamos a avaliacdo da eficcia terapéutica
dos nanossitemas contendo acido galico em um estudo antitumoral in vivo frente a linhagem
tumoral de sarcoma 180, e a elucidacdo dos possiveis mecanismos de agdo responsaveis por
esta atividade bioldgica.
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SUMMARY

The objective of this work was to develop and characterize stealth liposomes as carrier
vehicle for gallic acid (GA) and validate a high efficiency liquid chromatography (HPLC)
method for the determination of GA in nanosystems. Liposomes were prepared by lipid film
hydration method and characterized by determination of particle size, polydispersity index
(PDI) and zeta potential. The chromatographic system had as its stationary phase a C18
reverse phase column, mobile phase composed of 1% acetic acid and acetonitrile in a ratio of
20:80 (v /v), 1 mL/min flow at 25 ° C and detection at 272 nm . Stealth liposomes containing
GA were obtained with mean vesicle size of 81.9 £ 0.4 nm, PDI = 0.235, pH = 6.6 and zeta
potential = - 30.0 £ 1.4 mV. The analytical method developed showed a retention time of 2.65
min, T = 1.33, and equivalent height of the theoretical plate (HEPT) of 0.12, N> 2000. The
linearity range of the GA analytical curve was 10 to 100 pug.mL-1, adjusted by the following
regression equation: peak area = 1,102 x [AG] (ug.mL-1) - 0.203; R = 0.9999. The
repeatability of the method was 2.83% and the intermediate precision indicated that the
difference between the means was statistically insignificant (p <0.05). The method was robust
despite the variation of temperature and flow. The limits of GA detection and quantification
were 1.49 and 4.53 pg.mL™, respectively. Accuracy revealed an average recovery of the
analyte of 100.9%. The assay and GA encapsulation efficiency in the liposomes was 99.30 +
1.56% and 92.72 + 0.16%, respectively. The proposed method is accurate, precise and
reproducible, being able to quantify gallic acid in liposomal preparations.

Keywords: Gallic acid; Furtive Liposomes; CLAE; Validation.
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1. Introduction

Gallic acid (GA) (Figure 1), 3,4,5-trihydroxy-benzoic acid, is a phenolic substance,
intermediary of the secondary metabolism of plants, originated by the biosynthetic route via
shikimic acid, being a derivative of benzoic acid [1 ]. The GA is in the form of yellowish-
white crystals having a molecular weight of 170.12 g / mol, a melting temperature of 250 ° C
and a solubility in water of 1.1% at 20 ° C [2]. It presents a LogP of 0.89, much lower than
most of its gallate derivatives, and can therefore be considered a relatively water soluble
substance [3]. Linked to the benzene ring, the GA has a carboxylic group and three phenolic
OH groups at the 3,4, and 5 positions. These groups have a dissociation constant (pKa) of 4.4,
8.2; 10.7 and 13.1, respectively [4]. The GA is in its ionized form above pKa 4.4 and in the
neutral or non-dissociated form below that pKa [5].

HO o

HO OH
OH

Figure 1. Structure of gallic acid (C7H605).
Fonte: http://www.chemicalize.org

The GA molecule is unstable at extreme temperatures or in the presence of oxygen or
still in the light [6]. Phenolic compounds are chemically very reactive and this reactivity can
also be inferred to gallic acid, having, in general, acidic characteristics [1]. They are easily
oxidized, either by specific plant enzymes or by the influence of metals (such as iron and

manganese), light and heat, or in alkaline media, causing dimming of their solutions.

The GA is known to present a wide variety of biological activities, antioxidant [7],
anxiolytic [8], neuroprotective [9], antidiabetic [10], antimicrobial [11,12] and antitumor [2].
Regarding the antitumor activity, the GA has many effects on several types of tumors,

highlighting apoptotic [13], antiproliferative [14], antiangiogenic [15] and antimetastatic [16].
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These actions make this drug an important biomolecule for therapeutic use. In addition, it
presents selective cytotoxicity for cancer cells and low cytotoxicity for normal cells [2].

Despite the promising antitumor activity of GA, its instability to temperature, presence
of oxygen and light restricts its therapeutic use. Therefore, to remedy these limiting
properties, the use of nanotechnology may be an effective alternative for the future use of this
drug.

Few studies have discussed the encapsulation of GA in nanometric-scale controlled
release systems. In 2011, Li et al. [17] developed GA-coated gold nanoparticles to evaluate
their antitumor activity against the HL-7702 (human hepatocyte) cell line. Nanosystems
exhibited lower cytotoxicity when compared to free GA, justified by the oxidation of the GA
molecule to its quinone form during the synthesis of the nanoparticles, as well as elucidating
the importance of the hydroxyl groups of GA to the efficacy of the antitumor action. Recently,
Nagpal and collaborators (2013) [8] prepared chitosan nanoparticles containing GA,
optimized with Tween 80®. Nanosystems increased in vivo anxiolytic activity evidenced by
the reduction in plasma nitrite levels in mice, a result not reflected in the groups treated with
free GA and chitosan nanoparticles containing GA without Tween 80®. Also in 2013, Bitan-
Cherbakovsky et al. [18], with the purpose of developing an efficient system to serve as a
support for oral and transdermal application, chose GA as an anionic drug model and
coencapsulated it with cationic dendrimers in lipid carriers through of electrostatic
interactions.

Among the nanotechnology controlled drug release systems stands out liposomes,
which are vesicles containing one or more concentric lipid bilayers, are separated by an
aqueous medium. These systems have the ability to carry both hydrophilic and hydrophobic
drugs, are biodegradable, biocompatible and non-immunogenic [19].

For long circulation of these systems into the bloodstream, and consequently the
possibilities of reaching the target cells, long-lived liposomes, also known as stealth
liposomes, have been developed in which a surface polymer layer is added which inhibits the
molecular recognition process and capture by mononuclear phagocyte system (MPS) [20].
The most common method for surface modification is the use of a hydrophilic and non-ionic
polymer, such as polyethylene glycol (PEG), a process called "PEGylation™ [21].

In view of the above, it is suggested that the encapsulation of GA in stealth liposomes
may protect the molecule from degradation, conferring protection and preservation in order to
enable and increase its biological potential in future biological applications.
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For this work, the objective was to develop and characterize stealth liposomes, as a
carrier vehicle for gallic acid. It is also added to develop an analytical methodology by High

Performance Liquid Chromatography (HPLC) for the determination of GA in nanosystems.

2. Material and Methods

2.1 Reagents

Gallic acid and cholesterol were obtained from Sigma (St. Louis, USA). Poly(ethylene
glycol)—distearoylphosphatidylethanolamine (DSPE- PEG) and soy phosphatidylcholine were
purchased from Lipoid GMBH (Ludwigshafen, Germany). Solvents and other chemicals were

supplied by Merck (Darmstadt, Germany).

2.2 Preparation of Stealth Liposomes Containing Gallic Acid

Stealth liposomes containing gallic acid (GA-Lipo) were obtained by the lipid film
hydration method [22]. GA (10 mg) and lipids (42 mM), soybean phosphatidylcholine (PC),
cholesterol (CH) and Poly(ethylene glycol)—distearoylphosphatidylethanolamine (DSPE-
PEG) (7.5: 2.0: 0.5) were solubilized separately in a solution of chloroform: methanol (3: 1).
Subsequently, the solution was rotated under reduced pressure to form a uniform lipid film.
The lipid film was then hydrated using 10 mL of pH 6.8 phosphate buffer, with formation of
multilamellar liposomes (MLV). To obtain small unilamellar liposomes (SUV), the MLV
dispersion was subjected to ultrasonic probe shaking (Vibra Cell, BRANSON, USA) at 200
W and 40 Hz for 300 s. Non-drug stealthy liposomes (Lipo) were prepared by the same

method for comparative stability study.

2.3 Physico-chemical Characterization of Stealth Liposomes

The mean size and the polydispersity index (PDI) of the liposomes were determined
by photon correlation spectroscopy (PCS) using DelsaTMNano-S laser particle analyzer

(Beckman Coulter, California, USA). The zeta potential was determined on the
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ZetasizerNano-ZS90 equipment (Malvern, Worcestershire, UK) using the electrophoretic

mobility technique.

2.4. Development of Analytical Methodology for Quantification of Gallic Acid by HPLC

There is currently no validated method available for dosing the GA present in
nanoparticulate controlled release systems using HPLC. Therefore, it has become necessary to
develop a method for this purpose. First, the wavelength of higher GA absorbance was
determined with UV-Vis spectrophotometer scanning between wavelengths of 200 and 400

nm at appropriate dilution from standard stock solution in acetonitrile.
2.4.1 Chromatographic Conditions

The quantification of GA was performed by HPLC using an isocratic method.
Chromatographic analyzes were performed on Aliance 2695 (Waters, USA) equipment
coupled to a 2998 diode arrangement detector (PDA) (Waters, USA), operated at 272 nm. A
C18 reverse phase column (250 mm x 4.6 mm, 5 mm, XBridge ™ Waters) protected by a pre-
column of the same composition (20 mm x 4.6 mm) was used with a mobile phase composed
of acetonitrile: Water acidified with 1% acetic acid, pH 3.5, at a flow rate of 1.0 mL / min at
25 ° C and an injection volume of 20 pL. Different proportions of mobile phase were used to
evaluate the best chromatogram. The performance of the chromatographic system was
evaluated from the following parameters: number of theoretical plates (N), tail factor (T) and
equivalent height of the theoretical plate (HEPT), observing the chromatograms obtained in

the concentration of 50 ug / mL.

2.4.2 Preparation of Samples

The GA analytical curve was prepared from dilutions of a stock solution in acetonitrile
(1 mg / mL), varying the concentrations from 10 to 100 pg.mL™. The standard stock solution
was prepared by transferring 10 mg of GA to a 10 mL volumetric flask and solubilizing in
acetonitrile, and subjected to sonication for 5 minutes. Then, appropriate dilutions were
performed with acetonitrile to obtain a standard curve at six different concentration levels of
GA: 10, 20, 40, 60, 80 and 100 pg.mL™.
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2.4.3 Validation of Proposed Method for quantification of gallic acid in liposomes

For the validation of the analytical method for quantification of GA in stealth
liposomes, the validation parameters were evaluated according to the International
Conference on Harmonization of Technical Requirements for Registration of Human
Pharmaceutical Products (ICH of Technical Requirements for Registration of Pharmaceuticals
for Human Use) [23].

2.4.3.1 Linearity

For the determination of linearity, three authentic standard curves were performed in
triplicate with six different concentrations of GA (10, 20, 40, 60, 80 and 100 pg.mL-1). A
linear correlation was established between concentration, considered independent variable (x),
and relation between the areas of the chromatographic peaks of the drug and the internal
standard, considered dependent variable (y). Correlation parameters were estimated using the

least squares method.

2.4.3.2 Accuracy

Accuracy was assessed by the method of recovery of analyte added in known
quantities to the placebo liposomal formulation at three different concentrations: 10, 50 and
100 pg.mL™, corresponding respectively to 20, 100 and 200% of the test concentration. All
samples were prepared in triplicate (n = 9). The coefficient of variation and percentage of

recovery were used to evaluate the accuracy, defined as:

Concentration obtained

x 100
Theoretical concentration)

Accuracy = (

2.4.3.3 Precision

For the precision study, the concentration of 50 ug.mL-1 of GA (test concentration)

determined in different solutions (n = 6) was used. The analyzes were performed on two
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different days (inter-day), by two different analysts (intra-day). The means of the obtained
results were evaluated by Student's t-test (bilateral test, p <0.05).

2.4.3.4 Robustness

The robustness of the proposed method was verified by the analysis temperature
variation (25 ° C and 30 ° C) and flow variation (1.0 mL / min and 1.2 mL / min). The 50
png.mL-1 concentration of GA was determined in six different assays. The robustness
evaluation was performed by analyzing the coefficients of variation between the means
obtained using Student's t-test (bilateral test, p <0.05).

2.4.3.5 Limits of detection (LD) and quantification (LQ)

The limits of detection (LD) and quantification (LQ) were estimated mathematically
from the standard curve resulting from the average of the three authentic calibration curves.
The calculation to determine the corresponding values is based on the standard deviation of
the regression line residual and its relation to the slope of the line (angular coefficient) in the
standard curve. To determine the LD and LQ, the following equations were used:

SD

LD = (—) %X 3,3
I
SD

Lo = (T) x 10

Where LD is the limit of detection; LQ is the limit of quantification; SD is the
standard deviation of the intercept with respect to the Y axis and | is the slope of the

calibration curve.
2.5 Determination and encapsulation efficiency of liposomes containing gallic acid
For determination of GA in liposomal form, an aliquot of the formulation (50 pL) was

transferred to an eppendorf. Then, 950 ul of acetonitrile was added to the sample. The

solution was shaken for 1 min to disrupt the lamellar structure of the liposomes and release
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the encapsulated GA content. Finally, the solution was centrifuged at 10,000 rpm for 10 min
and the supernatant was filtered on Millex® filters (0.22 um, Millipore, USA). The theoretical
GA concentration in the sample was 50 pg.mL™. Dosing assays were performed in triplicate.
The drug encapsulation efficiency was determined by the ultrafiltration /
centrifugation method, where 400 pL of the liposomes were placed in Amicon® Ultra filter
units (Millipore, USA) and centrifuged at 10,000 rpm for 1 h. An aliquot of the ultrafiltrate

was then diluted in acetonitrile and subjected to HPLC readout.

3. Results and discussion
3.1 Physico-chemical characterization of liposomes

Furtive liposomes were prepared by the lipid film hydration method and the physico-
chemical characterization data for Lipo and GA-Lipo, particle size, PDI, pH and zeta potential

are presented in Table 1.

Table 1
Physico-chemical characterization of furtive liposomes containing gallic acid after preparation.
Polydispersity

) Particle Size (nm) _ Zeta potencial
Formulations index pH
+SD* (mV) +SD*
(PDI)
Lipo* 845+19 0.224 6.8 -33.4+0.15
GA-Lipo* 81.9+04 0.235 6.6 -30.0 £ 1.40

* SD=standard deviation, n=3; Lipo= non-drug stealth liposomes; GA-Lipo=stealth liposomes

containing gallic acid.

The colloidal suspensions exhibited a moderately polydispersed vesicle size
distribution (Table 1), thus classified as having PDI between 0.1 and 0.4 nm [24]. In addition
to presenting suitable sizes for colloidal dispersions in gauge scale.

After GA encapsulation in the liposomes, a small variation in the pH of the liposomal
formulation occurred (Lipo = 6.8; GA-Lipo = 6.6), however this change does not compromise
the GA stability, since the pH remains acidic. Care taken in the choice of buffer pH for GA
solubilization and preparation of liposomes, as it is easily oxidized at alkaline pH [5].

The zeta potential results are shown in Table 1, where both formulations exhibited

negative zeta potential.
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3.2 Development of analytical methodology for quantification of gallic acid by HPLC

The scanning spectrum of the GA in acetonitrile revealed two peaks of maximum
absorbance at wavelengths of 216 nm and 272 nm (Figure 2), corroborating data reported in
the literature [5]. However, the wavelength chosen for GA quantification was 272 nm, due to

the lower interference of the lipid excipients of the liposomal formulation.

Absorbance

I ' | " I ! 1
200 250 200 350 400

Wavelength (nm)

Figure 2. Scan spectrum of gallic acid in acetonitrile.

For optimization of the mobile phase to be used in the quantification of GA, the ratio of
acetonitrile to acidified water was varied from 60:40 to 90:10, in order to improve the
resolution of the chromatogram (Figure 3). Chromatographic parameters, number of
theoretical plates (N), tail factor (T) and height equivalent to a theoretical plate (HETP) were
also calculated (Table 2). As the proportion of the organic solvent increased, there was a
better resolution of the chromatogram, since there was an increase in the number of
theoretical plates and a decrease in HETP, that is, a better efficiency of the chromatographic
column (Figure 3A-C). However, in the ratio of acetonitrile: water 90:10 (Figure 3D), a
reduction in the number of theoretical plates and increase in the tail factor of the peak was
observed. Considering these results, the ratio chosen for the GA analytical curve preparation

was 80:20 acetonitrile: water (Figure 3C). The method developed was specific for GA with
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retention time of 2.65 minutes, allowing the total analysis time for each sample to be 5

minutes.
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Figure 3. Chromatographic analysis of gallic acid at the concentration of 50 pg.mL-1 in different
proportions of acetonitrile: acidified water: (A) 60:40; (B) 70:30; (C) 80:20 and (D) 90:10.

The proposed method met the requirements within the recommended limits [25]
according to data presented in Table 2. The efficiency of the column increases with the
number of theoretical plates, which should be above 2000 to present adequate efficiency,
which was also verified by the decrease the height of the theoretical plates. The tail factor
values, close to one, are ideal because they indicate the symmetry of the peaks. In addition,
the use of acid in the mobile phase is essential to prevent the ionization of the hydroxyl
groups present in the phenolic compounds, allowing a better symmetry of the peak [26]. This
assertion is consistent with the pKa value of 4.4 of the GA, and emphasizes the use of the pH
around 3.5 of the acidified water, constituent of the mobile phase, where the GA is in its

undissociated form.
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Table 2
Parameters of gallic acid chromatograms obtained in different proportions of solvents by HPLC.

Solvent content acetonitrile: water

limits 60:40 70:30 80:20  90:10
N N> 2000 1282 1680 2073 1758
T* T<2 1.02 1.12 1.33 1.4

HETP* HEPT < 0.15 0.19 0.14 0.12 0.14

* N= Number of theoretical plates; T= Peak tail factor; HETP= Equivalent height of the theoretical
plate.

3.2.1 Linearity

The analytical curve data, resulting from the mean of three replicates, were adjusted by
linear regression analysis (Table 3). The method was linear between the concentrations
studied, from 10 to 100 pg.mL-1. The linear regression equation obtained was y = - 0.203 x +
1.102, where y is the absorbance (area) and x the concentration (ug.mL™) in GA equivalents.

Table 3
Analytical curve of gallic acid in acetonitrile at 272 nm.

Theoretical concentration Mean area value (mMAU/min)  Concentration obtained from

of GA (ug.mL™) + SD* GA (ug.mL™) + SD*
10 11.27 +0.31 10.04 + 0.28
20 21.9+0.43 19.69 + 0.39
40 4312 +0.16 38.95 +0.15
60 66.3 + 1.02 59.98 + 0.93
80 87.34 +1.28 79.07 +1.64
100 110.59 + 1.07 100.17 +0.97

* SD= standard deviation, n=9.

The correlation coefficient obtained was 0.9999, meaning that 99.97% of the total
variation around the mean is explained by the linear regression, proving the adequacy of the
method to the evaluated interval. Data from the regression analysis are summarized in Table
4. The estimated detection (LD) and quantification (LQ) values were 1.49 and 4.53 pg.mL™,
respectively (Table 4). With these results, it is verified that the method has high sensitivity to
detect and quantify the GA.
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Table 4

Parameters of the CLAE method for GA quantification.

Parameters Values
Measuring wavelength (nm) 272

Linear band (ug.mL™) 10-100
Intercept + (desvio padréo) -0.203 (£ 0.499)
Inclination * (desvio padréo) 1.102 (£ 0.008)
Coefficient of correlation (r?) 0.9997
Detection limit, LD (pg.mL™) 1.49

Limit of quantification, LQ (ug.mL™) 4.53

3.2.2 Precision

Precision was assessed by repeatability (inter-day) and intermediate precision (intra-
day) studies. In this study, the Student's t-test evaluated the possible existence of a statistically
significant difference between the means obtained for the tests performed on different days
and with different analysts. As can be seen in Table 5, in all cases the calculated t was always
lower than the critical t, demonstrating that there was no statistically significant difference

between the means, that is, the results obtained expressed the same value (p <0.05).

-és:lllfa?ion of the accuracy of the HPLC method for GA quantification.
Intra-day
Theoretical Analyst 1 Analyst 2
concentration CM+SD RSD(%) CM+SD RSD (%) Ccalcutated U criticat
(ug.mL™)
50 50.79+0.76 1.51 51.16 £1.21 2.38 0.12 2.23
Inter-day
Theoretical Day 1 Day2
concentration ~ CM+SD  RSD (%) CM+SD  RSD (%) tocalculateg  citica”
(ug.mL™)
50 50.79+0.76 1.51 49.88 +£1.43 2.86 0.19 2.23

CM= Mean Concentration (ug.mL™) of six determinations; SD= Standard Deviation; RSD
(%)=Relative Standard Deviation. * Tabulated value of t (bilateral test, p<0,05).



66

3.2.3 Accuracy

Accuracy was verified for three levels of concentration: low, medium and high. The
experimental data obtained revealed an average recovery of the analyte of 100.9% (99.7-
101.6%) and that the highest coefficient of variation was about 3.23% (Table 6). The results
of the accuracy study demonstrate that small variations in the concentration of GA can be
readily quantified by the method, as well as there is no interference of the excipients of the

liposomal form in the assay of the final product, so the analytical method developed is

accurate.
Table 6
Accuracy results for three levels of different concentrations of GA.

Concentration of GA (ug.mL™) Statistic data
Theoretical Experimental Average SD* RSD (%)*
10 10.30 10.13 10.06 10.05 0.24 2.37
50 49.07 50.55 52.21 50.61 1.57 3.10
100 103.44 97.48 98.30 99.74 3.22 3.23

* SD= Standard Deviation; RSD (%)=Relative Standard Deviation.

3.2.4 Robustness

The temperature and flow analysis did not affect the GA absorbance. The mean
concentrations obtained for the analyzes of solutions conditioned at 25 ° C and 30 ° C were
49.06 + 0.33 pg.mL™. The flow change resulted in mean concentrations of 50.68 + 1.78
ng.mL™ Among all the experimental results, the maximum coefficient of variation found was
3.51%. According to Student's t-test there was no statistically significant difference between
the results obtained when the analysis temperature (0.78) or the flow (0.06) was changed
during the analysis. Thus, in the 95% confidence level the variations of the analyzed
parameters do not influence the GA quantification.

Few validation methodologies for quantification of GA by HPLC are reported in the
literature, and in all, the drug is in mixtures of polyphenolic components. Wang et al. (2000)
developed an isocratic method (mobile phase composed of methanol, water and
ostophosphoric acid, in proportions of 20: 79.9: 0.1%) for the detection of GA in a mixture
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with catechins and caffeine in green tea, Having the detection wavelength of 210 nm [27]. In
2003, another analytical method for the detection of GA, hamamelitanin and catechins in
bark, branches and leaves of witch hazel was validated by Wang et al. [28]. In this case, the
use of gradient mobile phase (0.1% orthophosphoric acid in water, Elution A, and 0.1%
orthophosphoric acid in methanol, elution B) was required where variable solvent ratios are
required during the analytical run, and the detection of the constituents was repeated at 210
nm.

This wavelength would not be adequate for quantification of the GA in liposomes
because it would suffer interference from the lipid constituents of the liposomal dispersion.
Therefore, the method developed and validated in this work is an important tool to support
research that requires an exact and precise quantification of gallic acid in its pure form and in

pharmaceutical preparations.

3.3 Determination and encapsulation efficiency of liposomes containing gallic acid

The total drug concentration (content), in turn, is generally determined by disruption
of the suspended particles and solubilization of the released drug in a suitable solvent.
Therefore, the drug concentration associated with the nanostructures is calculated by the
difference between the total and free drug concentrations. An ideal delivery system should
have a high capacity for drug encapsulation, thus reducing the amount of matrix materials
administered.

After the development of the analytical methodology, the GA present in the liposomal
formulations was quantified, where a content and an drug encapsulation efficiency of 99.30 +
1.56% and 92.72 + 0.16% were obtained, indicating the efficacy of the developed method.

Currently, there is no available in the literature a validated method for dosing the GA
present in nanoparticulate controlled release systems using HPLC, nor the development of
liposomes containing this drug. However, some authors have performed the determination of
GA content in other systems [6,29]. Li et al. (2011) [17] developed gold nanoparticles
containing GA, where they obtained an encapsulation efficiency of about 81%. Subsequently,
chitosan and xanthan nanospheres were prepared, where they presented an encapsulation
efficiency of 91.07% and 77.05%, respectively [6]. Nagpal and collaborators (2013) [8],

through a factorial planning study, obtained values of GA encapsulation in chitosan
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nanospheres of 97.24%. Therefore, the encapsulation efficiency found in this work
corroborates those described in the literature. In addition, the stealthy liposomes developed
can allow the drug a longer time to circulate in the blood stream and greater possibilities of
reaching the target cell. In anticancer treatments, stealthy systems provide a reduction in the
incidence of toxic effects compared to normal cells, reducing the dose of the
chemotherapeutic agent to a given degree of therapeutic response, thus improving therapeutic
efficacy [30].

4. Conclusion

In the present study, stealthy liposomes containing GA stable, nanometers and with
negative zeta potential were prepared. The analytical method by HPLC developed showed
symmetrical chromatograms with good column efficiency. In addition, it was linear, accurate,
accurate and reproducible in the range used. The method was applied to quantify GA
encapsulated in liposomal forms, after disruption of the liposomes with solvent, without
interference of the constituents of the formulation, revealing a high encapsulation efficiency
of the drug in these systems. The analytical method by HPLC is, therefore, a tool in the
quality control routine of the GA contained in liposomes.
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ANEXO A - NORMAS DA REVISTA JOURNAL OF CHROMATOGRAPHY B

INTRODUCTION

The Journal of Chromatography B publishes papers on developments in separation science
relevant to biology and biomedical research including both fundamental advances and
applications.

Analytical techniques which may be considered include the various facets of chromatography,
electrophoresis and related methods, affinity and immunoaffinity-based methodologies,
hyphenated and other multi-dimensional techniques, and microanalytical approaches. The
journal also considers articles reporting developments in sample preparation, detection
techniques including mass spectrometry, and data handling and analysis.

Developments related to preparative separations for the isolation and purification of
components of biological systems may be published, including chromatographic and
electrophoretic methods, affinity separations, field flow fractionation and other preparative
approaches.

Applications to the analysis of biological systems and samples will be considered when the
analytical science contains a significant element of novelty, e.g. a new approach to the
separation of a compound, novel combination of analytical techniques, or significantly
improved analytical performance. Areas to be considered include:

* the qualitative and quantitative analysis of biopolymers including proteins, peptides and
their post-translational modifications as well as nucleic acids and glycans

« the comparative analysis of biological systems using proteomics, genomics, metabonomics
and other "omics" approaches

* clinical analysis, pharmacokinetics, metabolism, therapeutic drug monitoring, toxicological
analysis, doping analysis, veterinary applications, analysis of environmental contaminants in
biological systems

* the screening and profiling of body fluids, tissues, cells, biological matrices and systems,
analysis of endogenous compounds, biomarkers

* identification of new bioactive compounds Applications which utilize published or
commercial analytical or preparative protocols with little or no modification or where the
results of the application rather than the analytical methodology comprise the major element
of novelty of the manuscript should be directed to more specialized journals. Modifications to
a previously published method may be considered for a short communication in cases where
the improvement in performance is significant. Reports of analytical methods for compounds
in early pharmaceutical development often lack general interest and will not be published
unless the authors can demonstrate the broader significance of the methodology involved.
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Quality control analyses of bulk drugs, natural products or pharmaceutical formulations are
not within scope.

Types of Paper

The following types of papers are published in the Journal of Chromatography B: Regular
research papers (full-length papers), Review articles, Short Communications, Discussions,
and Letters to the Editor. Review articles are invited or proposed in writing to the Editors,
who welcome suggestions for subjects. An outline of the proposed Review should first be
forwarded to the Editors for preliminary discussion prior to preparation. Short
Communications are usually descriptions of short investigations, or they can report technical
improvements of previously published procedures: they reflect the same quality of research as
full-length papers, but should preferably not exceed five printed pages (typically no more than
2850 words (including title, authors and references), with no more than five figures and tables
combined).

Ethics in publishing

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Conflict of interest

All authors are requested to disclose any actual or potential conflict of interest including any
financial, personal or other relationships with other people or organizations within three years
of beginning the submitted work that could inappropriately influence, or be perceived to
influence, their work. See also http://www.elsevier.com/conflictsofinterest. Further
information and an example of a Conflict of Interest form can be found at:
http://help.elsevier.com/app/answers/detail/a_id/286/p/7923.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously
(except in the form of an abstract or as part of a published lecture or academic thesis or as an
electronic preprint, see http://www.elsevier.com/postingpolicy), that it is not under
consideration for publication elsewhere, that its publication is approved by all authors and
tacitly or explicitly by the responsible authorities where the work was carried out, and that, if
accepted, it will not be published elsewhere in the same form, in English or in any other
language, including electronically without the written consent of the copyright-holder. To
verify originality, your article may be checked by the originality detection service CrossCheck
http://www.elsevier.com/editors/plagdetect.

Changes to authorship
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This policy concerns the addition, deletion, or rearrangement of author names in the
authorship of accepted manuscripts:
Before the accepted manuscript is published in an online issue: Requests to add or remove an
author, or to rearrange the author names, must be sent to the Journal Manager from the
corresponding author of the accepted manuscript and must include: (a) the reason the name
should be added or removed, or the author names rearranged and (b) written confirmation (e-
mail, fax, letter) from all authors that they agree with the addition, removal or rearrangement.
In the case of addition or removal of authors, this includes confirmation from the author being
added or removed. Requests that are not sent by the corresponding author will be forwarded
by the Journal Manager to the corresponding author, who must follow the procedure as
described above. Note that: (1) Journal Managers will inform the Journal Editors of any such
requests and (2) publication of the accepted manuscript in an online issue is suspended until
authorship has been agreed.
After the accepted manuscript is published in an online issue: Any requests to add, delete, or
rearrange author names in an article published in an online issue will follow the same policies
as noted above and result in a corrigendum.

Copyright

This journal offers authors a choice in publishing their research: Open Access and
Subscription.

For Subscription articles
Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
Agreement’ (for more information on this and copyright, see

http://www.elsevier.com/copyright). An e-mail will be sent to the corresponding author
confirming receipt of the manuscript together with a '‘Journal Publishing Agreement’ form or a
link to the online version of this agreement.
Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for
internal circulation within their institutions. Permission of the Publisher is required for resale
or distribution outside the institution and for all other derivative works, including
compilations and translations (please consult http://www.elsevier.com/permissions). If
excerpts from other copyrighted works are included, the author(s) must obtain written
permission from the copyright owners and credit the source(s) in the article. Elsevier has
preprinted forms for use by authors in these cases: please consult
http://www.elsevier.com/permissions.

For Open Access articles
Upon acceptance of an article, authors will be asked to complete an 'Exclusive License
Agreement' (for more information see http://www.elsevier.com/OAauthoragreement).
Permitted reuse of open access articles is determined by the author's choice of user license
(see http://www.elsevier.com/openaccesslicenses).

Retained author rights

As an author you (or your employer or institution) retain certain rights. For more information
on author rights for:
Subscription articles please see http://www.elsevier.com/journal-authors/author-rights-and-
responsibilities.

Open access articles please see http://www.elsevier.com/OAauthoragreement.
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Role of the funding source

You are requested to identify who provided financial support for the conduct of the research
and/or preparation of the article and to briefly describe the role of the sponsor(s), if any, in
study design; in the collection, analysis and interpretation of data; in the writing of the report;
and in the decision to submit the article for publication. If the funding source(s) had no such
involvement then this should be stated. Please see http://www.elsevier.com/funding.

Funding body agreements and policies

Elsevier has established agreements and developed policies to allow authors whose articles
appear in journals published by Elsevier, to comply with potential manuscript archiving
requirements as specified as conditions of their grant awards. To learn more about existing
agreements and policies please visit http://www.elsevier.com/fundingbodies.

Open access
This journal offers authors a choice in publishing their research:

Open Access
* Articles are freely available to both subscribers and the wider public with permitted reuse
* An Open Access publication fee is payable by authors or their research funder
Subscription

* Articles are made available to subscribers as well as developing countries and patient groups
through our access programs (http://www.elsevier.com/access)
* No Open Access publication fee

All articles published Open Access will be immediately and permanently free for everyone to
read and download. Permitted reuse is defined by your choice of one of the following
Creative Commons user licenses:
Creative Commons Attribution (CC BY): lets others distribute and copy the article, to
create extracts, abstracts, and other revised versions, adaptations or derivative works of or
from an article (such as a translation), to include in a collective work (such as an anthology),
to text or data mine the article, even for commercial purposes, as long as they credit the
author(s), do not represent the author as endorsing their adaptation of the article, and do not
modify the article in such a way as to damage the author's honor or reputation.
Creative Commons Attribution-NonCommercial-ShareAlike (CC BY-NC-SA): for non-
commercial purposes, lets others distribute and copy the article, to create extracts, abstracts
and other revised versions, adaptations or derivative works of or from an article (such as a
translation), to include in a collective work (such as an anthology), to text and data mine the
article, as long as they credit the author(s), do not represent the author as endorsing their
adaptation of the article, do not modify the article in such a way as to damage the author's
honor or reputation, and license their new adaptations or creations under identical terms (CC
BY-NC-SA).

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND): for non-
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commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not
alter or modify the article.

To provide Open Access, this journal has a publication fee which needs to be met by the
authors or their research funders for each article published Open Access.
Your publication choice will have no effect on the peer review process or acceptance of
submitted. articles.

The publication fee for this journal is $2600, excluding taxes. Learn more about Elsevier's
pricing policy: http://www.elsevier.com/openaccesspricing.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors who feel their English language manuscript may require editing to
eliminate possible grammatical or spelling errors and to conform to correct scientific English
may wish to use the English Language Editing service available from Elsevier's WebShop
(http://webshop.elsevier.com/languageediting/) or visit our customer support site
(http://support.elsevier.com) for more information.

Submission

Submission to this journal proceeds totally online and you will be guided stepwise through the
creation and uploading of your files. The system automatically converts source files to a
single PDF file of the article, which is used in the peer-review process. Please note that even
though manuscript source files are converted to PDF files at submission for the review
process, these source files are needed for further processing after acceptance. All
correspondence, including notification of the Editor's decision and requests for revision, takes
place by e-mail removing the need for a paper trail.

Every paper must be accompanied by a letter from the senior author, stating that he/she is
submitting the paper for publication in the Journal of Chromatography B.

Please submit your article via http://www.elsevier.com/locate/jchromb

Referees
Please submit, with the manuscript, the names, addresses and e-mail addresses of three

potential referees. Note that the editor retains the sole right to decide whether or not the
suggested reviewers are used.

Use of word processing software
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It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most
formatting codes will be removed and replaced on processing the article. In particular, do not
use the word processor's options to justify text or to hyphenate words. However, do use bold
face, italics, subscripts, superscripts etc. When preparing tables, if you are using a table grid,
use only one grid for each individual table and not a grid for each row. If no grid is used, use
tabs, not spaces, to align columns. The electronic text should be prepared in a way very
similar to that of conventional manuscripts (see also the Guide to Publishing with Elsevier:
http://www.elsevier.com/guidepublication). Note that source files of figures, tables and text
graphics will be required whether or not you embed your figures in the text. See also the
section on Electronic artwork.
To avoid unnecessary errors you are strongly advised to use the 'spell-check’ and 'grammar-
check' functions of your word processor.

Article structure
Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be
numbered 1.1 (then 1.1.1, 1.1.2, ..), 1.2, etc. (the abstract is not included in section
numbering). Use this numbering also for internal cross-referencing: do not just refer to ‘the
text'. Any subsection may be given a brief heading. Each heading should appear on its own
separate line.

Introduction

State the objectives of the work and provide an adequate background, avoiding a detailed
literature survey or a summary of the results.

Material and methods

Provide sufficient detail to allow the work to be reproduced. Methods already published
should be indicated by a reference: only relevant modifications should be described.
Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in
the Introduction and lay the foundation for further work. In contrast, a Calculation section

represents a practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A combined
Results and Discussion section is often appropriate. Avoid extensive citations and discussion
of published literature.
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Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which
may stand alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and
equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; ina
subsequent appendix, Eg. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig.
A.l, etc.

Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.
» Author names and affiliations. Where the family name may be ambiguous (e.g., a double
name), please indicate this clearly. Present the authors' affiliation addresses (where the actual
work was done) below the names. Indicate all affiliations with a lower-case superscript letter
immediately after the author's name and in front of the appropriate address. Provide the full
postal address of each affiliation, including the country name and, if available, the e-mail
address of each author.
 Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. Ensure that phone numbers (with
country and area code) are provided in addition to the e-mail address and the complete
postal address. Contact details must be kept up to date by the corresponding author.
* Present/permanent address. If an author has moved since the work described in the article
was done, or was visiting at the time, a 'Present address' (or 'Permanent address’) may be
indicated as a footnote to that author's name. The address at which the author actually did the
work must be retained as the main, affiliation address. Superscript Arabic numerals are used
for such footnotes.

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately
from the article, so it must be able to stand alone. For this reason, References should be
avoided, but if essential, then cite the author(s) and year(s). Also, non-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their first mention in
the abstract itself.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points
that convey the core findings of the article and should be submitted in a separate file in the
online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet
points (maximum 85 characters, including spaces, per bullet point). See
http://www.elsevier.com/highlights for examples.
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Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling
and avoiding general and plural terms and multiple concepts (avoid, for example, ‘and’, 'of').
Be sparing with abbreviations: only abbreviations firmly established in the field may be
eligible. These keywords will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first
page of the article. Such abbreviations that are unavoidable in the abstract must be defined at
their first mention there, as well as in the footnote. Ensure consistency of abbreviations
throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references
and do not, therefore, include them on the title page, as a footnote to the title or otherwise.
List here those individuals who provided help during the research (e.g., providing language
help, writing assistance or proof reading the article, etc.).

Nomenclature

Widely accepted symbols, abbreviations and units (SI) should be used. If there is any doubt
about a particular symbol or abbreviation, the full expression followed by the abbreviation
should be given the first time it appears in the text. Abbreviations used in tables and figures
should be explained in the captions. In general, the recommendations of the International
Union of Pure and Applied Chemistry (IUPAC) should be followed and attention should be
given to the recommendations of the Analytical Chemistry Division in the journal Pure and
Applied Chemistry: Nomenclature for Chromatography, Pure Appl. Chem., 65 (1993) 819-
872. Decimal points should be indicated by full stops. All decimal numbers smaller than unity
should include a leading zero (e.g. 0.11).

Math formulae

Present simple formulae in the line of normal text where possible and use the solidus (/)
instead of a horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to
be presented in italics. Powers of e are often more conveniently denoted by exp. Number
consecutively any equations that have to be displayed separately from the text (if referred to
explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article, using
superscript Arabic numbers. Many wordprocessors build footnotes into the text, and this
feature may be used. Should this not be the case, indicate the position of footnotes in the text
and present the footnotes themselves separately at the end of the article. Do not include
footnotes in the Reference list.
Table footnotes Indicate each footnote in a table with a superscript lowercase letter.
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Artwork
Electronic artwork
General points

* Make sure you use uniform lettering and sizing of your original artwork.
* Embed the used fonts if the application provides that option.
* Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman,

Symbol, or use fonts that look similar.
* Number the illustrations according to their sequence in the text.
. Use a logical naming convention for your artwork files.
. Provide captions to illustrations separately.
* Size the illustrations close to the desired dimensions of the printed version.
. Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed information are given
here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint,
Excel) then please supply ‘'as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic artwork
is finalized, please 'Save as' or convert the images to one of the following formats (note the
resolution requirements for line drawings, halftones, and line/halftone combinations given
below):

EPS (or PDF): Vector drawings, embed all used fonts.
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of
1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a
minimum of 500 dpi.

Please do note:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically
have a low number of pixels and limited set of colors;
. Supply files that are too low in resolution;
 Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or
PDF), or MS Office files) and with the correct resolution. If, together with your accepted
article, you submit usable color figures then Elsevier will ensure, at no additional charge, that
these figures will appear in color on the Web (e.g., ScienceDirect and other sites) regardless
of whether or not these illustrations are reproduced in color in the printed version. For color
reproduction in print, you will receive information regarding the costs from Elsevier
after receipt of your accepted article. Please indicate your preference for color: in print or
on the Web only. For further information on the preparation of electronic artwork, please see
http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting color figures to
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‘gray scale’ (for the printed version should you not opt for color in print) please submit in
addition usable black and white versions of all the color illustrations.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the
figure. A caption should comprise a brief title (not on the figure itself) and a description of
the illustration. Keep text in the illustrations themselves to a minimum but explain all symbols
and abbreviations used.

Tables

Number tables consecutively in accordance with their appearance in the text. Place footnotes
to tables below the table body and indicate them with superscript lowercase letters. Avoid
vertical rules. Be sparing in the use of tables and ensure that the data presented in tables do
not duplicate results described elsewhere in the article.

References
Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and
vice versa). Any references cited in the abstract must be given in full. Unpublished results and
personal communications are not recommended in the reference list, but may be mentioned in
the text. If these references are included in the reference list they should follow the standard
reference style of the journal and should include a substitution of the publication date with
either 'Unpublished results' or 'Personal communication'. Citation of a reference as 'in press'
implies that the item has been accepted for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to a source
publication, etc.), should also be given. Web references can be listed separately (e.g., after the
reference list) under a different heading if desired, or can be included in the reference list.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and any
citations in the text) to other articles in the same Special Issue.

Reference management software

This journal has standard templates available in key reference management packages EndNote
(http://www.endnote.com/support/enstyles.asp) and Reference Manager
(http://refman.com/support/rmstyles.asp). Using plug-ins to wordprocessing packages, authors
only need to select the appropriate journal template when preparing their article and the list of
references and citations to these will be formatted according to the journal style which is
described below.
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Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual
authors can be referred to, but the reference number(s) must always be given.

Example: "..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ...."
List: Number the references (numbers in square brackets) in the list in the order in which they
appear in the text.

Examples:

Reference to a journal publication:

[1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci.
Commun. 163 (2010) 51-59.

Reference to a book:

[2] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.
Reference to a chapter in an edited book:

[3] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S.
Jones, R.Z. Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York,
2009, pp. 281-304.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations:
http://www.issn.org/2-22661-LTWA-online.php.

Video data

Elsevier accepts video material and animation sequences to support and enhance your
scientific research. Authors who have video or animation files that they wish to submit with
their article are strongly encouraged to include links to these within the body of the article.
This can be done in the same way as a figure or table by referring to the video or animation
content and noting in the body text where it should be placed. All submitted files should be
properly labeled so that they directly relate to the video file's content. In order to ensure that
your video or animation material is directly usable, please provide the files in one of our
recommended file formats with a preferred maximum size of 50 MB. Video and animation
files supplied will be published online in the electronic version of your article in Elsevier Web
products, including ScienceDirect: http://www.sciencedirect.com. Please supply 'stills’ with
your files: you can choose any frame from the video or animation or make a separate image.
These will be used instead of standard icons and will personalize the link to your video data.
For more detailed instructions please visit our video instruction pages at
http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be
embedded in the print version of the journal, please provide text for both the electronic and
the print version for the portions of the article that refer to this content.

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their published
article. AudioSlides are brief, webinar-style presentations that are shown next to the online
article on ScienceDirect. This gives authors the opportunity to summarize their research in
their own words and to help readers understand what the paper is about. More information
and examples are available at http://www.elsevier.com/audioslides. Authors of this journal
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will automatically receive an invitation e-mail to create an AudioSlides presentation after
acceptance of their paper.

Supplementary data

Elsevier accepts electronic supplementary material to support and enhance your scientific
research. Supplementary files offer the author additional possibilities to publish supporting
applications, high-resolution images, background datasets, sound clips and more.
Supplementary files supplied will be published online alongside the electronic version of your
article in Elsevier Web products, including ScienceDirect: http://www.sciencedirect.com. In
order to ensure that your submitted material is directly usable, please provide the data in one
of our recommended file formats. Authors should submit the material in electronic format
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* References are in the correct format for this journal
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* Permission has been obtained for use of copyrighted material from other sources (including
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* Color figures are clearly marked as being intended for color reproduction on the Web (free
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the publisher upon the initial electronic publication. The assigned DOI never changes.
Therefore, it is an ideal medium for citing a document, particularly 'Articles in press' because
they have not yet received their full bibliographic information. Example of a correctly given
DOI (in URL format; here an article in the journal Physics Letters B):
http://dx.doi.org/10.1016/j.physletb.2010.09.059

When you use a DOI to create links to documents on the web, the DOIs are guaranteed never
to change.

Online proof correction

Corresponding authors will receive an e-mail with a link to our ProofCentral system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in
addition to editing text, you can also comment on figures/tables and answer questions from
the Copy Editor. Web-based proofing provides a faster and less error-prone process by
allowing you to directly type your corrections, eliminating the potential introduction of errors.
If preferred, you can still choose to annotate and upload your edits on the PDF version. All
instructions for proofing will be given in the e-mail we send to authors, including alternative
methods to the online version and PDF.
We will do everything possible to get your article published quickly and accurately - please
upload all of your corrections within 48 hours. It is important to ensure that all corrections are
sent back to us in one communication. Please check carefully before replying, as inclusion of
any subsequent corrections cannot be guaranteed. Proofreading is solely your responsibility.
Note that Elsevier may proceed with the publication of your article if no response is received.

Offprints

The corresponding author, at no cost, will be provided with a PDF file of the article via e-mail
(the PDF file is a watermarked version of the published article and includes a cover sheet with
the journal cover image and a disclaimer outlining the terms and conditions of use). For an
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questions arising after acceptance of an article, especially those relating to proofs, will be
provided by the  publisher. You can track accepted articles at
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http://www.elsevier.com/authorFAQ and/or contact Customer Support via
http://support.elsevier.com.
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