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RESUMO 

 

O ácido desoxicólico (DCA) e o ácido ursodesoxicólico (UDCA) são ácidos biliares 

com inúmeras aplicações farmacêuticas, no entanto, as metodologias empregadas para 

determinação de suas concentrações são demoradas e onerosas. Neste trabalho foram 

usadas as ciclodextrinas, oligossacarídeos cíclicos, que têm a capacidade de formar 

complexos de inclusão no desenvolvimento de uma metodologia colorimétrica, rápida e 

de baixo custo. Este método é baseado numa reação de complexação competitiva das 

ciclodextrinas, que tendem a formar complexos de inclusão com moléculas, como os 

ácidos biliares e indicadores, estes últimos quando expulsos da cavidade da 

ciclodextrina produzem alterações colorimétricas que podem ser facilmente detectadas. 

Esta tecnologia de baixo custo poderá ser empregada no SUS. Dentre os indicadores 

testados a fenolftaleína (FE) mostrou a melhor interação com a β-ciclodextrina (β-CD) 

com um rendimento de inclusão superior a 95%. A melhor concentração de β-

ciclodextrina para formar complexos de inclusão foi de 1,24x10-3mol.L-1 e 6,2x10-4 

mol.L-1 para o pH 9,5 e 10,5, respectivamente. A análise estatística dos resultados 

mostrou que o pH teve um efeito significativo sobre a determinação do DCA e que altas 

concentrações do complexo de inclusão β-CD-FE tiveram um efeito negativo 

significativo sobre a determinação do UDCA (p<0.05). No entanto, para complexos na 

proporção de 3,1x10-4:7,75x10-5mol.L-1, a sensibilidade para a determinação do UDCA 

aumentou em 43,2%. O aumento da temperatura causou variações nas absorbâncias em 

todos os complexos de inclusão, entretanto, 20-30°C foi encontrado o melhor intervalo 

para a determinação dos ácidos biliares. A temperatura causou um efeito negativo na 

constante de equilíbrio resultando em valores altamente negativos de entalpia (β-CD-

FE: -15,62±1,05, β-CD-DCA: -10,25±1,48 e β-CD-UDCA: -12,47±0,96 kJ.mol-1) e 

valores positivos de entropia (β-CD-FE: 25,56±3,35, β-CD-DCA: 50,31±4,74 e β-CD-

UDCA: 43,42±3,12 J.mol-1). Em todos os casos, as reações de complexação competitiva 

foram espontâneas. Os complexos de inclusão foram estáveis por 12 dias tendo um 

tempo de meia vida de 68,71 dias para o DCA e 294,71 dias para a determinação do 

UDCA. O método foi validado pela metodologia da ANVISA e EMEA apresentando 



 xiii

limites de detecção e de quantificação de 3,94x10-5mol.L-1 e 1,31x10-4mol.L-1 para o 

DCA e 4,08x10-5mol.L-1 e 1,36x10-4mol.L-1 para o UDCA, respectivamente. Amostras 

dos ácidos biliares foram determinadas em formulações farmacêuticas com variação de 

4% para o DCA e 1% para o UDCA. A reação de complexação competitiva também foi 

aplicada na construção de sensores químicos. Baseado nestes resultados, este método 

mostrou alta estabilidade, bom intervalo de temperatura, reação instantânea, baixo custo 

de reagentes e instrumentação. 

 

Palavras-chave: Ciclodextrina, Complexos de inclusão, Indicadores ácido-base, ácido 

desoxicólico, ácido ursodesoxicólico. 
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ABSTRACT 

 

The deoxycholic acid (DCA) and ursodeoxycholic acid (UDCA) are bile acids with 

numerous pharmaceutical applications; however, the methods used to determine their 

concentrations are slow and expensive. In this work were used cyclodextrins, cyclic 

oligosaccharides, which have the ability to form inclusion complexes with indicators 

useful to the development of fast and low cost colorimetric method. This method is 

based on the competitive complexation reaction of cyclodextrins, which tend to form 

inclusion complexes with molecules such as bile acids and indicators and when they are 

expelled from the cavity of cyclodextrin, produce colorimetric changes that can be 

easily detected. This low-cost technology could be employed in the SUS. Several pH 

colour indicators were tested, but the phenolphthalein (PHP) showed the best interaction 

with the β-cyclodextrin (β-CD) with an inclusion yield higher than 95%. The best 

concentrations of β-cyclodextrin to form inclusion complexes were 1.24x10-3mol.L-1 

and 6.2x10-4mol.L-1 at the pH of 9.5 and 10.5, respectively. Statistical analysis of the 

results showed that pH had a significant effect on the DCA determination and that high 

β-CD-PHP inclusion complex concentrations had a significant negative effect on the 

UDCA determination (p<0.05). However, for the β-CD-PHP concentrations ratio of 

3.1x10-4:7.75x10-5mol.L-1, the sensitivity of UDCA determinations increases in 43.2%. 

The increase in temperature caused absorbance variation for all inclusion complexes, 

however, 20-30°C was the best range for the bile acids determination. The temperature 

had a negative effect on the equilibrium constant resulting in high negative values of 

enthalpy (β-CD-FE: -15.62±1.05, β-CD-DCA: -10.25±1.48 and β-CD-UDCA: -

12.47±0.96 kJ.mol-1) and positive values of entropy (β-CD-FE: 25.56±3.35, β-CD-

DCA: 50.31±4.74 and β-CD-UDCA: 43.42±3.12 J.mol-1), in all cases the competitive 

complexation reactions were spontaneous. The inclusion complexes were stable for 12 

days with a half-life of 68.71 days to DCA determination and 294.71 days for the 

UDCA. The methods were validated by ANVISA and EMEA methodologies, showing 

limits of detection and quantification of 3.94x10-5mol.L-1 and 1.31x10-4mol.L-1 for the 

DCA, 4.08x10-5mol.L-1 and 1.36x10-4mol.L-1 for UDCA, respectively. Samples of bile 
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acids were determined in pharmaceutical formulations with variation of 4% for the 

DCA and 1% for the UDCA. The competitive complexation reaction was also applied in 

the chemical sensors construction. Based on these results, this method showed high 

stability, good temperature range, instantaneous reaction, low cost for reagents and 

instrumentation. 

 

Keywords: Cyclodextrin, Inclusion complexes, Acid-base indicators, deoxycholic acid, 

Ursodeoxycholic acid. 
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INTRODUÇÃO 
 

1. Introdução 

 

Os ácidos biliares são esteróides, surfactantes e agentes terapêuticos 

(MARPLES e STRETTON, 1987), dentre estes, encontra-se o ácido desoxicólico 

(DCA), um ácido biliar secundário (FERNANDEZ-LEYES et al., 2007), formado a 

partir de formas conjugadas do ácido cólico e quenodesoxicólico (DEBRUYNE et al., 

2001). É bastante utilizado como agente colerético associado a outros componentes em 

terapias de disfunções do fígado (RODRIGUEZ et al., 2000), formulações para 

cosméticos (VALENTA et al., 1999), antibióticos antifúngicos (MARPLES e 

STRETTON, 1987), e formulações para dissolução de gorduras localizadas 

(ROTUNDA et al., 2004). Esta última utilização está suspensa no Brasil desde outubro 

de 2005 (Resolução 2.682) devido à falta de estudos sobre a segurança e eficácia do 

tratamento (RUBINSTEIN, 2008). 

Outro importante ácido biliar, o ácido ursodesoxicólico (UDCA), o menor 

constituinte da bile humana (SOLA et al., 2006) e ácido biliar terciário, é o epímero 7β 

do ácido quenodesoxicólico (CDCA) sendo encontrado como um pó cristalino branco, 

inodoro e de sabor amargo (ORIENTI et al., 1999). O UDCA é utilizado como 

medicamento para dissolver cálculos biliares, no trato de cirrose biliar, gastrite com 

refluxo da bile, tratamento de câncer coloretal e em várias outras condições colestáticas 

em adultos (SETCHELL et al., 2005; TAY et al., 2007). 

Os métodos utilizados para a análise de ácidos biliares em solução ou em 

preparações farmacêuticas são geralmente muito onerosos, demandam grande tempo de 

preparação e apresentam dificuldade de extração dos componentes (KANG et al., 2007; 

YOO, 2007; SOLA et al., 2006; LIN et al., 2003; MOMOSE et al., 1998). Devido à 

grande aplicabilidade destes ácidos biliares, torna-se necessário o estudo de métodos 

alternativos rápidos, de baixo custo e com boa sensibilidade para a análise em 

formulações farmacêuticas. 

Neste sentido, a utilização de ciclodextrinas (CDs) no desenvolvimento de novas 

metodologias analíticas tem se mostrado uma alternativa atraente, as CDs são 

oligossacarídeos cíclicos consistindo de 6 (α-ciclodextrina), 7 (β-ciclodextrina), 8 (γ-

ciclodextrina) ou mais unidades de glicose unidas por ligações α-(1,4) (ABAY et al., 
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2005; AL-SHERBINI, 2005; DE LEON-RODRIGUEZ e BASUIL-TOBIAS, 2005; 

CONSTANTIN et al., 2004; DEL VALLE, 2004). Em solução aquosa possuem uma 

estrutura cilíndrica com exterior hidrofílico e interior hidrofóbico (AFKHAMI e 

KHALAFI, 2006) capaz de formar complexos de inclusão com uma grande variedade 

de moléculas dentro de sua cavidade hidrofóbica, tais como indicadores, drogas, 

pequenos ânions, ácidos carboxílicos, álcoois (TAWARAH e KHOURI, 2000). Estas 

moléculas ficam ligadas por forças intermoleculares não covalentes (AFKHAMI et al., 

2006; DEL VALLE, 2004). 

A análise dos complexos de inclusão é realizada por uma grande variedade de 

técnicas: espectroscópicas (UV-Vis, fluorescência), HPLC, eletroquímica e calorimetria 

(ZHU et al., 2007). As técnicas espectroscópicas utilizam CDs para aumentar a 

sensibilidade da técnica, no entanto, trabalhos utilizando análises UV-Vis com CDs são 

escassos. A utilização das ciclodextrinas em espectros de absorção UV-Vis tem como 

objetivos melhorar a solubilidade e estabilidade das substâncias colorimétricas, 

aumentar a seletividade e a sensibilidade da técnica (DE LEON-RODRIGUEZ e 

BASUIL-TOBIAS, 2005). Dentro deste contexto, complexos de inclusão com 

indicadores têm sido usados para detecção de analítos de interesse biológico, tais como 

fármacos e aminoácidos (AFKHAMI et al., 2006; GLAZYRIN et al., 2004). 

A fenolftaleína (FE), indicador ácido-base, é incolor em solução ácida e rósea 

em soluções básicas, podendo formar complexos de inclusão 1:1 com a β-ciclodextrina. 

A formação desses complexos de inclusão entre a ciclodextrina e o indicador permite a 

determinação da concentração de substâncias com caráter ácido ou básico, uma vez que 

ocorre competição entre essas substâncias e o indicador pela cavidade cilíndrica 

hidrofóbica da ciclodextrina, gerando assim, uma diferença de leitura óptica 

(AFKHAMI et al., 2006; GLAZYRIN et al., 2004). 

Complexos de inclusão têm sido empregados na construção de sensores 

químicos (ALARCÓN-ANGELES et al. 2008), estes são dispositivos pequenos, 

robustos, portáteis, de fácil manipulação com transdução eletroquímica ou óptica (LEI 

et al., 2006; ALFAYA e KUBOTA, 2001; MEADOWS, 1996). Dentre estes 

transdutores, merece destaque os de origem óptica que constituem ferramentas 

poderosas imunes a interferências eletromagnéticas, sendo usados para a determinação e 

análise em várias áreas como ciências biomédicas, saúde, produtos farmacêuticos e 

monitoramento ambiental (FAN et al., 2008). 
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2. Revisão da literatura 

 

2.1. Ácidos biliares 

 

Os ácidos biliares são ácidos orgânicos derivados do colesterol e surfactantes 

biológicos com um papel importante na absorção, transporte e secreção de lipídeos 

(YOO, 2007), são sintetizados no fígado a partir do colesterol, armazenados na vesícula 

biliar e liberados no intestino delgado ajudando a converter as gorduras alimentares em 

micelas mistas de ácidos biliares e triacilgliceróis (NELSON et al., 2002). 

Existem diferentes tipos de ácidos biliares. Os ácidos biliares primários como o 

ácido cólico (CA) e o ácido quenodesoxicólico (CDCA), são derivados do colesterol por 

duas rotas metabólicas diferentes (Figura 1) no fígado e conjugados com glicina e 

taurina (C-24) (DEBRUYNE et al., 2001; SCALIA, 1995). Nas condições fisiológicas, 

as enzimas que participam da síntese de CA e CDCA são a colesterol 7α-hidroxilase 

(CYP7a1) e esterol 12α-hidroxilase (CYP8b1). A atividade da CYP8b1 pode determinar 

a relação de CA e CDCA e conseqüentemente a hidrofobicidade do pool de ácidos 

biliares que serão secretados pela vesícula biliar (VLAHCEVIC et al., 2000; 

DEBRUYNE et al., 2001). 

Aproximadamente 85% dos ácidos biliares secretados são absorvidos no 

intestino delgado. A difusão passiva de micelas contendo ácidos biliares, ácidos graxos 

e monoglicerídeos ao longo do intestino delgado é maior para ácidos biliares 

hidrofóbicos na porção do Duodeno. No Íleo, esta ocorre por co-transporte ativo 

acoplado a bomba de sódio e potássio na superfície da borda-em-escova da membrana 

basolateral. Cerca de 15% dos ácidos biliares secretados atingem o cólon e retornam ao 

fígado pela veia porta hepática (DEBRUYNE et al., 2001). 

Os ácidos biliares secundários como o ácido desoxicólico (DCA) e o ácido 

litocólico (LCA), são constituídos de formas conjugadas de CA e CDCA, 

respectivamente, através da desconjugação da 7-αdehidroxilação pelas bactérias 

anaeróbicas da flora intestinal. Os ácidos biliares terciários são o ácido ursodesoxicólico 

(UDCA) e o sulfolitocólico (SLCA), formados através da epimerização do CDCA ou 

sulfatação do LCA, respectivamente. No cólon, cerca de 10% dos ácidos biliares 

secretados são reabsorvidos através de difusão passiva. O resultado é que 2-5% dos 

ácidos biliares secretados são eliminados nas fezes (DEBRUYNE et al., 2001). 
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Figura 1: Estrutura química dos ácidos biliares primários, secundários, terciários e seus 

aminoácidos (R) conjugados. Linhas pontilhadas indicam locais de metabolismo dos 

hepatócitos ou das bactérias intestinais. A posição na via metabólica das enzimas 

colesterol 7α-hidroxilase (CYP7a1) e esterol 12α-hidroxilase (CYP8b1) são indicadas 

através de setas. 

Nota: 7-oxo-LCA não é estável sendo imediatamente convertido em UDCA (Fonte: 

DEBRUYNE et al., 2001). 

 

Durante as últimas décadas alguns pesquisadores demonstraram o interesse pela 

síntese e estudos de surfactantes catiônicos derivados de ácidos biliares. Bernheim e 

Lack (1967) apud Mukhopadhyay e Maitra (2004) estudaram uma série de derivados do 

ácido cólico e mostraram que os sais catiônicos da bile podem acelerar a turgescência 

em células bacterianas, inibindo a síntese protéica e apresentando propriedades 

antimicrobianas. 

Ácidos biliares também são usados para melhorar a absorção de medicamentos 

como peptídeos e seus derivados catiônicos e aumentando a absorção de DNA celular 

(MUKHOPADHYAY e MAITRA, 2004). Os ácidos biliares são usados 

terapeuticamente para diminuir a saturação do colesterol na bile, redução da 
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citotoxicidade na doença colestática hepática (HOFMANN e HAGEY, 2008) e 

dissolução de cálculos biliares (PETRONI et al., 2001). 

Diversos métodos têm sido utilizados para a análise de ácidos biliares em 

solução ou em preparações farmacêuticas, incluindo a potenciometria, alcalimetria, 

eletroquímica, cromatografia micelar eletrocinética (MEKC), cromatografia de fluido 

supercrítico e cromatografia gasosa, entretanto, estes métodos são muito onerosos, 

demandam grande tempo de preparação e dificuldade de extração dos componentes 

(KANG et al., 2007; YOO, 2007; SOLA et al., 2006; LIN et al., 2003; MOMOSE et al., 

1998). 

 

2.1.1. Ácido desoxicólico (DCA) 

 

 O ácido desoxicólico (3α, 5β, 12α)-3,12-dihidroxi-5-colano-24-oico (DCA – 

Figura 2), é um ácido biliar secundário constituído de formas conjugadas do ácido 

cólico (FERNANDEZ-LEYES et al., 2007). O mesmo apresenta forma cristalina,  pKa 

6,58, é solúvel a 15°C em água (0,24g/L) e em álcool (220,7g/L) e quando na forma de 

sal de sódio tem sua solubilidade em água aumentada para valores maiores que 333g/L 

(BUDAVARI et al., 1989). 

O DCA é bastante usado como agente colerético associado a outros 

componentes em terapias e disfunções do fígado (RODRIGUEZ et al., 2000); em 

hidrogéis aumentando a permeabilidade das membranas celulares (VALENTA et al., 

1999); em antibióticos com ação inibidora contra Candida albicans (MARPLES e 

STRETTON, 1987); é um componente dos derivados do N-(2-dimetilamino)etil que 

apresenta ação antimalárica (TERZIC et al., 2007). Aumenta a biodisponibilidade de 

nanopartículas do copolímero de ácido lático e glicólico, usado no encapsulamento de 

medicamentos, protegendo-o durante seu transporte através do trato gastrointestinal e 

aumentando sua absorção no epitélio intestinal (SAMSTEIN et al., 2008). 

 
Figura 2: Estrutura química do ácido desoxicólico (Fonte: MUKHOPADHYAY e 

MAITRA, 2004). 
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 O DCA é um dos componentes da injeção de fosfatidilcolina, que atua na 

dissolução de gorduras localizadas. Inicialmente o princípio ativo desta formulação era 

atribuído a fosfatidilcolina, mas Rotunda et al. (2004) observou que o DCA 

administrado isoladamente possuía o mesmo efeito que a primeira. O método utilizando 

injeções para a dissolução de gorduras localizadas é conhecido como Mesoterapia, e foi 

desenvolvido na Europa para posteriormente ser difundido para os Estados Unidos e 

Brasil, esta técnica foi inicialmente utilizada na remoção de celulite (BRYANT, 2004). 

O DCA também pode ser usado no tratamento de lipomas, lipodistrofia e obesidade, no 

entanto o emprego do DCA para fins estéticos está suspenso no Brasil desde outubro de 

2005 (Resolução 2.682) e também na Europa e Estados Unidos (ROTUNDA e 

KOLODNEY, 2006) devido à falta de estudos sobre a segurança e eficácia do 

tratamento, mas continua sendo utilizado de forma clandestina em diversas clínicas de 

estética (RUBINSTEIN, 2008). 

 
2.1.2. Ácido Ursodesoxicólico (UDCA) 

 

 O ácido ursodesoxicólico, (3α, 5β, 7β)-3,7-dihidroxi-5-colano-24-oico (UDCA, 

Figura 3) é um ácido biliar terciário formado pela epimerização do CDCA 

(DEBRUYNE et al., 2001) e menor constituinte da bile humana (SOLA et al., 2006). O 

mesmo é encontrado na forma de pó branco, cristalino, inodoro, de sabor amargo, pouco 

solúvel em água, apresentando boa solubilidade em etanol e ácido acético glacial e pKa 

de 5,10 (NAKASHIMA et al., 2002; ORIENTI et al., 1999; BUDAVARI et al., 1989). 

 
Figura 3: Estrutura química do ácido ursodesoxicólico (Fonte: MUKHOPADHYAY e 

MAITRA, 2004). 

 

O UDCA é usado para dissolver cálculos biliares - colelitíase, tratar cirrose 

biliar, refluxo de bile na gastrite, no tratamento do câncer coloretal (TAY et al., 2007; 

SETCHELL et al., 2005, PETRONI et al., 2001), colangite esclerosante primária 

(LINDOR, 1997), prevenção da pancreatite causada por microlitíases em pacientes com 
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a vesícula biliar intacta (OKORO et al., 2008) e também em pacientes com hepatite C 

aumentando o nível da enzima alanina aminotransferase (IKEGAMI e MATSUZAKI, 

2008). 

 
2.2. Ciclodextrinas (CDs) 

 
Em 1891, A. Villiers, um cientista francês, isolou uma substância produzida por 

Bacilus amylobacter contendo amido que o mesmo denominou de “celulosina”. Depois, 

um microbiologista austríaco Franz Schardinger entre 1903 e 1911 descreveu dois 

compostos cristalinos – α-dextrina e β-dextrina isolado de sobrenadante bacteriano 

produzido em amido de batata. A celulosina descrita por Villers é a β-dextrina descrita 

por Schardinger. Em 1935, Freudenberg e Jacobi foram os primeiros a descrever as 

ciclodextrinas (CDs) como são conhecidas hoje: α-ciclodextrina (α-CD), β-ciclodextrina 

(β-CD) e γ-ciclodetrina (γ-CD). De 1935 a 1955, Freudenberg, Cramer e colaboradores 

identificaram a estrutura das CDs, suas propriedades físico-químicas e sua habilidade de 

formar complexos de inclusão. Na década de 1970, com o avanço dos processos 

biotecnológicos, foi possível a produção de CDs com alto grau de pureza e baixo custo 

(BREWSTER e LOFTSSON, 2007; LOFTSSON e DUCHËNE, 2007; DEL VALLE, 

2004). 

Ao longo do último século houve um aumento na utilização das CDs devido ao 

fato de serem produtos seminaturais decorrentes de fontes renováveis (amido) através 

de conversões enzimáticas simples. Milhares de toneladas são produzidos ao ano por 

tecnologias não agressivas sob o ponto de vista ambiental; baixo preço; capacidade de 

formar complexos de inclusão; baixos efeitos secundários e dependendo da aplicação, 

pode ser ingerida pelo homem em produtos indústrias com aplicações farmacêuticas 

(solubilizantes e estabilizantes), alimentícia (alterando o odor e o sabor) e cosmética 

(estabilizantes) (LOFTSSON e DUCHËNE, 2007; VEIGA et al., 2006). 

As ciclodextrinas são obtidas através da reação de transglicosilação 

intramolecular onde o amido é degradado pela ciclodextrina-glicosil-transferase (Figura 

4) (CGTase) produzindo dextrinas cíclicas e acíclicas (SZEJTLI, 1998). Essa enzima 

possui peso molecular na ordem de 70-75kD e apresenta uma seqüência de aminoácidos 

com similaridade estrutural a α-amilase (VAN DER VEEN et al., 2001).  
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Vários microorganismos catalisam esta reação enzimática como o Bacillus 

megaterium, B. circulans, B. stearothermophilus, B. subtilis e Klebsiella pneumoniae. 

As CDs que são obtidas em maiores porcentagens são a α-CD, β-CD e a γ-CD, cujas 

quantidades relativas dependem do tipo de microorganismo e das condições de reação 

(VEIGA et al., 2006). 

 

 

Figura 4: Representação esquemática de uma reação catalisada pela CGTase 

(ciclodextrina-glicosil-transferase). Os círculos escuros representam resíduos de glicose; 

os círculos claros representam o terminal redutor do açúcar. (A) Hidrólise; (B) 

Desproporção; (C) Ciclização; (D) Ligação (Fonte: VAN DER VEEN et al., 2001). 

 

As ciclodextrinas são oligossacarídeos cíclicos (Figura 5) derivados do amido 

com 6 (α-ciclodextrina), 7 (β-ciclodextrina), 8 (γ-ciclodextrina) ou mais unidades de 

glicose unidas por ligações α-(1,4) (ZHANG et al., 2009; YUAN et al., 2008; ABAY et 

al., 2005; AL-SHERBINI, 2005; DE LEON-RODRIGUEZ e BASUIL-TOBIAS, 2005; 

CONSTANTIN et al., 2004; DEL VALLE, 2004). CDs com número inferior a 6 
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moléculas de glicose não existem por razões estereoquímicas, mas CDs com mais de 8 

moléculas de glicose já foram produzidas (VEIGA et al., 2006). Devido à ausência de 

rotação livre nas ligações glicosídicas e da conformação em cadeira apresentadas pelas 

moléculas de glicose, as CDs apresentam uma forma tronco-cônica onde os radicais 

hidroxilas secundários ligados aos carbonos 2 e 3 e ocupam a base de maior diâmetro do 

tronco, enquanto que as hidroxilas primárias ligadas ao carbono 6 localizam-se na 

menor base do tronco. Esta conformação faz com que as ciclodextrinas em solução 

aquosa apresentem um exterior hidrofílico e interior hidrofóbico (AFKHAMI e 

KHALAFI, 2006; DEL VALLE, 2004). 

 
Figura 5: Estrutura da α-ciclodextrina (1), β-ciclodextrina (2), γ-ciclodetrina (3), 

estrutura tridimensional (4) (Fonte: VEIGA et al., 2006). 

 

 Todas as ciclodextrinas apresentam estrutura cristalina, não-higroscópica e 

reduzida solubilidade aquosa, são bastante resistentes em meio alcalino, mas, 

hidrolisam-se facilmente em meio ácido (DEL VALLE, 2004). A Tabela 1 apresenta as 

propriedades físico-químicas das principais CDs. 

 

4 
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Tabela 1: Propriedades físico-químicas das principais ciclodextrinas (Fonte: VEIGA et 
al., 2006).  
 

Propriedades α-CD β-CD γ-CD 
Unidades de Glicose 6 7 8 

Massa molecular (g.mol-1) 972 1135 1297 
Solubilidade aquosa (g/100mL a 

25°C) 14,5 1,85 23,2 

Diâmetro interno da cavidade 
(Å) 4,7-5,3 6,0-6,5 7,5-8,3 

Altura da estrutura tronco-
cônica (Å) 7,9±0,1 7,9±0,1 7,9±0,1 

Volume aproximado da 
cavidade (Å3) 174 262 427 

Formas dos cristais Lâminas 
hexagonais 

Paralelogramas 
monoclínicos 

Prismas 
quadráticos 

pKa (a 25°C) 12,333 12,202 12,081 
Constante de difusão a 40°C 

(m2/s) 3,443 3,223 3,000 

 
Em geral, as ciclodextrinas mais comuns apresentam baixa toxicidade sendo 

capazes apenas de permear membranas biológicas, tais como a córnea, se ingeridas por 

via oral, estas não são absorvidas no trato gastrointestinal e não apresentam toxicidade, 

quando administradas por via parentérica também apresentam baixa toxicidade 

(BREWSTER e LOFTSSON, 2007; LOFTSSON e DUCHËNE, 2007; DEL VALLE, 

2004) 

 

2.2.1. Complexos de inclusão 

 

Devido a sua estrutura, as CDs podem ser consideradas cápsulas vazias 

cilíndricas abertas em ambas às extremidades, o que lhe permite a inclusão de uma 

enorme variedade de moléculas orgânicas em sua cavidade hidrofóbica. Neste complexo 

de inclusão a molécula que entra na cavidade é chamada de hospedeira enquanto a 

ciclodextrina é a molécula hóspede (BREWSTER e LOFTSSON, 2007; DEL VALLE, 

2004; KUWABARA et al., 1994). 

Uma grande variedade de moléculas pode formar complexos de inclusão, tais 

como indicadores, drogas, pequenos ânions, ácidos carboxílicos e alcoóis (TAWARAH 

e KHOURI, 2000) (Tabela 2). Estas moléculas ficam ligadas por forças 

intermoleculares não covalentes (ANSELMI et al., 2008; AFKHAMI et al., 2006; DEL 

VALLE, 2004), além destas forças, o tamanho e estrutura interferem na inclusão destes 
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compostos (AL-SHERBINI, 2005). Devido a estas interações, as propriedades físico-

químicas das moléculas hóspedes podem ser drasticamente modificadas 

(HERNÁNDEZ BALBOA et al., 2008; LI et al., 2008; YANEZ et al., 2004).  

 

Tabela 2: Algumas moléculas de importância biológica capazes de formar complexos de 

inclusão com ciclodextrinas e suas respectivas constantes de equilíbrio (Kc). 

 

Biomolécula Tipo de CD Kc 
(L.mol-1) Referência 

Fluoxetina (Antidepressivo) β-CD 8,20x103 AFKHAMI et al., 2006
Ácido ferúlico (composto 

vegetal) α-CD 1,16x103 ANSELMI et al., 2008 

Esteroídes β-CD e γ-CD Variável CAI et al., 2005 
Sais de alcalóides β-CD e γ-CD Variável CSERNAK et al., 2006

Clorambucil (Tratamento da 
Leucemia) Tri-metil-β-CD - HERNÁNDEZ 

BALBOA et al., 2008 
Carvedilol (Tratamento da 

hipertenção) Metil-β-CD 2,77x103 HIRLEKAR e 
KADAM, 2008 

Derivados de N-
sulfamoiloxazolidinona (ação 

antimicrobiana) 
β-CD ≈104 KADRI et al., 2005 

Norfloxacina (bactericida) Metil-β-CD 2,08x104 LI et al., 2008 

L-Tirosina β-CD ≈101 SHANMUGAM et al., 
2008 

Frunidipina (tratamento de 
doenças cardiovasculares) β-CD 1,56x102 YANEZ et al., 2004 

 

Em solução aquosa, a cavidade da ciclodextrina está ocupada por moléculas de 

água, isto é termodinamicamente desfavorável devido à interação polar-apolar. A 

formação do complexo de inclusão ocorre através do deslocamento destas moléculas de 

água da cavidade da CD pela molécula hóspede ou por grupos hidrofóbicos (Figura 6). 

Este processo é termodinamicamente favorável e contribui para a formação do 

complexo. As principais interações que ocorrem para a formação e estabilização do 

complexo são as interações de Van der Waals, pontes de hidrogênio e interações 

hidrofóbicas dependendo da molécula hóspede (GUNARATNE e CORKE, 2008; 

JADHAV e VAVIA, 2008; SHANMUGAM et al., 2008; BREWSTER e LOFTSSON, 

2007; AFKHAMI e KHALAFI, 2006; CHEN et al., 2004; DEL VALLE, 2004). 

Veiga et al. (2006) e Del Valle (2004) descreveram o mecanismo de formação 

de um complexo de inclusão: 1. Ocorre a aproximação da molécula hóspede à molécula 

de CD; 2. Acontece a quebra da estrutura da água existente no interior da cavidade da 
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CD e remoção de algumas das moléculas de água para a solução; 3. Em seguida há 

quebra da estrutura da água em volta da molécula hóspede; 4. Ocorre a interação dos 

substituintes da molécula hóspede com os grupos existentes na superfície ou no interior 

da CD; 5. Possívelmente há formação das pontes de hidrogênio entre a molécula 

hóspede e a CD; 6. Finalmete ocorre a reconstrução da estrutura da água em volta das 

partes expostas da molécula hóspede, após o processo de inclusão. 

 

Figura 6: Formação de um complexo de inclusão entre a molécula hóspede e a 

ciclodextrina (Fonte: SZEJTLI, 1998). 

 

Diversas técnicas são utilizadas para a produção de complexos de inclusão, as 

quais por sua vez têm grande influência no composto final obtido (MURA et al., 1999): 

a co-precipitação é a técnica mais usada em laboratório e consiste na adição da molécula 

hóspede a uma solução aquosa de CD (ANSELMI et al., 2008); a complexação fluída 

ocorre pela adição do hóspede a uma solução de CD 50-60% em massa; a complexação 

pastosa é semelhante a complexação fluída com a diferença de que a CD está 

praticamente sólida; na co-evaporação, a solução aquosa de CD é misturada à molécula 

hóspede e depois aquecida a 100°C para a eliminação da água; a extrusão é uma técnica 

onde o hóspede e a CD são misturadas e aquecidas continuamente (CHALLA et al., 

2005); por fim, na Mistura a Seco, o hóspede e a CD são diretamente combinados 

(VEIGA et al., 2006; DEL VALLE, 2004). 

A análise dos complexos de inclusão é realizada por uma grande variedade de 

técnicas: espectrofotométricas (UV-Vis, fluorescência), cromatográficas (HPLC), 

eletroquímica e calorimetria (GHOREISHI et al., 2008; ZHU et al., 2007; GEORGIOU 
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et al., 1995). Algumas técnicas espectrofotométricas utilizando CDs foram 

extensamente utilizadas para aumentar a sensibilidade do analito, no entando trabalhos 

utilizando análises UV-Vis com CDs são excassos. O emprego de ciclodextrinas em 

técnicas UV-Vis tem como objetivo melhorar a solubilidade e estabilidade das 

substâncias colorimétricas, além de aumentar a seletividade e sensibilidade desta técnica 

(DE LEON-RODRIGUEZ e BASUIL-TOBIAS, 2005). 

Os complexos de inclusão também podem ser utilizados para a determinação 

indireta de substâncias. Para isso são utilizadas técnicas como a Ressonância Magnética 

Nuclear (RMN) (ABDEL-SHAFI, 2007; BREWSTER e LOFTSSON, 2007), a 

Fluorescência (LI et al., 2008; LIU et al., 2007) e a Espectrofotometria UV-Vis 

(JADHAV e VAVIA, 2008; ABAY et al., 2005; KADRI et al., 2005). Este último 

método, em associação com substâncias coloridas, tais como indicadores, apresenta-se 

como uma alternativa para a determinação de substâncias com baixa absortividade 

molar, onde a substância compete com o indicador pela cavidade da CD, sendo esta 

liberada em solução e em seguida quantificada. Esta técnica é conhecida como Reação 

de Complexação Competitiva (AFKHAMI et al., 2006; GLAZYRIN et al., 2004). 

A determinação da constante de equilíbrio (Kc) da molécula hóspede-CD é de 

suma importância, pois esta serve como um parâmetro para medir as alterações físico-

químicas ocasionadas pela complexação, tais como solubilidade aquosa, reatividade 

química, absortividade molar e outras propriedades ópticas (dispersão rotatória óptica), 

valores típicos para Kc foram apresentados na Tabela 2. Existem vários métodos para se 

determinar Kc: O método de solubilidade de fases de Higuchi e Connors, 

Espectrofotometria UV-Vis de Hildebrand e Benesi, RMN e Modelação molecular. 

Também é possível, através de Kc determinar os parâmetros termodinâmicos – variação 

da energia livre de Gibbs padrão (ΔG°), variação da entalpia padrão (ΔH°) e a variação 

da entropia padrão (ΔS°) (BREWSTER e LOFTSSON, 2007; VEIGA et al., 2006; DEL 

VALLE, 2004; BENESI e HILDEBRAND, 1949). 

 

2.3. Indicadores Ácido-Base 

 

O uso de indicadores de pH é uma prática bem antiga que foi introduzida no 

século XVII por Robert Boyle. Estas substâncias orgânicas são fracamente ácidas 

(indicadores ácidos) ou fracamente básicas (indicadores básicos) apresentam cores 
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diferentes para suas formas protonadas e desprotonadas dependendo das características 

físico-químicas da solução na qual estão contidos, em função de diversos fatores, tais 

como pH, potencial elétrico, complexação com íons metálicos e adsorção em sólidos 

(TERCI e ROSSI, 2002; ATKINS e JONES, 2001). A Tabela 3 apresenta uma lista com 

indicadores típicos. 

  

Tabela 3: Indicadores e suas alterações pelo pH. 

 

Indicador 
Cor da forma 

ácida 

Faixa de pH da 

mudança de cor 

Cor da forma 

básica 

Alaranjado de metila Vermelho 3,2 a 4,4 Amarelo 

Azul de Timol 
Vermelho 

Amarelo 

1,2 a 2,8 

8,0 a 9,6 

Amarelo 

Azul 

Azul de Bromofenol Amarelo 3,0 a 4,6 Azul 

Azul de Bromocresol Amarelo 5,2 a 6,8 Azul 

Fenolftaleína Incolor 8,2 a 10,0 Rosa 

Vermelho de fenol Amarelo 6,6 a 8,0 Vermelho 

Vermelho de metila Vermelho 4,8 a 6,0 Amarelo 

 

Os indicadores podem formar complexos de inclusão com as ciclodextrinas onde 

através da Reação de Complexação Competitiva permite a determinação de substâncias 

com caráter ácido ou básico, pois ocorre competição entre essas substâncias e o 

indicador pela cavidade cilíndrica hidrofóbica da ciclodextrina, gerando assim uma 

diferença de leitura óptica (AFKHAMI et al., 2006; GLAZYRIN et al., 2004). Desta 

forma, Afkhami et al. (2006) usou o complexo de inclusão β-CD-Fenolftaleína para a 

determinação da Fluoxetina; ZARZYCKI e LAMPARCZYK (1998) utilizou o mesmo 

complexo para a determinação de tetrahidrofurano, e; Yuexian et al. (2005) determinou 

aminoácidos aromáticos através da reação de complexação competitiva com o complexo 

α-CD-Alaranjado de metila. 



Cadena, P.G ______________________________________________________________________ 
 

 

30

2.4. Validação de procedimentos analíticos 

 

Os laboratórios devem dispor de meios para demonstrar que os métodos de 

ensaio que executam, conduzem a resultados confiáveis e adequados à qualidade 

pretendida, cabendo também ao mesmo assegurar que estas características de 

desempenho do método atendam aos requisitos para as operações analíticas pretendidas. 

Desta forma, existem entidades responsáveis por determinar as regras para essa 

normalização como a ANVISA (Agência Nacional de Vigilância Sanitária - Resolução - 

RE nº 899, de 29 de maio de 2003), o INMETRO (Instituto Nacional de Metrologia, 

Normalização e Qualidade Industrial - DOQ-CGCRE-008), EMEA (European 

Medicines Agency - CPMP/ICH/381/95) e FDA (Food and Drug Administration - 

VICH GL2). 

Ao validar-se uma metodologia alguns parâmetros devem ser avaliados, tais 

como: especificidade e seletividade - capacidade que o método possui de medir 

exatamente um composto em presença de outros componentes como impurezas e 

produtos de degradação; linearidade - capacidade de demonstrar que os resultados 

obtidos são diretamente proporcionais à concentração do analito na amostra, dentro de 

um intervalo especificado; intervalo - faixa entre os limites de quantificação superior e 

inferior de um método analítico; precisão - avaliação da proximidade dos resultados 

obtidos em uma série de medidas de uma amostragem múltipla de uma mesma amostra; 

limite de detecção - menor quantidade do analito presente em uma amostra que pode ser 

detectado; limite de quantificação - menor quantidade do analito em uma amostra que 

pode ser determinada com precisão e exatidão aceitáveis sob as condições 

experimentais estabelecidas; exatidão - proximidade dos resultados obtidos pelo método 

em estudo em relação ao valor verdadeiro; robustez - medida de sua capacidade em 

resistir a pequenas e deliberadas variações dos parâmetros analíticos (RUMEL, 2008, 

EMEA, 2008). 

 

2.5. Sensores químicos 

 

Os sensores químicos são dispositivos pequenos, robustos, portáteis, de fácil 

manipulação e não necessitam da adição contínua de reagentes para a sua operação 

podendo, assim, fornecer informações confiáveis continuamente. Portanto, o sensor 

químico tem sido um elemento chave na instrumentação analítica dispensando, em 
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muitos casos, a utilização de aparelhos complexos e a necessidade de uma enorme infra-

estrutura de suporte (ALFAYA e KUBOTA, 2001).  

A construção de um sensor baseia-se na comunicação entre uma reação química 

e um transdutor. Esta comunicação pode resultar de uma alteração na concentração de 

prótons, liberação ou absorção de gases, emissão de luz, entre outros. O transdutor 

converte esse sinal químico em um sinal de resposta mensurável podendo ainda ser 

ampliado, transformado e armazenado para posterior análise (LEI et al., 2006). Estes 

sensores podem ter aplicações diretas em análises clínicas, controle de bioprocessos on-

line, detecção de substâncias tóxicas no meio ambiente e controle de qualidade na 

indústria farmacêutica (LEI et al., 2006; MEADOWS, 1996). 

De acordo com o transdutor utilizado, o sensor pode ser classificado como 

eletroquímico (potenciométrico, amperométrico, condutométrico, eletrodos íons 

seletivos (ISE) e transistor de efeito de campo sensível a íon (ISFET)); óptico 

(elipsometria, luminescência, fosforescência, fluorescência, Raman); fibra óptica e guias 

de onda; interferometria (interferometria de luz branca, interferometria modal) e 

ressonância de plasma de superfície (SPR); calorimétricos; piezoelétricos (relaciona a 

oscilação da freqüência dos cristais de quartzo com variação da massa) e acústicos 

(FAN et al., 2008; SILVA, 2008; RICCARDI et al., 2002; THÉVENOT et al., 2001). 

Alguns artigos já descrevem o uso das ciclodextrinas em sensores associadas a 

enzimas como a glicose oxidase (ZHENG et al., 2008) e a peroxidase (ZHU et al., 

2000). Por outro lado, sensores baseados na interação hóspede-hospedeiro com as 

ciclodextrinas (CD) são escassos. Alarcón-Angeles et al. (2008) construiu um sensor 

eletroquímico para determinação da dopamina cujo sinal era proveniente da formação 

do complexo de inclusão entre o analito e a CD. 

 

2.5.1. Sensores químicos ópticos 

 

Existem diversos tipos de transdutores, dentre eles os de origem óptica 

constituem ferramentas poderosas imunes a interferências eletromagnéticas, sendo 

usados para a determinação e análise em várias áreas como ciências biomédicas, saúde, 

produtos farmacêuticos e monitoramento ambiental (FAN et al., 2008). 

Os recentes avanços na tecnologia de aquisição de imagens digitais estão 

oferecendo uma nova forma de transdução óptica onde câmeras digitais ou scanners 

podem facilmente capturar imagens de reações colorimétricas combinado com 
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softwares que podem decompor e analisar estas imagens (GAIAO et al., 2006; 

ZAITSEV et al., 2008). Dal Grande et al. (2008) demonstrou uma relação entre o 

sistema RGB (sistema de definição de cores – Figura 7) e concentrações do analito. 

As imagens formadas nas telas dos computadores, normalmente, utilizam o 

sistema RGB para a definição de cores. Neste padrão, cada tom de cor é definido por 

três canais: R (vermelho), G (verde) e B (azul), que variam como índices inteiros entre 0 

e 255, permitindo uma combinação de 2563 (= 16.777.216) tonalidades de cor em cada 

pixel (GODINHO et al., 2008). Desta forma, é possível analisar quantitativamente a 

intensidade da variação de cor proporcional às concentrações do analito e gerar curvas 

de calibração (DAL GRANDE et al., 2008). Trabalhos contendo sensores químicos com 

análise através do sistema RGB são escassos: Raja e Sankaranarayanan (2007) 

construíram um sensor contendo a glicose oxidase imobilizada onde as reações 

colorimétricas foram analisadas pelo RGB; Rosse e Walter (2008) utilizaram o referido 

sistema para a análise de um sensor químico utilizado para a determinação de carbono 

orgânico. 

 
Figura 7: Cubo de cores RGB (R: vermelho; G: verde; B: azul). Cada eixo varia de 0 a 

255 índices de cor. Nas extremidades do cubo estão as cores características (Fonte: 

GODINHO et al., 2008). 
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3. Objetivos 

 

3.1. Geral 

 

Este projeto teve por objetivo o desenvolvimento de metodologias de baixo 

custo empregando ciclodextrinas para o controle de qualidade de fármacos visando o 

emprego no Sistema Único de Saúde - SUS. 

 

3.2. Específicos 

 

 Produção de um complexo de inclusão ciclodextrina-indicador; 

 Otimização dos métodos analíticos para determinação dos ácidos desoxicólico e 

ursodesoxicólico; 

 Aplicação desta metodologia em formulações farmacêuticas; 

 Validação da metodologia para determinação dos ácidos biliares propostos; 

 Avaliação de suportes poliméricos de baixo custo para imobilização do 

complexo de inclusão visando à construção de sensores químicos; 

 Construção e avaliação de sensores químicos com transdução óptica para o 

controle de qualidade de fármacos. 
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Abstract 

 

An expeditious colorimetric methodology for the determination of the deoxycholic acid 

(DCA) and of the ursodeoxycholic acid (UDCA) in pharmaceutical formulations is 

reported. The method is based on their competitive complexation reaction with a colour 

indicator to form β-cyclodextrin-inclusion complexes. Several pH colour indicators 

were tested, but phenolphthalein (PHP) showed the best interaction with the β-

cyclodextrin (β-CD) with an inclusion yield higher than 95%. The best concentrations 

of β-cyclodextrin to form inclusion complexes were 1.24x10-3mol.L-1 and 6.2x10-

4mol.L-1 at the pH of 9.5 and 10.5. Statistical analysis of the results showed that pH had 

a significant effect on the DCA determination and that high β-CD-PHP inclusion 

complex concentrations had a negative significant effect on the UDCA determination 

(p<0.05). The limit of detection and limit of quantification were 3.94x10-5mol.L-1 and 

1.31x10-4mol.L-1 for DCA (range: 6.1x10-6-3.13x10-3mol.L-1), 4.08x10-5mol.L-1 and 

1.36x10-4mol.L-1 for UDCA (range: 6.05x10-6-3.88x10-4mol.L-1). This simple and cheap 

method showed high stability and feasible instrumentation. 

 

Keywords: β-Cyclodextrin; Phenolphthalein; Inclusion complex, Deoxycholic acid; 

Ursodeoxycholic acid 
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1. Introduction 

 

Bile acids are organic metabolites of cholesterol with natural ionic detergent 

proprieties playing a pivotal role in the absorption, transport, and secretion of lipids or 

as therapeutic agents (Yoo, 2007). The deoxycholic acid, (3α, 5β, 12α)-3,12-dihydroxy-

5-cholan-24-oic acid (DCA), is a secondary bile acid formed from conjugated forms of 

the colic acid (Fernandez-Leyes et al., 2007). It is of common use as choleretic agent in 

therapy of liver dysfunctions, or as additive in cosmetic preparations and antibiotics 

(Rodriguez et al., 2000). Furthermore, it constitutes the major active ingredient of 

“phosphatidylcholine injection” which is a controversial popular technique to treat 

localized fat accumulation, now prohibited by ANVISA (The Brazilian National Health 

Surveillance Agency) and FDA agencies (Rotunda & Kolodney, 2006). 

Ursodeoxycholic acid, (3α, 5β, 7β)-3,7-dihydroxycholan-24-oic acid (UDCA), is a 

minor constituent in human bile (Sola et al., 2006) used as a drug to dissolve cholesterol 

gallstones, to treat biliary cirrhosis, bile reflux gastritis, treatment of colorectal cancer 

and a range of other adult cholestatic conditions (Tay et al., 2007; Setchell et al., 2005). 

Several instrumental approaches were described for the analysis of bile acids in bulk or 

in pharmaceutical preparations, including potentiometry, voltammetry, micellar 

electrokinetic chromatography (MEKC), supercritical fluid chromatography (SFC), gas 

chromatography and HPLC. However, the procedures are generally quite onerous and 

involve difficult or time-consuming extraction procedures (Lin et al., 2003; Momose et 

al., 1998). The extensive use of bile acids shows the needs of the biotechnological 

studies to develop alternative methods for fast analysis of pharmaceutical formulations. 

In this context, cyclodextrins (CDs) are a group of naturally occurring cyclic 

oligosaccharides with six (α-), seven (β-) or eight (γ-) glucose residues linked by α-(1–
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4) glycosidic bonds (Wang & Cai, 2008b; Teranishi & Nishiguchi, 2004). In aqueous 

solution, they possess a truncated cone shaped structure with a hydrophilic exterior and 

a hydrophobic interior (Wang & Cai, 2008a) capable to form inclusion complexes with 

a wide variety of substrates such as dyes, drugs, small anions, carboxylic acids and 

alcohols (Gunaratne & Corke, 2008). The inclusion complexes formed are often able to 

promote enhancements or perturbations of the photophysical and photochemical 

properties of included guest molecules (Yuexian et al., 2005). Hence, investigation of 

the inclusion mechanisms can be accomplished by a great variety of methods including 

molecular absorption spectrophotometry and fluorometry, HPLC, surface tension, 

electrochemistry and calorimetry (Zhu et al., 2007). However, reports of the usage of 

CDs as analytical reagents in UV–Vis spectrophotometry are scarce. Afkhami et al. 

(2006) used the inclusion complex β-CD-PHP in a competitive assay to determine 

fluoxetine. Xie et al. 2005 used the absorption spectra of the dibenzoyl peroxide-β-

cyclodextin complex in the analysis of benzoic acid concentrations. Yanez et al. (2004) 

proposed the use of β-CD to directly quantify the furnidipine through of the inclusion 

complex formed and Yuexian et al. (2005) resorted to the methyl orange-α-cyclodextrin 

inclusion complex to determine aromatic amino acids. More commonly, CDs have been 

used in UV–Vis spectrophotometry mainly to improve the solubility and stability of 

coloured compounds and to increase the sensitivity and selectivity of colorimetric 

reactions (De Leon-Rodriguez & Basuil-Tobias, 2005). 

Phenolphthalein (PHP) is a typical acid/base indicator that forms a colourless 1:1 

inclusion complex with β-CD and can be used for the indirect determination of 

colourless compounds through competitive complexation reaction (Afkhami et al., 

2006; Glazyrin et al., 2004). In this context, the objective of this work is the proposal of 

the colorimetric determination of deoxycholic and ursodeoxycholic acid based on 
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competitive complexation reaction with phenolphthalein-β-cyclodextrin inclusion 

complexes. Two factorial designs were developed to identify the constraints and study 

the experimental conditions to accomplish optimized determination procedures. Figures 

of merit of the proposed procedures enable the envisagement of low cost and simple 

application in large scale monitoring and control tasks. 

 

2. Experimental 

 

2.1. Materials 

 

Absorption spectra and data were collected by means of a Pharmacia Ultraspec 

3000pro UV/Vis spectrophotometer using 1-cm path length quartz cells. Statistical 

evaluations were carried out by means of the Statistica software (StatSoft Inc., Tulsa, 

OK, USA). 

Double deionised water and analytical grade chemicals were used without 

further purification. β-cyclodextrin was obtained from Fluka (Steinheim, Germany). 

Phenolphthalein, deoxycholic (sodium salt) and ursodeoxycholic acids were obtained 

from Sigma (St. Luiz, MO, USA). At acidic conditions, the measurements were 

performed using a 150 mmol.L-1 KCl-HCl buffer solution, pH 2.0. A 150 mmol.L-1 

carbonate buffer solution was prepared to provide measurements at basic conditions 

(Afkhami et al., 2006). 
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2.2. Methods 

 

The co-precipitation technique (Del Valle, 2004) was used to prepare the 

inclusion complexes. Therefore, solutions were mixed in the following order: 1.00 mL 

of the indicator solution, 1.00 mL of buffer, 1.00 mL of β-CD solution and 1.00 mL bile 

acid sample (The order did not interfere in the results). The mixture was strongly stirred 

after the addition of each solution except for the one containing the bile acid who was 

just homogenized. The blank solution was composed of 1.00 mL of buffer and 3.00 mL 

of water. 

A 1:6 ratio between the concentrations of indicator and β-CD was kept to 

compare the best indicator inclusion complex to accomplish the bile acids 

determinations. Thus, the following concentrations of indicators were considered: 

bromophenol blue (4x10-5mol.L-1), bromocresol blue (1.85x10-5 mol.L-1), methyl orange 

(5.1x10-5mol.L-1 at pH 2.0 and 4.0x10-4mol.L-1 at pH 9.5), methyl red (3.1x10-4 mol.L-1), 

phenol red (7.5x10-5mol.L-1), phenolphthalein (3.1x10-4mol.L-1, only in basic 

conditions) and thymol blue (1.3x10-4mol.L-1). All the concentrations referred were in 

the linear range of spectrophotometric response for the respective indicator. 

To access the formation constants of the β-CD-PHP, solutions of 3.1x10-4mol.L-1 

phenolphthalein in different amounts of β-CD (5.17x10-5 to 1.86x10-3mol.L-1) at pH 9.5 

or of 1.55x10-4mol.L-1 phenolphthalein in the 2.58x10-5 to 9.3x10-4mol.L-1 β-CD range at 

pH 10.5, were respectively prepared. To evaluate the formation constants of the β-CD-

DCA, DCA was added to final concentrations in between 1.56x10-5 to 6.25x10-3mol.L-1 

to the β-CD-PHP (1.24x10-3:3.1x10-4mol.L-1) solution. A similarly study was performed 

for assessing the β-CD-UDCA constant, for which solutions with UDCA in the interval 
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of 4.84x10-5 to 3.1x10-3mol.L-1 were prepared with a constant ratio of β-CD-PHP  

(6.2x10-4:1.55x10-4mol.L-1) concentrations. 

 

2.3. Applications 

 

The study was performed by the addition of known amounts of the DCA and 

UDCA standards to a sample with a known amount of pharmaceutical formulations 

such as, Injectable Phosphatidylcholine formula (Rotunda et al., 2004) 

(phosphatidylcholine 5% w/v, deoxycholic acid sodium salt 4.75% w/v, benzyl alcohol 

0.9% v/v, and water up to the volume of 100 mL) for the DCA and Ursacol (labeled 

with 300mg of ursodeoxycholic acid per pill) for the UDCA. 

 

3. Results and discussion 

 

3.1. Evaluation of the inclusion complexes between ß-cyclodextrin and different 

indicators 

 

The Fig. 1 shows the spectral changes of different common pH indicators after 

addition of β-CD up to the concentrations ratio of 6:1 in pH 2.0 and 9.5 media. For 

bromocresol blue, bromophenol blue, thymol blue and phenol red, no significant 

changes were observed in the respective spectra when β-CD was added. However, the 

phenolphthalein (PHP) showed a strong interaction with the β-CD in alkaline pH since 

there was a decrease in the absorption peak (at the wavelength of 553nm) (Fig. 1A) of 

more than 95%. At this pH condition the ionized red form of PHP becomes enclosed in 

the β-CD cage, where it is forced into its colourless lactone structure without, however, 
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protonating the phenolic groups (Afkhami et al., 2006). Inclusion complexes between 

methyl orange and the β-CD were observed on both pH conditions tested (Fig. 1B). At 

pH 2.0 the absorption peak at 506nm decreased slightly, whereas at pH 9.5 the 

formation of two isobestics points at 400 and 456nm and a blue shift of the absorption 

band of about 6 nm were registered.  The decrease in absorbance values is due to the 

lack of coplanarity of methyl orange caused by the constrained conformation of methyl 

orange in the cyclodextrin cavity (Zhang et al., 2006; Yuexian et al., 2005). The same 

authors reported a similar behavior between the methyl orange and α-CD. In the basic 

pH, the formation of isosbestic point was similarly noticed by Sueishi & Miyakawa 

(1999). The methyl red also formed inclusion complexes with β-CD at the two pH (Fig. 

1C) media, evidenced by the appearance of two isosbestic points in acid (484nm and 

579nm), basic pH (335m and 433nm) and a blue shift of 8nm in the wavelength 

corresponding to the absorption maxima. At pH 2.0, the absorbance decrease and the 

isosbestic points appearance characterizes the formation of the azonium tautomer 

inclusion complex, one of the cationic protonated forms of methyl red. Similar findings 

were previously described by Tawarah & Khouri (2000) and Kuwabara et al. (1994) 

concerning the inclusion complexes with γ-CD and β-CD, respectively.  

 

[FIGURE 1 here] 

 

Based on the previous observations it is clear that inclusion complexes are 

formed with particular forms of the indicators, but the spectral changes are more 

pronounced in the case of the β-CD-PHP complex. When the PHP is forced to leave the 

cavity of β-CD by a competitive colourless host it will transmit again the red colour to 

the solution. Thus, the extent of the solution colour change can then be easily 
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determined against a calibration curve of the free indicator and the corresponding 

amount related with the amount of the substance hosted. The absorption spectra of 

phenolphthalein (PHP) solutions with concentrations of β-CD ranging from 5.17x10-5 to 

1.86x10-3 mol.L-1 revealed a proportional decrease of the free PHP up to a concentration 

of 1.24x10-3mol.L-1 in pH 9.5 medium and up to 6.2x10-4mol.L-1 at pH 10.5 medium 

(concentrations ratio of 1:4 PHP:β-CD). Higher concentrations of β-CD did not cause 

additional observable decrease in absorbency at both pH conditions. By establishing the 

premise that in the assayed conditions phenolphthalein is only capable of forming 1:1 

inclusion complexes with β-cyclodextrin (Brewster & Loftsson, 2007; Afkhami et al., 

2006; Del Valle, 2004), the corresponding equilibrium constant (Kc) could be derived 

as in the relationships of Eq. (1). After mathematical treatment it can be shown that the 

value for this constant can be easily graphically found using the linear double reciprocal 

plot obtained by Eq. (2) (Abdel-Shafi, 2007; Benesi & Hildebrand, 1949): 

 

CDPHP −+ β PHPCD −−β , [ ]
[ ][ ]CDPHP

PHPCDKc −
−−

=
β

β (1) 

 

][
111

00 CDaKaAA c −
+=

− β
(2) 

where A and A0 are the absorbance of PHP in the presence and absence of β-CD, 

respectively, Kc is the equilibrium constant for the formation of 1:1 inclusion complex, 

a is a constant related to the molar absorption coefficients changes, and [β-CD0] is the 

initial concentration of β-CD. The equilibrium constants (Kc) were then determined 

both at pH 9.5 and pH 10.5 from the linear plots experimentally obtained. The 

respective values of 1.65(±0.98)x104 and 5.10(±0.37)x104 L.mol-1 were enabled 
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showing that the smaller amount of free PHP found at the higher pH is congruent with 

the higher value of the complex formation constant. 

 

3.2. Determination of deoxicholic acid and ursodeoxicholic acid by their competitive 

complexation reaction with β-cyclodextrin-phenolphthalein inclusion complex 

 

The Fig. 2 shows the absorption spectra of the β-CD-PHP inclusion complex 

under various concentrations of DCA (Fig. 2A) and the UDCA (Fig. 2B). It is clear that 

with the addition of DCA or UDCA an increase in the monitored absorbance occurred. 

This behaviour indicates competition of the DCA or of the UDCA with PHP to form the 

inclusion complex with the β-CD. However, at pH 9.5 the spectral changes of the 

solution with the increasing amounts of UDCA were absent. Aiming both to study the 

conditions for the determinations of both acids and simultaneously evaluate the 

robustness of the experimental conditions, two independent factorial designs were 

developed considering the pH changes, the temperature, the concentration of the 

indicator inclusion complex and the buffer concentration (Table 1). The central points 

of both designs were also assayed in quadruplicate for determination of the pure error. 

 

[TABLE 1 here] 

 

[FIGURE 2 here] 

 

The results obtained through a 23 full factorial design for the study of the 

variables that influence in the determination of DCA pointed out that the pH had the 

main statistically significant positive effect (p<0.05). In fact, there was an increase of 
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about 73.2% in the answer for DCA (1.88x10-3L.mol-1) among the pH 9.2 and 10.7 (Fig. 

3), and only of 2.85% between the pH 10.5 and 10.7 (increase not significant by the 

Tukey test (p<0.05)). Thus, the adoption of the higher pH conditions provided the larger 

variation in the absorbance of the sample in the studied conditions. The second order 

interactions between the pH and β-CD-PHP concentration and between temperature and 

β-CD-PHP concentration also presented positive effects, meaning that the pH main 

effect is slightly enhanced by raising the levels of the other two variables. The other 

main effects and third order interactions were not statistically significant (p<0.05). To 

calculate the formation constant of the β-CD-DCA inclusion complexes with a 1:1 

stoichiometry, the modified Benesi–Hildbrand (Abdel-Shafi, 2007; Benesi & 

Hildebrand, 1949) equation Eq. (3) can be resorted to, since the β-CD-PHP complex is 

colourless at the monitoring wavelength and any absorbance of the solution is due to the 

free PHP0 displaced from the complex and thus proportional to bile acid concentration. 

 

][
111

00 PHPaKaAA c

+=
−

(3) 

 

The values of Kc of 8.65x103 and 2.58x104 L.mol-1 were respectively found at the pH of 

9.5 and 10.5, respectively. 

 

[FIGURE 3 here] 

 

The results obtained through the 24 full factorial design for the study of the 

variables with significant influence in the determination of UDCA are presented in the 

Table 1. The concentration of the β-CD-PHP complex has a negative and highly 

significant effect (p<0.05), indicating that smaller inclusion complex concentrations 
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lead to larger absorbance values, in the studied conditions. The pH (positive effect) and 

buffer concentration (negative effect) variables used in the solution of UDCA presented 

low statistically significant effects. Only a second-order interaction was significant, 

namely the interaction between temperature and β-CD-PHP concentration, indicating a 

positive effect of those variables on the absorbance. As can be seen on Fig. 4, and 

settling a constant 1:4 ratio between β-CD and PHP concentrations, the absorbance of 

the complex remains constant above 1.94x10-5:7.75x10-5  mol.L-1, but after addition of 

3.88x10-4mol.L-1 of UDCA, the amount of PHP displaced from the complex was greater. 

The univariant optimization of the amount of β-CD for that amount of PHP revealed an 

increase of the absorbance value of 43.2% (difference statistically significant by Tukey 

test, p<0.05) as response to the same concentration of UDCA previously used. In those 

conditions the straight line obtained from the Benesi–Hildbrand plot enabled to obtain 

the value of 2.22x104 L.mol-1 for Kc. 

 

[FIGURE 4 here] 

 

3.3. Analytical Parameters 

 

From the measurements performed under the optimum conditions described 

above, the calibration graph was linear in the range 6.1x10-6-3.13x10-3mol.L-1 of DCA 

allowing the establishment of a regression line of equation: A = 698(±10) DCAmol/L – 

0.005(±0.012) with a correlation coefficient of 0.9995. For UDCA a quadratic 

relationship was found in the range 6.05x10-6-3.88x10-4mol.L-1, but translated in a linear 

regression line if this is established in the form of A0.5 = 3814(±133) UDCAmol/L + 0.03 

(±0.01) with a correlation coefficient of 0.9991. The limits of detection were of 
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3.94x10-5mol.L-1 for DCA and of 4.08x10-5mol.L-1 for UDCA. The corresponding limits 

of quantification were respectively of 1.31x10-4mol.L-1 and 1.36x10-4mol.L-1. 

Based on Turkey’s test there were no significant difference between the 

standards and the pharmaceutical formulations (3 replicates, p<0.05), according to the 

method described in the experimental section (variation: 4% for DCA and 1% for 

UDCA). Table 2 shows a summary of the analytical parameters for the determination of 

DCA and UDCA. 

 

[TABLE 2 here] 

 

The advantages of the procedure proposed herein are the short time for the 

analysis completion, the use of low cost reagents and the low concentrations 

determination enabled. The best pH conditions founded to determinate DCA was 10.5 

and similar to the proposed by Afkhami et al. (2006) to accomplish fluoxetine 

determinations. Zarzycki & Lamparczyk (1998) also adopted a pH 10.5 to assess the 

inclusion complex between β-CD-PHP and tetrahydrofuran. The development of low 

cost methods for determining the DCA are important in quality control of 

pharmaceutical formulations, for example, in deoxycholate-hydrogels (Valenta et al., 

1999) to prevent misuses when considering aesthetic usage purposes. The limit of 

detection of 3.94x10-5mol.L-1 and a linearity varying the order of 6.1x10-6-3.13x10-

3mol.L-1 enable the envisagement of the determination of the its content in samples of 

phosphatidylcholine injection (50mg/mL) indiscriminately used in mesotherapy 

(Rotunda & Kolodney, 2006a, b, 2004). The limit of detection for the UDCA 

determinations   is   more than ten times lower of the concentrations found in liver 5-
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6x10-4mol.L-1 (Poupon & Poupon, 1995) and the typical pattern provided by the 

European Pharmacopoeia for the pills is 60mg.  

 

4. Conclusion 

 

DCA and UDCA were satisfactorily determined in the pharmaceutical 

formulations (error: 4% for DCA and 1% for UDCA) by competitive complexation 

reaction with a colour indicator to form β-cyclodextrin-inclusion complexes. The best 

pH conditions to determinate DCA and UDCA concentrations were 10.5. The limits of 

detection were 3.94x10-5mol.L-1 and 4.08x10-5mol.L-1 for DCA and UDCA, 

respectively.  The linearity ranges were 6.1x10-6-3.13x10-3mol.L-1 for DCA and 

6.05x10-6-3.88x10-4mol.L-1 for UDCA. This method showed high stability at large 

temperature range, instantaneous reaction, simple and low cost for reagents and 

instrumentation. 
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Captions for figures 

 

Fig. 1. Absorption spectrum at acid (2.0) and alkaline pH (9.5) of A: phenolphthalein 

(3.1x10-4mol.L-1, only in basic solution); B: methyl orange (5.1x10-5mol.L-1 at pH 2.0 

and 4.0x10-4mol.L-1 at pH 9.5); C: methyl red (3.1x10-4mol.L-1), submitted to proportion 

1:6 with β-CD. 

 

Fig. 2. Determination of various concentrations of DCA (A) by the inclusion complex 

of β-CD-PHP at pH 9.5 (β-CD-PHP: 1.24x10-3:3.1x10-4mol.L-1) and various 

concentrations of UDCA at pH 10.5 (β-CD-PHP: 6.2x10-4:1.55x10-4mol.L-1). 

 

Fig. 3. pH effect in the inclusion complex β-CD-PHP (6.2x10-4:1.55x10-4mol.L-1) 

formation and your interaction with DCA (1.88x10-3mol.L-1). 

 

Fig. 4. Concentration effect in the PHP, β-CD-PHP inclusion complex and 

determination of UDCA (3.88x10-4mol.L-1) by β-CD-PHP inclusion complex (same 

concentration). 
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Figure 1 
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Figure 2
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Figure 3 
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Figure 4 



Cadena, P.G ______________________________________________________________________ 
 

64

Spectrophotometric determination of deoxycholic and ursodeoxycholic acids by 

competitive complexation with phenolphthalein-β-cyclodextrin 

Pabyton G. Cadenaa,b, Eric C. Oliveiraa, Alberto N. Araújoc, Maria C. B. S. M. 

Montenegroc, Maria C. B. Pimentela, José L. Lima Filhoa, Valdinete L. Silvab* 

 

Tables 

 
 
Table 1 -Experimental parameters using a full factorial design to determinate DCA(a) (23 factorial design) 
and UDCA(b) (24 factorial design). Factors in bold were statistically significant (p<0.05) and pure error p 
was of 1.017x10-4 and of 1.25x10-3 for DCA and UDCA, respectively. 
 

Factors -1 Central point +1 
pH 9.2(a); 10.3(b) 9.5(a); 10.5(b) 9.8(a); 10.7(b) 

Temperature (°C) 20 25 30 

Concentration – β-CD-PHP 
(mol.L-1) 

A(a): 6.2x10-4:1.55x10-

4 

A(b): 3.1x10-4:7.75x10-

5 

B(a): 1.24x10-3:3.1x10-

4 

B(b): 6.2x10-4:1.55x10-

4 

C(a): 1.9x10-3:4.65x10-

4 

C(b): 9.3x10-4:2.33x10-

4 
Concentration - Buffer 

(mM) 50(b) 200(b) 350(b) 

Results of the 23 full factorial design:  
Factors effect p 

Mean/interaction 0.638500 0.00000021 
(1) pH 0.430500 0.00001001 

(2) Temperature 0.013500 0.15462335 
(3) [B-CD:PHP] 0.003000 0.70224584 

1 by 2 -0.011000 0.22055080 
1 by 3 0.050500 0.00578764 
2 by 3 0.028500 0.02805735 
1*2*3 0.003000 0.70224584 

Results of the 24 factorial design 
Factors effect p 

Mean/Interaction 1.26055 0.000001 
(1) pH 0.11525 0.007339 

(2) Temperature -0.03975 0.110165 
(3) [BCD-PHP] -1.01550 0.000012 

(4) Buffer -0.05900 0.044509 
1 by 2 0.03175 0.170465 
1 by 3 0.05150 0.061885 
1 by 4 0.02700 0.224251 
2 by 3 0.10700 0.009056 
2 by 4 -0.01350 0.500771 
3 by 4 -0.01075 0.586191 
1*2*3 0.04150 0.100604 
1*2*4 0.00000 1.000000 
1*3*4 0.03125 0.175374 
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Table 2 - Summary of the best analytical parameters for the detrmination of deoxycholic and 
ursodeoxycholic acids using inclusion complex. 
 

Analytical Parameters Deoxycholic acid  Ursodeoxycholic acid  
β-CD-PHP inclusion complex (mol.L-1) 6.2x10-4:1.55x10-4 3.1x10-4:7.75x10-5 

Temperature (°C) 20-30 20-30 
pH 10.5 10.5 

Solubility Water Carbonate buffer 50mM 
Reaction time Instantaneous Instantaneous 

Wavelength (nm) 553 553 
Linearity range (mol.L-1) 6.1x10-6-3.13x10-3 6.05x10-6-3.88x10-4 

Limit of detection (mol.L-1) 3.94x10-5 4.08x10-5 
Limit of quantification (mol.L-1) 1.31x10-4 1.36x10-4 

 

Supplementary Material 
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Fig. 1. Deoxycholic acid calibration graph at pH 10.5. 
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Fig. 2. Ursodeoxycholic acid quadratic calibration graph at pH 10.5. 
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Fig. 3. Ursodeoxycholic acid calibration graph at pH 10.5. 
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Abstract 

 

This work reports the study of physical-chemical parameters and methodology 

validation for deoxycholic acid (DCA) and ursodeoxycholic acid (UDCA) assessment 

in different formulations. Moreover a simple dry chemistry approach is proposed. The 

method is based on competitive complexation reaction with phenolphthalein (PHP) to 

form β-cyclodextrin inclusion complexes. Temperature has a negative effect on the 

equilibrium constant resulting in high negative values of enthalpy and positive values of 

entropy. The inclusion complexes were stable for 12 days with a half-life of 68.71 days 

to DCA and 294.71 days for the UDCA determination. The methods were validated 

showing respectively limits of detection and limits of quantification of 4.92x10-5mol.L-1 

and 1.64x10-4mol.L-1 for the DCA, 1.14x10-5mol.L-1 and 3.79x10-5mol.L-1 for UDCA. 

The method exhibits high stability, instantaneous reaction and affordability for optical 

chemical sensor implementation. 

 

Keywords: Deoxycholic acid; Ursodeoxycolic acid; β-Cyclodextrin; Inclusion 

complex; Phenolphthalein; Thermodynamic parameters. 
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1. Introduction 

 

Mesotherapy uses cutaneous injections of a mixture of compounds to treat 

localised pathologic conditions and with cosmetic proposes. It is of common use in 

Brazil by resorting to phosphatidylcholine injections [1,2], although they have been 

forbidden by national sanitary authorities like ANVISA (the Brazilian National Health 

Surveillance Agency) and FDA at US. The phosphatidylcholine injection possesses 

deoxycholic acid (DCA) as its major active component [3]. This is also used to enhance 

oral availability of biodegradable nanoparticles [4], as choleretic agent in liver 

dysfunctions [5], as N-(2-dimethylamino)ethyl derivatives in malaria [6] and in several 

cosmetic preparations [7]. Another important bile acid, the ursodeoxycholic acid 

(UDCA) is also widely used in the treatment of primary biliary cirrhosis, primary 

cholangitic sclerosis [8], cholelithiasis [9], to prevent the relapse of acute pancreatitis 

caused by microlithiasis [10] and to reduce alanine aminotransferase levels in hepatitis 

C [11]. Due to large application of both bile acids, a variety of methods are used to 

accomplish their content in pharmaceutical formulations, namely electrochemical 

(voltammetric), fluorimetric or spectrophtometric [12], HPLC [13] and micellar 

electrokinetic chromatographic [5]. In this work, a colorimetric approach based on the 

use of biodegradable cyclodextrins is proposed, once it enables quicker and inexpensive 

alternative for routine analysis. 

The important property of cyclodextrins (CDs) - cyclic oligosaccharides with six 

(α-), seven (β-) or eight (γ-) glucose residues linked by α-(1–4) glycosidic bonds [14] - 

and their numerous derivatives is the ability to form inclusion complexes with inorganic 

and organic guests [15]. Concomitantly, inclusion in cyclodextrins exerts a profound 

effect on the physicochemical properties of guest molecules such as solubility, chemical 
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stability, absorption and bioavailability [16]. Guests reaction with CDs through 

competitive complexation with indicators has been used to assess the respective 

equilibrium constants (Kc) and other related thermodynamic parameters when direct 

determination of the complex fails. For example, phenolphthalein (PHP) is a typical 

acid/base indicator that forms a colorless 1:1 inclusion complex with β-CD and by this 

used in indirect determinations of colorless compounds by competitive complexation 

reaction [17,18]. Herein,  the temperature dependence of the equilibrium constants of 

the PHP-, DCA- and UDCA-β-cyclodextrin was used to obtain the respective 

thermodynamic parameters, i.e. the standard free energy change (ΔG°), the standard 

enthalpy change (ΔH°) and the standard entropy change (ΔS°), for subsequent validation 

of an alternative methodology for DCA and UDCA determinations and optical sensing 

approach. 

 

2. Experimental 

2.1. Materials 

 

Analytical grade chemicals without any further purification treatment and double 

deionised water were thoroughly used.  β-cyclodextrin was obtained from Fluka 

(Steinheim, Germany). Phenolphthalein, deoxycholic acid (sodium salt) and 

ursodeoxycholic acid were obtained from Sigma (St. Luiz, MO, USA). Absorption 

spectra were collected from a Pharmacia Ultrospec 3000pro UV/Vis spectrophotometer 

using 1-cm path length quartz cells. Statistical evaluations were carried out by means of 

the Statistica software (StatSoft Inc., Tulsa, OK, USA) and analysed images by means 

of a trial version of Adobe Photoshop CS2 software (Adobe systems, USA). 
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2.2. Methods 

2.2.1. Methods development 

 

The co-precipitation technique [19] enabled to prepare the inclusion complexes 

in batch conditions using the following order to mixture solutions: 1mL phenolphthalein 

solution, 1mL carbonate buffer (pH 10.5; 150mmol/L) [17], 1mL β-CD (1mL water in 

the control) and 1mL bile acid (1mL water in the control). The mixture was strongly 

mixed after each solution addition except for the one corresponding to the bile acid 

addition where the obtained mixture was just homogenized. The blank solution was 

composed of 1mL the same buffer plus 3mL of water. 

Diverse absorption spectra were collected for pH 10.5 buffer solutions 

containing 1.55x10-4mol.L-1 phenolphthalein (PHP) and different amounts of β-

cyclodextrin (β-CD), 3.88x10-5 to 6.20x10-4mol.L-1, at 25°C. For the spectra 

corresponding to DCA analysis, concentrations of this between 4.38x10-5 and 7.0x10-4 

mol.L-1 and β-CD-PHP in the proportions 6.2x10-4:1.55x10-4mol.L-1 was settled. 

Concerning analysis of UDCA, solutions with concentrations in between 1.19x10-5 and 

1.9x10-4mol.L-1 of the bile acid plus β-CD-PHP – 3.1x10-4:7.75x10-5mol.L-1 were 

sampled. 

Optimum temperature conditions were assessed in the interval of 10 to 55°C for 

the concentrations of DCA (8.75x10-5 to 1.40x10-3mol.L-1) and UDCA (2.38x10-5 to 

1.9x10-4 mol.L-1) while keeping pH constant at the value of 10.5. 

Storage stability of β-cyclodextrin-phenolphthalein inclusion complex was 

evaluated by means of maintaining two solutions of the β-cyclodextrin-phenolphthalein 

complex at 25°C during 60 days, and using them to determine DCA (7.0x10-4mol.L-1) 

and UDCA (1.9x10-4mol.L-1) during this period. 
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2.2.2. Validation of methods 

 

The methodology used to validate the determination of DCA and UDCA 

followed the procedures presented by the EMEA (European Medicines Agency – 

CPMP/ICH/381/95) and ANVISA (Brazilian National Health Surveillance Agency – 

RE 899, 29/05/03). Absorbance vs. concentration linearity was evaluated by triplicate 

calibration assays using ten solutions of either DCA with concentrations ranging from 

8.3x10-6 to 3.36x10-3mol.L-1 or from 8.0x10-6 to 4.0x10-4mol.L-1 in UDCA. The assays 

were conducted following the experimental conditions previously established and 

linearity of the calibration graphs validated by both the least squares method and the 

one-way analysis of variance (ANOVA) for p<0.05. Calibrations were then established 

to ±20% of the test concentration using five different concentrations in triplicate: 

5.6x10-4 to 8.4x10-4mol.L-1 for the DCA and from 1.52x10-4 to 2.28x10-4mol.L-1 for the 

UDCA, respectively. For evaluation of the repeatability, three concentrations of the 

DCA (5.6x10-4, 7.0x10-4 and 8.4x10-4mol.L-1) and UDCA (1.52x10-4, 1.9x10-4 and 

2.28x10-4mol.L-1) were assayed in nine determinations (3 concentrations/3 replicates). 

Intermediate precision was assessed with solutions of the same concentration in a 22 full 

factorial design considering different analysts and equipments (Pharmacia Ultrospec 

3000pro and Micronal B582). The limit of detection defined as mSC BL 3.3= , where 

CL, SB, and m are respectively the limit of detection, standard deviation and slope, was 

calculated. Also the same approach was for the limit of quantification defined by 

mSC BLQ 10= . Accuracy was established by comparison of the concentrations found 

in pharmaceutical formulations (Table 1) with the ones obtained for standardized 

solutions  of DCA (5.6x10-4, 7.0x10-4 and 8.4x10-4mol.L-1) and UDCA (1.52x10-4, 

1.9x10-4 and 2.28x10-4mol.L-1) in nine determinations (3 concentrations/ 3 replicates). 
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[TABLE 1 here] 

 

The procedures robustness was evaluated through variations in its defining 

parameters (pH and water) using different settling conditions for each variation. 

 

3.3. Optical chemical sensor approach 

 

Optical chemical sensor strips were implemented using 2x3.5cm Bristol-paper 

strips afterwards soaked for 2 minutes in 5mL of 1% (w/v) sodium alginate gel 

containing the β-CD-PHP inclusion complex (6.2x10-4:1.55x10-4mol.L-1 for DCA and 

3.1x10-4:7.75x10-5 mol.L-1 for UDCA) and finally dried for 24h (25°C). Later, 20μL of 

DCA (1.68x10-3 to 8.40x10-3mol.L-1) or UDCA (4.56x10-4 to 2.28x10-3 mol.L-1) solution 

was added. Colour changes were evaluated using a scanner (Model HP 5590) in which 

the images of high definition 600dpi were produced. The monitored signals of the DCA 

and UDCA concentrations were obtained by the observed RGB (red, green, and blue 

colour system) values of digital images [20].  

 

3. Results and Discussion 

3.1. Methods development 

 

The spectral changes obtained for phenolphthalein solutions in the presence of 

different β-CD concentrations are shown in Fig. 1A. Phenolphthalein interacts strongly 

with the β-CD in alkaline pH since a more than 95% decrease in the absorption band at 

the wavelength of 553nm is observed. Whilst enclosed in the β-CD cage, ionized red 
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form of PHP is forced into its colourless lactone structure, however without protonation 

of the phenolic groups [17]. Spectra of phenolphthalein solutions with increasing 

concentrations of β-CD revealed a proportional decrease of the free PHP up to a 

concentration of 6.2x10-4mol.L-1 at pH 10.5 (concentrations ratio of 1:4 PHP:β-CD). 

Higher concentrations of β-CD did not cause additional observable decrease in 

absorbency. However, following the addition of bile acids PHP is forced to leave the 

cavity of β-CD molecules transmitting again red colour to the solution (Fig. 1B and 1C). 

Thus, the extent of the solution colour change can then be easily determined by 

calibration curve of the free PHP and the corresponding concentration related with the 

amount of bile acid. 

 

[FIGURE 1 Here] 

 

Influence of temperature on the absorbance of solutions containing the 

complexes with PHP, DCA and UDCA is revealed in Fig. 2. It is noticed that with the 

increase of temperature a corresponding increase in absorbance is induced.  Similar 

findings were previously described by Zarzycki and Lamparczyk [21] being this effect 

caused by destabilization of the complex [19], with consequent phenolphthalein release. 

Hence, it becomes difficult to distinguish between the absorbance increase caused by an 

increase in the bile acid affinity by the β-CD cavity or the simple destabilization of the 

inclusion complex. For this reason the temperature in the remaining studies was fixed at 

25°C, once it enabled both an extended absorbance range for free PHP and β-CD-PHP 

inclusion complex, and robustness since no significant differences (p <0.05 by Turkey’s 

test) of results are obtained working between 20-30°C. 
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[FIGURE 2 Here] 

 

The equilibrium constant (Kc1:1 bile acid/cyclodextrin) for the β-CD-PHP, β-CD-

DCA and β-CD-UDCA inclusion complexes can be obtained by the Benesi–Hildbrand 

plot [22,23] according to Eq. (1-2): 

CDPHP −+ β PHPCD −−β ,
[ ]
[ ][ ]CDPHP

PHPCDK c −
−−

=
β

β
(1) 

][
111

00 CDaKaAA c −
+=

− β
(2) 

where A and A0 are respectively the absorbance of PHP in the presence and absence of 

β-CD, a is a constant related to the molar absorption coefficients changes, and [β-CD]0 

is the initial concentration of β-CD.  The competitive complexation equilibrium among 

DCA or UDCA with β-CD is described by Eqs. (3 - 5): 

CDDCA −+ β DCACD −−β , 
[ ]
[ ][ ]CDDCA

DCACDK DCAc −
−−

=− β
β

 (3) 

CDUDCA −+ β UDCACD −−β ,
[ ]
[ ][ ]CDUDCA

UDCACDK UDCAc −
−−

=− β
β

 (4) 

][
111

00 PHPaKaAA c

+=
−

 (5) 

For the selected wavelength of 553 nm the corresponding molar absorptivity β-

CD-PHP complex is negligible. The absorbance of the solution is mainly due to free 

(uncomplexed) PHP and indicative of the respective concentration. In turn, PHP 

releasing determines an absorbance increase that is proportional to bile acids 

concentration in solution, so allowing calculating Kc. The [PHP0] is the PHP 

concentration released (uncomplexed) for β-CD. Kc was determined in various 

temperatures (25 to 55°C) at pH 10.5. The Table 2 shows the temperature influence in 

the equilibrium constant (Kc1:1 bile acid/cyclodextrin). 
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The thermodynamic parameters (Table 2) were calculated according to the Van´t 

Hoff Eq. (5) which describes the temperature dependence in function of K. The lnK 

values were plotted as a function of the inverse temperature to give a linear relationship. 

Then, the enthalpy (ΔH°) and entropy (ΔS°) changes were obtained from the slope and 

the intercept of the curve [19,24,25]. 

R
S

RT
HK °Δ

+
°Δ

−=ln  (6) 

Standard free energy change (ΔG°) was obtained according to the Eq. (7): 

KRTG ln−=°Δ (7) 

The Van’t Hoff plots for the studied complexes were linear and exhibited largely 

negative ΔH°, thus indicating exothermic inclusion processes and positive ΔS°. It was 

also observed an enthalpy decrease and entropy increase with the bile acids inclusion 

complexes formation in respect to the β-CD-PHP inclusion complex. The inclusion 

processes of DCA and UDCA in β-CD cage is more favourable and spontaneous than 

that of PHP. In all cases ΔG° was negative indicating that the inclusion complexes 

formation was spontaneous [19]. 

 

[TABLE 2 Here] 

 

The formation of an inclusion complex with cyclodextrin is caused by 

interactions such as hydrogen bonding with the OH groups at the periphery of the 

cavity, Van der Waals interactions and hydrophobic effects. Generally, solute inclusion 

in the cyclodextrin cavity is associated with large negative values of ΔH°. Either 

negative or slightly positive ΔS° values indicate inclusion complexation of the guest 

without extensive desolvation in a primarily enthalpy-driven process [26]. The negative 

enthalpy values strength the contribution from Van der Waals forces in the formation of 
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the inclusion complex while the positive entropy explained the relaxation of water 

molecules from the cavity and from the hydration shell of the including guest [15,27]. 

In general, the β-CD-PHP inclusion complex was stable for 12 days. A loss of 

about 30%  in DCA determinations and of 12% regarding UDCA determinations were 

observed after 30 days of storage at 25°C (Fig. 3). The inactivation constant (ki) of the 

inclusion complex was enabled by: 

tkAA i−= 0lnln (7) 

where A0 is the initial absorbance of the bile acids and A is the final absorbance of the 

bile acids after 60 days. Furthermore, the half-life (t½) for the inclusion complex can be 

obtained by: 

ikt 2ln
2

1 = (8) 

 

[FIGURE 3 Here] 

 

The inactivation constant (ki) of the inclusion complex was calculated at 25°C 

with value of 1.01x10-2days-1 for DCA determination and 2.35x10-3days-1 for UDCA 

determination. The half-life (t½) for the inclusion complex was 68.71 days for DCA 

determination and 294.71 days for the UDCA determination. Despite the greater 

stability of the β-CD-PHP inclusion complex for UDCA relatively to β-CD-PHP 

complex for DCA determination, the latter allows determinations in more concentrated 

solutions (data not shown) and pharmaceuticals formulations containing high DCA 

concentrations [2,3,28]. 
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3.2. Validation of methods 

 

The proposed spectrophotometric methods for DCA and UDCA determinations 

were validated according to the EMEA and ANVISA guidelines. Thus the validation 

characteristics addressed were linearity, accuracy, precision, specificity, limits of 

detection and quantification and robustness (Table 3). The calibration graphs for the 

linearity assays were constructed with 10 concentrations showing correlation 

coefficients higher than 0.998. For the range (80-120%), the calibration graph was 

constructed with 5 concentrations showing a correlation coefficient of the same order of 

magnitude. The methods showed to be precise, since coefficients of variation less than 

5% were obtained. Furthermore, the results obtained through a 22 full factorial design 

for the study of the intermediate precision showed no significant effects (p<0.05). These 

results showed that different analysts and equipments do not interfere in the methods. 

The accuracy was assessed through comparison of the concentrations found in 

pharmaceutical formulations with standardised solutions for which recovery data 

corroborates the assumption. In the concentrations studied, the excipients used in the 

formulations and water type did not interfere in the results. The optimum pH was fixed 

at 10.5, similar results were obtained by Afkhami et al. [17] and Glazyrin et al. [18] 

Determinations performed at higher pH conditions did not cause significant changes of 

results and are limited by buffering power of carbonate buffer. 

 

[TABLE 3 Here] 
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The limits of detection were of 4.92x10-5mol.L-1 for DCA and of 1.14x10-5mol.L-1 

for UDCA determinations, respectively. The corresponding limits of quantification were 

of 1.64x10-4mol.L-1 and 3.79x10-5mol.L-1. 

 

3.3. 3.3. Optical chemical sensor approach 

 

Alginates are largely used for biomolecule immobilisation because they provide 

simple implementation using a biodegradable and non toxic material [29]. In the present 

study, the alginate did not interfere in the competitive complexation reaction because 

only the last one caused colour changes in the digital images created. The exploitation 

of digital images obtained from a scanner is a recent instrumental detection technique 

for optical sensing applications. In this technique the analytical signal corresponds to 

the RGB-based value that was calculated from each digital image, using the proposed 

procedure based on the red, green, and blue colour system [20,30]. The test was simply 

based on drop wise 20μL of bile acid solution and immediate scan of the strip, which it 

was possible to attain a calibration graph for DCA obeying to the equation: RGB = 

1553.89 (±31.79) DCAmol/L - 0.778(±0.16) with a correlation coefficient of 0.99937. For 

UDCA the corresponding equation was of RGB = 5671.43(±228.78) UDCAmol/L + 

0.611(±0.31) with the correlation coefficient of 0.99757. 

 

4. Conclusion 

 

The development of low cost methods for determining DCA and UDCA are 

important in quality control of raw materials and pharmaceutical formulations to 

prevent misuses and accidents when used for aesthetic purposes, specifically for the 
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DCA. On the basis of this work, the competitive complexation reaction was used for the 

study of physical-chemical parameters. The temperature had a negative effect on the 

equilibrium constant and should be settled between 20-30°C for optimised bile acids 

determination. Thermodynamics parameters were evaluated showing in all cases, that 

spontaneous competitive complexation reactions took place. The inclusion complexes 

were stable for 12 days with a half-life of 68.71 days to DCA and 294.71 days for the 

UDCA determination. The proposed methods offer good linearity and precision and can 

be applied to the analysis of a wide concentration range of DCA and UDCA in real 

samples with satisfactory results. The optical chemical sensor method offers good 

linearity and can be used as an alternative to the spectrophotometric method. 
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Captions for figures 

 

Fig. 1. Absorption spectrum of phenolphthalein (PHP - 1A) (1.55x10-4mol.L-1) at pH 

10.5 in different β-cyclodextrin (β-CD) concentrations (3.88x10-5 to 6.20x10-4mol.L-1). 

Determination of (4.38x10-5 to 7.0x10-4mol.L-1) deoxycholic acid concentrations (DCA 

- 1B) by the inclusion complex of β-CD-PHP (6.2x10-4:1.55x10-4 mol.L-1) and (1.19x10-

5 to 1.9x10-4mol.L-1) of ursodeoxycholic acid concentrations (UDCA - 1C) by the 

inclusion complex of β-CD-PHP (3.1x10-4:7.75x10-5mol.L-1). 

 

Fig. 2. Temperature effect (10-55°C) on the phenolphthalein (PHP): β-CD-PHP 

inclusion complex (6.2x10-4:1.55x10-4mol.L-1) formation and complex interaction with 

deoxycholic (DCA - 7.0x10-4mol.L-1) and ursodeoxycholic acids (UDCA - 1.9x10-4 

mol.L-1). 

 

Fig 3. Storage stability of inclusion complex (β-CD-PHP – 6.2x10-4:1.55x10-4 mol.L-1 

for DCA and 3.1x10-4:7.75x10-5mol.L-1 for UDCA) for bile acids determination. 
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Figure 1
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Figure 2 
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Figure 3 
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Tables 
 
 

Table 1 

Pharmaceutical formulations used in the study of the accuracy evaluation. 

Drugs Formulations 
Injectable Phosphatidylcholine 

formula [3] 
Phosphatidylcholine 5% (w/v), deoxycholic acid (sodium salt) 4.75% 

(w/v), Benzyl alcohol 0.9% (v/v), Water 100 mL. 
Injectable deoxycholate 

formula [2] 
Deoxycholic acid (sodium salt) 2.5% (w/v), Benzyl alcohol 1% (v/v), 

propylene glycol 10% (v/v), Water 100mL. 
Ursacol Ursodeoxycholic acid 300mg and excipients: lactose, povidone, 

crospovidone, Magnesium stearate 
 
Table 2 

The values of the equilibrium constant (Kc) of β-cyclodextrin-phenolphtalein (β-CD-PHP) complex 

without and with the addition of deoxycholic acid (DCA) and ursodeoxycholic acid (UDCA) calculated 

at different temperatures and the thermodynamic parameters of inclusion complexes. Some values are 

shown without signalled precision once this was better than 0.005. 

T (K) 298 308 318 328 
β-CD-PHP     

Kc (x104L.mol-1) 1.67(±0.11) 1.40(±0.11) 1.17(±0.07) 0.93(±0.04) 
ΔG° (kJ.mol-1) -2.42(±0.19) -2.45(±0.16) -2,49(±0.19) -2.50(±0.13) 
ΔH° (kJ.mol-1) -15.62(±1.05)    
ΔS° (J.mol-1°K-1) 25.56(±3.35)    
β-CD-DCA     

Kc (x104L.mol-1) 2.60 2.39 2.12 1.77 
ΔG° (kJ.mol-1) -2.53 -2.59 -2.64 -2.68 
ΔH° (kJ.mol-1) -10.25(±1.48)    
ΔS° (J.mol-1°K-1) 50.31(±4.74)    
β-CD-UDCA     

Kc (x104L.mol-1) 2.81 2.43 2.13 1.76 
ΔG° (kJ.mol-1) -2.55 -2.59 -2.64 -2.67 
ΔH° (kJ.mol-1) -12.47(±0.96)    
ΔS° (J.mol-1°K-1) 43.42(±3.12)    
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Table 3 

Validation data (p<0.05) 
 

Linearity 
 DCA UDCA 

Linearity range 8.30x10-6-1.68x10-3mol.L-1 8.00x10-6-2.28x10-3mol.L-1 

Calibration curve ABS = -0.0069(±0.0091) + 
870.0373(±12.4216)DCAmol/L 

ABS0.5=0.0699(±0.011) + 
4506.688(±77.1179)UDCAmol/L 

Correlation coefficient 0.99919 0.99898 
ANOVA1  

  Sums of squares d.f. Mean squares F 
Regression 1.802878 1 1.802878 4905.942 
Residual 0.002940 8 0.000367  DCA 

Total 1.805818    
Regression 1.208491 1 1.208491 3415.105 
Residual 0.002477 7 0.000354  UDCA 

Total 1.210968    
Range 

Correlation coefficient 0.99898 0.99989 
Precision 

Repeatability 
 2 ABS %R.S.D. ABS %R.S.D. ABS %R.S.D. 

8.4x10-4mol.L-1 0.680 0.96 0.640 0.72 0.648 1.49 
7.0x10-4mol.L-1 0.555 1.10 0.544 0.18 0.567 0.35 DCA 
5.6x10-4mol.L-1 0.421 0.99 0.433 2.91 0.442 0.85 
2.28x10-4mol.L-1 1.123 0.21 1.129 0.51 1.118 0.56 
1.9x10-4mol.L-1 0.936 0.54 0.928 1.08 0.920 1.36 UDCA3 
1.52x10-4mol.L-1 0.724 1.17 0.728 1.87 0.725 2.11 

Intermediate precision (Results of the 23 full factorial design)1 
 DCA UDCA 

Factors effect p effect p 
Mean/Interaction 0.557250 0 0.751500 0 

Analysts (1) -0.006500 0.460437 -0.019333 0.348727 
Equipments (2) 0 1.000000 -0.019667 0.340665 

1 by 2 0.010667 0.231109 -0.010333 0.613656 
Accuracy4 

  Pure sample Injectable Phosphatidylcholine Injectable 
deoxycholate 

5.6x10-4mol.L-1 98.97(±0.84) 97.11(±1.43) 98.08(±0.43) 
7.0x10-4mol.L-1 101.36(±0.36) 101.33(±1.28) 102.77(±0.63) DCA 
8.4x10-4mol.L-1 99.31(±1.48) 100.51(±0.99) 102.52(±0.38) 

  Pure sample Ursacol  
1.52x10-4mol.L-1 99.43(±1.17) 98.1(±0.49)  
1.9x10-4mol.L-1 100.89(±0.54) 98.7(±1.86)  UDCA3 
2.28x10-4mol.L-1 99.63(±0.21) 99.22(±0.81)  

Robustness4 
pH DCA UDCA Water DCA UDCA 

10.3 - 97.75(±1.49) Distilled 102.38(±1.52) 100.42(±0.95) 
10.4 97.84(±3.53) 99.19(±1.76) Deionised 100.11(±4.48) 98.04(±1.86) 
10.5 100.00(±3.48) 100.0(±2.15) 100(±2.18) 100(±0.66) 
10.6 102.62(±2.48) 99.01(±1.85) 

Double 
deionised   

10.7 104.50(±0.46) 98.46(±0.97)    
Limit of detection DCA - 4.92x10-5mol.L-1 UDCA - 1.14x10-5mol.L-1 

Limit of quantification DCA - 1.64x10-4mol.L-1 UDCA - 3.79x10-5mol.L-1 
1 Factors in bold were statistically significant (p<0.05). 
2 ABS – Absorbance; %R.S.D. – Relative standard deviation (%). 
3 (Absorbance)0.5. 
4 %mean ± %R.S.D..
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Fig. 1. Deoxycholic acid calibration graph at pH 10.5. 
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Fig. 2. Ursodeoxycholic acid quadratic calibration graph at pH 10.5. 
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Fig. 3. Ursodeoxycholic acid calibration graph at pH 10.5. 
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Fig. 4. Optical sensor calibration graph for deoxycholic acid determination. 
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Fig. 5. Optical sensor calibration graph for ursodeoxycholic acid determination. 
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CONCLUSÃO 

 

Os estudos realizados mostraram que: 

 

• O melhor indicador para formar o complexo de inclusão com a β-ciclodextrina 

foi à fenolftaleína com mais de 95% de complexação. Através da formação deste 

complexo, foi possível a determinação dos ácidos desoxicólico e 

ursodesoxicólico em formulações farmacêuticas; 

• O pH teve o efeito positivo mais estatisticamente significativo (p<0,05) na 

determinação do ácido desoxicólico havendo um aumento na eficiência de 

determinação de 73,2% entre os pH 9,2 a 10,7. O pH 10,5 foi considerado como 

ótimo. Os outros fatores (Concentração e Temperatura) não apresentaram efeitos 

significativos indicando boa resistência à temperatura; 

• A concentração teve o efeito negativo mais estatisticamente significativo 

(p<0,05) na determinação do ácido ursodesoxicólico havendo um aumento na 

eficiência de determinação de 43,2% com redução à metade da concentração do 

complexo de inclusão. Os outros fatores (pH, Temperatura e concentração do 

tampão carbonato) apresentaram baixo ou nenhum efeito significativo indicando 

boa resistência as variações de temperatura e pH; 

• Os limites de detecção e quantificação para a determinação dos ácidos 

desoxicólico e ursodesoxicólico foram 3,94x10-5mol.L-1 e 4,08x10-5 mol.L-1, 

respectivamente. Os correspondentes limites de quantificação foram de 1,31x10-

4mol.L-1 para o ácido desoxicólico e  1,36x10-4mol.L-1 para o ácido 

ursodesoxicólico; 

• O aumento do pH favoreceu o aumento das constantes de equilíbrio indicando o 

favorecimento da formação dos produtos – ácido biliar-β-ciclodextrina. Os 

complexos mantiveram-se estáveis nos 12 primeiros dias apresentando os 

tempos de meia-vida (t½) de 68,71 dias para a determinação do ácido 

desoxicólico e de 294,71 dias para a determinação do ácido ursodesoxicólico; 
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• Os parâmetros termodinâmicos mostraram altos valores negativos de ΔH° 

indicando que o processo de inclusão é exotérmico e com contribuição das 

forças de van der Waals e ΔS° foi positivo originado do relaxamento da camada 

de solvatação que envolvia os ácidos biliares e a cavidade da CD. Em todos os 

casos ΔG° foi negativo indicando que a formação dos complexos de inclusão foi 

espontânea; 

• O método espectrofotométrico para a determinação dos ácidos desoxicólico e 

ursodesoxicólico foi validado segundo metodologia proposta pela ANVISA e 

EMEA. O mesmo apresentou boa linearidade e precisão podendo ser aplicado 

para análise de matérias primas e de formulações farmacêuticas que contenham 

os ácidos biliares propostos em sua composição; 

• A reação de complexação competitiva também foi aplicada na construção de 

sensores químicos ópticos. Baseado nestes resultados, este método mostrou alta 

estabilidade, bom intervalo de temperatura, reação instantânea, baixo custo de 

reagentes e não exige instrumentação sofisticada atendendo a realidade do 

Sistema Único de Saúde - SUS. 
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ANEXOS 
 

1. Trabalhos apresentados em Congressos: 

 

Detecção espectrofotométrica do ácido desoxicólico e ursodesoxicólico através do 

complexo de inclusão β-ciclodextrina-indicador, 2008. CADENA, P.G.; ARAÚJO, 

A.N.; PIMENTEL, M.C.B.; LIMA FILHO, J.L.; SILVA, V.L. XVII Congresso 

Brasileiro de Engenharia Química (COBEQ), Recife-PE. Trabalho 987. 

 

β-Ciclodextrin complexation with phenolphthalein: Spectrophotometric determination 

of deoxycholic acid (DCA), 2008. CADENA, P.G.; OLIVEIRA, E.C.; SILVA, R.A.; 

ARAÚJO, A.N.; MONTENEGRO, M.C.B.S.M.; PIMENTEL, M.C.B.; LIMA FILHO, 

J.L.; SILVA, V.L. XXXVII Annual Meeting of the Brazilian Society for Biochemistry 

and Molecular Biology (SBBq) and XI Congress of the Panamerican Association for 

Biochemistry and Molecular Biology (PABMB), Águas de Lindóia-SP. Registration 

Number 8007. Online. 

 

Purificação da bromelina cisteína peptidase do Ananas comosus (Abacaxi-

Bromeliaceae), 2008. SILVA, R.A.; CADENA, P.G.; PIMENTEL, M.C.B.; LIMA 

FILHO, J.L. I Workshop internacional em biotecnologia III Encontro Alfa-Valnatura III 

Jornada Científica do Lika, Recife-PE. Anais: v. I, IND-73. CD-ROM. 

 

Spectrophotometric determination of caffeine based on competitive reaction with dyes-

cyclodextrin inclusion complexes, 2008. OLIVEIRA, E.C.; CADENA, P.G.; ARAÚJO, 

A.N.; MONTENEGRO, M.C.B.S.M.; SILVA, V.L.; LIMA FILHO, J.L.; PIMENTEL, 

M.C.B. I Workshop internacional em biotecnologia III Encontro Alfa-Valnatura III 

Jornada Científica do Lika, Recife-PE. Anais: v. I, IND-78. CD-ROM. 
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2. Guide for Authors (Carbohydrate Polymers)  

A Journal Devoted to Scientific and Technological Aspects of Industrially 
Relevant Polysaccharides Carbohydrate Polymers covers the study and exploitation of 
carbohydrate polymers which have current or potential industrial application in areas 
such as food, textiles, paper, wood, adhesives, biodegradables, biorefining, 
pharmaceuticals, and oil recovery. 

Topics include: 

 Studies of structure and properties; 

 Biological and industrial development; 

 Analytical methods; 

 Chemical and microbiological modifications; 

 Interactions with other materials. 

The role of the carbohydrate polymer must be central to the work reported, not 
peripheral. Research must be innovative and advance scientific knowledge. 

The journal publishes review papers, original research papers, short communications, 
and book reviews. Only papers with international relevance are published. 

Submission of Papers to Carbohydrate Polymers Contributors must submit their 
articles electronically via the Elsevier Editorial System http://ees.elsevier.com/carbpol 
This is the only method of submission, and facilitates processing of your article.  

Do not send another copy to the Editors either by e-mail or post. Authors are 
required to submit with their articles, the names and contact details (including e-mail 
address) of three potential referees. 

It is the responsibility of the authors to ensure that papers are written in clear and 
comprehensible English. Authors whose native language is not English are strongly 
advised to have their papers checked by an English-speaking colleague prior to 
submission. Language Services: Authors who require information about language 
editing and copyediting services pre- and post-submission please visit 
http://www.elsevier.com/locate/languagepolishing or contact 
authorsupport@elsevier.com for further information. Please note that Elsevier neither 
endorses nor takes responsibility for any products, goods or services offered by outside 
vendors through our services or in any advertising. For more information please refer to 
our Terms and Conditions - http://www.elsevier.com/termsandconditions. 

 
Review Process 

A peer review system is used to ensure high quality of papers accepted for publication. 
The Editors will reject papers without formal review when it is deemed that the paper is 
1) on a topic outside the scope of the Journal, 2) lacking technical merit, 3) of narrow 
regional scope and significance, 4) does not advance scientific knowledge, or 5) is 
poorly written. 
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Any revised papers returned later than three months after being sent the referees' 
comments will be treated as a new submission. 

Submission of a paper implies that it has not been published previously (except in the 
form of an abstract or as part of a published lecture or academic thesis), 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, without the written consent of the publisher. 

 
Types of Contributions 

Original full-length research papers should contain material that has not been 
previously published elsewhere, except in a preliminary form. These papers should not 
exceed 6000 words of text and generally not more than eight figures/tables. 

Review papers will be accepted in areas of topical interest and will normally emphasise 
literature published over the previous five years. They should not exceed 12,000 words 
plus figures, tables and references. 

Short Communications are research papers constituting a concise but complete 
description of a limited investigation, which will not be included in a later paper. Short 
Communications should be as completely documented, both by reference to literature, 
and description of the experimental procedures employed, as a regular paper. They 
should not occupy more than 2,000 words plus figures, tables and references. They will 
be reviewed in the same way as research papers. 

Letters to the Editor are published from time to time on subjects of topical interest. 

Book reviews are commissioned by the Editors as warranted. 

 
Article Preparation  

General: Articles must be typewritten, double-spaced with wide margins. A font size of 
12 pt is required. A corresponding author should be identified who is willing to handle 
correspondence at all stages of refereeing and publication, also post-publication.  
Ensure that a telephone number (with country and area code) is provided in 
addition to the e-mail address and complete postal address. Full postal addresses 
must be given for all co-authors. Authors should consult a recent issue of the journal for 
style. The Editors reserve the right to adjust style to certain standards of uniformity. 
Authors should retain a copy of their article since we cannot accept responsibility for 
damage or loss of papers.  

Abstracts: A concise and factual abstract is required (about 100-150 words). The 
abstract should state briefly the purpose of the research, the principal results and major 
conclusions. An abstract is often presented separate from the article, so it must be able 
to stand alone. References should therefore be avoided, but if essential, they must be 
cited in full, without reference to the reference list. Non-standard or uncommon 
abbreviations should be avoided, but if essential they must be defined at their first 
mention in the abstract itself. 
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Text: Follow this order when typing articles: Title, Authors, Affiliations, Abstract, 
Keywords, Main text, Acknowledgements, Appendix, References, Vitae, Figure 
Captions. Do not import the Figures or Tables into your text. Other than the cover page, 
every page of the article, including the title page, references, tables etc. should be 
numbered; however, in the text no reference should be made to page numbers. Lines 
must be numbered consecutively throughout the text. The corresponding author 
should be identified with an asterisk and footnote. All other footnotes (except for table 
footnotes) should be identified with superscript Arabic numbers. 

Units: The SI system should be used for all scientific and laboratory data. In certain 
instances it may be necessary to quote other units. These should be added in 
parentheses. Temperatures should be given in degrees Celsius. The unit 'billion' (109 in 
America, 1012 in Europe) is ambiguous and should not be used. 

 
References 

Please note: Requirements for citations in text and listing of authors names in 
references have been changed, and will take effect for all papers submitted after 25 
November 2007. 

Responsibility for the accuracy of bibliographic citations lies entirely with the authors. 
The paper should be carefully checked to ensure that the spelling of authors' names and 
dates are exactly the same in the text as in the reference list. 

Please ensure that every reference cited in the text is also present in the reference list at 
the end of the paper (and vice versa). 

All citations in the text should refer to: 

1. Single author: the author's name (without initials, unless there is ambiguity) and the 
year of publication; 

2. Two authors: both authors' names and the year of publication; 

3. Three or more authors: first author's name followed by et al. and the year of 
publication. 

Citations may be made directly or parenthetically. Groups of references should be listed 
first alphabetically, then chronologically. Examples: "as demonstrated (Allan, 1996a, b, 
1999; Allan & Jones, 1995). Kramer et al. (2000) have recently shown..." 

References cited together in the text should be arranged chronologically. The list of 
references must be arranged alphabetically on authors' names, and should be as full as 
possible, listing all authors, the full title of articles and full title of journals, publisher 
and year. 

 
Titles of periodicals mentioned in the list of references must be spelled out in full. 

In the case of publications in any language other than English, the original title is to be 
retained. However, the titles of publications in non-Latin alphabets should be 
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transliterated, and a notation such as "(in Russian)" or "(in Greek, with English 
abstract)" should be added. 

References concerning unpublished data and "personal communications" must not be 
cited in the reference list but may be mentioned in the text, giving the full details (name 
and affiliation of the contact). References included in the reference list as "in press" 
should follow the standard reference style of the journal and should include a 
substitution of the publication data with "in press". Citation of a reference as "in press" 
implies that the item has been accepted for publication. In the final publication, material 
referenced as "submitted" is not acceptable - if it cannot be referenced as "in press" then 
the text needs to be revised to state "unpublished results" and the reference deleted from 
the reference list. 

References should be given in the following form: 

Sarmento, B., Ferreira, D., Veiga, F., & Ribeiro, A. (2006). Characterization of insulin-
loaded alginate nanoparticles produced by ionotropic pre-gelation through DSC and 
FTIR studies. Carbohydrate Polymers, 66, 1-7. 

Closs, C. B., Roberts, I. D., Conde-Petit, B., & Eschler, F. (1997). Phase separation and 
rheology of aqueous amylopectin/ galactomannan systems. In E. J. Windhab, & B. 
Wolf. Proceedings of the 1st international symposium on food rheology and structure 
(pp. 233-237). Hannover: Vincentz Verlag. 

Stephen, A. M. (1995). Food polysaccharides and their applications. New York: 
Marcel Dekker. 

Norton, I. T., & Foster, T. J.. (2002). Hydrocolloids in real food systems. In P. A. 
Williams & G. O. Phillips (Eds.). Gums and stabilisers for the food industry (Vol. 11, 
pp. 187-200). Cambridge, UK: The Royal Society of Chemistry. 

Babtsov, V., Shapiro, Y., & Kvitnitsky, E. (2005). Method of microencapsulation. US 
Patent Office, Pat. No. 6 932 984. 

Citing and listing of web references. As a minimum, the full URL should be given. Any 
further information, if known (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. 

Tables 

Tables should be numbered consecutively and given a suitable caption and each table 
typed on a separate sheet. Footnotes to tables should be typed below the table and 
should be referred to by superscript lowercase letters. No vertical rules should be used. 
Tables should not duplicate results presented elsewhere in the article (e.g. in graphs). 
Tables should not be scanned in as this will make it difficult to make corrections if 
necessary. 
 
Illustrations 



Cadena, P.G ______________________________________________________________________ 
 

99

Photographs, charts and diagrams are all to be referred to as "Figure(s)" and should be 
numbered consecutively in the order to which they are referred. They should not be 
included within the text. All illustrations should be clearly marked with the figure 
number and the author's name. All figures are to have a caption. Captions should be 
supplied on a separate sheet. 

If, together with your accepted article, you submit usable colour figures then Elsevier 
will ensure, at no additional charge, that these figures will appear in colour on the web 
(e.g., ScienceDirect and other sites) regardless of whether or not these illustrations are 
reproduced in colour in the printed version. For colour reproduction in print, you will 
receive information regarding the costs from Elsevier after receipt of your accepted 
article. 

Preparation of electronic illustrations 

Submitting your artwork in an electronic format helps us to produce your work to the 
best possible standards, ensuring accuracy, clarity and a high level of detail. General 
points: 

 Make sure you use uniform lettering and sizing of your original artwork. 

 Save text in illustrations as "graphics" or enclose the font. 

 Only use the following fonts in your illustrations: Arial, Courier, Helvetica, 
Times, Symbol. 

 Number the illustrations according to their sequence in the text 

 Use a logical naming convention for your artwork files 

 Provide all illustrations as separate files 

 Provide captions to illustrations separately. 

 Produce images near to the desired size of the printed version. 
A detailed guide on electronic artwork is available on our website: 
http://authors.elsevier.com/artwork. You are urged to visit this site.  

Proofs  
When your article is received at the Publisher it is considered to be in its final form. 
Proofs are not to be regarded as 'drafts'. One set of page proofs in PDF format will be 
sent by e-mail to the corresponding author, to be checked for typesetting/editing. No 
changes in, or additions to, the accepted (and subsequently edited) article will be 
allowed at this stage. Proofreading is solely your responsibility. A form with queries 
from the copy editor may accompany your proofs. Please answer all queries and make 
any corrections or additions required. The Publisher reserves the right to proceed with 
publication if corrections are not communicated. Return corrections within two working 
days of receipt of the proofs. Should there be no corrections, please confirm this. 
Elsevier will do everything possible to get your article corrected and published as 
quickly and accurately as possible. In order to do this we need your help. When you 
receive the (PDF) proof of your article for correction, it is important to ensure that all of 
your corrections are sent back to us in one communication. Subsequent corrections will 
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not be possible, so please ensure your first sending is complete. Note that this does not 
mean you have any less time to make your corrections, just that only one set of 
corrections will be accepted. Proofs are to be returned to the Log-in Department, 
Elsevier Ltd, Elsevier House, Brookvale Plaza, East Park, Shannon, Co Clare, Ireland. 

Offprints 

The corresponding author, at no cost, will be provided with a PDF file of the article via 
e-mail or, alternatively, 25 free paper offprints. 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. 

Copyright 

Upon acceptance of an article, authors will be asked to transfer copyright (for more 
information on copyright see http://www.elsevier.com/locate/authorsrights). This 
transfer will ensure the widest possible dissemination of information. A letter will be 
sent to the corresponding author confirming receipt of the article. A form facilitating 
transfer of copyright will be provided. 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: contact Elsevier's Rights Department, Oxford, UK; phone: (+44) 1865 
843830, fax: (+44) 1865 853333, e-mail: permissions@elsevier.com. Requests may also 
be completed online via the Elsevier homepage 
http://www.elsevier.com/locate/permissions. 

Author Enquiries 

Authors can keep a track on the progress of their accepted article, and set up e-mail 
alerts informing them of changes to their manuscript's status, by using the "Track a 
Paper" via the website Author Gateway. Other questions or queries will also be dealt 
with via the website http://www.elsevier.com. 

Contact details for questions arising after acceptance of an article, especially those 
relating to proofs, are provided when an article is accepted for publication. Do not 
contact the editors - they do not have access to this information and will not be 
able to help you. Urgent queries can be addressed to authorsupport@elsevier.com. 
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3. Guide for Authors (Biophysical Chemistry) 

INTRODUCTION  
Biophysical Chemistry publishes original research and authoritative reviews at the 
interface of physics, chemistry and biology. The journal focuses on experimental and 
theoretical topics relevant to the understanding of biological macromolecules and 
biological systems in terms of the principles and methods of physics and chemistry. 
Papers dealing with appropriate model systems, theoretical treatments and simulations, 
and new methodologies and their interpretation, as well as the interactions, structures 
and functions of individual biological molecules and of supramolecular structures, are 
welcome. 

Most work is published in the form of original research papers covering the areas 
outlined above. Urgent work of more topical interest may appear as Letters - short 
articles, no longer than 10 double-spaced manuscript pages (text and figures/tables 
included). Manuscripts considered as Letters must report findings of unusual 
significance and timeliness. Review of Letters will be completed within 2 weeks and 
publication will be offered only to manuscripts requiring at most minor revisions. 
Critical reviews are published by invitation of the Editors, but unsolicited submissions 
are also welcome. A modest fee will be paid to the senior author upon publication of an 
invited review. For more details please contact one of the Editors. Occasional Special 
Issues are dedicated to specific topics, commemorations or conference proceedings, at 
the discretion of the Editors. 

BEFORE YOU BEGIN 

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/ethicalguidelines. 

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. 

Submission Declaration  

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), 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, without the written 
consent of the copyright-holder. 
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Copyright  

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). Acceptance of the agreement will ensure the 
widest possible dissemination of information. 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. 

Retained Author Rights 

As an author you (or your employer or institution) retain certain rights; for details you 
are referred to: http://www.elsevier.com/authorsrights. 

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 paper 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. 

Language Services  

Authors who require information about language editing and copyediting services pre- 
and post-submission please visit http://www.elsevier.com/languagepolishing or our 
customer support site at http://epsupport.elsevier.com for more information. Please note 
Elsevier neither endorses nor takes responsibility for any products, goods or services 
offered by outside vendors through our services or in any advertising. For more 
information please refer to our Terms & Conditions: 
http://www.elsevier.com/termsandconditions. 
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Submission  

Submission to this journal proceeds totally online. Use the following guidelines to 
prepare your article. Via the homepage of this journal 
(http://www.elsevier.com/journals) you will be guided stepwise through the creation 
and uploading of the various files. The system automatically converts source files to a 
single Adobe Acrobat PDF version of the article, which is used in the peer-review 
process. Please note that even though manuscript source files are converted to PDF 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 and via the author's homepage, removing the 
need for a hard-copy paper trail. 

For submitting your manuscripts to Biophysical Chemistry please go to our Elsevier 
Editorial System (EES) Website at: http://ees.elsevier.com/biophyschem/. 

Referees  
 
Please submit, with the manuscript, the names and addresses of 3 potential referees. 
Note that the editor retains the sole right to decide whether or not the suggested 
reviewers are used. 

PREPARATION 

Language 

Please write your text in good English (American or British usage is accepted, but not a 
mixture of these). Use decimal points (not decimal commas); use a space for thousands 
(10 000 and above). 

Use of Wordprocessing Software  

It is important that the file be saved in the native format of the wordprocessor 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 wordprocessor's options to justify text or to hyphenate 
words. However, do use bold face, italics, subscripts, superscripts etc. Do not embed 
"graphically designed" equations or tables, but prepare these using the wordprocessor's 
facility. 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). Do not import the figures into the text file 
but, instead, indicate their approximate locations directly in the electronic text and on 
the manuscript. See also the section on Electronic illustrations.  
To avoid unnecessary errors you are strongly advised to use the "spell-check" and 
"grammar-check" functions of your wordprocessor. 

Article Structure 

The manuscript is to be preceded by a page bearing the name, full postal address, fax 
and telephone numbers, and e-mail address of the corresponding author. 
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Introduction 

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

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 is willing to handle correspondence at all 
stages of refereeing and publication, also post-publication. Ensure that telephone and 
fax numbers (with country and area code) are provided in addition to the e-mail 
address and the complete postal address.  
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 

All scientific papers (including notes) should have an abstract in English, on a separate 
sheet. It should consist of a brief and factual account of the contents and conclusions of 
the paper, in addition to an indication of any new information which it may contain and 
of its relevance. No references or uncommon abbreviations should be given in the 
abstract. The abstract of 100-150 words should contain all the pertinent details of the 
methods and the results obtained, and be written in such a way so that it will address a 
wider audience. 

Keywords 

Authors are requested to select a maximum of six keywords (or short phrases) and 
include them below the abstract. These will be used in the compilation of the volume 
cumulative index and will be printed on the title page of the article. (Authors should 
note that American spelling is used and that plural terms are avoided where possible.) 
Important factors of the investigation as a whole should be selected as keywords and 
general terms like, membrane, transport, etc., should be avoided. In some cases, the 
general term can be used when qualified, e.g., membrane protein, K+ transport, etc. The 
key words should be chosen so that the combination of these (as they will appear in the 
published index) will give the reader sufficient direct information as to the relevance of 
a given article to his/her particular field. Example: Title: Computer simulation of T3/T7 
phage infection using lag times Keywords: Infection mechanism; Protein synthesis; 
DNA replication; Lag time; Computer simulation; (Phage T3, Phage T7). 
The submitted list may be amended by the editorial office to ensure that index entries 
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are consistent throughout the cumulative index. If words appear in parentheses, this 
indicates that these words are appropriate to the article, but are not of sufficient 
indexing value; these words will not appear as individual index entries, but will be 
printed each time a keyword index entry appears. 

Abbreviations, symbols and terms 

When it is advantageous to the reader, abbreviations or symbols may be used. Should 
there be any doubt about a particular symbol or abbreviation, the full expression 
followed by the abbreviation (in parentheses) should be given the first time it appears in 
the text. Abbreviations used in a figure should be explained ln the legend; those used in 
a table should be taken to use correct terminology. 

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.). 
Acknowledgements of financial support should not be made by a footnote to the title or 
name of the author, but should be included in Acknowledgements at the end of the 
paper. 
 
Quantities, symbols and units 

The International System of Units (SI) must be used. Symbols for physical quantities 
(SI, SI derived, used together with the SI) are recommended, for example, by the 
International Union of Pure and Applied Chemsitry (IUPAC) or by the International 
Organization for Standardization. 

Quantities, symbols and units 

The International System of Units (SI) must be used. Symbols for physical quantities 
(SI, SI derived, used together with the SI) are recommended, for example, by the 
International Union of Pure and Applied Chemsitry (IUPAC) or by the International 
Organization for Standardization. 

Formulae 

Displayed formulae should be numbered. Vectors will be printed in bold-face italics 
(heavy, slanting type), and should be indicated by a wavy underlining in the typescript. 
Special attention should be paid to characters that can easily be misread, such as i 
(lowercase), I (cap), l (el), 1 (one), ' (prime), o (lower case), O (cap.), 0 (zero), degree, 
u, v, (vee), Greek nu, V (cap), x, multiplication sign, X, z, Z, p, P, Greek rho, etc., and 
definition of such characters should be given in the margin. 

Electronic Artwork  

General points 

 Make sure you use uniform lettering and sizing of your original artwork.  
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 Save text in illustrations as "graphics" or enclose the font. 

 Only use the following fonts in your illustrations: Arial, Courier, Helvetica, 
Times, Symbol. 

 Number the illustrations according to their sequence in the text. 

 Use a logical naming convention for your artwork files. 

 Provide captions to illustrations separately. 

 Produce images near to the desired size of the printed version. 

 Submit each figure 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  
Regardless of the application used, when your electronic artwork is finalised, 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: Vector drawings. Embed the font or save the text as "graphics".  
TIFF: color or grayscale photographs (halftones): always use a minimum of 300 dpi.  
TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.  
TIFF: Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 
dpi is required. 

DOC, XLS or PPT: If your electronic artwork is created in any of these Microsoft 
Office applications please supply "as is". 

Please do not: 

 Supply embedded graphics in your wordprocessor (spreadsheet, presentation) 
document; 

 Supply files that are optimised for screen use (like GIF, BMP, PICT, WPG); the 
resolution is too low; 

 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, EPS 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 
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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 "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. 

Text Graphics 

Present incidental graphics not suitable for mention as figures, plates or schemes at the 
end of the article and number them "Graphic 1", etc. Their precise position in the text 
can then be indicated. See further under Electronic artwork. If you are working with 
LaTeX and have such features embedded in the text, these can be left, but such 
embedding should not be done specifically for publishing purposes. Further, high-
resolution graphics files must be provided separately. 

Tables 

Considerable thought should be given to the layout of the tables, so that the significance 
of the results can be grasped readily and quickly. It should also be remembered that the 
length of a printed page is always greater than its width. Vertical lines are not used to 
separate the columns of tables. Tables should be typed using double spacing on a 
separate page. Each table should have an arabic number and a title, which makes its 
general meaning understandable without reference to the text. When tabulating data, 
units and symbols should be used in column headings only, and not within the columns 
themselves. The appropriate places for the insertion of the tables should be indicated in 
the text of the manuscript. Table legends should be typed with double or triple spacing. 

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. 
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References  
 
In the text, reference to other parts of the paper should be made by section (or equation) 
number, not by page number. 

References to the Literature: 

References should be numbered in the order in which they are cited in the text. The list 
of references at the end of the manuscript should be given using double spacing on a 
separate sheet of the typescript. References should include the title of the work referred 
to. Footnotes should not include bibliographic material. Authors should check whether 
every reference in the text appears in the list of references and vice versa. Numerals for 
references should be given in square brackets [ ] in the text.' 
'Expressions such as et al., idem and ibid. should not be used in the list of references: 
details of each reference should be given in full. The following system should be used: 
Book: R. Zallen, The physics of amorphous solids (Wiley, New York, 1983). 
Journal articles: T.P.Burghardt, J.E. Lyke and K. Ajtai, Fluorescence emission and 
anisotropy from rhodamine dimers, Biophys. Chem. 59 (1996) 119-131. 
Paper in a contributed volume: E. Stelzer and H. Ruf, in: Physical chemistry of 
transmembrane motion, ed. G. Spach, Studies in physical and theoretical chemistry, vol. 
24 (Elsevier, Amsterdam, 1983) p. 37. 
Unpublished paper: D. Schallreuther, Ph.D. thesis, Universitat Konstanz 
(1982)."Personal communication", "in preparation", "unpublished results", etc., should 
not be cited in the reference list but in the text. 

Supplementary Material 

Elsevier accepts electronic supplementary material to support and enhance your 
scientific research. Supplementary files offer the author additional possibilities to 
publish supporting applications, movies, animation sequences, 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 ensure that data are provided in one of 
our recommended file formats. Authors should submit the material in electronic format 
together with the article and supply a concise and descriptive caption for each file. 
Video files: please supply 'stills' with your files: you can choose any frame from the 
video or make a separate image. These will be used instead of standard icons and will 
personalize the link to your supplementary information. For more detailed instructions 
please visit our artwork instruction pages at 
http://www.elsevier.com/artworkinstructions. 

Submission Checklist 

It is hoped that this list will be useful during the final checking of an article prior to 
sending it to the journal's Editor for review. Please consult this Guide for Authors for 
further details of any item. 

Ensure that the following items are present: 

One Author designated as corresponding Author: 
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 E-mail address 

 Full postal address 

 Telephone and fax numbers  

 All necessary files have been uploaded 

 Keywords 

 All figure captions  

 All tables (including title, description, footnotes) 

 Further considerations  

 Manuscript has been "spellchecked" and "grammar-checked" 

 References are in the correct format for this journal 

 All references mentioned in the Reference list are cited in the text, and vice 
versa 

 Permission has been obtained for use of copyrighted material from other sources 
(including the Web) 

 color figures are clearly marked as being intended for color reproduction on the 
Web (free of charge) and in print or to be reproduced in color on the Web (free 
of charge) and in black-and-white in print  

 If only color on the Web is required, black and white versions of the figures are 
also supplied for printing purposes. 

For any further information please visit our customer support site at 
http://epsupport.elsevier.com. 
 
AFTER ACCEPTANCE 

Use of the Digital Object Identifier 

The Digital Object Identifier (DOI) may be used to cite and link to electronic 
documents. The DOI consists of a unique alpha-numeric character string which is 
assigned to a document by 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. The correct format for citing a DOI is shown as follows (example taken 
from a document in the journal Physics Letters B): 

doi:10.1016/j.physletb.2003.10.071 

When you use the DOI to create URL hyperlinks to documents on the web, they are 
guaranteed never to change. 
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Proofs  
 
One set of page proofs in PDF format will be sent by e-mail to the corresponding author 
(if we do not have an e-mail address then paper proofs will be sent by post). Elsevier 
now sends PDF proofs which can be annotated; for this you will need to download 
Adobe Reader version 7 (or higher) available free from 
http://www.adobe.com/products/acrobat/readstep2.html. Instructions on how to annotate 
PDF files will accompany the proofs. The exact system requirements are given at the 
Adobe site: http://www.adobe.com/products/acrobat/acrrsystemreqs.html#70win.  
If you do not wish to use the PDF annotations function, you may list the corrections 
(including replies to the Query Form) and return to Elsevier in an e-mail. Please list 
your corrections quoting line number. If, for any reason, this is not possible, then mark 
the corrections and any other comments (including replies to the Query Form) on a 
printout of your proof and return by fax, or scan the pages and e-mail, or by post. Please 
use this proof only for checking the typesetting, editing, completeness and correctness 
of the text, tables and figures. Significant changes to the article as accepted for 
publication will only be considered at this stage with permission from the Editor. We 
will do everything possible to get your article published quickly and accurately. 
Therefore, it is important to ensure that all of your 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 or, alternatively, 25 free paper offprints. 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. 

AUTHOR INQUIRIES 

For inquiries relating to the submission of articles (including electronic submission 
where available) please visit this journal's homepage. You can track accepted articles at 
http://www.elsevier.com/trackarticle and set up e-mail alerts to inform you of when an 
article's status has changed. Also accessible from here is information on copyright, 
frequently asked questions and more. Contact details for questions arising after 
acceptance of an article, especially those relating to proofs, will be provided by the 
publisher. 




