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RESUMO 
 
 

O desenvolvimento de novos sistemas de liberação de fármacos é uma estratégia 
promissora para a melhoria do perfil biofarmacêutico de medicamentos. O objetivo deste 
trabalho foi desenvolver sistema microencapsulado para modificação da liberação dos 
fármacos frutose-1,6-bifosfato (FBP) e rutina, com intuito de melhorar a eficácia 
terapêutica desses compostos. Para atingir este objetivo, microcápsulas contendo rutina 
ou FBP foram preparadas pelo método de coacervação complexa e analisadas em 
relação a: a) morfologia das partículas por microscopia eletrônica de varredura; b) 
tamanho e distribuição das partículas pela técnica de dispersão de luz; c) eficiência de 
encapsulação pelo método de extração; e d) dissolução in vitro das microcápsulas 
contendo FBP. Foi realizada análise por calorimetria exploratória diferencial (DSC) e 
difração de raios X para verificar a presença de fase amorfa. A atividade analgésica e 
anti-inflamatória das formulações foi avaliada in vivo em modelo de inflamação induzida 
pela injeção intraplantar de carragenina em camundongos Swiss. Os camundongos 
foram pré-tratados por via oral com rutina ou FBP microencapsuladas, rutina ou FBP não 
microencapsulada, ou microcápsulas sem fármaco, e submetidos ao estímulo com 
carragenina. A intensidade da hiperalgesia mecânica e a formação do edema na pata 
foram avaliadas com analgesímetro digital e paquímetro, respectivamente. O efeito anti-
inflamatório e antioxidante de formulações tópicas contendo rutina microencapsulada 
também foi avaliado em modelo de inflamação cutânea induzida por radiação ultravioleta 
B (UVB) em camundongos sem pêlos e comparado com o fármaco não 
microencapsulado. Para quantificação da FBP microencapsulada foi desenvolvido e 
validado um método por cromatografia líquida de alta eficiência. As microcápsulas 
contendo os fármacos apresentaram forma esférica e tamanho homogêneo. A eficiência 
de encapsulação das microcápsulas contendo rutina (fármaco lipossolúvel) foi de 76,9%, 
enquanto que para as microcápsulas contendo FBP (fármaco hidrossolúvel) o valor 
obtido foi de 25%. No ensaio de dissolução in vitro das microcápsulas contendo FBP foi 
observado um prolongamento da liberação do fármaco quando comparado com o 
fármaco não microencapsulado. No modelo de inflamação na pata induzida por 
carragenina em camundongos, as microcápsulas aumentaram a eficácia analgésica de 
ambos os compostos. Neste mesmo modelo, as microcápsulas de FBP provocaram 
redução significativa do edema de pata. No modelo de inflamação/estresse oxidativo 
induzido por radiação UVB, microcápsulas contendo rutina, administradas topicamente, 
apresentaram efeito anti-inflamatório e antioxidante. Na análise por DSC e difração de 
raios X foi constatado que a rutina está dispersa em matriz polímerica amorfa enquanto 
que a FBP apresentou mudança da forma cristalina para amorfa, após o processo de 
microencapsulação. A presença de fase amorfa, caracterizada pelos polímeros utilizados 
na preparação das microcápsulas, pode ter influenciado positivamente no aumento da 
eficácia terapêutica dos fármacos. Sendo assim, a microencapsulação pode ser utilizada 
para modificação da liberação, contribuindo para o aumento da eficácia terapêutica dos 
fármacos rutina e FBP. 
 
Palavras-chaves: Microcápsulas. Rutina. Frutose-1, 6-bifosfato. Inflamação. Dor. 
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ABSTRACT 
 
 

Development of new drug release systems is a promising strategy for improvement of 
biopharmaceutical drug profile. The aim of this study was development of 
microencapsulated system for modify release of fructose-1,6-bisphosphate (FBP) 
and rutin, with the intent to improve therapeutic efficacy of these drugs. 
Microcapsules containing either rutin or FBP were prepared by complex coacervation 
and analyzed for: a) morphology of the particles by scanning electron microscopy; b) 
size and distribution of the particles by light scattering technique; c) 
microencapsulation efficiency by extraction method; and d) In vitro dissolution of FBP 
microcapsules. The analyzed by differential scanning calorimetric (DSC) and X ray 
diffraction was performed to verify the presence of amorphous phase. The analgesic 
and antiinflamatory activity of the formulations was evaluated in vivo in model of 
inflammation induced by intraplantar carrageenan injection in Swiss mice. Mice were 
pre-treated per oral with microencapsulated rutin or FBP, non-microencapsulated 
rutin or FBP, or microcapsules without drug, and were stimulated with carrageenan. 
The mechanical hyperalgesia intensity and formation of paw edema were evaluated 
by electronic anesthesiometer and analog caliper, respectively. The anti-
inflammatory and anti-oxidant effects of topic formulations containing 
microencapsulated rutin were also assessed in model of skin inflammation induced 
by ultraviolet B radiation (UVB) in hairless mice. For quantification of 
microencapsulated FBP was developed and validated a method of high performance 
liquid chromatography. Microcapsules containing the drugs showed spherical form 
and homogeneous size. The microencapsulation efficiency for rutin (a liposoluble 
drug) was 76.9%, while for FBP (a water soluble drug) was obtained a value of 25%. 
In the in vitro dissolution assay with microcapsules containing FBP, was observed a 
prolonged drug release comparing with non-microencapsulated FBP. In the model of 
carrageenan-induced paw inflammation in mice, microcapsules improved the 
analgesic efficacy of both drugs. In this same model, the FBP microcapsules showed 
significant reduction of paw edema. For the inflammation/ oxidative stress induced by 
ultraviolet B irradiation (UVB), topical formulation containing microencapsulated rutin 
presented anti-inflammatory and anti-oxidant effects. DSC and X Ray diffraction 
analysis demonstrated rutin dispersed in polymeric amorphous matrix, while FBP 
changed from crystalline to amorphous form after microencapsulation process. The 
presence of amorphous phase, characterized by the polymers used in the 
preparation of microcapsules, may have influenced positively in the increased drugs 
therapeutic efficacy. Thus, microencapsulation can be used for modification drug 
release, improving the therapeutic efficacy of the drugs rutin and FBP. 
 
Keywords: Microcapsules. Rutin. Fructose-1,6-bisphosphate. Inflammation. Pain. 
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1 INTRODUÇÃO 

 

O desenvolvimento de novos sistemas de liberação de fármacos, tanto para 

substâncias novas quanto para as já utilizadas clinicamente, é considerado uma estratégia 

promissora para a melhoria do perfil biofarmacêutico de medicamentos (RATTES; 

OLIVEIRA, 2007). O desenvolvimento de diferentes sistemas de liberação para fármacos já 

existentes é justificável, principalmente, por apresentarem vantagens clínicas e terapêuticas 

significativas, tais como melhoria da eficácia terapêutica, redução de efeitos adversos 

devido à menor flutuação da concentração plasmática do fármaco, redução da dose e maior 

tempo entre as administrações em relação às formas convencionais (GRUNDY; FOSTER, 

1996).  

No entanto, o desenvolvimento de novos sistemas de liberação de fármacos ou 

aprimoramento dos já existentes é um desafio para a área farmacêutica (GALAMBOS; 

STRUCHIO, 1998). Vários aspectos estão envolvidos no desenvolvimento desses sistemas, 

como velocidade de agitação no processo de preparação (CHOW et al., 1998), relação 

fármaco:polímero (ARORA; BUDHIRAJA, 2012), processo de secagem (BARACAT et al., 

2004a) e características do fármaco, como solubilidade, peso molecular, forma e tamanho 

da partícula (BARACAT, 2004b; DAÍ et al., 2005). 

A proposta deste trabalho foi desenvolver sistema microencapsulado para 

modificação da liberação do fármaco, com intuito de melhorar a eficácia terapêutica do 

mesmo em modelos de inflamação. Com este objetivo, foram utilizados dois fármacos com 

solubilidade bastante diferentes: a rutina, um flavonoide com baixa solubilidade em água, e 

a frutose-1,6-bifosfato (FBP), altamente solúvel em água, o que representa um grande 

desafio tecnológico. 

Desta forma, os tópicos a seguir irão abordar: aspectos gerais do desenvolvimento 

de sistemas microencapsulados, mecanismos fisiopatológicos dos modelos de inflamação 

utilizados neste trabalho e propriedades físico-químicas e farmacológicas da rutina e FBP. 

  

1.1  Aspectos gerais do desenvolvimento de sistemas microencapsulados 

 

A indústria farmacêutica tem buscado desenvolver novas formulações para 

liberação modificada de fármacos cujos efeitos terapêuticos já estão estabelecidos, pois o 

tempo e o custo para a pesquisa e o desenvolvimento de novos fármacos são grandes. A 
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utilização de sistemas de liberação é uma alternativa viável para o aperfeiçoamento de 

formulações, objetivando o aumento da eficácia terapêutica de fármacos já utilizados 

convencionalmente no tratamento de inúmeras patologias (VERRI et al., 2013). 

O avanço das pesquisas com sistemas de liberação de fármacos deve-se ao 

reconhecimento das vantagens clínicas e terapêuticas e a fatores econômicos. O 

planejamento racional de sistemas de liberação é uma etapa crucial para a modulação da 

liberação do fármaco, adequada às necessidades clínicas e farmacocinéticas e aos locais 

de absorção (RUBINSTEIN, 1990). A veiculação de fármacos em sistemas de liberação 

modificada apresenta várias vantagens do ponto de vista terapêutico no tratamento de 

diversas patologias, podendo aumentar a segurança da terapia e a estabilidade do fármaco 

no sistema biológico, reduzir os efeitos adversos, além de reduzir a dose do fármaco ou 

frequência de administração, resultando em melhor eficácia terapêutica e adesão do 

paciente ao tratamento (ARORA, 2012).  

Algumas estratégias são empregadas para possibilitar a liberação modificada de 

fármacos, dentre elas a veiculação do fármaco em uma matriz polimérica, ligação química a 

resinas de permuta iônica, incorporação em bomba osmótica e utilização de revestimentos 

monolíticos ou multiparticulados, como os microencapsulados (AULTON, 2005). 

Microcápsulas consistem em pequenas partículas ou gotículas de substância(s) ativa(s) 

envolvidas ou incorporadas em uma matriz homogênea ou heterogênea, geralmente de 

material polimérico, formando pequenas cápsulas que podem variar de um micrômetro a 

alguns milímetros de diâmetro. Várias técnicas têm sido utilizadas para microencapsulação, 

como spray-drying, extrusão, coacervação, liofilização, emulsificação, entre outras (VERRI 

et al., 2012). 

O método de microencapsulação por coacervação consiste na separação de fases 

de um ou mais hidrocolóides a partir de uma solução inicial e a subsequente deposição da 

fase polimérica envolvendo a substância ativa que se encontra suspensa ou emulsificada no 

mesmo meio. Microcápsulas produzidas por coacervação são insolúveis em água e 

possuem boa característica de controle da liberação do fármaco. O processo de 

coacervação pode ser dividido em dois tipos: simples ou complexo, dependendo do número 

de polímeros utilizados (DONG et al., 2008). 

O mecanismo de liberação do fármaco encapsulado no interior da partícula envolve 

processos de natureza difusional e/ou a erosão da rede polimérica previamente formada 

(LINHARD, 1988; BATYCKY et al., 1997). Vários fatores podem afetar a liberação do 

fármaco a partir das microcápsulas, como as propriedades dos polímeros utilizados, relação 
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fármaco:polímero, tamanho das partículas e interação entre o fármaco e o polímero (KIM et 

al., 2014). 

A versatilidade das técnicas empregadas no uso desta tecnologia permite uma 

ampla adequabilidade no que se refere às classes de medicamentos, uma vez que fatores 

passíveis de otimização, tais como as características físico-químicas do polímero e do 

fármaco empregados e os parâmetros relacionados com a técnica de preparação, 

determinam as propriedades do produto final (MEDEIROS, 2003). 

 

1.1.1. Microcápsulas formadas pelo complexo polimérico pectina/caseína 

 

As pectinas constituem uma classe de polissacarídeos complexos encontrados nas 

paredes celulares das plantas superiores. Sua estrutura básica “in natura” é composta por 

poli(1,4--D ácido galacturônico) (MANO; MENDES, 1999; RIDLEY; O´NEILL; MOHNEN, 

2001). Em água, fomam dispersões altamente viscosas mesmo em baixas concentrações, 

apresentando alta velocidade de intumescimento no fluído do TGI (LORENZO-LAMOZA et 

al., 1998).  

A caseína é uma glicofosfoproteína encontrada no leite. A caseína de origem bovina 

é constituída de quatro cadeias denominadas: s1, s2,  e , com peso molecular total de 

aproximadamente 86.240 e ponto isoelétrico em 4,55. Esta substância vem sendo estudada 

como material para preparação de sistemas de liberação modificada de fármacos por sua 

capacidade formadora de filme (DE CARVALHO, 1996), obtenção de sistemas matriciais 

(HERNANDES; FREITAS; PEREIRA, 1998) e como material para preparação de 

microcápsulas (BARACAT et al., 2012; GUAZELLI et al., 2013; VERRI et al., 2013). 

O complexo polimérico pectina/caseína foi descrito anteriormente no documento PI 

0700557-1, que trata do processo de preparação de complexos biodegradáveis utilizando 

polímeros de caseína e pectina que, após passarem por diferentes etapas, formam 

micropartículas que podem ser utilizadas em sistemas de liberação de fármacos (FREITAS 

et al., 2007).  

A utilização de sistema de liberação multiparticulado tem como vantagem maior 

reprodutibilidade no tempo de trânsito intestinal em relação ao monolítico, pois o sistema 

multiparticulado se distribui de maneira mais uniforme, minimizando locais de alta 
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concentração do fármaco, além de reduzir a variação inter e intra-individuais na resposta ao 

tratamento (FELL et al., 1992; VERRI et al., 2013). 

Além disto, o preparo das microcápsulas utilizando o complexo polimérico 

pectina/caseína é de baixo custo, realizado em meio aquoso, em condições brandas e 

isenta de solventes orgânicos, o que significa uma grande vantagem em relação a muitos 

polímeros disponíveis no mercado que utilizam solvente orgânico em sua preparação e 

apresentam custo elevado. Aliado ao baixo custo está à possibilidade de produção das 

microcápsulas em grande escala. 

Após administração oral, as microcápsulas devem sofrer a ação dos fluidos 

biológicos, o que provocaria o intumescimento gradual da parede das micropartículas, 

permitindo a liberação modificada do fármaco para o meio biológico. Neste sentido, a 

liberação seria controlada pelo complexo polimérico pectina/caseína, o que torna este 

sistema atrativo para o tratamento de patologias crônicas que requerem a administração de 

medicamentos por longos períodos de tempo, nos quais a liberação modificada é mais 

conveniente por reduzir a frequência de administração. 

Um outro fator determinante para fármacos administrados oralmente é a absorção do 

mesmo através do TGI, que é dependente da solubilidade e permeabilidade do fármaco. 

Sabe-se que substâncias amorfas são mais solúveis que as cristalinas, porém substâncias 

cristalinas são mais estáveis fisicamente (HANCOCK e ZOGRAFI, 1997). Desta forma, a 

presença de fase amorfa pode favorecer a absorção do fármaco a partir das microcápsulas, 

levando ao aumento da sua eficácia terapêutica. De fato, a forma cristalina da substância 

pode ser modificada durante o processo de microencapsulação para estado amorfo (KIM et 

al., 2014). 

 

1.2 Mecanismos fisiopatológicos dos modelos de inflamação 

 

Nosso grupo de pesquisa tem estudado vários modelos de inflamação, como 

carragenina e UVB, averiguando a efetividade de novos fármacos ou modulando a liberação 

de fármacos já existentes. Dessa forma, serão apresentados os mecanismos 

fisiopatológicos envolvidos nos modelos de inflamação utilizados neste trabalho. 
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1.2.1 Modelo de inflamação induzida por carragenina 

 

A carragenina tem sido amplamente utilizada como estímulo inflamatório para 

investigar o potencial terapêutico de novos compostos. Como consequência, a injeção 

intraplantar de carragenina induz a resposta inflamatória local, com aumento da 

permeabilidade vascular, migração de neutrófilos e produção de mediadores inflamatórios 

(SELLOUM et al., 2003). 

As reações vasculares da inflamação aguda consistem em mudanças no fluxo 

sanguíneo e na permeabilidade dos vasos. A vasodilatação é uma das primeiras 

manifestações da inflamação aguda, resultando em aumento do fluxo sanguíneo, que é a 

causa do aparecimento dos sinais cardinais calor e rubor (eritema) no local da inflamação. A 

vasodilatação é induzida pela ação de diversos mediadores, entre eles a histamina e óxido 

nítrico (NO), que atuam no músculo liso dos vasos sanguíneos. Este fenômeno é seguido 

pelo aumento da permeabilidade vascular, com o extravasamento de líquido rico em 

proteínas para o tecido extravascular, causando edema. A contração das células endoteliais, 

resultando em aumento dos espaços interendoteliais, é o mecanismo mais comum de 

extravassamento vascular, e é induzida por histamina, bradicinina, leucotrienos, e outros 

mediadores químicos (KUMAR, 2010). 

O aumento do diâmetro dos vasos leva ao aumento do fluxo sanguíneo, causando 

concentração de células vermelhas em pequenos vasos e aumento da viscosidade do 

sangue. Estas alterações resultam na dilatação destes vasos, que ficam congestionados 

devido a movimentação lenta das células sanguíneas, uma condição denominada estase ou 

congestão vascular. Ao mesmo tempo, as células endoteliais são ativadas por mediadores 

produzidos no local da inflamação, e expressam aumento dos níveis de moléculas de 

adesão. Os leucócitos então aderem ao endotélio, e logo depois migram através da parede 

vascular para o tecido intersticial (KUMAR, 2010). 

Como vimos, no modelo de inflamação induzida por carragenina existe uma 

liberação coordenada de mediadores, que vão atuar também na sensibilização do neurônio 

nociceptivo aferente primário. Em camundongos, o estímulo com carragenina induz a 

produção das citocinas TNFα e CXCL1 (quimiocina derivada de queratinócitos, KC), ambas 

atuam por induzir a produção de IL-1β, que por sua vez induz a produção de prostaglandina 

E2 (PGE2). A PGE2 é responsável pela ativação e sensibilização neuronal pela fosforilação 

de canais de sódio resistentes à tetrodotoxina, o que aumenta os níveis intra-neuronais de 

sódio e facilita a despolarização induzida por estímulos mecânicos e químicos como outros 
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mediados como a bradicinina. A CXCL1 também induz a liberação de aminas simpáticas 

que tem papel semelhante à PGE2 (CUNHA et al., 2005).  

Ocorre ainda um aumento da sensibilidade à dor (hiperalgesia), um sinal clínico da 

resposta inflamatória que reduz a qualidade de vida e, por este motivo, é o principal motivo 

de busca ao atendimento médico. Dessa forma, o edema e hiperalgesia induzidas por 

carragenina são importantes ferramentas para a avaliação de compostos com potencial 

terapêutico no tratamento da dor e inflamação (CUNHA et al., 2005).  

 

1.2.2 Modelo de inflamação/estresse oxidativo induzido pela radiação UVB 

 

Radicais livres são definidos como qualquer espécie química capaz de existência 

independente, que possuem um ou mais elétrons desemparelhados estando esses sozinhos 

no orbital (ARUOMA, 1998). Radicais livres altamente reativos, especialmente radicais 

derivados de oxigênio, formados por processos metabólicos endógenos ou produtos 

químicos exógenos ao organismo, são capazes de oxidar biomoléculas, resultando em 

morte celular e danos aos tecidos (YANG et al., 2000). Nas últimas décadas, as espécies 

reativas de oxigênio (EROs) têm chamado a atenção de pesquisadores devido a sua 

participação em vários eventos patológicos como em processos inflamatórios, câncer e 

envelhecimento precoce (JI, 2007). O desequilíbrio entre a formação de EROs e a atividade 

de defesa antioxidante é denominado estresse oxidativo (CASAGRANDE et al., 2006; 

VICENTINI et al., 2008a; MAGDALENA, TAK YEE, 2010). 

A pele é uma interface biológica com o meio ambiente continuamente exposta a 

uma variedade de ataques biológicos, químicos e físicos que ameaçam a integridade das 

estruturas celulares e desencadeiam o estresse oxidativo. A radiação ultravioleta (UV) é o 

fator físico que, devido a grande abundância no meio ambiente, representa uma das 

principais causas de danos na pele, causando lesões pré-cancerosas e cancerosas e 

aceleração do envelhecimento cutâneo (SAIJA et al., 2000; CASAGRANDE et al., 2007; 

TOUITOU; GODIN, 2008; QUAN et al., 2009). 

A hipótese provável para o aparecimento de patologias de pele devido exposição à 

radiação solar é a formação de EROs e mobilização de metais de transição. As EROs 

podem ser geradas pela radiação UV diretamente por meio da interação com os grupos 

cromóforos ou indiretamente por meio da resposta inflamatória (WEI et al., 2002). Com o 

aumento do fluxo de EROs, a regeneração de antioxidantes endógenos torna-se insuficiente 

ocasionando a sua depleção (VICENTINI et al., 2008a; FONSECA et al., 2009). O resultado 
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do desequilíbrio entre EROs e antioxidantes modula vias de sinais de transdução celular 

redox-sensível e expressão de genes. Estas mudanças moleculares podem estar envolvidas 

na patogênese dos danos fotoxidativos (FUCHS, 1998; CASAGRANDE et al., 2006; 

VICENTINI et al., 2008b). 

A exposição aguda à radiação UV determina uma resposta inflamatória imediata, 

com aparecimento de eritema, edema e infiltrado leucocitário, além da diminuição dos níveis 

dos antioxidantes endógenos como a glutationa reduzida (GSH), que é um tripeptídeo 

sensível ao estresse oxidativo mediado pela radiação UVB (MONTENEGRO et al., 1995; 

CARINI et al., 2000; MELONI; NICOLAY, 2003; CASAGRANDE et al, 2006; SAWANE et al., 

2011). A radiação UV pode também levar a danos nas fibras elásticas, no colágeno e nas 

glicosaminoglicanas da matriz extracelular da derme, perdendo a elasticidade, e 

contribuindo para o fotoenvelhecimento da pele. A exposição à radiação UV induz fatores de 

transcrição de genes de metaloproteinases, enzimas proteolíticas produzidas principalmente 

por células polimorfonucleares, macrófagos, queratinócitos, fibroblastos e células tumorais 

(FISHER et al., 1997). O aumento da produção de metaloproteinases pelos queratinócitos 

epidermais e fibroblastos da derme resulta na degradação do colágeno e outras proteínas 

da matriz extracelular. Este processo é seguido pelo fotoenvelhecimento e danos severos à 

pele (RIEGER, 1999; QUAN et al., 2009). 

Ainda, a radiação UV aguda pode causar destruição da função imune mediada 

pelas células T que está associada com a geração de população de linfócitos T supressores 

(FISHER; KRIPKE, 1982). Sugere-se que a modulação de proteínas quinase redox-sensível 

e de fatores de transcrição como o fator de transcrição nuclear B (NF-B) pelas EROs são 

eventos precoces e essenciais na indução de reações inflamatórias (FUCHS et al., 2001). O 

NF-B é um fator de transcrição sensível ao estresse oxidativo, o qual ativa genes 

envolvidos na produção de substâncias pro-inflamatórias, incluindo o fator de necrose 

tumoral (TNF-) e interleucinas (por exemplo: IL-1, IL-1 e IL-6) que promovem a ativação 

e recrutamento de células efetoras como leucócitos e células endoteliais e induzem a 

liberação de proteases (FUCHS, 1998; CARINI, et al., 2000; VICENTINI et al., 2011). 

Ademais, existe um ciclo de estimulação recíproca entre EROs e citocinas, por exemplo, a 

citocina TNFα ativa a NADPH oxidase induzindo a produção de ânion superóxido e 

consequentemente outras EROs (KILPATRICK et al., 2010). 

Para enfrentar o elevado grau de exposição, a pele possui uma variedade de 

mecanismos de defesa interligados para a proteção contra as EROs induzidas pela radiação 

UV (GEORGETTI et al., 2008; VICENTINI et al., 2008a, ROBBINS et al., 2011). O sistema 

de defesa antioxidante é composto por dois grupos principais, os antioxidantes enzimáticos 
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(superóxido dismutase (SOD), catalase, peroxidase e algumas enzimas de apoio como 

glicose-6-fosfato dehidrogenase e glutationa redutase) e os de baixo peso molecular 

(ascorbato, glutationa, tocoferol e ubiquinona) (PODDA, et al., 1998). Entretanto, após 

exposição crônica ou excessiva à radiação UV, as EROs podem sobrepor a capacidade de 

defesa antioxidante da pele (STEENVOORDEN et al., 1997; VICENTINI et al., 2008a). 

Antioxidantes de baixo peso molecular, bem como os enzimáticos podem ser diretamente 

consumidos ou inativados pela radiação solar e pelas EROs (FUCHS, 1998). Neste 

contexto, uma maneira de controlar a instalação do estresse oxidativo e o desenvolvimento 

de patologias cutâneas é a utilização de antioxidantes de fontes exógenas, os quais 

reduzem a formação de EROs e/ou protegem a degradação de antioxidantes endógenos 

(HECK et al., 2004; CASAGRANDE et al., 2006). 

 

1.3  Frutose-1,6-bifosfato 

 

 A via glicolítica (glicólise) é a via metabólica utilizada pelas células para extrair parte 

da energia contida na molécula de glicose, produzindo duas moléculas de piruvato, duas 

moléculas de ATP e dois equivalentes reduzidos de NADH+. Esta sequência metabólica é 

composta por um conjunto de dez reações catalisadas por enzimas livres no citosol. Entre 

estas enzimas estão a hexoquinase, fosfofrutoquinase e a piruvatoquinase, que são as 

responsáveis pela regulação da via, controlando a produção de ATP (LEHNINGER, 1984). 

A FBP (figura 1) é um intermediário altamente energético da via glicolítica, formada 

por um monossacarídeo frutose fosforilado nos carbonos C-1 e C-6, com atividade óptica 

dextrógira. Esta substância apresenta diversos efeitos farmacológicos, incluindo: inibição da 

aderência leucocitária e disfunção microvascular no músculo esquelético em modelos de 

isquemia e reperfusão (AKIMITSU et al., 1995); redução do edema de pata induzido por 

carragenina em ratos (PLANAS et al., 1993);  efeito protetor para células do miocárdio, com 

redução do dano tecidual associado a isquemia (MARKOV, 1986); proteção dos hepatócitos 

contra dano celular induzido pela galactosamina (DE OLIVEIRA et al., 1992); efeito protetor 

sobre a função renal e parênquima renal em modelo de nefrotoxicidade induzida por 

cisplatina em ratos (AZAMBUJA et al., 2011); inibição da agregação plaquetária induzida 

pela adenosina difosfato e melhora nas alterações de coagulação em sepse experimental 

em ratos (DE OLIVEIRA et al., 2010). 

http://pt.wikipedia.org/wiki/Piruvato
http://pt.wikipedia.org/wiki/Adenosina_tri-fosfato
http://pt.wikipedia.org/wiki/Metabolismo
http://pt.wikipedia.org/wiki/Catalizador_enzim%C3%A1tico
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Figura 1. Estrutura molecular da frutose-1,6-bifosfato 

  

 Os efeitos farmacológicos da FBP parecem estar relacionados com sua 

interferência na via glicolítica, atuando como substrato para essa cascata reacional. Como a 

FBP situa-se após as enzimas hexoquinase e fosfofrutoquinase, pontos de regulação da via, 

com a entrada da FBP na célula a regulação da via estaria prejudicada (BAILEY et al., 

1968), logo a produção de ATP seria estimulada. Além disso, a entrada de uma molécula 

exógena de FBP na glicólise intracelular pouparia a despesa de dois ATPs (um pela 

hexoquinase e outro pela fosfofrutoquinase), fornecendo duas vezes mais rendimento que o 

da energia glicolítica, quatro ATPs por molécula de substrato (MARKOV, 1986). Ainda, além 

de atuar como substrato para a via glicolítica e, consequentemente, elevar a produção de 

ATP, a FBP também pode elevar os níveis de ATP ao facilitar a ressíntese deste a partir de 

ADP (LOGUERCIO et al., 1996). 

Uma atividade importante da FBP é o seu efeito analgésico, o qual foi descrito 

recentemente em um modelo de inflamação induzida pela carragenina (VALÉRIO et al., 

2009). Nesse modelo, o efeito analgésico da FBP foi relacionado ao aumento sérico de 

adenosina (formada pela degradação do ATP e ADP), a qual atua perifericamente via 

receptores para adenosina A1. Apesar de outras evidências sugerirem que a frutose inibe a 

migração de leucócitos e a produção de citocinas pró-inflamatórias, não foi detectada 

inibição nesse modelo, descartando que a FBP tenha efeito analgésico por inibir o 

recrutamento de neutrófilos e produção de citocinas na inflamação induzida pela 

carragenina (VALÉRIO et al., 2009). É interessante ressaltar que os neutrófilos podem 

produzir mediadores nociceptivos, e as citocinas podem tanto atuar diretamente nos 

nociceptores (receptores responsáveis pela detecção de estímulos dolorosos) ou induzir a 

produção de outros mediadores como a prostaglandina E2 (VERRI, et al., 2006). Um fator 

limitante para a atividade da FBP pode ter sido a sua farmacocinética. Por exemplo, como a 

FBP atua por aumentar os níveis de adenosina, e a adenosina é metabolizada pela 

adenosina deaminase, numa administração em bolus, ao ser alcançada a ocupação máxima 
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dos receptores A1, a adenosina restante não teria tempo suficiente para atuar nos seus 

receptores, pois seria metabolizada. Por outro lado, a liberação constante da FBP 

favoreceria o aumento de adenosina de maneira mais proporcional aos receptores e 

reduziria a adenosina degradada pela adenosina deaminase que não teve oportunidade de 

ativar os receptores A1. Assim, um sistema de liberação prolongada para FBP seria útil 

tanto para aumentar a sua eficácia quanto o seu tempo de ação.  

 

1.3.1 Desenvolvimento e validação de metodologia para quantificação da FBP 

microencapsulada 

 

Métodos de cromatografia líquida de alta eficiência (CLAE) são bastante eficientes 

na determinação de fármacos, e apresentam um aumento significativo na sensibilidade 

quando comparados a outros métodos (MARONA; SCHAPOVAL, 1999). No entanto, antes 

de um método analítico ser implementado para uso, o mesmo deve ser validado para 

demonstrar a eficácia para o objetivo pretendido (ROZET et al., 2007). 

A metodologia para quantificação da FBP nas microcápsulas baseou-se, 

inicialmente, na metodologia geral para determinação de carboidratos, previamente descrita 

(TAVARES et al., 2003). No entanto, devido a interferência dos polímeros pectina e caseína 

na determinação da FBP, foi necessário desenvolver e validar um método para análise da 

FBP microencapsulada. 

Os parâmetros de validação analisados foram: especificidade, linearidade, limite de 

detecção e limite de quantificação, precisão, exatidão e robustez. 

- Especificidade e Seletividade: é a capacidade de um método de medir exatamente um 

composto em presença de outros compostos tais como impurezas, produtos de degradação 

e os demais componentes da matriz (ANVISA, 2003); 

- Linearidade: é a capacidade de uma metodologia analítica de demonstrar que os 

resultados obtidos são diretamente proporcionais a concentração do analito da amostra, 

dentro de um intervalo especificado (ANVISA, 2003); 

- Limite de Detecção (LD) – Menor quantidade do analito presente em uma amostra que 

pode ser detectado, porém não necessariamente quantificado, sob as condições 

experimentais estabelecidas (ANVISA, 2003); 
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- Limite de Quantificação (LQ) ou determinação – Menor quantidade do analito presente em 

uma amostra que pode ser determinada com precisão e exatidão aceitáveis sob as 

condições experimentais estabelecidas (ANVISA, 2003); 

- Precisão: a precisão é a avaliação da proximidade dos resultados em uma série de 

medidas de uma amostragem múltipla de uma mesma amostra (ANVISA, 2003); 

- Exatidão: a exatidão de um método analítico é a proximidade dos resultados obtidos pelo 

método em estudo em relação ao valor verdadeiro (ANVISA, 2003); 

- Robustez: a robustez de um método analítico é a medida de sua capacidade em resistir a 

pequenas e deliberadas variações de parâmetros analíticos. Indica sua confiança durante o 

uso normal (ANVISA, 2003). 

 

1.4 Rutina 

 

Os flavonoides são polifenóis, metabólitos secundários de plantas e definidos 

quimicamente como substâncias compostas por um núcleo comum de fenilcromanoma (C6-

C3-C6) com substituição em uma ou mais hidroxilas, incluindo derivados ligados a açúcares 

(BIRT et al., 2001).  

Uma propriedade importante destes compostos é a inibição da atividade de 

enzimas relacionadas à produção de eicosanoides, incluindo fosfolipase A2, ciclooxigenase 

e lipooxigenase, reduzindo assim a produção e liberação de prostanóides e leucotrienos, 

mediadores inflamatórios (SILVA et al, 2002). Devido a essas propriedades e sua 

significante atividade in vivo, os flavonóides tem sido considerados como promissores 

candidatos a uma nova categoria de drogas anti-inflamatórias.  

Adicionalmente, estas substâncias têm sido descritas como potentes antioxidantes, 

com múltiplos mecanismos, que incluem eliminação de radicais livres, indução de apoptose 

e inibição da promoção tumoral (CASAGRANDE et al., 2006). 

Entre os flavonoides, a rutina (figura 2) é conhecida por apresentar efeitos anti-

inflamatórios, antioxidantes (BECHO et al., 2009) e antinociceptivos, além de múltiplas 

atividades farmacológicas, com efeitos antibacteriano, antiviral (PANASIAK et al., 1989), 

antitumoral (DESCHNER et al., 1991), antialérgico (CHEN et al., 2000), vasodilator (CHUNG 

et al., 1993), antidiarreico (DI-CARLO et al., 1993), antimutagênico (BEAR; TEEL, 2000), 

entre outras. Esta substância pode ser encontrada em várias fontes alimentares como 

cebola, uva, trigo serraceno, feijão vermelho, maçã, tomate e bebidas como vinho e chá 

preto (HOLLMAN et al., 1996). 
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Figura 2. Estrutura molecular da rutina 

 

Assim, o desenvolvimento de um sistema microencapsulado contendo rutina para 

modular a liberação e/ou absorção do fármaco pode otimizar a sua utilização na terapêutica. 
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2 OBJETIVOS 

 

2.1 Objetivo geral 

 

Desenvolver e caracterizar microcápsulas contendo rutina ou FBP, avaliar o efeito 

terapêutico das microcápsulas administradas por via oral em modelo de inflamação na pata 

induzido por carragenina bem como avaliar formulação tópica contendo rutina 

microencapsulada em modelo de inflamação/estresse oxidativo cutâneo induzido por 

radiação UVB. 

 

2.2 Objetivos Específicos 

 

 Desenvolver microcápsulas de liberação modificada contendo rutina, empregando-se 

o conjugado caseína/pectina para a obtenção da matriz polimérica; 

 Desenvolver microcápsulas de liberação modificada contendo FBP, empregando-se 

o conjugado caseína/pectina para a obtenção da matriz polimérica; 

 Caracterizar as microcápsulas a partir dos seguintes ensaios: 

- Avaliação morfológica das partículas;  

- Avaliação do tamanho e distribuição do tamanho das partículas; 

- Determinação da eficiência de encapsulação;  

- Avaliação do comportamento térmico por calorimetria exploratória diferencial; 

- Avaliação da cristalinidade por difração de raios X. 

 Quantificar a rutina nas microcápsulas pelo método de DPPH; 

 Desenvolver e validar um método para quantificação da FBP microencapsulada; 

 Avaliar o perfil de dissolução in vitro das microcápsulas contendo FBP; 

 Avaliar a eficácia terapêutica in vivo das microcápsulas contendo FBP ou rutina 

administradas via oral em modelo de inflamação na pata induzida por carragenina 

em camundongos; 

 Avaliar a eficácia terapêutica in vivo das microcápsulas contendo rutina 

administradas via tópica em modelo de inflamação/estresse oxidativo induzido por 

radiação UVB.  
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3 MATERIAIS E MÉTODOS 

 

3.1 Materiais 

 

Os seguintes materiais foram obtidos a partir das fontes indicadas: Pectina USP 

(68% de esterificação), CPKelco (Limeira, SP, Brasil); caseína, Katuffman & Co (Kehl, 

Baden-Württemberg, Alemanha); ácido cítrico, hidróxido de sódio, ácido clorídrico e fosfato 

de potássio, Merck (grau analítico, Darmstadt, Hessen, Alemanha); tween 20®, Synth 

(Diadema, SP, Brasil); carragenina, Santa Cruz Biotechnology Inc (Dallas, Texas, USA); 

rutina, terc-butil hidroperoxido, Acrós Organics (Geel, Antwerp, Bélgica); azul brilhante R, 

glutationa reduzida (GSH), brometo de hexadeciltrimetil amônio (HTAB), o-dianisidina, 

dihidrocloreto de 1,2 fenilenodiamina, ácido 5,5’-ditio-bis-(2-nitrobenzóico) (DTNB), nitroblue 

tetrazolium (NBT), bisacrilamida e frutose-1,6-bifosfato, Sigma (St Louis, MO, USA); 

isoflurano, Abbott (Chicago, IL, USA); xileno cianol e Tris, Amresco (Solon, OH, USA); 

acrilamida, dodecil sulfato de sódio (SDS), glicerol, Superscript® III, Oligo(dT) primers, 

Platinum SYBRGreen®, Invitrogen (Carlsbad, CA, USA). Todos os outros reagentes 

utilizados foram de grau analítico. 

 

3.2 Métodos 

 

3.2.1 Preparação das microcápsulas 

 

As microcápsulas de rutina e de FBP foram preparadas conforme metodologia 

descrita por Baracat e colaboradores (2004a). Foram realizadas dispersões aquosas de 

caseína e pectina a 10%, sob agitação mecânica constante. O pH foi ajustado para 8,0 ± 0,1 

pela adição de hidróxido de sódio 4,0 M. Após a dispersão dos polímeros, o fármaco foi 

adicionado na proporção de 1:5 (fármaco/polímero). As microcápsulas foram obtidas pela 

redução lenta e gradual do pH para 4,0 ± 0,1 com adição de ácido cítrico 1,0 M. Nas 

microcápsulas contendo FBP, devido a alta solubilidade do fármaco em meio aquoso, as 

paredes das microcápsulas foram enrijecidas pela adição de glutaraldeído (50 µL/g de 

polímero) sob agitação constante por 30 minutos. As microcápsulas de rutina e de FBP 

obtidas foram secas em liofilizador (Edwards – Pirani 501) por 24h. 
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3.2.2 Caracterização das microcápsulas 

 

3.2.2.1 Avaliação morfológica das partículas 

 

Para avaliação da morfologia externa das microcápsulas, as amostras foram 

revestidas com ouro sob atmosfera de argônio e examinadas em microscópio eletrônico de 

varredura (MEV) (FEI – Quanta 200), sob aumento de 2500 vezes (microcápsulas de rutina) 

e 10000 vezes (microcápsulas de FBP).  

 

3.2.2.2 Avaliação do tamanho e distribuição do tamanho das partículas  

 

A análise do tamanho e distribuição de tamanho das partículas foi realizada pela 

técnica do espalhamento de luz utilizando-se o equipamento Zetasizer Nano system ZS 

(Malvern Instruments).  

 

3.2.2.3 Determinação da eficiência de encapsulação 

 

3.2.2.3.1 Microcápsulas contendo rutina 

 

Para determinar a eficiência de encapsulação, 108,8 mg de microcápsulas foram 

dispersas em 10 ml tampão fosfato pH 6,8 adicionado de 5,0% de tween® 20 e agitada por 

5 min, seguida de centrifugação a 3600 rpm por 10 min. O sobrenadante foi filtrado em filtro 

nylon syringe (0,45 µm), e o filtrado foi analisado pelo método de DPPH e quantificado 

espectrofotometricamente a 517 nm (item 3.2.3). A eficiência de encapsulação foi calculada 

usando a seguinte equação (1): 

 

Eficiência de encapsulação (%EE) = (fármaco inicialmente adicionada – fármaco livre 

/fármaco inicialmente adicionada) x 100 

(1) 
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3.2.2.3.2 Microcápsulas contendo FBP 

 

Para determinar a eficiência de encapsulação, 5,0 mg de microcápsulas foram 

dispersas em 10 ml água ultrapura e agitada por 5 min, seguida de centrifugação a 9000 

rpm por 10 min. O sobrenadante foi tratado com tampão acetato pH 4,7 (1:4) e etanol 

absoluto (1:2), filtrado em filtro 0,45 µm HV PVDF (Millipore®) e analisado por CLAE 

utilizando coluna HPX-87C Aminex Biorad com vazão de fase móvel (água ultrapura) de 

0,6ml/min. Foram realizadas corridas de 20 min e a FBP foi detectada utilizando detector de 

índice de refração. O volume injetado foi 20 µL sob temperatura de 80 ºC. A eficiência de 

encapsulação foi calculada utilizando a equação (1). 

 

3.2.2.4 Avaliação do comportamento térmico por calorimetria exploratória diferencial (DSC)  

 

A análise por DSC foi realizada com o fármaco não microencapsulado, 

microcápsulas contendo o fármaco e microcápsulas sem fármaco. As amostras foram 

aquecidas de 30 a 500 ºC com velocidade de 5 ºC/min sob atmosfera de nitrogênio 

utilizando microcalorimetro Shimadzu DSC-60. 

 

3.2.2.5 Avaliação da cristalinidade por difração de raios X  

 

Os experimentos de difração de raios X foram executados num difratômetro Bruker 

D8 para difratometria do pó, utilizando-se a geometria Bragg-Brentano em modo contínuo e 

com velocidade de varredura de 0.05°/s. Um tubo com radiação cobre Kα (lambda = 1.5405 

Å) focada em linha foi alimentado com 40 kV de tensão e 30 mA de corrente elétrica. O 

intervalo de ângulo 2-teta varrido foi de 5 a 70° para frutose e de 3 a 40° para rutina. As 

fases cristalinas do fármaco puro e do fármaco microencapsulado foram identificadas com 

programa X'Pert HighScore Plus com banco de dados PDF2DBP. 

 

3.2.3 Quantificação da rutina nas microcápsulas pelo método de DPPH 

 

  

O DPPH é um radical livre estável que potencialmente reage com compostos 

capazes de doar um átomo de hidrogênio. A atividade sequestradora do radical pela 
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rutina foi determinada pela mudança colorimétrica medida espectrofotometricamente em 517 

nm. Essa mudança ocorre devido à redução do radical DPPH (BLOIS, 1958; 

CASAGRANDE et al., 2007). 

Para a medida do sequestro do radical livre, 50 µL de amostra foi adicionada à 

mistura reacional contendo 1 mL de tampão acetato 0,1M (pH 5,5), 1 mL de etanol e 0,5 mL 

de solução etanólica de DPPH 250 µM. Foi preparada uma curva padrão com 

concentrações de 0,1 a 10µg/mL de rutina. A mudança na absorvância foi medida 

espectrofotometricamente após 15 minutos de incubação à temperatura ambiente. As 

amostras foram analisadas em triplicata. O branco foi constituído de 1 mL de tampão 

acetato 0,1M (pH 5,5) e 1,5 mL de etanol. O controle positivo não continha amostra; assim, 

indica o máximo de elétrons livres do DPPH, o qual é considerado 100% de radical livre na 

solução para calcular-se a capacidade doadora de hidrogênio (%) da rutina por meio da 

seguinte equação (2): 

  

% Atividade = (1 - absorvância da amostra/absorvância do controle) x 100              

(2) 

 

3.2.4 Desenvolvimento e validação de um método de CLAE para quantificação da FBP nas 

microcápsulas 

 

3.2.4.1 Condições cromatográficas 

 

 O sistema cromatográfico utilizado consistiu em um equipamento Shimadzu LC-10A 

equipado com um loop de 20 L e detector de índice de refração RID-10A. A integração dos 

picos foi realizada com software Class-VP. A coluna cromatográfica utilizada foi a Bio-Rad 

Aminex® HPX-87C (5 m; 300 x 7.8 mm), utilizando agua ultrapura como fase móvel e fluxo 

de 0,6 mL/min, sob temperatura de 80 ºC. As amotras foram preparadas em triplicada. 

 

3.2.4.2 Preparação das soluções padrão 

 

 O padrão de FBP foi dissolvido em água ultrapura obtendo uma solução de 1000 

g/mL. Esta solução foi diluída para se obter as seguintes concentrações: 50, 100, 200, 300 

and 500 g/mL. 
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3.2.4.3 Preparação das amostras de microcápsulas 

 

Microcápsulas (0,05g) contendo o equivalente a 8,33 mg de FBP foram transferidas 

para tubo Falcon e foi adicionado 10 mL de água ultrapura. Esta mistura foi agitada em 

vortex por 5 min e centrifugada a 9000 rpm por 10 min. Ao sobrenadante (1 mL) foram 

adicionados 3 mL de tampão acetato (pH 4,7), mantendo a mistura em repouso por 30 

minutos para precipitação da caseína. Esta solução foi centrifugada separando-se a 

caseína. A 1 mL do sobrenadante resultante adicionou-se 1 mL de etanol absoluto para 

precipitação da pectina. A mistura foi centrifugada e o sobrenadante injetado no sistema 

cromatográfico, após filtração. O mesmo processo foi realizado para microcapsulas sem 

fármaco. 

 

3.2.4.4 Validação do método 

 

 A validação do método cromatográfico foi realizada de acordo com o guia para 

validação de processos analíticos ICH, Os parâmetros analisados foram: especificidade, 

linearidade, limite de detecção e quantificação, precisão, exatidão e robustez. 

 

3.2.4.4.1 Especificidade 

 

A especificidade do método foi avaliada pela análise das soluções de 

microcápsulas. As amostras foram preparadas como descrito no item 3.2.4.3, e analisadas 

como descrito nas condições cromatográficas. Todas as análises foram realizadas em 

triplicata. A presença de interferentes ou sobreposição com o pico da FBP foi verificada 

através dos cromatogramas obtidos.  

 

3.2.4.4.2 Linearidade 

 

 Para avaliação da linearidade do método, soluções de FBP foram preparadas em 

cinco concentrações entre  50 – 500 μg/mL, como descrito no item 3.2.4.2. As soluções 
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foram preparadas em triplicata. A linearidade foi avaliada por regressão linear, através do 

método dos mínimos quadrados. 

 

3.2.4.4.3 Limite de detecção e limite de quantificação 

 

 Os parâmetros do limite de detecção (LOD) e do limite de quantificação (LOQ) 

foram determinados com base na area do pico e na inclinação (“slope”) da equação de 

regressão. As análises foram realizadas em triplicata. 

 

3.2.4.4.4 Precisão 

  

 A precisão do ensaio foi determinada pela repetibilidade (intra-ensaio) e precisão 

intermediária (inter-ensaio). Para repetibilidade foram analisadas diferentes concentrações 

de FBP nas amostras de microcápsulas (100, 150 e 200 g/mL, em triplicata), no mesmo dia 

e sob as mesmas condicões experimentais. A precisão intermediária foi realizada através da 

análise de soluções preparadas de microcápsulas contendo FBP, nas mesmas 

concentrações descritas acima, em três dias diferentes. 

 

3.2.4.4.5 Exatidão 

 

 Os experimentos para determinação da exatidão foram realizados utilizando o 

método para determinação da FBP nas microcápsulas. Soluções padrão (100, 300 and 500 

g/mL) foram adicionadas na proporção de 1:1 nas amostras de microcapsulas (preparadas 

conforme descrito no item 3.2.4.3). Os resultados representam a média de recuperação de 

cinco amostras independentes para cada concentração. 

 

3.2.4.4.6 Robustez 

 

 A robustez da metodologia foi avaliada utilizando um planejamento fatorial completo 

(23) (tabela 1). As variáveis selecionadas foram: concentração de etanol, pH do tampão 
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acetato, ambos utilizados para preparação das amostras de microcápsulas, e temperatura 

do forno de acondicionamento da coluna cromatográfica. O delineamento experimental foi 

obtido utilizando o programa Statistic 6.0, revelando os efeitos e nível de significância para 

cada variável. 

 

Tabela 1. Planejamento fatorial completo (23) para avaliação da robustez 

Ensaios Concentração 
de Etanol (%) 

pH do 
Tampão 

Temperatura 
do forno (

o
C) 

Concentração 
de Etanol (%) 

pH do 
Tampão 

Temperatura 
do forno (

o
C) 

1 -1,0 -1,0 -1,0 25,0 4,5 75,0 

2 1,0 -1,0 -1,0 75,0 4,5 75,0 

3 -1,0 1,0 -1,0 25,0 4,9 75,0 

4 1,0 1,0 -1,0 75,0 4,9 75,0 

5 -1,0 -1,0 1,0 25,0 4,5 70,0 

6 1,0 -1,0 1,0 75,0 4,5 70,0 

7 -1,0 1,0 1,0 25,0 4,9 70,0 

8 1,0 1,0 1,0 75,0 4,9 70,0 

9 0,0 0,0 0,0 50,0 4,7 80,0 

10 0,0 0,0 0,0 50,0 4,7 80,0 

11 0,0 0,0 0,0 50,0 4,7 80,0 

 

 

3.2.5 Avaliação do perfil de dissolução in vitro 

 

O teste de dissolução in vitro para microcápsulas contendo FBP e FBP não 

microencapsulada, ambas em quantidade correspondente a 133,0 mg de FBP,  foi realizado 

em aparelho Erweka DT-6, de acordo com as especificações da Farmacopéia Americana 

35a ed, com adaptações. Foi utilizado sistema de agitação mecânica a 100rpm e meio de 

dissolução água ultrapura com temperatura do meio igual a 37°C. As amostras foram 

coletadas e repostas nos tempos: 5min, 10min, 15min, 30min, 45min, 1h, 1h15, 1h30, 1h45, 

2h, 2h30, 3h, 3h30 e 4h. Alíquotas de 1 ml foram retiradas e misturadas com 3ml de tampão 

acetato pH 4,7. Após 30min esta mistura foi centrifugada por 10min a 9000rpm e 1 ml do 

sobrenadante foi misturado com 1ml de etanol e centrifugada por 10min a 9000rpm. O 
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sobrenadante foi retirado e a FBP foi quantificada por CLAE. Os resultados foram expressos 

como média (±EPM) de três determinações.  

 

3.2.6 Avaliação da eficácia terapêutica in vivo 

 

3.2.6.1 Modelo de inflamação na pata induzida por carragenina em camundongos 

 

3.2.6.1.1 Animais Experimentais 

 

Foram utilizados camundongos Swiss macho pesando 25-30g. Os camundongos 

foram criados no biotério Central da Universidade Estadual de Londrina e mantidos no 

Biotério do Departamento de Ciências Patológicas da Universidade Estadual de Londrina 

pelo menos 2 dias antes dos experimentos. Em ambos os biotérios foi utilizado ciclo de 

claro/escuro (12/12 h) com livre acesso a água e ração e temperatura controlada. Todos os 

testes comportamentais foram conduzidos durante o ciclo claro e em sala com temperatura 

controlada. A quantidade de animais e os procedimentos utilizados foram aprovados pelo 

Comitê de Ética para uso de animais da Universidade Estadual de Londrina, processo 

número 3321.2013.29 (FBP) e 3324.2013.58 (rutina). Todos os esforços foram realizados 

para reduzir o número de animais utilizados e o seu sofrimento. 

 

3.2.6.1.2 Indução da inflamação por carragenina 

 

A carragenina tem sido amplamente utilizada como estímulo inflamatório para 

indução de edema, migração celular e hiperalgesia. Nesse modelo foram administrados 300 

µg (POSSEBON et al., 2014) ou 100 µg (CUNHA et al., 2005) de carragenina em 25 µl de 

salina via subcutânea na face plantar da pata do camundongo. Os animais foram tratados 

via oral com o fármaco não microencapsulado, sendo 300mg/kg de FBP (VALÉRIO et al., 

2009) ou 100mg/kg de rutina (dados não publicados Sandra S. Mizokami e colaboradores); 

fármaco microencapsulado (equivalente a 300mg/kg de FBP ou 100mg/kg de rutina) ou 

microcápsulas sem fármaco (equivalente a quantidade de microcápsulas com fármaco). Os 

tratamentos foram realizados 15min (FBP) (VALÉRIO et al., 2009) ou 1h (rutina) (dados não 

publicados Sandra S. Mizokami e colaboradores) antes da aplicação do estímulo. O grupo 

controle negativo da inflamação recebeu injeção intraplantar de salina (25 µl). Nos 
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experimentos com a FBP foram avaliados a hiperalgesia mecânica (“dor”) pelo teste de 

pressão crescente na pata e o edema por paquímetro, previamente ao estímulo e 1, 3 e 5h 

após o estímulo. No experimento com a rutina foi avaliada a hiperalgesia mecânica (“dor”) 

pelo teste de pressão crescente na pata, previamente ao estímulo e 30min, 1, 3, 5 e 7 h 

após o estímulo. 

 

a)  Avaliação da hiperalgesia mecânica (“dor”) pelo teste de pressão crescente na pata 

 

 A hiperalgesia mecânica (aumento da sensibilidade ao estímulo mecânico doloroso) 

foi avaliada por uma versão eletrônica dos filamentos de Von Frey como previamente 

descrito (CUNHA et al., 2004). Brevemente, os animais foram colocados em gaiolas de 

acrílico (12×10×17 cm) com piso de grade de arame, 15-30min antes do início do teste. O 

teste consistiu em realizar uma pressão na pata traseira do animal com um transdutor de 

força (analgesímetro eletrônico; Insight) adaptado com uma ponteira de polipropileno (0.5 

mm2). O investigador foi treinado para aplicar a ponteira perpendicularmente na área central 

da pata com um aumento gradual da pressão, caracterizando comportamento nociceptivo. O 

ponto final foi caracterizado pela remoção da pata seguida de movimento de sacudida. Após 

a retirada da pata, a intensidade da pressão foi registrada automaticamente. O valor foi 

obtido a partir da média de três medições. Os animais foram testados antes e após o 

tratamento. Os resultados foram expressos pelo delta (Δ) do início da retirada (in g) 

calculado pela subtração da média dos valores obtidos em 30min, 1, 3, 5 e 7 h (rutina) ou  1, 

3, 5h (FBP) após o estímulo e a média dos valores obtidos no tempo zero. Os dados foram 

apresentados como media ± EPM de 6 camundongos por grupo por experimento, e os 

experimentos foram realizados em duplicata.  

 

b) Avaliação do edema de pata 

 

 As alterações no volume da pata (formação de edema) foram determinadas 

utilizando paquímetro. Foram realizadas medições no tempo 0 (antes da injeção intraplantar 

do estímulo) e 1, 3 e 5 horas após o estímulo nociceptivo com carragenina. A variação do 

volume da pata foi determinada pelo delta entre os tempos decorridos após a administração 

do estímulo e o tempo zero ou basal do animal, e o resultado expresso em mm/pata 
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(ZARPELON et al., 2013). Os dados foram apresentados como media ± EPM de 6 

camundongos por grupo por experimento, e os experimentos foram realizados em duplicata.  

 

3.2.6.1.3 Análise estatística dos resultados 

 

 Os dados obtidos foram analisados utilizando ANOVA de uma via seguida do teste 

de comparações múltiplas de Tukey. As diferenças foram consideradas significativas 

quando P < 0.05 foi obtido. As análises estatísticas foram realizadas utilizando o software 

GraphPad Prism® 4.0. 

 

3.2.6.2. Modelo de inflamação/estresse oxidativo induzido por radiação UVB 

 

3.2.6.2.1 Preparo das formulações tópicas 

 

Primeiramente foi preparada uma formulação base de creme não iônico, utilizando 

a cera auto-emulsionante Polawax®. Nesta preparação, o polawax (10%) e triglicerídeos de 

ácido cáprico e caprílico (5%) foram misturados e aquecidos a 70oC. Separadamente, foram 

misturados propilenoglicol (6%) e agua deionizada (qsp 100ml) e aquecido a 70oC. Após 

aquecimento as fases foram misturadas e agitadas até resfriamento (40oC). Foi então 

acrescentada uma solução etanólica de metilparabeno (10%) e propilparabeno (2%). A essa 

formulação foram incorporadas quantidades de rutina em pó ou rutina microencapsulada 

correspondentes a 1% da formulação preparada. As microcápsulas de rutina foram 

previamente preparadas conforme descrito no item 3.2.1. 

 

3.2.6.2.2 Animais experimentais 

 

 Foram utilizados camundongos sem pelo da linhagem HRS/J, machos ou fêmeas, 

adultos e com peso de 20 a 30 g. Os animais foram fornecidos e mantidos no biotério do 

Hospital Universitário de Londrina-PR, em sala com temperatura controlada, ciclo 

claro/escuro de 12h e com livre acesso a água e ração. Os experimentos foram conduzidos 
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conforme as normas do Comitê de ética em experimentação animal da Universidade 

Estadual de Londrina (processo n° 27025.2013.10). 

 

3.2.6.2.3 Sistema e fonte de radiação UVB 

 

  A fonte de luz utilizada nos experimentos para indução de estresse oxidativo 

foi uma lâmpada UVB fluorescente modelo PHILIPS TL/12 40W RS (Medical). A lâmpada 

emite radiação (4,14J/cm2) na faixa de λ de 270 a 400 nm com pico máximo de emissão em 

torno de 313 nm. A lâmpada foi instalada em um compartimento de madeira desenvolvido 

para a indução do estresse oxidativo. A medida da irradiância foi realizada utilizando-se um 

radiômetro (IL 1700) com detectores para radiação UV (SED 005) e, especialmente, para 

UVB (SED 240). Os animais foram colocados em caixas de plástico e cobertos com uma 

tela plástica para garantir a total exposição da região dorsal. Um rodízio com as caixas 

contendo os animais foi realizado devido às variações de radiação ao longo da lâmpada. Os 

animais ficaram a 20 cm da fonte de radiação e movimentavam-se livremente na caixa 

(CASAGRANDE et al., 2006). 

 

3.2.6.2.4 Protocolo experimental para administração das formulações tópicas 

 

Os camundongos foram aleatoriamente distribuídos em diferentes grupos com 5 animais 

cada:  

- grupo 1: controle não irradiado 

- grupo 2:  controle irradiado 

- grupo 3:  irradiado e tratado com formulação tópica sem fármaco 

- grupo 4:  irradiado e tratado com formulação tópica contendo rutina não microencapsulada 

- grupo 5: irradiado e tratado com formulação tópica contendo microcápsulas sem fármaco 

- grupo 6: irradiado e tratado com formulação tópica contendo rutina microencapsulada.  

Os camundongos foram tratados topicamente, na parte dorsal, com 0,5g de 

formulação contendo 1% de rutina (em pó ou microencapsulada), 12h, 6h, imediatamente 

antes e 6 h após o início da sessão de irradiação UVB (Figura 3). Os grupos foram 
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irradiados simultaneamente. Os animais foram terminalmente anestesiados com 1,5% de 

isoflurano 12 h (edema, FRAP, ABTS, GSH e MMP-9), 2h (NBT e catalase) ou 4h (citocinas 

e PCR) após exposição a radiação UVB, e a pele da parte dorsal foi removida e lavada com 

NaCl 145 mM. Nos testes em que a coleta foi realizada 2 h e 4 h após exposição à radiação, 

os animais foram decapitados imediatamente após anestesia e amostras de pele da região 

dorsal foram coletadas. As amostras foram armazenadas a -70°C para análises 

subsequentes, exceto as amostras coletadas para verificação do edema cutâneo, que foram 

pesadas após serem removidas e não foram congeladas (CASAGRANDE et al., 2006; IVAN 

et al., 2014). 

 

 

 

Figura 3. Esquema geral dos protocolos experimentais para avaliação da eficácia de 

formulação tópica contendo rutina microencapsulada. Os animais foram irradiados com 

radiação UVB durante 5 horas e 30 min (4,14 J/cm2). Doze horas, seis horas, imediatamente 

antes da radiação e trinta minutos após o início da radiação os animais foram tratados com 

as formulações tópicas. Os animais foram eutanasiados e amostras de pele foram coletadas 

2 horas (para os testes de NBT e atividade da CAT), 4 horas (para citocinas e expressão de 

RNAm por PCR quantitativo) e 12 horas (para os testes de edema, atividade de 

metaloproteinase-9 (MMP-9), níveis de glutationa reduzida (GSH), avaliação do poder 

antioxidante redutor de ferro (FRAP) e transferência de elétrons ao radical ABTS), após o 

fim da radiação UVB. 

 

3.2.6.2.5 Avaliação do edema de pele 

 

 Após remoção da pele do dorso de cada animal, uma área padronizada de pele (5 

mm de diâmetro) foi coletada com auxílio de um molde de área fixa, e posteriormente 

pesada (AFAQ; ADHAMI; AHMAD, 2003; BATHIA et al., 2011). O efeito das formulações no 

edema induzido por radiação UVB foi mensurado pelo aumento da espessura da pele na 
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região dorsal. A análise foi realizada pela comparação do peso da pele entre os diferentes 

grupos e o resultado foi expresso em mg de pele. 

 

3.2.6.2.6 Avaliação da redução da secreção/atividade da metaloproteinase 9 (MMP-9) 

 

Para determinação de MMP-9 com atividade gelatinase foi utilizada zimografia em 

gel de poliacrilamida com duodecil sulfato de sódio (SDS-PAGE).  

As amostras de pele foram diluídas (1:4) e homogeneizadas em tampão Tris/HCl 50 

mM (pH 7,4) contendo cloreto de cálcio (CaCl2) 10 mM e 1% de inibidores de proteinases 

(fenantrolina, fluoreto de fenilmetilsulfonila e N-etilmaleimida) com auxílio de triturador de 

tecido (Tissue-Tearor, Biospec). O homogenato foi duplamente centrifugado a 12.000 g por 

10 min a 4°C. Alíquota de 50 µL do sobrenadante foi coletada e diluída em 10 µL de tampão 

Tris/HCl (pH 6,8) contendo 20% de glicerol, 4% de duodecil sulfato de sódio (SDS) e 0,005% 

de xileno cianol. Para aplicação no gel de eletroforese foi utilizado 25 µL dessa mistura. O 

gel de eletroforese foi preparado utilizando-se 10% de acrilamida e 0,025% de gelatina. 

Após a eletroforese, o gel foi lavado com solução de triton X-100 2,5% por 1 hora, sob 

constante agitação e incubado por 12 horas em tampão tris-HCl 50mM (pH 7,4), contendo 

CaCl2 5mM e azida sódica 0,02% a 37C. Após incubação, o gel foi corado com Coomassie 

Blue 350-R e descorado com ácido acético 20%. Zonas de atividade enzimática foram 

detectadas como regiões de coloração negativa contra um fundo escuro. A atividade 

proteolítica foi analisada comparando as bandas dos diferentes grupos pelo programa 

ImageJ (NIH, Bethesda, MD, USA). A dosagem de proteína das amostras foi realizada 

utilizando-se o método de Lowry (LOWRY et al., 1951). 

 

3.2.6.2.7 Avaliação do poder antioxidante redutor de ferro (ensaio de FRAP) 

 

As amostras de pele (aproximadamente 30 mg) foram homogeneizadas em 500 μL 

de KCl (1,15%) com auxílio de um triturador de tecido (Tissue-Tearor, Biospec) e 

centrifugadas a 1.000 g por 10 min a 4°C, com retirada do sobrenadante para a análise. 

Para a reação, foram utilizados 30 μL do sobrenadante e 1 mL de reagente FRAP. O 

reagente de FRAP foi preparado adicionando 2,5 mL de uma solução 10 mM de 2,4,6 

tripiridil-S-triazina (TPTZ) em HCl 40 mM a 2,5 mL de FeCl3.6H2O e 25 mL de tampão 

acetato 0,3 mM (pH 3,6), e esta solução foi incubada a 37°C por 30 min antes do uso. Foi 

realizada a leitura da reação em espectrofotômetro a 595 nm (EnSpire, Perkin Elmer). 
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Soluções padrão com diferentes concentrações de trolox (0,01-20 nmol) foram utilizadas 

para calibração. Os resultados foram expressos como nmol equivalente de Trolox/mg de 

pele (KATALINIC et al., 2005). 

 

3.2.6.2.8 Avaliação do sequestro do radical 2,2’,azinobis(3-etilbenzotiazolina-6-ácido 

sulfônico) (ABTS+) (ensaio de ABTS) 

 

O ensaio é baseado na diminuição da absorvância devido ao sequestro do radical 

ABTS. Amostras de pele (aproximadamente 30 mg) foram homogeneizadas em 500 μL de 

KCl (1,15%) com auxílio de um triturador de tecido (Tissue-Tearor, Biospec) e centrifugadas 

a 1.000 g por 10 min a 4°C, com retirada do sobrenadante para análise. Para a reação foi 

adicionado 40 μL do sobrenadante a 1 mL de solução de ABTS diluída. A solução de ABTS 

foi preparada reagindo 7 mM da solução de ABTS com 2,45 mM de persulfato de potássio. 

A mistura foi armazenada em frasco âmbar e em temperatura ambiente por no mínimo 16 

horas antes do uso. A solução ABTS para uso na reação foi diluída com tampão fosfato (pH 

7,4) até uma absorbância de 0,700 a 0,800 em 730 nm. A reação foi incubada por 6 min e 

posteriormente foi realizada a leitura em 730 nm (EnSpire, Perkin Elmer). Soluções padrão 

com diferentes concentrações de trolox (0,01-20 nmol) foram utilizadas para calibração. Os 

resultados foram expressos como nmol equivalente de Trolox/mg de pele (KATALINIC et al., 

2005; IVAN et al., 2014). 

 

3.2.6.2.9  Avaliação dos níveis do antioxidante endógeno glutationa reduzida (GSH)  

 

O GSH é um dos principais antioxidantes endógenos sendo seus níveis diminuídos 

pela exposição da pele a radiação UV (FUCHS, 1998). O método baseia-se na detecção do 

ácido 5-mercapto-2-nitrobenzóico, um composto amarelo, liberado pela quebra da ligação 

dissulfeto do ácido 5’,5’-ditio-bis-(2-nitrobenzóico) (DTNB) pelo grupo sulfidrila da glutationa 

(HUBER; ALMEIDA;  FÁTIMA, 2008). 

As amostras de pele foram diluídas (1:4) em EDTA 0,02 M e homogeneizadas com 

auxilio de triturador de tecido (Tissue-Tearor, Biospec). Ao homogenato foi adicionado ácido 

tricloroacético (TCA) 50% na proporção de 1:0,2 de EDTA e TCA, respectivamente. A 

mistura foi centrifugada a 2.700 g por 10 min a 4°C. O sobrenadante foi novamente 

centrifugado a 2.700 g por 10 min a 4°C, e o sobrenadante final foi retirado para análise. O 

ensaio para quantificação dos níveis de GSH na pele foi realizado em microplaca por adição 
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de 50 µL de amostra ao meio reacional contendo 100 µL de tampão Tris 0,4 M (pH 8,9) e 5 

µL de uma solução de ácido 5,5’-ditio-bis-(2-nitrobenzóico) (DTNB) em metanol (1,9 mg/mL 

de metanol). A absorvância foi determinada após 5 min de incubação a 405 nm (Asys Expert 

Plus, Biochrom). A curva analítica foi preparada com 5 a 150 µM de GSH. Os resultados 

foram expressos em μM de GSH/ mg de pele (MORON; DEPIERRE; MANNERVIK, 1979; 

SRINIVASAN; SABITHA; SHYAMALADEV, 2007). 

 

3.2.6.2.10 Avaliação dos níveis do antioxidante endógeno catalase (CAT)  

 

A atividade da CAT foi avaliada através da medida da redução da concentração de 

peróxido de hidrogénio (H2O2) e produção de oxigênio, conforme descrito anteriormente 

(AEBI, 1984). Amostras de pele (aproximadamente 100 mg) foram homogeneizadas em 500 

μL de EDTA 0,02 M com auxílio de um triturador de tecido (Tissue-Tearor, Biospec) e 

centrifugadas duas vezes a 2700 g por 10 min a 4°C. O sobrenadante da amostra (10 μL) foi 

misturado com 160 µL de tampão Tris-HCl 1 M contendo EDTA 5 mM pH 8,0, 20 µL de água 

deionizada e 20 µL de H2O2 200 mM. A medida da atividade da CAT foi estimada através da 

diferença entre a leitura inicial e a leitura realizada 30 segundos após a adição de H2O2 a 

240 nm em espectrofotômetro (EnSpire, Perkin Elmer) a 25ºC. Os resultados foram 

expressos como unidade de CAT/mg de pele/minuto. 

 

3.2.6.2.11 Avaliação da produção de ânion superóxido (O2
•-) 

 

Após exposição a radiação UVB, O2
•- é produzido em grande quantidade 

(CAMPANINI et al., 2013), aumentando os níveis de H2O2, o que favorece a geração do 

radical hidroxil (HO•), um derivado citotóxico (GUTTERIDGE, 1986). A quantificação da 

produção de O2
•- nos homogenatos de tecido (aproximadamente 100 mg em 500 μL de 

EDTA 0,02 M) foi realizada utilizando o ensaio de NBT (nitroblue tetrazolium) (CAMPANINI 

et al., 2013). Resumidamente, 50 μL de cada homogenato foi incubado em placa com 96 

poços por 1 h. O sobrenadante foi cuidadosamente retirado e as células aderidas nos poços 

foram incubadas com 100 μL de NBT (1 mg/ml) por 15 min. O sobrenadante foi 

cuidadosamente removido e as células foram fixadas com 20 μL de metanol. Partículas de 

formazan foram dissolvidas pela adição de 120 μL de KOH 2M e 140 μL de dimetilsulfoxido. 

A redução do NBT para formazan foi medida em 600 nm utilizando espectrofotometro (Asys 
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Expert Plus, Biochrom) e os resultados foram expressos como densidade optica (OD) por 10 

mg de pele. 

 

3.2.6.2.12 Transcrição reversa e reação em cadeia de polimerase quantitativa (RT-qPCR)  

 

RT-qPCR foi realizada conforme previamente descrito (CAMPANINI et al., 2013). 

Amostras de pele foram homogeneizadas em reagente de trizol, e o RNA total foi isolado de 

acordo com as instruções do fabricante. A pureza do RNA total foi medida com 

espectrofotômetro e a taxa de absorção em 260/280 nm ficou entre 1,8 e 2,0 para todas as 

preparações. Transcrição reversa do RNA total para cDNA, e qPCR foi realizada utilizando 

kit GoTaq® 2-Step RT-qPCR (Promega) e primers específicos. A qPCR foi realizada em 

sistema StepOnePlusTM PCR em tempo real (Applied Biosystems®). A expressão do gene 

relativo foi quantificada utilizando o método comparativo 2-(∆∆Cq). A expressão de Gapdh 

mRNA foi utilizada como controle. Os primers utilizados foram: Gp91phox, sense: 5’-

AGCTATGAGGTGGTGATGTTAGTGG-3’, antisense: 5’-

CACAATATTTGTACCAGACAGACTTGAG-3’; IL-1beta sense 5’- 

GAAATGCCACCTTTTGACAGTG-3’, antisense 5’- TGGATGCTCTCATCAGGACAG-3’; 

TNF-alfa sense 5’- TCTCATCAGTTCTATGGCCC -3’, antisense 5’- 

GGGAGTAGACAAGGTACAAC -3’; IL-10 sense 5’-TCTCATCAGTTCTATGGCCC-3’, 

antisense 5’-GGGAGTAGACAAGGTACAAC-3’; e Gapdh sense 5-

ATGACATCAAGAAGGTGGTG-3, antisense: 5’-CATACCAGGAAATGAGCTTG-3. 

 

3.2.6.2.13 Análise estatística dos resultados 

 

 Os resultados foram expressos como média ± erro padrão da média (EPM) de 5 

animais por grupo por experimento e são representativos de dois experimentos separados. 

Os dados obtidos foram analisados utilizando ANOVA de uma via seguida do teste de 

comparações múltiplas de Tukey. As diferenças foram consideradas significativas quando P 

< 0.05 foi obtido. As análises estatísticas foram realizadas utilizando o software GraphPad 

Prism® 4.0. 
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Graphical Abstract 

 

Photomicrographs of fructose-1,6-bisphosphate-loaded microcapsules obtained by scanning 

electron microscopy, increase of 10000x. 
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Abstract 

 

This study validated a high performance liquid chromatography (HPLC) method for the 

quantitative evaluation of fructose-1,6-bisphosphate (FBP)-loaded microcapsules. The 

method was linear within 50 – 500 μg/mL range with a correlation coefficient of 0.9999, and 

without interference in the FBP peak. The detection and quantitation limits were 1.98 and 

6.60 µg/mL, respectively. The intra- and inter-assay precisions presented relative standard 

deviation values between 1.3 and 13.2%. An average of 90.33%, 96.21% and 78.78% of FBP 

was recovered for 100, 300 and 500 g/mL concentrations, respectively. The results 

demonstrated acceptable linearity, sensitivity and accuracy for the purpose of the analysis. 

The method reported is a reliable HPLC technique useful for FBP-loaded microcapsules 

evaluation. 

 

Keywords: Fructose-1,6-bisphosphate; microcapsules; pectin/casein. 

 

Introduction 

  

Fructose-1,6-bisphosphate (FBP), is a intermediate of glycolytic route whose pharmacological 

effects include: reduction of paw edema induced by carrageenan in rats;
1
 apoptosis and 

oxidative stress in galactosamine sensitized hepatocytes;
2  

 protective effect on renal function 

and renal parenchyma in model of cisplatin-induced nephrotoxicity in rats;
3  

inhibition of 

platelet aggregation induced by adenosine diphosphate in experimental sepsis in rats
4 

and 

reduction of mechanical hyperalgesia (decrease in the nociceptive threshold)
5 

in experimental 

models. 
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Microencapsulation technology has been widely used in the pharmaceutical area, mainly in 

the preparation of drug delivery systems.
6 

The placement of drugs in modified release systems 

prevents rapid and complete drug release, resulting in better therapeutic efficacy and patient 

adherence to treatment.
7
  

The ability of an analytical method to quantify a drug is of great importance to ensure quality, 

safety and efficacy pharmaceuticals. High performance liquid chromatography (HPLC) 

methods are very useful in the determination of drugs and present significant improvement of 

sensitivity compared to previous methods.
8 

However, before an analytical method can be 

implemented for use, it must be validated to demonstrate that it is efficient for the intended 

purpose.
9 

In this sense, this work demonstrate a valuable tool in the pharmaceutical analysis, 

which a HPLC validated assay for the analysis of FBP-loaded microcapsules. To our 

knowledge, this is the first study to demonstrate the validation of method for quantification of 

the microcapsules containing FBP.
 

 

Experimental 

 

Materials 

Fructose-1,6-bisphosphate was obtained from Sigma (St Louis, MO, USA) and used as 

standard. Pectin USP (68% of esterification) from CPKelco (Limeira, SP, Brazil); casein from 

Katuffman & Co (Kehl, Baden-Württemberg, Germany); citric acid, sodium hydroxide, 

chloride acid and potassium phosphate from Merck (analytical grade, Darmstadt, Hessen, 

Germany); tween 20® from Synth (Diadema, SP, Brazil). All other reagents used were 

pharmaceutical or chromatographic grade. 
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Microcapsules 

FBP-loaded microcapsules were prepared by dispersion in distilled water (solid content 10%, 

w/v) of the polymers pectin and casein under constant mechanical shaking. Sodium hydroxide 

(4.0 M) was used to adjust pH to 8.0 + 0.1.
10

 After complete dispersion, FBP was added at the 

proportion of 1:5 (drug:polymer). Microcapsules were obtained by slow and gradual reduction 

of pH from 8.0 + 0.1 to 4.0 + 0.1 with 1.0 M citric acid. Then, the wall of microcapsules was 

hardened by adding glutaraldehyde (50 µl/g polymer) with constant shaking for additional 30 

minutes.
11,12 

The same methodology was used to prepare microcapsules containing no drug 

(blank microcapsules). Microcapsules were dried in a lyophilizer (Edwards, model Pirani 

501) during 24 h. 

 

Chromatographic conditions  

The chromatographic system consisted of a Shimadzu LC-10A equipped with a 20 L loop 

and RID-10A refractive index detector. Integration of the chromatographic peaks was 

achieved with software Class-VP. Chromatography was performed on a Bio-Rad Aminex
®

 

HPX-87C column (5 m; 300 x 7.8 mm i.d.), with a mobile phase of ultrapurified water and 

flow rate of 0.6 mL/min under a temperature of 80 ºC. Each sample was prepared in triplicate. 

The volume injected was 20 L. 

 

Preparation of standard solutions 

Standard FBP was dissolved in ultrapure water obtaining a solution of 1000 g/mL. Then, 

this FBP aqueous solution was diluted with mobile phase to yield the following 

concentrations: 50, 100, 200, 300 and 500 g/mL. 
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Preparation of samples of microcapsules 

Accurately weighed 0.05 g of microcapsules containing the equivalent to 8.33 mg of FBP was 

transferred to Falcon tube and added 10 mL of ultrapure water. This mixture was stirred in 

vortex for 5 min and centrifuged at 9000 rpm for 10 min. The supernatant (1 mL) was mixture 

with 3 mL of acetate buffer pH 4.7 and resting for 30 min. This solution was centrifuged 

(9000 rpm for 10 min), and the supernatant (1 mL) was mixture with 1mL of absolute ethanol. 

This solution was centrifuged (9000 rpm for 10 min) and the supernatant was injected, after 

filtration. The same procedure was performed for blank microcapsules (without drug).  

 

Method validation 

The validation was performed based on the ICH Guidance,
13

 taking into account the 

parameters required for assaying dosage forms.  

Specificity 

The specificity of the method was evaluated by analyzing of microcapsules solutions. The 

samples were prepared as described in the preparation of samples of microcapsules section, 

and analyzed as described in the chromatographic conditions. All analyses were performed in 

triplicate. The system response was examined through the presence of interference or overlaps 

with the FBP responses. 

Linearity 

For linearity experiments, solutions of FBP were prepared at five concentrations within the 

range of 50 – 500 μg/mL as described in the preparation of standard solutions section. The 
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solutions were prepared in triplicate. The linearity was evaluated by linear regression analysis, 

which was calculated by the least square regression method. 

Limit of detection and limit of quantitation 

The limit of detection (LOD) and limit of quantitation (LOQ) parameters were determined on 

the basis of peak area and the slope of the regression equation. Analysis was performed in 

triplicate. 

Precision 

The precision of the assay was determined by repeatability (intra-assay) and intermediate 

precision (inter-assay). Repeatability was evaluated by analysis of three determinations at 

different concentrations of FBP in microcapsule samples (100, 150 e 200 g/mL, in 

triplicate), in the same day under the same experimental conditions. The intermediate 

precision was studied by assaying freshly prepared solutions of FBP-loaded microcapsules on 

three different days. 

 

Accuracy 

The accuracy experiments were performed applying the method to quantify FBP-loaded 

microcapsules. The standard solutions (100, 300 and 500 g/mL) were added in proportion of 

1:1 in microcapsules samples. The results represent the mean of recovery for five independent 

samples at each concentration. 

 

Robustness 

The robustness of the methodology was evaluated using a full factorial design (2
3
). The 

variables selected were: ethanol concentration, pH of buffer solution used for preparation of 
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samples of microcapsules and temperature of the chromatographic column conditioning. The 

experimental design was obtained using the Statistic 6.0 Program,
14 

revealing the effects and 

significance level for each variable. 

 

Results and Discussion 

 

Specificity 

Firstly, analytical experiments addressed whether the polymers of microspheres would 

interfere over FBP quantification since microparticles are prepared with pectin and casein 

components. The specificity was carried out through the comparison of the peak retention 

time of the FBP-loaded microcapsule samples and blank microcapsules samples, before and 

after treatment with acetate buffer and ethanol. In the employed chromatographic conditions, 

FBP presented a retention time of approximately 6.1 minutes for standard solution (Figure 

1A). Figure 1B and 1C shows the chromatogram of casein and pectin with retention time of 

approximately 6.3 and 5.88 minutes, respectively. Chromatogram of blank microcapsules 

sample and FBP-load microcapsules sample (Figure 2A and 2B, respectively), before 

treatment with acetate buffer and ethanol, presenting the polymers interference in 6.27 and 

6.19 minutes, very close of retention time detected in FBP standard solution. However, no 

interference was detected after treatment (Figure 3A and 3B), since no peak was detected in 

the same retention time of FBP (Figure 3A), demonstrating the importance of microcapsule 

samples treatment for evaluation of FBP-loaded microcapsules for proposed method. 
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Figure 1. Chromatograms of fructose-1,6-bisphosphate (FBP) standard solution (A); solution 

of casein (B) and pectin (C). Chromatographic conditions: Bio-Rad Aminex
®

 HPX-87C 

column, 250 x 4.6 mm, mobile phase: ultrapurified water, 0.6 mL/min. 

  

A 

B 

C 
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Figure 2. Chromatograms of blank microcapsules sample (A) and FBP-load microcapsules 

sample (B), before treatment. Chromatographic conditions: Bio-Rad Aminex
®

 HPX-87C 

column, 250 x 4.6 mm, mobile phase: ultrapurified water, 0.6 mL/min. 

  

A 

B 
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Figure 3. Chromatograms of blank microcapsules sample (A) and FBP-loaded microcapsules 

sample (B), after treatment. Chromatographic conditions: Bio-Rad Aminex
®
 HPX-87C 

column, 250 x 4.6 mm, mobile phase: ultrapurified water, 0.6 mL/min. 

  

A 

B 
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Linearity 

Analytical curves for FBP were fitted by plotting concentration versus the corresponding peak 

area. Satisfactory linearity was detected in the 50 – 500 μg/mL range. The representative 

linear equation was y = 194.0x - 679.2, with a highly significant correlation coefficient (r = 

0.9999) for the method. The detection and quantitation limits were calculated based on the 

standard deviation of the peak area and the slopes of the calibration curves. The values were 

found to be 1.98 and 6.60 µg/mL, respectively, indicating the good sensitivity of the method. 

Precision and accuracy 

The precision of the method was determined by repeatability (intra-assay) and intermediate 

precision (inter-assay), and shown as the relative standard deviation (R.S.D) in Table 1. The 

intra- and inter-assay precisions presented R.S.D. values lower than 14%. Considering that 

regulatory agency
15 

recommended that the precisions should be up to 15%, and seeing the 

complexity of the sample, values obtained by the HPLC method are acceptable for both intra 

and inter-day evaluations. The accuracy of the method was determined and the mean 

recoveries for 100, 300 and 500 g/mL were 90.33%, 96.21% and 78.78%, respectively. 

 

Table 1. Intra-assay and inter-assay precision for HPLC determination of FBP-loaded 

microcapsule samples 

Concentration (µg/ml) Precision 

 RSD
a
 (Intra-assay)            RSD

a
 (Inter-assay) 

100 1.70 – 8.50                           13.21 

150 2.60 – 6.88                            7.41 

200 1.31 – 5.46                            5.31 

a
RSD: Relative standard deviation. 
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Robustness 

In robustness tests, the significant variables were related to microcapsule samples preparation, 

especially the large effect of ethanol concentration (p: 0,00007). The buffer acetate pH used in 

treatment of samples was also significant (p: 0,022); while the temperature of column oven 

has no presented significant effect in studied variation range (p: 0,86).   

 

Conclusions 

Concluding, the present work proposed a reliable HPLC technique useful for routine quality 

control for FBP-loaded microcapsules evaluation. The treatment of microcapsule samples 

ethanol and acetate buffer enabled quantification of FBP. 
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4.2 Microencapsulation improves the analgesic and anti-inflammatory efficacy of 
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Abstract  

Objectives Improve the analgesic and anti-inflammatory effects of fructose-1,6-bisphosphate 

(FBP) by modulating its release. 

Methods Microcapsules were prepared by coacervation, particle size was evaluated by light 

scattering, encapsulation efficiency was quantified by HPLC, dissolution study was 

performed according USP specifications, the analgesic and anti-inflammatory effects were 

performed in carrageenan-induced paw inflammation in mice, crystallinity was investigated 

by differential scanning calorimetric (DSC) and X Ray diffraction. 

Key findings Microcapsules presented spherical shape and homogeneous size with an 

average of 2650 nm. Microencapsulation efficiency was 25%. FBP was immediately available 

when dissolved in water while FBP was gradually released from microcapsules reaching 

maximal levels after 45 min demonstrating its prolonged release. FBP-loaded microcapsules 

showed greater analgesic efficacy (62%) than non-microencapsulated FBP (44%) although 

there was no statistical difference. Importantly, FBP-loaded microcapsules reduced by 59% 

carrageenan-induced paw edema with significant statistical differences compared to non-

microencapsulated FBP (17%). DSC and X Ray diffraction analysis showed that FBP form 

was changed from crystalline to amorphous state by microencapsulation process. 

Conclusions FBP microencapsulation prolonged its release and changed its form from 

crystalline to amorphous state explaining the increase of analgesia and anti-inflammatory 

efficacy of FBP. Therefore, microencapsulation can be used to successfully improve FBP 

therapeutic efficacy. 

Keywords: Delivery systems, microcapsules, Fructose-1,6-bisphosphate, inflammation, pain. 
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Introduction  

 

The development of novel approaches of drug release are widely applied in 

pharmacotherapy since improve their biopharmaceutical profile. The achievement of more 

constant and longer plasma profiles has proved to be important characteristics for adherence 

of the patient to treatment and therapeutic efficacy.
[1] 

Multiparticulate systems such as 

microcapsules and microspheres have been developed to control drug release applying varied 

polymeric matrices and methodologies. Microcapsules are formed by covering droplets, 

dispersions or small solid particles by a layer or a polymer wall
[2]

 while microspheres are 

particles of spherical shape in which drugs are found dissolved or scattered in a matrix.
[3] 

Microparticles size varies between 10 µm and 2500 µm.
[3, 4]

 

The release mechanism from microcapsules involves processes of diffusional nature 

and/or enzymatic degradation of the polymer net.
[5-9]

 Microencapsulation is a versatile process 

allowing the controlled release of varied drugs by optimizing physicochemical character of 

the polymer and drug as well as using suitable preparation techniques to each drug.
[10-12]

 

Fructose-1,6-bisphosphate (FBP) is a high energy intermediate of  glycolytic 

pathway with many pharmacological activities including reduction of tissue damage 

associated with ischemia, shock and toxic injury;
[13] 

prevention of inflammation induced by 

carrageenan in rats;
[13] 

preservative effect of myocardial cells;
[14] 

hepatocyte protection against 

galactosamine-induced cell damage;
[15] 

protective effect over renal function and renal 

parenchyma in a rat experimental model of cisplatin-induced nephrotoxicity;
[16] 

inhibition of 

platelet aggregation induced by adenosine diphosphate and ameliorates coagulation alterations 

in experimental sepsis in rats.
[17] 

These effects support the therapeutic potential of FBP.
[18]

 

Analgesia is an important activity of FBP, which has been described in a model of 

carrageenan-induced paw inflammation.
[19] 

In this model, the analgesic effect of FBP was 
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related to increasing serum levels of adenosine, which acts peripherally at neuronal adenosine 

A1 receptors to induce analgesia.
[19, 20] 

Furthermore, FBP did not affect carrageenan-induced 

production of the hyperalgesic cytokines and neutrophil recruitment, disproving these would 

be mechanisms underlying its analgesic effect.
[19] 

In this previous study, we used 15 min of 

pretreatment with FBP because longer pretreatment time lessened the analgesic effect of FBP. 

A probable explanation for the influence of time of pretreatment would be that bolus 

administration of FBP rapidly increases adenosine levels, however, adenosine deaminase 

degrades adenosine.
[21] 

Therefore, an increase of adenosine at a single time point would not 

allow binding of all adenosine molecules to adenosine receptors due to its degradation. In 

agreement with this possibility, treatment with adenosine deaminase reversed the anti-

inflammatory effects of FBP demonstrating its activity is sensible to the activity of this 

enzyme.
[22] 

Therefore, we reason that prolonging the release of FBP could contribute to 

improve its analgesic and anti-inflammatory efficacy by allowing more adequate timing of 

FBP-induced increase of adenosine levels and activation of adenosine A1 receptors. 

In view of the information presented above, microcapsules containing FBP were 

developed and characterized aiming to improve the analgesic and anti-inflammatory efficacy 

of FBP. 
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Materials and methods   

 

Materials 

 Materials were obtained from the indicated sources: Pectin USP (68% of 

esterification) from CPKelco (Limeira, SP, Brazil); casein from Kauffman & Co (Germany); 

citric acid, sodium hydroxide, chloride acid and potassium phosphate from Merck (Darmstadt, 

Hessen, Germany); tween 20® from Synth (Diadema, SP, Brazil); carrageenan from Santa 

Cruz Biotechnology Inc (Dallas, Texas, USA) and fructose-1,6-bisphosphate from Sigma (St 

Louis, MO, USA). 

 

Animals 

 Male Swiss mice (25-30 g) from Londrina State University were used in this study. 

Mice were housed in standard clear plastic cages with free access to food and water, a 

light/dark cycle of 12:12 h, and controlled temperature. Behavioral testing was conducted 

during the light cycle. Animal care and handling procedures were approved by the Ethics 

Committee for Animal Use of Londrina State University, process number 3321.2013.29 of 

March, 12, 2013. Experimenters were blinded to the treatments. 

 

Preparation of microcapsules 

 Microcapsules were prepared by dispersion in distilled water (solid content 10%, w/v) 

of the polymers pectin and casein under constant mechanical shaking. Sodium hydroxide (4.0 

M) was used to adjust pH to 8.0 + 0.1.
[8] 

After complete dispersion, FBP was added at the 

proportion of 1:5 (drug:polymer). Microcapsules were obtained by slow and gradual reduction 

of pH from 8.0 + 0.1 to 4.0 + 0.1 with 1.0 M citric acid. Then, the wall of microcapsules was 

hardened by adding glutaraldehyde (50 l/g polymer) with constant shaking for additional 30 



67 
 

  

minutes (Brazil Patent, PI 0700557-1).
[8, 9] 

The same methodology was used to prepare 

microcapsules containing no drug (blank microcapsules). Microcapsules were dried in a 

lyophilizer (Edwards, model Pirani 501) during 24 h. 

 

Scanning electron microscopic study 

 The microcapsules were coated under argon atmosphere with gold/palladium and 

examined under a scanning electron microscope (FEI – Quanta 200). Images were obtained at 

10000x magnification. The morphology of the particles was evaluated from scanning electron 

photomicrographs.   

 

Particle size analysis and distribution 

 The analysis of size and distribution of the particles was performed by light scattering 

using a Zetasizer Nano system ZS (Malvern Instruments) followed by polydispersity index 

determination. 

 

Determination of encapsulation efficiency and in vitro dissolution studies 

 To determine the amount of drug loaded in microcapsules, 5 mg of microcapsules 

were dispersed in 10 ml of ultrapure water and then stirred for 5 min followed by 

centrifugation at 9000 rpm for 10 min to extract FBP. Supernatant was treated with phosphate 

buffer pH 4.7 (1:4) and absolute ethanol (1:2), and then filtered through a 0,45 µm HV 

(Millipore®) PVDF filter and analyzed by HPLC using Bio-Rad Aminex HPX-87
o
C column 

with output of the mobile stage (ultrapurified water) of 0.6 ml/min. Twenty minutes long 

applications were performed and FBP was detected using refractive index detector. The 

injection volume was 20 µL under a temperature of 80 ºC.  

Encapsulation efficiency was calculated using the following equation (1):  
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Encapsulation efficiency (%EE) = (initial FBP added – free FBP /initial FBP added) x 100 

(1) 

 Dissolution studies of FBP-loaded microcapsules and non-microencapsulated FBP 

were performed (Erweka DT-6), according to the specifications of United States 

Pharmacopeia 35
th

 edition
[23]

 with adaptations. Drug release patterns were studied during 4h 

using USP Apparatus 1 at a rotational speed of 100 rpm, 37°C and amount corresponding to 

133 mg of FBP. The ultrapure water was used as dissolution medium. Samples were collected 

at the indicated time points. Each sample was treated and analyzed by HPLC method in the 

same conditions of encapsulation efficiency analyses. The results were expressed as mean (± 

SEM) of three determinations.  

 

Evaluation of therapeutic effect of FBP-loaded microcapsules in carrageenan-induced 

paw inflammation in mice 

 The analgesic and anti-inflammatory effects of FBP, blank microcapsules and FBP-

loaded microcapsules were compared in the carrageenan-induced paw inflammation model. 

Mice were treated with FBP (300 mg/kg, per oral),
[19] 

blank microcapsules (equivalent to the 

amount of FBP-loaded microcapsules) or FBP-loaded microcapsules (amount equivalent to 

300 mg of FBP /kg, per oral) 15 min before intraplantar (subcutaneous injection in the plantar 

face of hind paw) injection of carrageenan solution (300 µg in 25 µl of saline).
[24]

 The 

negative inflammation control received i.pl. injection of saline (25 µl). 

 Mechanical hyperalgesia (increased sensitivity to painful mechanical stimulus) was 

evaluated by an electronic anesthesiometer (Insight®) adapted with a 0.5 mm
2
 polypropylene 

tip.
[25]

 Briefly, the test consisted of evoking a hindpaw flexion
 
reflex with a hand-held force 
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transducer and end point was characterized by the removal
 
of the paw followed by clear 

flinching movements. After the paw withdrawal,
 
the intensity of the pressure was recorded 

automatically. The value for the response was an average of three measurements. Paw edema 

was determined using an analog caliper.
[26] 

Mice were tested before and after carrageenan i.pl. 

injection. The results are expressed by delta (Δ) withdrawal threshold (in g) or Δ mm/paw 

calculated by subtracting the measurements at 1, 3 and 5 h after stimulus from the zero-time 

measurements. Data are present as mean ± S.E.M. of 6 mice per group per experiment, and 

experiments were performed twice.  

 

Differential scanning calorimetric analysis (DSC) 

 The DSC analysis was performed on the FBP, blank microcapsules and FBP-loaded 

microcapsules. The samples were heated from 30 to 500 ºC at a heat ingrate of 5 ºC/min under 

nitrogen atmosphere using Shimadzu DSC-60 microcalorimeter. 

 

X Ray diffraction analysis  

 The X-ray diffraction experiments were performed in a Bruker D8 powder 

diffractometer using the Bragg–Brentano geometry in a continuous mode with a scan speed of 

0.05°/s. A Cu Kα ( = 1.5405 Å) line focus radiation tube was operated at 40 kV and 30 mA, 

and diffractions were taken from 5 to 70° (2). The pure FBP and FBP-loaded microcapsules 

crystalline phases were identified using X'Pert HighScore Plus with PDF2DBP analytical 

database.  
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Statistical analysis 

 Data were statistically analyzed by one-way ANOVA followed by Tukey‟s multiple 

comparison test. Differences were considered significant when P < 0.05 was obtained. 

Statistical analyzes were performed using GraphPad Prism
®
 4.0 software. 
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Results  

 

Scanning electron microscopy  

 Microcapsules were analyzed by scanning electron microscope and the morphology 

was evaluated through the photomicrographs obtained in magnification of 10000x (Figure 1A, 

blank microcapsules and figure 1B, FBP-loaded microcapsules). Both microcapsules 

presented spherical forms with coalescence of particles. (Include figure 1 here). 

 

Particle size analysis and distribution 

The analysis of size and distribution of the particles was performed by light scattering 

and the particle size distribution was evaluated by determining polydispersity, which enables 

the measurement of homogeneity of particles. FBP-loaded microencapsules presented an 

average diameter of 2650 nm and polydispersity index of 0.023 (Figure 2) indicating 

homogeneity of particle size. (Include figure 2 here). 

 

Determination of encapsulation efficiency and in vitro dissolution studies 

 The microencapsulation efficiency obtained was 25%.  

Dissolution test revealed that microencapsulation prolonged the time lapse to achieve 

maximal concentration of FBP from microcapsules (Figure 3). The peak of FBP concentration 

was achieved after 45 min with FBP-loaded microcapsules compared to 5 min (this was the 

first time point analyzed) when using FBP powder. This result demonstrates that 

microencapsulation prolonged FBP release to the dissolution medium (Include figure 3 

here). 
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Evaluation of therapeutic effect of FBP-loaded microcapsules in carrageenan-induced 

paw inflammation in mice 

 Mice were treated with FBP-loaded microcapsules (300 mg/kg, p.o.), FBP (300 mg/kg, 

p.o.) or blank microcapsules 15 min before intraplantar injection of carrageenan (300 

µg/paw). Figure 4A shows carrageenan induced significant mechanical hyperalgesia in mice 

compared to the negative group that received the vehicle of carrageenan (saline) at all the time 

points evaluated (Figure 4A). Non-microencapsulated FBP reduced carrageenan-induced 

mechanical hyperalgesia between 1-5 h. FBP-loaded microcapsules significantly inhibited 

carrageenan-induced mechanical hyperalgesia at all the time points tested (1–5 h). Blank 

microcapsules did not affect carrageenan-induced mechanical hyperalgesia, therefore this data 

were not shown in the graph. Importantly, the anti-hyperalgesic effect of FBP-loaded 

microcapsules was greater than that of non-microencapsulated FBP with inhibition of 62% 

and 44% at 3h, and 49% and 30% at 5h, respectively (Figure 4A). 

 Using the same protocol as for Figure 4A, its was observed that FBP-loaded 

microcapsules reduced carrageenan-induced paw edema at 3 and 5 h after stimulus injection 

achieving 59% and 57% of anti-edematogenic activity while non-microencapsulated FBP and 

blank microcapsules did not affect significantly carrageenan-induced paw edema (Figure 4B). 

(Include figure 4 here). 

 

Differential scanning calorimetric (DSC) analysis  

The DSC analysis of FBP (Figure 5, line A) showed endothermic events 

corresponding to a decomposition process at 116°C and 130°C. In the thermogram of FBP-

loaded microcapsules (Figure 5, line B) these events were not observed. The thermogram of 

blank microcapsules (Figure 5, line C) did not evidenced endothermic events at 116°C and 

130°C. (Include figure 5 here) 
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X Ray diffraction analysis  

 The X-ray diffraction experiments were performed to determine whether there would 

be difference of non-microencapsulated FBP and FBP-loaded microcapsules regarding 

crystalline and/or amourphous states. Figure 6 shows the X-ray diffraction pattern of the non-

microencapsulated FBP (Figure 6, line A) and FBP-loaded microcapsules (Figure 6, line B). 

The FBP phase was indentified (reference code 00-036-1944) in pure sample. Pure non-

microencapsulated FBP diffractogram showed high crystallinity and FBP-loaded 

microcapsules diffractogram an amourphous phase. The amourphous samples, blank 

microcapsules (Figure 6, line C) and FBP-loaded microcapsules, showed a typical Gaussian 

dispersion around 20º (2) that can be related to a 4.2 Å of atomic separation average without 

symmetry. This result is consistent with DSC results that FBP was shifted from crystalline to 

an amorphous state after microencapsulation. (Include figure 6 here). 
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Discussion  

Achieving steady-state drug levels at tissue and blood to grant and improve therapeutic 

efficacy is a primary goal of novel therapies and pharmaceutical formulation development.
[27] 

Microencapsulation process has been established as a technique to accomplish drug controlled 

release
[28]

 with a wide range of polymers of which natural polymers have been attracting 

considerable attention for several years in modified drug release due to being biodegradable 

polymers.
[29] 

In the present study, FBP-loaded microcapsules were prepared using 

biodegradable polymers by complex coacervation method. FBP-loaded microcapsules were 

homogeneous, and importantly, microencapsulation delayed FBP release to dissolution 

medium and shifted FBP form from crystalline to amorphous state, which together explain the 

better analgesic and anti-inflammatory therapeutic profile observed with FBP-loaded 

microcapsules comparing to non-microencapsulated FBP. 

 Microencapsulation by complex coacervation consists of processes in which drugs in 

form of small particles or droplets are surrounded by coating with homogeneous or 

heterogeneous matrix, generally of polymeric materials, forming capsules at micrometer size 

range.
[30]

 FBP-loaded microcapsules presented spherical forms with microparticle coalescence 

forming polymer plate. Drying process can be an explanation for the coalescence of 

microcapsules.
[31]

 In fact, microcapsules prepared with the same polymer (pectin/casein) and 

dried by spray drying did not present coalescence.
[31]

 Nevertheless, spray drying was not a 

suitable drying process since the melting temperature of FBP is 116
o
C 

[32]
 and spray drying 

uses 180
o
C.

[8]
 

The average diameter of the FBP-loaded microcapsules was 2650 nm with 

polydispersity index of 0.023. Many factors can affect the size and distribution of 

microcapsules, such as drying process and characteristics of the encapsulated drug.
[33] 

The 
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incorporation of poorly soluble drugs (indomethacin) increased the mean diameter in spray-

dried microparticles to a greater degree than did the incorporation of the water soluble drug 

(acetaminophen).
[33] 

Therefore, it is conceivable that drying process and high solubility of 

FBP might explain the small particle size. 

In general, high encapsulation efficiency with water-soluble molecules is a difficult 

task to achieve due to the rapid diffusion of water-soluble drugs from the hydrophobic phase 

into the aqueous phase during the preparation of microparticles.
[34]

 In fact, soluble drug 

entrapment efficiency normally leads to low amount of the microencapsulated drug.
[34-36]

 

Therefore, the encapsulation efficiency of 25% for FBP was reasonable. 

The in vitro dissolution studies for FBP-loaded microcapsules demonstrated that 

microencapsulation did not allow an immediate rise of dissolved FBP levels as observed with 

non-microencapsulated FBP. Maximal FBP concentration was achieved after 45 min while 

non-microencapsulated FBP was already dissolved in the beginning of testing. Therefore, 

despite the high water solubility of FBP, microencapsulation was able to effectively control 

its release. The microencapsulation process used in the present study was previously shown to 

effectively microencapsulate acetaminophen
[8] 

further corroborating its applicability to control 

the release of highly soluble drugs. The delayed or prolonged drug release is also attributed to 

the low solubility of pectin/casein complex in aqueous medium
[9, 37]

 as well as by its drug 

releasing mechanism that depends on gradual swelling of pectin.
[38]

 

The analgesic effect of FBP in the carrageenan-induced paw inflammation was 

previously demonstrated
[19]

 justifying the selection of this model. Non-microencapsulated 

FBP reduced carrageenan-induced mechanical hyperalgesia. The analgesic effect of FBP-

loaded microcapsules was slightly higher than of non-microencapsulated FBP at 3 and 5 h 

after carrageenan stimulus. FBP-loaded microcapsules also reduced carrageenan-induced paw 
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edema with statistically significant higher anti-edematogenic effect than non-

microencapsulated FBP at 3 and 5 h. This result is a clear demonstration that the 

microencapsulation was effective in enhancing the activity of FBP, at least, on edema. Of note 

edema is an important clinical sign present in most of inflammatory diseases. In fact, it was 

noticeable that a higher analgesic and anti-inflammatory effect was achieved with FBP-loaded 

microcapsules than with bolus treatment with non-microencapsulated FBP. FBP induces 

increase of adenosine levels
[19]

 and in turn adenosine mediates the analgesic and anti-

inflammatory effects of FBP.
[19, 22]

 Adenosine activates its A1 receptors
[19]

 triggering an 

antinociceptive cascade comprising nitric oxide/ cyclic guanosine monophosphate/ protein 

kinase G/ and ATP-sensitive K+ channels.
[20] 

Adenosine is metabolized by adenosine 

deaminase
[21]

 and therefore, bolus administration or massive increases of its levels do not 

allow the best kinetics of adenosine receptor occupancy. In fact, treatment with adenosine 

deaminase reversed the anti-inflammatory effects of FBP.
[22]

 In this sense, slower and gradual 

increase of adenosine levels by FBP-loaded microcapsules administration would improve the 

kinetics of occupancy of adenosine receptors diminishing the role of adenosine metabolism 

prior to receptor binding.   

However, a better releasing profile seems not to be the solely explanation for the 

enhanced analgesic and anti-inflammatory effect of FBP-loaded microcapsules compared to 

non-microencapsulated FBP since both presented activity within 1 h. In this sense, the DSC 

curves of FBP were consistent with the literature of D-fructose
[32,39]

 showing endothermic 

events corresponding to a decomposition process at 116°C and 130°C, probably indicating the 

melting point of 116°C. On the other hand, FBP-loaded microcapsules did not present 

endothermic events indicating FBP was probably dispersed or covered in the polymer matrix 

of pectin/casein with amorphous property. The amorphous state of FBP in microcapsules may 

be related to an interaction with the polymers.
[40] 

These results are consistent with literature 



77 
 

  

describing that the crystalline form of a drug can be modified during the microencapsulation 

process to amorphous state.
[41] 

X Ray diffractogram corroborates FBP changed from 

crystalline to amorphous form by microencapsulation. Crystalline FBP is highly water soluble 

presenting high polarity and low lipophilicity decreasing its permeability. In fact, FBP is 

taken up by varied cell types, but FBP administration using lipossomes increases its 

permeability.
[42, 43] 

Therefore, amorphous state of FBP-loaded microcapsules favored its 

absorption and enhanced its analgesic and anti-inflammatory effects in the carrageenan paw 

inflammation model together with FBP prolonged release. 

 

Conclusions        

 

In present study, pectin/casein microcapsules containing FBP were prepared using complex 

coacervation method. Microcapsules presented, predominantly, spherical shape and uniform 

distribution of particle size. The in vitro dissolution test demonstrated prolonged FBP release 

from microcapsules compared to non-microencapsulated FBP. DSC and X Ray diffraction 

analysis revealed FBP changing from crystalline to amorphous state after microencapsulation. 

As a result of prolonged release and changing from crystalline to amorphous state of FBP-

loaded microcapsules, there was an improvement of FBP analgesic and anti-inflammatory 

effects in the carrageenan model of inflammation. Therefore, microencapsulation with pectin-

casein polymer by complex coacervation is a promising strategy to improve the therapeutic 

effects of FBP. 
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Figure legends 

Figure 1. Photomicrographs of microcapsules obtained by scanning electron microscopy, 

increase of 10000x (A – blank microcapsules and B – FBP-loaded microcapsules). 

 

Figure 2. Particle size distribution of FBP-loaded microcapsules. 

 

Figure 3. In vitro dissolution profile of FBP-loaded microcapsules. The ultrapure water was 

used as dissolution medium. In all cases, mean values ± SEM (n = 3) are presented. 

 

Figure 4. Microencapsulation of FBP increases its analgesic and anti-inflammatory effects. 

Mice received per oral treatment with FBP-loaded microcapsules (300 mg of FBP/ kg) or 

non-microencapsulated FBP (300 mg of FBP/ kg) 15 min before intraplantar stimulus with 

carrageenan (300 µg/paw). Mechanical hyperalgesia (A) and paw edema (B) were evaluated 

prior stimulus injection (base line values) and at indicated time points after carrageenan 

injection. Blank microcapsules did not affect carrageenan-induced mechanical hyperalgesia 

and edema, therefore this result was not shown in the figure. Results are presented as means ± 

S.E.M. of 6 mice per group per experiment and are representative of two separated 

experiments. One-way ANOVA followed by Tukey´s multiple comparison test. * P <0.05 

compared to saline group, # P <0.05 compared with untreated carrageenan group; 
##

 P <0.05 

compared to carrageenan group and FBP group. 

 

Figure 5. Differential scanning calorimetric analysis thermograms of non-microencapsulated 

FBP (A), FBP-loaded microcapsules (B) and blank microcapsules (C).  

 

Figure 6. X-ray powder diffraction pattern of non-microencapsulated FBP (A), FBP-loaded 

microcapsules (B) and blank microcapsules (C). 
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Figure 3 
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ABSTRACT 

The aim of this study was to develop and characterize microcapsules containing rutin to improve 

its analgesic activity. Rutin-loaded microcapsules were obtained by complex coacervation 

physicochemical method, with an average particle size of 4.903 μm, spherical and of 

homogeneous size. The encapsulation efficiency was 76.9% quantified by the antioxidant 

activity. In vivo, rutin-loaded microcapsules showed greater efficacy (64%) than non-

microencapsulated rutin (28%) to inhibit carrageenan-induced mechanical hyperalgesia. The X 

Ray diffraction shows that rutin was dispersed in an amorphous matrix and its cristalographic 

structure and crystal size did not exhibit changes. Differential scanning calorimetric studies 

confirmed that rutin was dispersed in amorphous matrix in microcapsules. The process was 

successful to obtain rutin-loaded microcapsules with improved analgesic activity compared to 

non-microencapsulated rutin. 

 

Keywords: Delivery systems, microcapsules, rutin, pain 
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INTRODUCTION 

 

Developing novel pharmaceutical forms of drug delivery to improve the therapeutic 

profile of medication is crucial (1). Research advances in drug delivery systems (DDS) are 

directly related to recognition of clinical and therapeutic improvements (2). The rational design 

of DDS is a crucial step to improve drug release, pharmacokinetic, absorption sites, and 

therefore, obtaining appropriate clinical profile (3). In general, DDS lead to reduced dosage or 

frequency of administration, reflecting positively on the therapeutic efficacy and adherence to 

treatment (4, 5), reducing the toxicity and adverse effects, and enabling novel therapeutic 

regimens (6). 

Some strategies to modify the release of drugs include drug delivery in a polymer matrix, 

chemical bonding to ion exchange resins, incorporation in osmotic pump and use of coating 

monolithic or multiparticulate systems such as microcapsules (7). The development of modified 

release systems depends on polymers with appropriate physicochemical characteristic and on 

effective and economically viable large-scale processes. There is strong tendency of applying 

biodegradable polymers and preparations in aqueous medium (8, 9). Among these systems, 

microparticulate systems are useful to control and/or obtain site-specific release (10). 

In general, microcapsule comprise layers of polymer ranging from 1 μm to 1 mm that act 

as protective film for the active molecule (11). This polymer layer crumbles under specific 

conditions such as enzyme action, pH and contact time with the gastrointestinal environment, 

allowing the release of the active molecule on the site and/or appropriate moment (12-15). 

Microencapsulation by complex coacervation is accomplished by phase separation of 

hydrocolloids from the initial solution and the subsequent deposition of the newly formed 

coacervate phase around the active ingredient suspended or emulsified in the same reaction 

media (16). Microcapsules produced by coacervation are water insoluble, possessing excellent 
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controlled release characteristics and heat resistant properties (17). The factors influencing the 

rate of release include drug particle size, loading, drug solubility and molecular weight and 

polymer composition (18).  

Rutin is a flavonoid found in many dietary sources such as onion, grape, apple, tomato 

and drinks such as wine and black tea (19). Several investigations have been reporting on the 

multiple pharmacological activities of rutin including antibacterial, antiviral (20), antiprotozoal 

(21), antitumor (22), antiallergic (23), anti-inflammatory (24), antiplatelets (25), antidiarrhoeal 

(26), antiulcer (27), antispasmodic (28), antimutagenesis (29), myocardial protecting (30), 

vasodilator (31)
 
and immunomodulator (23) activities. Its various pharmacological activities 

suggests its therapeutic usefulness (19, 32). 

The present study reports on the development of rutin-loaded microcapsules to modify 

drug release aiming to increase rutin therapeutic effect using the physicochemical complex 

coacervation method. Morphological characteristics of microcapsules were determined. The 

analgesic efficacy of rutin-loaded microcapsules was compared with the non-microencapsulated 

rutin in a model of inflammatory pain in mice. 
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MATERIALS AND METHODS 

 

Materials 

 The following materials were obtained from the indicated sources: Pectin USP (68% of 

esterification) from CPKelco (Limeira, SP, Brazil); casein from Katuffman & Co (Kehl, Baden-

Württemberg, Germany); citric acid, sodium hydroxide, chloride acid and potassium phosphate 

from Merck (analytical grade, Darmstadt, Hessen, Germany); tween 20® from Synth (Diadema, 

SP, Brazil); carrageenan from Santa Cruz Biotechnology Inc (Dallas, Texas, USA) and rutin 

from Acrós Organics (Geel, Antwerp, Belgium). 

 

Animals 

 Male Swiss mice (25-30 g) from the Universidade Estadual de Londrina, Londrina, Parana, 

Brazil were used in this study. Mice were housed in standard clear plastic cages with free access 

to food and water, a light/dark cycle of 12:12 h, and controlled temperature. All behavioral 

testings was conducted during the light cycle in a temperature-controlled room. Animal care and 

handling procedures were approved by the Ethics Committee for Animal Use of the 

Universidade Estadual de Londrina under the process number 3324.2013.58. All efforts were 

made to minimize the number of animals used and their suffering. Experiments were double 

blinded. 

 

Preparation of microcapsules 

Microcapsules were prepared by dispersion in distilled water (solid content 10%, w/v) of 

the polymers pectin and casein under constant mechanical shaking. Sodium hydroxide (4.0 M) 

was used to adjust pH to 8.0 + 0.1 (15). After complete dispersion, rutin was added at the 

proportion of 1:5 (drug:polymer). Microcapsules were obtained by slow and gradual reduction of 
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pH from 8.0 + 0.1 to 4.0 + 0.1 with 1.0 M citric acid. The same methodology was used to 

prepare microcapsules containing no drug (blank microcapsules). The sample was dried in a 

lyophilizer (Edwards, model Pirani 501) during 24h. 

 

Scanning electron microscopic study 

 The microcapsules were coated under argon atmosphere with gold/palladium and 

examined under a scanning electron microscope (FEI – Quanta 200). Images were obtained at 

2500x magnification. The scanning electron photomicrographs (SEM) were evaluated. 

 

Particle size analysis and distribution 

The analysis of size and distribution of the particles was performed by light scattering 

using a Zetasizer Nano system ZS (Malvern Instruments). 

 

Determination of encapsulation efficiency 

 To determine the encapsulation efficiency, 101.8 mg of microcapsules were dispersed in 

10 ml of phosphate buffer pH 6.8 added 5.0% Tween ® 20 and then stirred for 5 min, followed 

by centrifugation at 3600 rpm for 10 min. The supernatant was filtered through a 0.45 µm nylon 

syringe filter, and the filtrate was analyzed by DPPH method and quantified 

spectrophotometrically at 517 nm to determine drug content (33, 34). 

 

Encapsulation efficiency was calculated using the following equation (1):  

 

Encapsulation efficiency (%EE) = (initial drug added – free drug /initial drug added) x 100 

(1) 
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Evaluation of the analgesic effect of rutin-loaded microcapsules in carrageenan-induced paw 

inflammation in mice 

The analgesic effects of rutin, blank microcapsules and rutin-loaded microcapsules were 

compared in the carrageenan-induced paw inflammation in mice. Mice were treated with rutin 

(100 mg/kg, per oral), blank microcapsules (equivalent to the amount of rutin-loaded 

microcapsules) or rutin-loaded microcapsules (100 mg of rutin/kg, per oral) 1 h before 

intraplantar (i.pl., subcutaneous injection in the plantar face of hind paw) injection of 

carrageenan solution (300 µg) in saline (25 µl). The negative inflammation control received i.pl. 

injection of saline (25 µl).  

The mechanical hyperalgesia (increased sensitivity to painful mechanical stimulus) was 

evaluated by an electronic version of von Frey filaments as previously described in detail (35). 

Briefly, in a quiet room, mice were placed in acrylic cages (12×10×17 cm) with wire grid floors, 

15-30 min before the start of
 
testing. The test consisted of evoking a hindpaw flexion

 
reflex with 

a hand-held force transducer (electronic anesthesiometer; Insight) adapted with a 0.5 mm
2
 

polypropylene tip. The investigator was trained
 
to apply the tip perpendicularly to the central 

area of the hindpaw with a gradual increase in pressure. The end point was characterized by the 

removal
 
of the paw followed by clear flinching movements. After the paw withdrawal,

 
the 

intensity of the pressure was recorded automatically. The value for the response was an average 

of three measurements. The animals were tested before and after treatment. The results are 

expressed by delta (Δ) withdrawal threshold (in g) calculated by subtracting the mean 

measurements at 0.5, 1, 3, 5 and 7h after stimulus from the zero-time mean measurements. Data 

are present as mean ± S.E.M. of 6 mice per group per experiment, and experiments were 

performed twice.  
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Differential scanning calorimetric analysis (DSC) 

 

The DSC analysis was performed on the rutin, blank microcapsules and rutin-loaded 

microcapsules. The samples were heated from 30 to 500 ◦C at a heat ingrate of 5 ◦C/min under 

nitrogen atmosphere using a microcalorimeter (Shimadzu DSC-60). 

 

X Ray diffraction analysis  

The X-ray diffraction experiments were performed in a Bruker D8 powder diffractometer 

using the Bragg–Brentano geometry in a continuous mode with a scan speed of 0.05°/s. A Cu Kα 

( = 1.5405 Å) line focus radiation tube was operated at 40 kV and 30 mA, and 2 angle were 

taken from 3 to 40°. The crystalline pure rutin and rutin-loaded microcapsules phases were 

identified using X'Pert HighScore Plus with PDF2DB Panalytical database. Scherrer equation (2) 

was used to calculate the crystallite size for both samples, taking 2-instrumental as 0.07º (0.0012 

rad), using a Lorentz function to fit the peak, and considering form factor as k = 0.9 (36-39). To 

Lorentz function the 2 value for Scherrer equation was obtained by subtracting the FWHM of 

the sample (sample) from the instrument (i), as equation 3. 

2 cos

k
D





 


   (2) 

 

2 s i   

 (3)

 

 

Statistical analysis 

Data were statistically analyzed by one-way ANOVA, followed by Tukey´s multiple 

comparisons test. Differences were considered significant when P < 0.05 was obtained. 

Statistical analyzes were performed using GraphPad Prism
®
 4.0 software. 



97 
 

  

RESULTS  

 

Scanning electron microscopy  

Blank microcapsules (Figure 1A) and rutin-loaded microcapsules (Figure 1B) presented 

spherical shape and irregular surface, with clusters of microparticles. Rutin-loaded microcapsules 

presented drug adsorbed on the external surface of microcapsules. 

 

Particle size analysis and distribution 

Particle size distribution of rutin-loaded microcapsules presented an average diameter of 

4.903 µm ± 4.421 (Figure 2). Ten percent (10%) of particles presented a diameter of less or 

equal to 1.535 µm (d10 = 1.535 µm) and 90% of particles presented a diameter of less or equal 

to 7.462 µm (d90 = 7.462 µm). Blank microcapsules presented an average diameter of 19.15 µm 

± 18.04 (data not shown), d10 of 2.098 µm and d90 of 44.23 µm. 

 

Determination of microencapsulation efficiency  

The microencapsulation efficiency was determined through the antioxidant activity of the 

drug, and calculated according to equation 1. Firstly, microcapsules were submitted to extraction 

followed by antioxidant activity determination by DPPH method. A microencapsulation 

efficiency of 76.9% was achieved. 

 

Evaluation of therapeutic effect of rutin-loaded microcapsules in carrageenan-induced 

mechanical hyperalgesia in mice 

The evaluation of in vivo efficacy of rutin-loaded microcapsules was carried out in 

carrageenan-induced paw inflammation model. Mice were treated with rutin (100 mg/kg, per 
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oral), blank microcapsules (equivalent to the amount of rutin-loaded microcapsules) or rutin-

loaded microcapsules (100 mg/kg, per oral) 1 h before intraplantar administration of carrageenan 

(100 µg/paw diluted in 25 µl of saline). Mechanical hyperalgesia ("pain") was evaluated using an 

electronic pressure-meter test at indicated time points after carrageenan injection (Figure 3). 

Carrageenan induced significant mechanical hyperalgesia in mice at all-time points tested 

peaking at 3 h compared to saline vehicle control group. Blank microcapsules did not affect 

carrageenan-induced mechanical hyperalgesia, therefore this data were not shown in the graph. 

Non-microencapsulated rutin reduced carrageenan-induced mechanical hyperalgesia at 3, 5 and 7 

h. The analgesic effect of rutin-loaded microcapsules was significant since 0.5 h until 7 h and 

importantly, this analgesic effect was significantly higher than of non-microencapsulated rutin at 

3, 5 and 7h (Figure 3). At the peak of carrageenan-induced mechanical hyperalgesia, rutin-loaded 

microcapsules produced 64% analgesia compared to 28% analgesia of non-microencapsulated 

rutin. Thus, rutin-loaded microcapsules presented earlier and higher analgesia compared to non-

microenpcasulated rutin. 

 

Differential scanning calorimetric (DSC) analysis 

 

The DSC thermograms for non-microencapsulated rutin (A) and rutin-loaded 

microcapsules (B) are presented at figure 4. Non-microencapsulated rutin presented the first peak 

of phase transition at 176
o
C confirming changing in sample behavior related to the molecular 

rearrangement of the rutin polymorphic state in a plastic substance (40). The subsequent peaks of 

phase transition at 214, 232, 240, 248
 o

C and at 214
 o

C provide evidence for the boiling process. 

The data obtained in the DSC curve are consistent with those presented by the literature showing 

rutin decomposition occurring at 214
o
C (40, 41). However this peak did not appeared in rutin-
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loaded microcapsules, suggesting rutin was uniformly dispersed in an amorphous matrix of 

pectin/casein. 

 

X Ray diffraction analysis 

 

The X-ray diffraction experiments were performed to determine whether there would be a 

difference of non-microencapsulated and rutin-loaded microcapsules regarding crystal structure 

and crystallite size. Figure 5 shows the X-ray diffraction pattern of the non-microencapsulated 

rutin (Figure 5A) and rutin-loaded microcapsules (Figure 5B). The crystalline rutin phase was 

identified as reference code 00-005-044 in both samples. Rutin-loaded microcapsules peak 

intensity was lower than pure rutin (e.g. non-microencapsulated rutin) because it is dispersed in 

an amorphous polymer phase. Crystallite averaged size D was measured using 5.30º and 26.83º 

(2) peaks resulting in a 59.51 ± 10.00 nm for pure rutin and 79.73 ± 10.00 nm for rutin-loaded 

microcapsules . 
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DISCUSSION  

 

The main goal of drug delivery research is to develop formulations that fulfill the 

therapeutic needs related to particular pathological conditions. Technological advancements have 

brought many innovative drug delivery systems into commercial circulation. Biodegradable and 

non biodegradable biocompatible microparticulate systems have shown clear advantages by 

modified drug release, controlled release and drug targeting for parenteral and oral drug delivery 

(42). 

The process of coacervation to obtaining microparticles has been used by many authors 

(15, 17, 43, 44). For instance, there are reports on obtaining microcapsules of sulfamerazine by 

pectin-gelatin complex coacervates (44), and we have applied the present methodology to obtain 

microcapsules containing acetaminophen (15) and quercetin (12). The complex coacervation of 

casein (protein) and pectin (polysaccharide) occurs by electrostatic interaction between the 

polysaccharides and the aminogroups of proteins at pH values above the isoelectric point (pI) of 

polysaccharides (pIpo~3.0) and below the pI of the proteins (pIpr~4.55) (9, 10, 45, 46). In the 

present study, complex coacervation method was successfully applied to obtain pectin/casein 

microcapsules containing rutin. 

Rutin-loaded microcapsules presented spherical forms and irregular surface with clusters 

of microparticles and drug crystals attached and/or adsorbed on the external surface of 

microcapsules. Changing in production parameters leads to formation of microparticles with 

different morphological characteristics (47). The drying process can be an explanation for the 

coalescence of particles. In fact, microcapsules prepared with the same polymer (pectin/casein) 

and dried by spray drying did not lead to formation of agglomerated particles (48).  
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Factors affecting size distribution of microcapsules include core-to-wall ratio (49), 

stirring speed of the preparation process (49), drying process (42), drug: polymer ratio (50) and 

homogenization cycles (51). The average diameter of the rutin-loaded microcapsules was 4.903 

µm ± 4.421 in the present study. Additionally, the d10 was 1.535 μm, which means that 10% of 

particles have the diameter lesser than or equal to 1.535 μm; and the d90 was 7.462 μm, 

therefore 80% of the particles were between 1.535 μm and 7.462 μm. Blank microcapsules 

presented an average diameter of 19.15 μm ± 18.04, d10 of 2.098 μm and d90 of 44.23 μm, 

which means that 80% of particles are between 2.098 μm and 44.23μm. The greater homogeneity 

of size of rutin-loaded microcapsules than of unloaded microcapsules might be related to the 

presence of the drug. In fact, increase of homogeneity was observed in acetaminophen-loaded 

microcapsules compared to formulations without acetaminophen (15).
 

In addition to microcapsules morphology and diameter, microencapsulation efficiency is 

also an important parameter. Rutin-loaded microcapsules presented a microencapsulation 

efficiency of 76.9%, which is consistent with the literature and represents a high efficiency rate. 

For instance, others have obtained 89% methotrexate encapsulation efficiency in microcapsules 

prepared through biocompatible hyaluronic acid and sodium alginate (52). Similar result was 

obtained in a study with amoxicillin-loaded microcapsules, in which microcapsules prepared by 

ionotropic gelation of sodium alginate with chitosan in presence of calcium chloride presented 

drug entrapment efficiency of 84% (50).  

 Importantly, microencapsulation significantly increased the analgesic effect of rutin in the 

carrageenan-induced paw inflammation model. Microencapsulation of quercetin also improved 

its anti-inflammatory effect in acetic acid-induced colitis, which was attributed to the local 

delivery of quercetin by intestinal pectinase degradation of pectin/casein microcapsules (12). In 

fact, microencapsulation can increase the total time of effect. For instance, there was an increase 

of efficacy and extension of local anesthetic effect of bupivacaine incorporated in biodegradable 
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microcapsules after subcutaneous infiltration (53). However, the earlier analgesic effect of rutin-

loaded microcapsules compared to non-microencapsulated rutin indicated that 

microencapsulation modified something else in addition to controlling/delaying rutin release and 

extending its analgesic effect. 

 A plausible hypothesis for the increase of rutin-loaded microcapsules analgesia compared 

to non-microencapsulated rutin is the presence of amorphous phase. Differential scanning 

calorimetric and X Ray diffraction analysis confirm that rutin was dispersed in amorphous 

polymer matrix in microcapsules. There has been an increase in the number of newly developed 

drug molecules that exhibit poor water solubility as well as poor bioavailability, rendering 

necessary to improve the wettability and oral bioavailability of these novel drugs. An efficient 

approach to improve the wettability of a drug is the physical modifications that increase the 

surface area by means of particle size reduction (54) or generation of amorphous state drugs (55). 

Particle size reduction by micronization of drugs increase drug surface area. The rate of 

dissolution is proportional to the surface area. In case of practically insoluble pharmaceutical 

compounds or compounds of very low solubility, micronization is not sufficient to achieve the 

desired blood concentration of drugs. On the other hand, amorphous state substances show 

higher solubility than the crystalline ones (51). However, crystalline substances are physically 

more stable compared with the amorphous forms (51). The fact of rutin be dispersed in 

amorphous matrix in microcapsules seemed to be capable of providing enhanced absorption 

resulting in improved analgesic efficacy compared to non-microencapsulated rutin.  
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CONCLUSION 

  

 The process described in the present study was successful to obtain rutin-loaded 

microcapsules. Microcapsules were predominantly of spherical form and with uniform particle 

size distribution. X Ray diffraction studies confirmed that the drug was dispersed in an 

amorphous matrix keeping its original crystallographic structure. DSC showed that rutin is in 

fact dispersed in amorphous matrix in microcapsules. The presence of amorphous phase in 

microcapsules while maintaining drug crystallinity might be suitable to enhance dissolution 

velocity, providing improved activity compared to the crystalline phase alone. In agreement, 

microencapsulation increased the analgesic efficacy of rutin.  
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LEGEND TO FIGURES 

 

Figure 1. Photomicrographs of microcapsules obtained by scanning electron microscopy (SEM), 

increase of 2500x: (A) blank microcapsules and (b) rutin-loaded microcapsules. 

 

Figure 2. Particle size distribution of rutin-loaded microcapsules. 

 

Figure 3. Microencapsulation of rutin increases its analgesic effects. Mice received per oral 

treatment with rutin-loaded microcapsules (100 mg of rutin/ kg) or non-microencapsulated rutin 

(100 mg of rutin/ kg) 1 h before intraplantar stimulus with carrageenan (300 µg/paw). 

Mechanical hyperalgesia was evaluated prior stimulus injection (base line values) and at 

indicated time points after carrageenan injection. Results are presented as means ± S.E.M. of 6 

mice per group per experiment and are representative of two separated experiments. One-way 

ANOVA followed by Tukey‟s multiple comparisons test. * P <0.05 compared to saline group, # 

P <0.05 compared with untreated carrageenan group; ** P <0.05 compared to the group 

carrageenan and non-microencapsulated rutin group. 

 

Figure 4. Differential scanning calorimetric analysis thermograms of non-microencapsulated 

rutin (A) and rutin-loaded microcapsules (B).  

 

Figure 5. X-ray diffraction patterns of non-microencapsulated rutin (A) and rutin-loaded 

microcapsules (B). 

  



112 
 

  

Figure 1 

 

 

Figure 2 

 
 

 

 

 

 

 

 



113 
 

  

Figure 3 
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ABSTRACT 

Many novel delivery systems have been designed for topical application of drugs since they can 

overcome the stratum corneum barrier and increase drug permeability, improving the prevention 

of ultraviolet B (UVB) irradiation-induced skin damage. The present study addressed the anti-

inflammatory and anti-oxidant mechanisms of topical administration with microcapsules 

containg rutin (1), a flavonoid with significant antioxidant and anti-inflammatory activity, on 

UVB-induced skin inflammation in hairless mice. Edema was evaluated by skin weight, matrix 

metalloproteinase-9 activity by zymography, oxidative stress was evaluated by measuring of 

ferric reducing antioxidant power (FRAP), ability to scavenge the radical ABTS
.
, reduced 

glutathione levels, catalase activity, and superoxide anion production. It was also investigated the 

mRNA expression of NADPH oxidase sub-unit gp91phox and cytokines by qPCR. Topical 

treatment with microencapsulated 1 prevented skin inflammation by reducing skin edema, and 

also inhibited matrix metalloproteinase-9 activity. Topical formulation containing 

microencapsulated 1 administration also inhibited the mRNA expression of gp91phox, cytokines 

(TNF-α, IL-1β, and IL-10) and oxidative stress. These effects were not observed with the 

application of topical formulation containing non-microencapsulated 1. These results suggest 

that topical application with microencapsulated 1 may represent an important therapeutic 

approach to reduce skin inflammation and photo-oxidative damage induced by UVB irradiation. 
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The sun generates various types of irradiation, including ultraviolet irradiation (UVR), which can 

be divided into UVC (200–280 nm), UVB (280–320 nm) and UVA (320–400 nm) wavelengths.
1
 

UVA and UVB irradiation cause skin damage, but the ability of UVB to induce sunburn is much 

higher.
2
 Acute exposure to UVB induces sunburn, hyperpigmentation, hyperplasia and 

inflammatory processes in the skin, including erythema, edema, pain and heat.
1
 Exposure to 

UVB irradiation accounts for 90% of the symptoms of premature skin aging and skin cancer.
3-6

  

The damage caused by UVB irradiation is related to its ability of generating reactive 

oxygen species (ROS), which cause oxidative modification of cellular macromolecules such as 

lipids, proteins and nucleic acids.
4
 The ROS formed by exposure to UVB irradiation leads to 

oxidative stress, a result of an imbalance between ROS and the skin‟s endogenous antioxidants, 

and damages important molecular structures in the cells of the skin.
1
 ROS are formed as a 

consequence of exposure to UVB irradiation per se, but its production is further increased by the 

pro-inflammatory cytokines interleukin-1β (IL-1β), IL-6, and tumor necrosis factor-alpha (TNF-

α).
7 

Furthermore, the exposure to UV irradiation induces the expression of matrix 

metalloproteinases (MMP), proteolytic enzymes produced mainly by polymorphonuclear cells, 

macrophages, keratinocytes, fibroblasts and tumor cells.
8
  

An alternative to prevent the deleterious effects of the ROS generated from the excessive 

exposure to UVB irradiation is the exogenous supplementation of antioxidants.
9-12

 In this 

context, antioxidants from natural sources may be an effective approach to the treatment and 

prevention of damage caused by UVB irradiation.
13

 Rutin (1) is a flavonoid with significant 

antioxidant and anti-inflammatory activity, besides antimutagenic and anticancer 

pharmacological effects.
4,14

  

Emulsions are widely used as dermatological bases for incorporation of drugs and have 

good consumer acceptance because they are easy to apply and spread.
15

 However, the 
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effectiveness of the active substance present in topical formulations depends on factors 

controlling penetration into the skin.
16

  

The use of delivery systems is a viable alternative for the development and improvement 

of formulations, aiming to increase the therapeutic efficacy of drugs.
17

 In this sense, many novel 

delivery systems have been designed for topical application of drugs since they can overcome the 

stratum corneum barrier and increase drug permeation,
18-22

 penetration
23-25

 and 

retention.
19,21,22,26,27

 Multiparticulate systems such as microcapsules have been developed to 

modified drug release applying varied polymeric matrices and methodologies.
28

  

Thus, we investigated whether microencapsulation can improve the photochemical 

protective properties of 1 against UVB-induced inflammatory and oxidative damage in the skin 

of hairless mice. 
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RESULTS AND DISCUSSION 

Preparation of Rutin (1)-Loaded Microcapsules and Quantification of 1. The 

pectin/casein mixture in an aqueous dispersion forms multiparticle organized systems. The 

quantification of 1 in the system was performed by exhaustive extraction in which 82% of 1 was 

detected in comparison with the initial amount of this drug added to prepare the formulation. For 

incorporation in topical formulation, the amount was calculated considering the loss shown 

during processing. 

Topical Formulation Containing Microencapsulated Rutin (1) Reduces UVB 

Irradiation-Induced Edema in the Skin. Acute exposure to UV irradiation induces an 

inflammatory response with the development of skin edema.
11

 Standard-sized punches of skin 

were collected 12 h after UVB exposition and weighted in order to evaluate the capacity of 

topical formulation containing microencapsulated 1 to reduce UVB irradiation-induced edema. 

As shown in Figure 1, UVB irradiation induced significant skin edema when compared to 

unexposed mice. The UVB irradiation-induced skin edema was significantly inhibited (100%) by 

treatment with topical formulation containing microencapsulated 1.  This effect was not observed 

with the application of topical formulation containing non-microencapsulated drug (Figure 1). 

An explanation for the improvement in the efficacy of 1 when microencapsulated is a 

higher penetration in the skin. In fact, previous studies have demonstrated that 1 exhibits low 

skin permeability
16,29

 similarly to other flavonoids.
22,25,29,30

  

 

Topical Formulation Containing Microencapsulated Rutin (1) Reduces UVB 

Irradiation-Induced Matrix Metalloproteinase-9 (MMP-9) Activity in the Skin. The 

exposure to UV irradiation induces the expression of matrix metalloproteinases (MMP), 

proteolytic enzymes produced mainly by polymorphonuclear cells, macrophages, keratinocytes, 

fibroblasts and tumor cells.
8
 The increased production of MMP by epidermal keratinocytes and 
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dermal fibroblasts results in degradation of collagen and other extracellular matrix proteins. This 

process is followed by photoaging and severe skin damage.
31,32

 Considering the role of MMP-9 

in skin diseases, we investigated the effects of topical formulation containing microencapsulated 

1 treatment in MMP-9 activity in the skin after UVB exposition. The MMP-9 activity was 

measured in skin samples collected 12 h after UVB irradiation by SDS–PAGE (sodium dodecyl 

sulfate polyacrylamide gel electrophoresis) zymography. As observed in Figure 2, UVB 

irradiation induced significant increases of MMP-9 activity in the skin of hairless mice, and this 

increase was inhibited by treatment with topical formulation containing microencapsulated 1. 

However, no inhibitory effect on MMP-9 activity was observed with topical formulation 

containing non-microencapsulated 1. Similarly, microemulsion containing quercetin prevented 

the UVB irradiation-induced secretion/activity of MMP,
25

 which further corroborates that 

modulating flavonoid delivery is an important approach to increase the efficacy of this class of 

molecules. 

 

Treatment with Topical Formulation Containing Microencapsulated Rutin (1) 

Prevents the Decrease of Antioxidant Capacity of Skin Induced by UVB Irradiation. UVB 

irradiation leads to formation of reactive oxygen species (ROS), which can be generated directly 

through interaction with chromophores groups or indirectly through inflammatory response.
33

 

With the increased flow of ROS induced by UVB, regenerating of endogenous antioxidants 

becomes insufficient leading to their depletion.
25,34

 The result of unbalance between ROS and 

antioxidants modulates signaling transduction cellular pathways of redox-sensitive and gene 

expression. Such molecular changes might be involved in the pathogenesis of photoxidatives 

damage.
11,35,36

  

Therefore, samples were collected 12 h after UVB exposition to determine whether the 

topical formulation containing microencapsulated 1 prevents the decrease of skin antioxidant 
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capacity. As expected, UVB irradiation reduced the antioxidant capacity of skin compared with 

the non-irradiated control as determined by the FRAP and ABTS assays (Figure 3A and 3B, 

respectively). The treatment with topical formulation containing microencapsulated 1 inhibited 

UVB-induced reduction of skin antioxidant (Figures 3), while no effect was observed with the 

application of topical formulation containing non-microencapsulated 1. 

UVB irradiation also lowered the levels of reduced glutathione (GSH) at 12h (Figure 4A) 

and the activity of catalase (CAT) at 2h (Figure 4B), compared with non-irradiated group. On the 

other hand, treatment with topical formulation containing microencapsulated 1 inhibited UVB 

irradiation-induced GSH depletion (69%), whereas this effect was not observed with non-

microencapsulated 1 (Figure 4A). Treatment with topical formulation containing 

microencapsulated 1 also reversed significantly the UVB irradiation-induced loss of CAT 

activity (74%), an effect that was not observed with non-microencapsulated 1 (Figure 4B).  

Corroborating our results, delivery systems increase penetration and retention of natural 

antioxidant molecules, preventing the decrease or restoring the antioxidant capacity of skin.
25,26

  

 

Treatment with Topical Formulation Containing Microencapsulated Rutin (1) 

Prevents UVB-Induced gp91phox mRNA Expression and Cytokine Production in the Skin. 

In order to evaluate the effects of topical formulation containing microencapsulated 1 over 

NADPH oxidase 2 (NOX2), skin samples were collected 4 h after UVB exposure, and the 

mRNA expression of NOX2 sub-unity gp91phox was evaluated by quantitative PCR (qPCR).  

Gp91phox sub-unity catalyzes electron transfer to O2, generating large amounts of O2
•-
during 

inflammatory responses. UVB irradiation increased gp91phox mRNA expression, and this 

increase was inhibited by topical formulation containing microencapsulated 1. This effect was 

not observed with the application of topical formulation containing non-microencapsulated 1 

(Figure 5).  
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Treatment with Topical Formulation Containing Microencapsulated Rutin (1) 

Reduces Superoxide Anion (O2
•-
) Production in the Skin Induced by UVB Irradiation. UVB 

induces the production of large amounts of O2
•-
,
10

 increasing the levels of H2O2, which favors the 

generation of hydroxyl radical (HO
•
), a cytotoxic derivative.

37
 In the present experimental 

condition, UVB also induced significant increase of O2
•- 

levels in the skin of irradiated mice 

compared to non-irradiated control, and the treatment with topical formulation containing 

microencapsulated 1 significantly reduced UVB irradiation-induced O2
•-
 production (Figure 6). 

This effect was not observed with the application of topical formulation containing non-

microencapsulated 1 (Figure 6). It is well known that ROS can inflict damage on all classes of 

cellular macromolecules including lipids and nucleotides, thus, leading to cell death or causing 

important cellular alterations.
10,22

 In this sense, antioxidant suppression of ROS generation has 

been proved to be effective in preventing UVB-induced cell injury.
22,25,38

  

Despite its role in pathogen killing, O2
•-
 is very deleterious to the host in the absence of 

infection and causes even more damage when endogenous antioxidants are lowered by 

exposition to UVB. Furthermore, O2
•- 

mediates cytokine production and neutrophil recruitment 

during inflammatory response and thus contributes to sustaining inflammation.
39,40

 Thus, we 

investigated wether, by reducing gp91phox expression and, consequently, O2
•- 

production, the 

treatment with topical formulation containing microencapsulated 1 could modulate the 

production of cytokines. UVB irradiation induced significant mRNA expression of tumor 

necrosis factor alpha (TNF-α), pro-interleukin 1 beta (pro-IL-1β), and IL-10 (Figure 7), while the 

treatment with topical formulation containing microencapsulated 1 reduced the mRNA 

expression of all these cytokines, an effect not observed with non-microencapsulated 1 (Figure 

7). These results suggest that topical formulation containing microencapsulated 1 protected the 

skin from UVB-induced oxidative stress and inflammation by reducing mRNA expression of 
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gp91phox, TNF-α and pro-IL-1β. Expression of IL-10, an immunosuppressive cytokine induced 

by UVB,
41,42

 was also inhibited by topical formulation containing microencapsulated 1, which 

supports its application in a wide range of skin diseases induced by UVB.  

In summary, the present study showed that with the incorporation 

of microencapsulated 1 allowed to modify the release of the drug, probably resulting in improved 

skin penetration and retention. This improvement led to increased antioxidant efficacy of rutin, 

with reduction of skin photoxidative damage induced by UVB irradiation. The possible 

mechanism was proposed for this improvement in skin absorption. The microcapsules act as 

carriers to deliver the encapsulated drug into the skin.  
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Experimental Section 

General Experimental Procedures. Brilliant blue R, reduced glutathione (GSH), 

hexadecyltrimethylammonium bromide (HTAB), N-ethylmaleimide, o-dianisidine 

dihydrochloride, phenylmethanesulfonyl fluoride, 5,5‟-dithiobis(2-nitrobenzoic acid) (DTNB) 

and nitroblue tetrazolium (NBT), bisacrylamide were obtained from Sigma-Aldrich (St. Louis, 

MO, USA). Rutin (1) from Acrós Organics (USA). Pectin USP (68% of esterification) from 

CPKelco (Limeira, SP, Brazil). Casein from Katuffman & Co (Germany). Tert-butyl 

hydroperoxide from Acros (Pittsburgh, PA, USA). Xylene cyanol and Tris were obtained from 

Amresco (Solon, OH, USA). Isoflurane from Abbott (Chicago, IL, USA). ELISA kits for 

determination of cytokine were obtained from eBioscience (San Diego, CA, USA). Acrylamide, 

sodium dodecyl sulfate (SDS), glycerol, Superscript® III, Oligo(dT) 12-18 primers, Platinum 

SYBRGreen® and primers from Invitrogen (Carlsbad, CA, USA). All other reagents used were 

of pharmaceutical grade. 

Preparation of microcapsules. Microcapsules were prepared by dispersion in distilled 

water (solid content 10%, w/v) of the polymers pectin and casein under constant mechanical 

shaking. Sodium hydroxide (4.0 M) was used to adjust pH to 8.0 + 0.1.
43

 After complete 

dispersion, rutin was added at the proportion of 1:5 (drug:polymer). Microcapsules were 

obtained by slow and gradual reduction of pH from 8.0 + 0.1 to 4.0 + 0.1 with 1.0 M citric acid. 

The same methodology was used to prepare microcapsules containing no drug (blank 

microcapsules). The sample was dried in a lyophilizer (Edwards, model Pirani 501) during 24h. 

Rutin (1) quantification in the microcapsules. Samples of 1-loaded microcapsules were 

dispersed in 10 ml of phosphate buffer pH 6.8 added 5.0% Tween ® 20 and then stirred for 5 

min, followed by centrifugation at 3600 rpm for 10 min for the extraction of rutin. The 

supernatant was filtered through a 0.45 µm nylon syringe filter, and the filtrate was analyzed by 

DPPH method and quantified spectrophotometrically at 517 nm.
30,44
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Animals and Experimental Protocols. In vivo experiments were performed sex matched 

hairless mice (HRS/J), weighing 20-30 g. The animals were housed in a temperature-controlled 

room, with access to water and food ad libitum. They were housed within cages with a 12 h light 

and 12 h dark cycles. All experiments were conducted in accordance with National Institutes of 

Health guidelines for the welfare of experimental animals and with the approval of the Ethics 

Committee of the Universidade Estadual de Londrina (registered under the number CEUA 

204/13, process number 27025.2013.10). All efforts were made to minimize the number of 

animals used and their suffering. Hairless mice were randomly designed to different groups with 

5 mice each: non-irradiated control group, irradiated control group, irradiated group and treated 

with topic formulation without drug, irradiated group and treated with topic formulation 

containing 1, irradiated group and treated with topic formulation containing microcapsules 

without drug, irradiated group and treated with topic formulation containing microencapsulated 

1. In the experiments presented in Figures 1-7, mice were treated topically, in dorsal part, with 

0.5g of formulation containing 1% of 1, 12h, 6h, immediately before and 6 h after the beginning 

of UVB irradiation session.  

Irradiation. The UVB source used in the experiments to induce oxidative stress was a 

Philips TL/12 RS 40W (Medical-Holand) emitting a continuous spectrum between 270 and 400 

nm with a peak emission at 313 nm. The lamp was mounted 20 cm above the place where the 

mice were placed on, resulting in an irradiation of 0.384 mW/cm
2
 as measured by an IL 1700 

radiometer (Newburyport, MA, USA) equipped with sensor for UV (SED005) and UVB 

(SED240). The irradiation dose used for induction of oxidative stress was 4.14 J/cm
2
. All groups 

were irradiated simultaneously. Mice were terminally anesthetized with 1.5% isoflurane 12 h 

(Figs. 1-4A), 2h (Figs. 4B e 6) or 4h (Figs. 5 e 7) after the UVB exposure, and the full thickness 

of the dorsal skins was removed. In the tests at 2 h and 4h after the UVB exposure, mice were 

decapitated immediately after anesthetization and dorsal skin samples were collected. Samples 
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were stored at -70°C until analysis. The samples collected for verification of cutaneous edema 

were weighed when removed and were not frozen.
9,11

  

Skin Edema. The effect of topical formulation containing microencapsulated 1 on UVB-

induced skin edema of hairless mice was measured as an increase in the dorsal skin weight. After 

dorsal skin removal, a constant area (5 mm diameter) was delimited with the aid of a mold, 

followed by weighing of this constant area.
9,10 

The analysis was obtained by comparing the 

weight of the skin between groups and the result was expressed in mg of skin. 

Analyses of skin proteinase by substrate-embedded enzymography. SDS-PAGE 

(sodium dodecyl sulphate polyacrylamide gel electrophoresis) substrate-embedded 

enzymography was used to detect enzymes with gelatinase activity. Assays were carried out as 

previously described.
9-11

 The total skin of hairless mice (1:4, w/w dilution) were homogenized (T 

18 basic, IKA) in 0.05 M Tris-HCl buffer (pH 7.4) containing 0.01 M CaCl2 and 1% protease 

inhibitor cocktail. Whole homogenates were centrifuged at 12000 g for 10 min at 4°C twice. The 

Lowry method was used to measure protein levels in skin homogenates.
45

 Aliquots of 50 μL of 

samples were mixed with 10 μL of 0.1 M Tris-HCl (pH 7.4) containing 20% glycerol, 4% SDS 

and 0.005% xylene cyanol, and 25 μL of the mixture (40 μg of protein) were taken for 

electrophoresis in a gel containing 10% acrylamide and 0.025% gelatin. After electrophoresis, 

the gels were incubated for 1 h with 2.5% Triton X-100 under constant shaking, incubated 

overnight in 0.05 M Tris-HCl (pH 7.4), 0.01 M CaCl2 and 0.02% sodium azide at 37°C, and 

stained the following day with brilliant blue R. After destaining in 20% acetic acid, the zone of 

enzyme activity were analyzed by comparing the groups in the ImageJ Program (NIH, Bethesda, 

MD, USA). 

 FRAP assay. The reducing ability of skin sample was determined by FRAP assay.
9,46

 

The samples of skin (30 mg approximately) were homogenized in 500 μL of KCl (1.15%) using 

a Tissue-Tearor (Biospec) and centrifuged at 1.000 g for 10 min at 4°C, the supernatant was 
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employed for measurement the antioxidant capacity of skin. The reaction consists to add the 

supernatant (30 μL) to the FRAP reagent prepared with 0.3 mM acetate buffer pH 3.6, 10 mM 

TPTZ in 40 mM hydroclorid acid and 20 mM ferric chloride. The FRAP reagent was warmed to 

37°C for 30 min. The absorvance was determined at 595 nm in a microplate reader (EnSpire, 

Perkin Elmer). Previously, a curve of trolox (0.01-20 nmol) was prepared and the results are 

presented as nmol trolox equivalent per mg of skin. 

ABTS
 
assay. This assay is based on the inhibition of the absorbance of the radical 

ABTS. Skin of hairless mice (30 mg approximately) was homogenized in 500 μL of KCl 

(1.15%) using a Tissue-Tearor (Biospec) and centrifuged at 1.000 g for 10 min at 4°C, the 

supernatant was employed for measurement the antioxidant capacity of skin. The solution of 

ABTS was prepared with 7 mM of ABTS and 2.45 mM of potassium persulfate diluted with 

phosphate buffer pH 7.4 to an absorbance of 0.7-0.8 in 730 nm was prepared. The supernatant 

(7µl) was mixed on ABTS solution and after 6 min the absorvance was determined at 730 nm in 

a microplate reader (EnSpire, Perkin Elmer).
9,46

 Previously, a curve of trolox (0.01-20 nmol) was 

prepared and the results are presented as nmol trolox equivalent per mg of skin. 

Reduced glutathione (GSH) assay. GSH was determined as described previously.
9
 

Briefly, skin samples were homogenized in 0.02 M EDTA using a Tissue-Tearor (Biospec). 

Whole homogenates were treated with 50% trichloroacetic acid and were centrifuged twice at 

2700 g for 10 min at 4°C. The reaction mixture contained 50 μL of sample, 100 μL of 0.4 M Tris 

and 5 μL DTNB (1.9 mg/mL in methanol). The color developed was read at 405 nm (Multiskan 

GO, Thermo Scientific). The standard curve was prepared with GSH 5-150 μM. The results are 

presented as μM of GSH per mg of skin. 

Catalase (CAT) assay. The analysis of CAT activity was evaluated by measuring the 

decay in the concentration of hydrogen peroxide (H2O2) and the generation of oxygen as 

described previously.
47

 Skin of hairless mice (100 mg approximately) were homogenized in 500 
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μL of 0.02 M EDTA using a Tissue-Tearor (Biospec), and centrifuged twice at 2700 g for 10 min 

at 4°C. The reaction mixture contained 10 μL of sample, 160 µL of buffer Tris-HCl 1 M with 

EDTA 5 mM pH 8,0, 20 µL of deionized water and 20 µL of H2O2 200 mM. Measurement of 

CAT activity was estimated through the difference between the initial reading and the reading 

conducted 30 seconds after the addition of H2O2 at 240 nm in a microplate reader (EnSpire, 

Perkin Elmer) at 25ºC. The CAT values were expressed as unit of CAT/mg of skin/minute. 

Superoxide anion production. The quantitation of superoxide anion (O2
•-
) production in 

tissue homogenates (100 mg approximately in 500 μL of 0.02 M EDTA) was performed using 

the nitroblue tetrazolium assay (NBT).
10

 Briefly, 50 μL of homogenates were incubated in 96-

well plate for 1 h. The supernatant was carefully removed and the cells were incubated with 100 

μL of NBT (1 mg/ml) for 15 min. The supernatant was then carefully removed and the cells were 

fixed in methanol 100%. Formazan particles were dissolved by adding 120 μL of KOH 2M and 

140 μL of dimethylsulfoxide. Reduction of NBT to formazan was measured at 600 nm using a 

microplate spectrophotometer reader (Asys Expert Plus, Biochrom) and the results are presented 

as optical density (OD) per 10 mg of skin. 

Reverse transcription and quantitative polymerase chain reaction (qPCR). qPCR 

was performed as previously described.
10

 Skin samples were homogenized in trizol reagent, and 

total RNA was isolated according to manufacturer‟s directions. The purity of total RNA was 

measured with a spectrophotometer and the wavelength absorption ratio (260/280 nm) was 

between 1.8 and 2.0 for all preparations. Reverse transcription of total RNA to cDNA, and qPCR 

were carried out using GoTaq® 2-Step RT-qPCR System (Promega) and specific primers. qPCR 

reaction was performed in StepOnePlusTM Real-Time PCR System (Applied Biosystems®). 

The relative gene expression was measured using the comparative 2
-(∆∆Cq) 

method. The 

expression of Gapdh mRNA was used as reference control. The primers used were: gp91phox, 

sense: 5‟-AGCTATGAGGTGGTGATGTTAGTGG-3‟, antisense: 5‟-
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CACAATATTTGTACCAGACAGACTTGAG-3‟; pro-IL-1β forward 5‟- 

GAAATGCCACCTTTTGACAGTG-3‟, reverse 5‟- TGGATGCTCTCATCAGGACAG-3‟; 

TNF-α forward 5‟- TCTCATCAGTTCTATGGCCC -3‟, reverse 5‟- 

GGGAGTAGACAAGGTACAAC -3‟; IL-10 forward 5‟-TCTCATCAGTTCTATGGCCC-3‟, 

reverse 5‟-GGGAGTAGACAAGGTACAAC-3‟; and Gapdh sense: 5-

ATGACATCAAGAAGGTGGTG-3, Antisense: 5‟-CATACCAGGAAATGAGCTTG-3. 

Statistical Analysis. The bars in the figures indicate the mean values ± standard error of 

the mean (SEM) of 5 mice per group per experiment and are representative of two separated 

experiments. Data were statistically analyzed by one-way ANOVA followed by 

Tukey‟s t test. Statistical analyses were performed using GraphPad Prism 4 software (GraphPad 

Software Inc., San Diego, CA, USA). Results were considered significantly different when p < 

0.05. 
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Legends to Figures 

 

Figure 1. Topical formulation containing microencapsulated rutin (1) inhibits UVB irradiation-

induced skin edema in hairless mice. Skin edema was determined in samples collected 12 h after 

the end of irradiation. Bars represent means ± SEM of 5 mice per group and are representative of 

two separated experiments. One-way ANOVA followed by the Tukey‟s test [*p<0.05 compared 

to the non-irradiated control group; 
#
p<0.05 compared to the respective control]. 

 

Figure 2. Effect of topical formulation containing microencapsulated rutin (1) on UVB 

irradiation-induced increase of MMP-9 activity in hairless mice. The MMP-9 activity was 

determined in samples collected 12 h after the end of irradiation. Image of gelatin zymography 

and bars represent means ± SEM of 5 mice per group and are representative of two separated 

experiments. One-way ANOVA followed by the Tukey‟s test [*p<0.05 compared to the non-

irradiated control group; 
#
p<0.05 compared to the respective control]. 

 

Figure 3. Topical formulation containing microencapsulated rutin (1) inhibits UVB irradiation-

induced FRAP reduction and ABTS scavenge in hairless mice. The FRAP activity (A) and 

ABTS levels (B) were determined in samples collected 12 h after the end of irradiation. Bars 

represent means ± SEM of 5 mice per group and are representative of two separated experiments. 

One-way ANOVA followed by the Tukey‟s test [*p<0.05 compared to the non-irradiated control 

group; 
#
p<0.05 compared to the respective control]. 

 

Figure 4. Topical formulation containing microencapsulated rutin (1) inhibits UVB irradiation-

induced GSH and CAT depletion. The GSH levels (A) and CAT activity (B) were determined in 

samples collected 12 h and 2 h after the end of irradiation, respectively. Bars represent means ± 
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SEM of 5 mice per group and are representative of two separated experiments. One-way 

ANOVA followed by the Tukey‟s test [*p<0.05 compared to the non-irradiated control group; 

#
p<0.05 compared to the respective control].  

 

Figure 5. Topical formulation containing microencapsulated rutin (1) inhibits UVB irradiation-

induced gp91phox mRNA expression. The mRNA expression for gp91phox was determined in 

samples collected 4 h after the end of irradiation by qPCR. Bars represent means ± SEM of 5 

mice per group and are representative of two separated experiments. One-way ANOVA followed 

by the Tukey‟s test [*p<0.05 compared to the non-irradiated control group; 
#
p<0.05 compared to 

the respective control]. 

 

Figure 6. Topical formulation containing microencapsulated rutin (1) inhibits UVB irradiation-

induced superoxide anion production. The nitroblue tetrazolium reduction test was determined in 

samples collected 2 h after the end of irradiation, respectively. Bars represent means ± SEM of 5 

mice per group and are representative of two separated experiments. One-way ANOVA followed 

by the Tukey‟s test [*p<0.05 compared to the non-irradiated control group; 
#
p<0.05 compared to 

the respective control]. 

 

Figure 7. Topical formulation containing microencapsulated rutin (1) inhibits UVB irradiation-

induced TNF- (A), pro-IL-1 (B) and IL-10 (C) mRNA expression. The mRNA expression for 

TNF-, pro-IL-1 and IL-10 were determined in samples collected 4 h after the end of 

irradiation by qPCR. Bars represent means ± SEM of 5 mice per group and are representative of 

two separated experiments. One-way ANOVA followed by the Tukey‟s test [*p<0.05 compared 

to the non-irradiated control group; 
#
p<0.05 compared to the respective control].  
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5 CONCLUSÕES GERAIS 

 

No presente estudo, microcápsulas de pectina/caseína contendo FBP ou rutina foram 

preparadas utilizando o método de coacervação complexa. O processo tecnológico partindo do 

conjugado caseina/pectina utilizado neste trabalho é de baixo custo, realizado em meio aquoso 

e em condições brandas, o que significa uma grande vantagem em relação a muitos polímeros 

disponíveis no mercado. Aliado ao baixo custo está a possibilidade de produção das 

microcápsulas em grande escala.  

Foi desenvolvido e validado um método confiável para quantificação da FBP 

microencapsulada. Ambas microcápsulas apresentaram forma esférica e distribuição de 

tamanho uniforme. O teste de dissolução in vitro demonstrou prolongamento da liberação da 

FBP a partir das microcápsulas comparado com o fármaco não microencapsulado. A FBP 

possui alto coeficiente de solubilidade no meio de preparação utilizado, característica esta que 

favorece sua difusão durante o processo de fabricação. Mesmo assim a tecnologia de 

microencapsulação mostrou-se promissora, porém, alguns fatores devem ser modulados para 

o desenvolvimento com moléculas hidrossolúveis.  

As análises de DSC e difração de raio-X revelaram que a rutina está dispersa em matriz 

amorfa característica dos polímeros utilizados na preparação das microcápsulas, enquanto a 

FBP apresentou-se em estado amorfo após a microencapsulação. O prolongamento da 

liberação e mudança para estado amorfo da FBP mcroencapsulada resultou em uma melhora 

no efeito anti-inflamatório e analgésico do fármaco em modelo de inflamação na pata induzida 

por carragenina em camundongos. A presença de fase amorfa nas microcápsulas contendo 

rutina, mantendo a cristalinidade do fármaco, pode ser responsável pelo aumento da 

solubilidade da rutina proporcionando melhora da eficácia analgésica do fármaco, no mesmo 

modelo.  

Os resultados obtidos no modelo de inflamação/estresse oxidativo induzido por radiação 

UVB demonstram que o tratamento com microcápsulas contendo rutina administradas 

topicamente foi eficaz na melhora dos parâmetros inflamatórios e na manutenção da 

capacidade antioxidante da pele. Sendo assim, a microencapsulação com pectina/caseína por 

coacervação complexa é uma estratégia promissora para melhorar os efeitos terapêuticos da 

FBP e rutina. 
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ANEXO A: Depósito de patente BR 10 2013 032 152 4 

 

“Sistema microencapsulado contendo D-Frutose-1,6-difosfato para melhora da eficácia 

analgésica e anti-inflamatória do fármaco.” 
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ANEXO B: Depósito de patente BR 10 2013 015 911 5 

 

“Sistema microencapsulado contendo rutina para terapêutica analgésica.” 
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ANEXO C: Depósito de patente BR 10 2014 020 701 5 

 

“Formulação tópica contendo rutina microencapsulada para redução dos danos cutâneos foto-

oxidativos induzidos pela irradiação UVB.” 
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ANEXO D: Guia para autores - Journal of the brazilian chemical society 

 
1. Introduction 

The Journal of the Brazilian Chemical Society (JBCS) embraces all aspects of chemistry except education, philosophy and 
history. It is a medium for reporting selected original and significant contributions to new chemical knowledge. The Journal 
publishes Articles, Communications, Short Reports, Reviews, Accounts and Letters. 

The reproduction of figures, schemes and photos already published in other publications, even if these materials have been 
published by the same authors, requires the copyright permission given by the editor house allowing the publication of the article 
in the JBCS. 
 

1.1 Manuscript types 

Article should be comprehensive and critical accounts of a work in a given area. Although short articles are acceptable, the 

Editors strongly discourage fragmentation of a substantial body of work into a number of short publications. 
Communication should be restricted to reports of unusual urgency and significance or interest. They should be submitted with 
a statement from the authors as to why the manuscript meets these criteria. A manuscript will not be accepted if, in the 
opinion of the Editors, the principal content has previously been released or published in any other medium. The communication 
should not exceed 1500 words or occupy more than 3 pages of the Journal. To estimate the length of a communication, an 
average sized figure is counted as 100 words and separate formulae and lines of a table are counted as 8 words per line, including 
headings and horizontal rulings. Title, authors' names and literature references are not counted. 
Short Report is meant to be a concise terminal report of studies of limited scope. Manuscripts submitted as articles or 
communications may, in some cases, be accepted as short reports. The standard of quality expected in short reports is the same as 

in articles. 
Review is normally invited by the Editors. However, the Editors welcome suggestions for reviews considered suitable for the 
Journal. Be aware that the topics (items) in the Reviews must be numbered with Arabic numerals. 
In order to help the Editors in the evaluation of the suitability of a proposed Review, the authors should previously submit by e-
mail (office@jbcs.sbq.org.br) the following items: 

 A synopsis including a brief outline of the Review content; 

 At least ten sample references; 

 A summary of the lead author's academic career; 

 A statement explaining the relevance of the topic to be reviewed and a list of the latest reviews published on the subject, if 
any; 

 If the text is already prepared (with the above items have been considered by the Editors), an invitation for submission will 
be sent for the author; 

 A short Curriculum Vitae (max. 100 words) with photo for each author needs to be added in the end of the main document. 
Acceptance of the synopsis does not guarantee publication of the final manuscript. 

It is quite common, in Reviews, the reproduction of figures, schemes and photos already published in other works. Even if these 
materials have been published by the same authors, copyright permissions need to be given by the editorial office.  
Account is published only by invitation from the Editorial Board. Like the Review, it may include figures, schemes, structures, 
etc. The topics in the Account must be numbered with Arabic numerals. 
In order to help the Editors in the evaluation of the suitability of a proposed Account, authors should previously submit by e-
mail (office@jbcs.sbq.org.br) a synopsis considering the following items: 

 submission of a focused and readable text, covering current areas of interest for the Chemistry community; 

 it is necessary to present topics or summaries of research in an emerging area of Chemistry, covering only the most 
interesting/significant developments; 

 in the conclusion section, the discussion is about possible future approaches of the Account subject; 

 a short Curriculum Vitae (max. 100 words) with photo for each author needs to be added in the end of the main document. 
In case any reproduction of figures, schemes and photos already published in other journals is included, a copyright 

permission given by the editorial office of the publisher must be sent to JBCS office. 

Letter is a medium for the expression of scientific opinions and views normally concerning material published in the Journal, but 

not for revision/update of the authors' own work. When a Letter polemical in nature is accepted, a reply from the implicated 

parties will be requested for publication alongside the original Letter. Contributions in this format are intended to be published as 

soon as possible. No Abstract is required for letters. They should not exceed one printed page in length. 

 

 

mailto:office@jbcs.sbq.org.br
mailto:office@jbcs.sbq.org.br
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1.2 Before Beginning the Submission 

Copyright License 
The submission of a manuscript implies that it has not been previously published, that it is not under consideration for publication 
elsewhere or that it will not be simultaneously published elsewhere in the same format without the written permission of the 

Editors. Additionally, it implies that the submitting author has the consent of all authors. By submitting a manuscript, the authors 
agree that their paper's copyright is transferred to the Brazilian Chemical Society (Sociedade Brasileira de Química, SBQ) if and 
when the manuscript is accepted for publication. Accepted manuscripts and illustrations become the property of the SBQ. 

Manuscript Organization 
Authors should present their materials with the utmost conciseness and clarity. The Introduction should clearly and briefly 
identify, with relevant references, both the nature of the problem under investigation and its background. Extensive reviews of 
the literature cannot be accepted. 
In Articles and Short Reports, the Experimental section may precede or follow the Results and Discussion section, but should 
be separated from it. The addition of a final section at the end of the manuscript, which briefly summarizes the 

main Conclusions of the work, is recommended and needs to be just after the Results and Discussion section. 
Descriptions of experiments should be given in sufficient details to enable other researchers to repeat them. The degree of purity 
of materials should be given, as well as all quantities used. Descriptions of established procedures are unnecessary. Standard 
techniques and methods used throughout the work should be stated at the beginning of the section in aMaterials and/or 

Methods subsection, in the Experimental section. Apparatus should be described only if it is non-standard. Commercially 
available instruments should be referred to by their suppliers and models. 
All new compounds should be fully characterized, which includes spectroscopic data and elemental analyses. High-resolution 
mass spectra may substitute for elemental analyses if accompanied by unequivocal proof of sample purity (melting points, copies 

of NMR spectra, etc.). For compounds prepared in enantiomerically pure or enantiomerically enriched form, specific optical 
rotation must be given. In cases where enantiomeric excess is determined by chromatographic and/or spectroscopic techniques, 
copies of the appropriate chromatograms and/or spectra should be included as Supplementary Information upon submission of 
the manuscript. Data associated with specific compounds should be listed after the name of the compound concerned, followed 
by the description of the preparation, or else presented in tabular form in the Results and Discussion section. All spectra must be 
included in the Supplementary Information (SI, see Section 8). 
Many theoretical and computational papers use a routine procedure based on a well-documented method, being it semi-empirical 
or ab initio. It is then sufficient to name the particular variant, referring to key papers, in which the method has been developed, 

to cite the computer program used and to indicate briefly any modification made by the author. 
Complementary data meant to support the analysis of Communications should be included as Supplementary Information (SI, 
see Section 8). 
It is the authors' responsibility to obtain permission from other publishers for the reproduction of artwork from other journals in 
the reviews or in any other type of publication. Such specific Copyright Permissionsshould be sent to theJBCS Editorial 
Manager. Suitable acknowledgement of reproduction must be given in the captions. 
 

2. Preparation of Manuscritps 

General Overview: 
Font: Times New Roman 
Font Size: 12 
Font Color: Black 
Spacing: double spaced 
Pages: numbered consecutively 

Tables, Schemes, Figures and captions: placed in the text, as close as possible to the first citation. 
Figures: numbered with Arabic numerals. For full manuscripts containing material previously published in 
preliminary form, a copy of the previous communication is required and should be included at the end of the manuscript.  
Maps: insert as Supplementary Information 
Main sections (Introduction, Experimental, Results and Discussion, Conclusion section) of the manuscript should NOT be 
numbered, EXCEPT for Account and Review. 
Supplementary Information (SI): needs to be included at the end of manuscript, after the Conclusions section. 
It should contain RELEVANT and COMPLEMENTARY DATA to those presented in the manuscript. If new compounds are 
identified or characterized, all spectra should be included (see Section 8). 

Graphics/Figures/Schemes: send them in the original program FILES: it is important that the files are editable to correct any 
minor mistake. 
Structures in: *.cdx (ChemDraw); 
Graphics in: *.opj/org (Origin); *.xls/xlsx (Excel); 
Others in: *.cdr (CorelDraw); 
We do not accept graphs and chemical structures as image files. 

Details: 
First Page 
- Graphical Abstract (GA) (see Section 5) 

Second Page 
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- Title 
- Authors' names: full given name, followed by the middle name initial(s) and then by the full last name. 
An asterisk (*) should follow the name of the corresponding author. 
- Addresses: Authors are asked to provide full addresses for correspondence. The e-mail address of the 
corresponding author should be given as a footnote. If the address where the work was carried out is different from the present 

address of any of the authors, a footnote indicating the current position can be included. Each address should have a 
correspondent letter. As for instance: 
Jailson B. de Andrade,*,a Marta V. Andradeb and Heloisa L. C. Pinheiroc 

Third Page 
Abstracts: maximum of 150 words for Articles, Accounts and Reviews and 50 words for Short Reports and Communications. 
Keywords: a minimum of three and maximum of five. Broad-sense words such as "water" should be avoided. 
The text should start from the third page of the manuscript. 
Attention: all nomenclature should be consistent, clear, unambiguous and in accordance with the nomenclature rules established 

by the IUPAC, the International Union of Biochemistry, the Abstracts Service (see Index Guide to Chemical Abstracts, 1987 
and http://jbcs.sbq.org.br/iupac.html), the Nomenclature Committee of the American Chemical Society or any other appropriate 
bodies. Units and symbols should follow IUPAC recommendations. Authors will not be denied any reasonable usage, but if non-
SI units are used for critical data or for quantities measured to a high degree of accuracy, final numerical values should also be 
expressed in SI units. 
Be sure that all abbreviations are once specified (as near as possible of their first citation). 
 
3. Language, Style and Format 

 Language 
Only manuscripts written in English will be considered. Standard English and American English spellings are allowed but 
consistency should be maintained within the manuscript. 
From now on, all authors are expected to send along with their manuscript a statement from a specialized company (or person),  
attesting that the text was submitted to formal English review. Otherwise, the Editor can, at any time, ask for such procedure to 
warrant the English precision, conciseness and understanding of the manuscript. 

 Style and Format 

 Main Sections: First initial with capital letter, bold, no final full stop. Should not be numbered, except for Reviews and 
Accounts: 
- Introduction 

- Experimental (or Methodology in case of theoretical and computational papers) 
- Results and Discussion or Results then Discussion (alternatively, Experimental may follow Results and Discussion) 
- Conclusions 
- Supplementary Information (if you have): include the following text just to mention (not to add graphs and data here) 
the existence of the supplementary data, see the example: 

Supplementary Information 

Supplementary data are available free of charge at http://jbcs.sbq.org.br as PDF file. 

- Acknowledgments 
- References 

 Sub-Sections: first initial with capital letter, no final full stop. Examples: 
Reagents and equipments 
X-ray data 

 Formulae (compounds): should be numbered with bold Arabic numerals. 

 Structural or displayed formulae must be accurately drawn and inserted in the text. All captions should be typed below 
the structural or displayed formulae, together with it, in the right position. 

 

4. Guidelines for Illustrations 

General Size 
The authors should think about the illustration size for double column (172 mm) of the journal. But, the font type size of text 
must be consistent with the illustration since it can be reduced during preparation of the Galley Proof. 
This is important when choosing symbols for graphics, drawings, charts, photos, etc., be consistent, make your manuscript look 
nicer: use the same size and same font type in graphics, schemes, etc. 
 

4.1 Graphs and Figures (also see Section 2) 

http://jbcs.sbq.org.br/iupac.html
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Lines and Lettering: Lines should be black and of an adequate and even thickness. Solid, broke, dotted and dot-dash lines 
should be used in graphics. Particular care should be taken to ensure that the lines in a spectrum are of adequate thickness . 
Lettering should not be smaller than 7 pt (Times New Roman) and lines not thinner than 0.5 pt. Lettering and lines should be of 
uniform density throughout the figures. 
Labeled atoms in ORTEP (or any other) diagrams should have atom numbers in parenthesis, e.g., Fe(1), C(44). 

Symbols representing physical quantities should be given in italics, e.g., J (Hz), δ (ppm), m/z, etc. 
Units should be expressed in the appropriate form, e.g., g cm-3 or mol L-1, rather than g/cm3 or mol/L (see Section 4.5) 

Graphs 
- Scales: graphs should have only the minimum necessary scale divisions marked by numerals. 
- Axis labels should use SI units, separated from quantities (see details in the green book 
http://old.iupac.org/reports/1993/homann/index.html): 
For graphs, use slashes in X and Y axes to separate axes names from units. For example: 2θ / degree; Temperature / oC; time / 
min; Size range / mm; Wavenumber / cm-1. Use parentheses only to group a set of units, e.g., Concentration / (mol L-1) ; 
103 (T/K)-1, etc. 

Pay close attention to the way decimal values are expressed in English. Employ dots instead of commas. 
Figures must have a high quality in order to be well reproduced. Use at least a 900 dpi resolution. If necessary, resize to a 
smaller size to get higher quality. 
Curves should be labeled (a), (b), (c) etc. and further information be given in the figure legend/caption. 
Data Points must be shown sufficiently large to be distinguishable. Whenever possible, they should be marked 
with the following symbols (use alternated full and open symbols): 

●, ○, ■, □, ▲, Δ, ♦ , ♢ 

Graphs/Figures should be pasted from their original files (Origin, ChemDraw, Corel etc.) and have an excellent 
quality. If you have to digitalize (scan) the figures (photos, for instance), choose the following scan options: black & white 
(B&W), no background and minimum of 300 dpi. If you wish them to be published online in color, send both the colored and 
B&W versions to the Editorial Office, matching the captions of the figures to accommodate the alternatives. 
For computer-generated artwork, background or shadings should be avoided. 

 

4.2 Structural Formulae 

Figures, schemes and structures should be drawn to fit single or double-column widths. They should look proportional in case 
they are reduced. 
Structures should be numbered with bold Arabic numerals, e.g.,1, 2. 
All chemical structures included in the manuscript should be drawn using the same letter type (Times New Roman or Arial), size 

of cyclic groups, size and thickness of chemical bonds, and, the most important, authors should use the same standard throughout 
the work, including all figures, schemes, etc. 
The following organic group abbreviations may be used: Me, Et, nPr, nBu, sBu, tBu, Ph, CO2R, CO2H, iPrOH. 
One variable univalent substituent is indicated by R. When more than one independent variable general substituent is present,  R1, 
R2, R3, etc. should be used. 
A variable metal may be indicated by M and variable ligands by L1, L2, L3 or L1, L2, L3, etc. 
 

4.3 Photographs 

Photographs should be highly contrasted, positive and not mounted. 
When necessary, the scale should be drawn on the photograph itself and not below. 
Color prints are rarely reproduced satisfactorily in black and white. Original B&W photographs are preferred to report 
experimental results, such as electron micrographs or to illustrate special equipment adaptations. 
 

4.4 Colored Illustrations 

Online Version 
From 2010 onwards, the publication of colored illustrations will be totally free of charge in the ONLINE version of the Journal. 

Printed Version 
Black & White (B&W) illustrations are free of charge. If color figures are presented in your Manuscript (Ms), they will 
automatically be converted into black-and-white (except GA). Color prints rarely reproduce satisfactorily in black and white. 
Thus, pay attention so that no information is missed because of the conversion. If the authors want to have colored illustrations 

on the printed version, they will be asked to pay for their cost: the current fee is 250 USD for all figures (remember that in the 
online version, they are free of charge). 
4.5 Tables, Data and Units 

Tables 
Format your table to give straightforward information to the reader. Do not use shades or bold lettering. Indicate any extra 

http://old.iupac.org/reports/1993/homann/index.html
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information as a footnote with letters, e.g., a, b, c, etc. For examples, see any "PDF" files 
in:http://jbcs.sbq.org.br/forthcoming_papers.asp. 

Data 
For negative numbers, ions and equations in text and tables use − (negative symbol) instead of - (hyphen). Examples: Cl−, 
−0.40, y = ax − b. 

Units 
Use International System Units (SI), e.g., m, s, kg, Pa, mol L-1, etc, separated from quantities with a blank space. Example: 300 
K, not 300K. See: http://old.iupac.org/reports/1993/homann/index.html. 
Note: Molar (M) is no longer a valid concentration expression for IUPAC; it is suggested mol L-1 or mol dm-3, but be consistent 
throughout your manuscript. 
For examples, see any "PDF" files in: http://jbcs.sbq.org.br/forthcoming_papers.asp 
 

5. Graphical Abstract (GA) and Text for GA 

Concerning the JBCS Table of Contents, it is expected from authors careful with their Graphical Abstract (GA) proposition. 
This way, the figure should summarize the content of the manuscript in a concise, pictorial form, designed to capture the 
attention of a wide readership. The author should present a new figure, using as an idea a key structure, a reaction, an equation, a 
concept, a graphic, a theorem, etc. It should use colors as much as possible and have an artistic and imaginative idea. Short  
movies are also welcome (as supplementary information (SI)). It is not acceptable photos of commercial equipment in GA or in 
the text of the manuscripts. 
Pay Attention: the image should have a 900 dpi resolution (*.tiff / *.jpg or any other image file that can be edited and be 8 cm 

wide and 4 cm high). Along with the GA figure, insert a short explanatory text about it below (three lines at the most).  
Take a look at our recent publications whose Table of Contents presents Graphical Abstracts (http://jbcs.sbq.org.br). Therefore, 
be smart to advertise your manuscript: send a beautiful and appealing graphical image. 
 

6. Equations 

When writing equations, use the Word editing equation option or any other equation editor. Equation cannot be added in the main 

text as image format. 
 

7. Reference Citation rules 

 Reference numbers 
Reference numbers in the text should be typed consecutively as superscripts after punctuation, without 
parentheses or brackets. Examples: 
sodium salicylate,1-3 

Nishide et al.,4 

by reduction of chromic acid.4-8,12 

The cited literature should be listed on a separate page (double-spaced) in the same order it appears in the text. 

 Journal Titles 
Journal title abbreviations are those defined in the Chemical Abstracts Service Source Index (see 
http://www.cas.org/content/references/corejournals). If an authoritative abbreviation for a Journal cannot be located or if the 
abbreviation is not obvious, the full Journal title should be cited. 

 Style Rules for Year, Volume and Page 
#. Author, A. C.; Author B.; Author C. F.; Abbreviation of the Journal Year, Volume, Page. 

1.Author, A. C.; Author, B.; Author, C. F.; J. Braz. Chem. Soc. 2010, 21, 77. 

- Author initials should be separated from each other, e.g., Author, A. C.; 

- Use semi-colons to separate different author's names. No "and" is necessary in any case. 

- Journal Abbreviations should come inItalics: J. Braz. Chem. Soc. 

- Years - bold font: 2010 

- Volume - Italic style: 21 

- Page - only the initial page, followed by dot: 77. 

Examples: 

2. Varma, R. S.; Singh, A. P.; J. Indian Chem. Soc. 1990, 67, 518. 

In case the journal is not easily accessible, the best choice is to quote its Chemical Abstracts number, as follows 

http://jbcs.sbq.org.br/forthcoming_papers.asp
http://old.iupac.org/reports/1993/homann/index.html
http://jbcs.sbq.org.br/forthcoming_papers.asp
http://jbcs.sbq.org.br/
http://www.cas.org/content/references/corejournals
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3. Provstyanoi, M. V.; Logachev, E. V.; Kochergin, P. M.; Beilis, Y. I.; Izv. Vyssh. Uchebn. Zadev.; Khim. Khim. 

Tekhnol.1976, 19, 708. (CA 85:78051s). 

Pay attention to the connection words in the names, as for instance: da Silva, M. A. or Silva, M. da, as follows: 
4. Pinto, A. C.; de Andrade, J. B.; Quim. Nova 1999, 22, 448. 

 Composite References 
They should be used whenever possible, rather than a series of individual references, without letters (a), (b), (c), etc. Use  only a 
semi-colon to separate them. The style for composite references is as follows: 
5. Varela, H.; Torresi, R. M.; J. Electrochem. Soc. 2000, 147, 665; Lemos, T. L. G.; Andrade, C. H. S.; Guimarães, A. M.; 

Wolter-Filho, W.; Braz-Filho, R.; J. Braz. Chem. Soc. 1996, 7, 123; Ângelo, A. C. D.; de Souza, A.; Morgon, N. H.; Sambrano, J. 

R.; Quim. Nova 2001, 24, 473. 

 Patents 
They should be identified in the following form. Whenever possible, Chemical Abstracts numbers should be quoted in 
parentheses: 
6. Hashiba, I.; Ando, Y.; Kawakami, I.; Sakota, R.; Nagano, K.; Mori, T.; Jpn. Kokai Tokkyo Koho 79 73,771 1979. (CA 

91:P193174v) 

7. Kadin, S. B.; US pat. 4,730,004 1988 (CA 110:P23729y). 

8. Eberlin, M. N.; Mendes, M. A.; Sparrapan, R.; Kotiaho, T.; Br PI 9.604.468-3 1999. 

 Books 
9. Cotton, F. A.; Wilkinson, G.; Advanced Inorganic Chemistry, 5th ed.; Wiley: New York, USa, 1988. 

Chapter in a book: only the main title should be given, with the chapter author's name and the editor´s name after the title (this in 
italic): 

10. Regitz, M. In Multiple Bonds and Low Coordination in Phosphorus Chemistry; Regitz, M.; Scherer, O. J., eds.; Georg 

Thieme Verlag: Stuttgart, Germany, 1990, ch. 2. 

 Software 
11. Sheldrick, G. M.; SHELXL-93; Program for Crystal Structure Refinement; University of Göttingen, Germany, 1993. 

 Web Pages 
12. http://www.sbq.org.br/jbcs, accessed in June 2013. 

 Unpublished material Reference 
For material accepted for publication: in this case, the DOI number should be provided by the authors. 
13. Magalhães, U. H.; J. Braz. Chem. Soc., DOI xx. 

For other reference examples, see "PDF" files in: http://jbcs.sbq.org.br/forthcoming_papers.asp 

 Dissertation/Thesis: do not use as bibliographic reference. Include only the articles that were produced from that research 
work. 

 

8. Supplementary Information (SI) 

This material will be available online in the JBCS Page as PDF file. It should contain relevant and complementary data to those 
presented in the manuscript. Their format can be: tables, graphs, spectra, films and so on. 
Any synthesized or identified compound must be accompanied by the spectra used for such identification. This is especially 
important for Natural Products, Organic and Inorganic Chemistry manuscripts in which the characterization/identification 

techniques are part of the work. 
 

8.1 Manuscripts including crystallographic data 

Deposition of Crystallographic Data 
Prior to the submission of the typescript including crystallographic data, the author(s) should deposit, in the relevant Data Center, 
the data corresponding to each structure to be reported. 

Data for organometallic, organic and coordination (Werner-type) compounds should be sent to the Cambridge 
Crystallographic Data Center (CCDC) by e-mail, in CIF format. More information and a checklist of data items to be included in 
the deposit can be obtained from the CCDC homepage: http://www.ccdc.cam.ac.uk/. 

http://jbcs.sbq.org.br/forthcoming_papers.asp
http://www.ccdc.cam.ac.uk/
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Data for inorganic compounds should be sent to Fachinformationszentrum Karlsruhe (FIZ) by e-mail: crysdata@FIZ-
Karlsruhe.de. 

Deposition Codes 
The Data Centers will provide deposition codes for each data set, which should be quoted in the typescript under a 
Supplementary Information heading before the Acknowledgements. 

Standard text for CCDC: 
Crystallographic data (excluding structure factors) for the structures in this work were deposited in the Cambridge 
Crystallographic Data Centre as supplementary publication number CCDC XXXXXX. Copies of the data can be obtained, free of 
charge, via www.ccdc.cam.ac.uk/conts/retrieving.html or from the Cambridge Crystallographic Data Centre, CCDC, 12 Union 
Road, Cambridge CB2 1EZ, UK; fax: +44 1223 336033. E-mail: deposit@ccdc.cam.ac.uk. 

Preparation of Crystallographic Material 
When the manuscript is submitted, the following guidelines should be observed: 
The Abstract should not contain crystal data, but a concise statement of the main features of the structural results. 
The following crystallographic data should be given in a paragraph of a Table, in a concise format: 

8.1.1 Color, habit and size of the crystal(s) used, behavior of the compound under the data collection conditions. 
8.1.2 The chemical formula should correspond to the complete chemical unit encompassing the crystallographic 
symmetry, the formula weight, F(000), the absorption coefficient and the measured and calculated densities. 
8.1.3 The unit cell parameters with esd's and the X-ray wavelength used. 
8.1.4 The crystal system, space group and number of chemical units per cell. 
8.1.5 Type of diffractometer used and method of data collection, total number of data collected, number of  
unique reflections, R(int) value, number of observed reflections with cut-off parameter, use or not of absorption correction, 
transmission factors. 

8.1.6 The final results: R, wR, S and the number of parameters refined; treatment of hydrogen atoms; final peak 
and hole in the last difference map. Only refinements on F2 will be accepted. 

Discussion of the Structure 
It must include a labeled diagram of the structure, a list of relevant geometric parameters - interatomic bond distances and angles, 
torsion angles, hydrogen bond parameters, etc. Data of less important parts of the structure, such as ligand sub-groups (phenyl 
rings, etc.) should be omitted. 
 

8.2 Manuscripts including NMR, IR, mass spectra, etc. 

Whenever a compound is synthesized or identified (new or already known), it is imperative to send all spectral data (data and 
spectra) as Supplementary Information (SI) along with your submission, at the end of your doc file. 
A brief mention to the existence of complementary data should be included in the Supplementary Information topic before 
the Acknowledgments section. Example: 
Supplementary Information 

Supplementary information (Figure S1-S4, Table S1) is available free of charge at http://jbcs.org.br as PDF file. 

How to send this type of information: 
Join all spectra in one SI file. Do not forget to add captions to each one of them, identifying each individual spectrum (e.g., 
Figure S1. 1H NMR Spectrum of...; Figure S2. IR Spectrum of...; Figure S3. 13C{1H} Spectrum of...; Table S1. Data for…). If the 
spectra will be digitalized (scanned), choose options: black&white, without background and 300 dpi at least. Add this file to 
the end of your manuscript, which should then comprehend one single doc file, containing GA, text with tables and figures, and 
SI. 

9. Procedure for Manuscript Submission 

 

9.1 Manuscript to be Evaluated for the First Time 

The JBCS submission offers only online submission. The submissions are made using the ScholarOneTR- 

JBCS system by clicking the link “Submission online (ScholarOne)” at our website (http://mc04.manuscriptcentral.com/jbchs-

scielo). 

 All the authors must have their names introduced in the platform, so fill this part and inform the correct co-authors‟ e-mail 

addresses in the system. 

 In the ScholarOne-JBCS system, all files need to be uploaded individually: 

(i) Main manuscript: as full.doc, not as full.pdf and 

mailto:crysdata@FIZ-Karlsruhe.de
mailto:crysdata@FIZ-Karlsruhe.de
http://www.ccdc.cam.ac.uk/conts/retrieving.html
mailto:deposit@ccdc.cam.ac.uk
http://mc04.manuscriptcentral.com/jbchs-scielo
http://mc04.manuscriptcentral.com/jbchs-scielo
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(ii) Figures/Schemes (just the ones from the main document), including GA image: as jpg, tiff, opj, xls, etc (not as individual doc 

files or grouped in a doc file). 

Figures built using Excel/Origin programs provide pictures higher quality in the final work (proof), so upload preferentially 

original xls/opj files. 

• In the main document (full.doc): also keep tables/figures/schemes/equations and their legends as close as possible of their first 

citation. 

9.2 Manuscript already Evaluated (Resubmission: Reject and Reject&Resubmission) 

In cases that the manuscript has already received a decision from JBCS Editor like Reject and Reject&Resubmission some 

specific requirements are necessary: 

(1) Main document: the modifications need to be highlighted with a different color guiding Editor/Reviewers with changes made 
in relation to the original version (do not use the track changes mode in MS Word). 

(2) Be sure that the Response Letter, in the place of the cover letter, itemizes each comment addressed, as well as any changes 

made, of all Referee(s) and Editor (if so). Write a very convincing text explaining the points that were introduced/removed, new 

experiments that were used. Add, please: “Response Letter for ID JBCHS-201x-0xxx (previous ID ): ...” 

(3) Replace all the files that were modified uploading with the new files. 

For Reject&Resubmission decision, Authors may access the previous ID (one that received the decision) in 

the Author Center at the JBCS-ScholarOne submission site (http://mc04.manuscriptcentral.com/jbchs-scielo at the link 

"Manuscripts with Decisions") and then in "create a resubmission" to resubmit the manuscript. 

With the resubmission, the manuscript will receive a new ID. The use of this link will accelerate the evaluation since the syst em 

will keep all the decisions for the previous ID linked to the new ID. 

All these actions for an already evaluated manuscript will expedite the assessment. 
 

10. Galley Proofs - GP 

The JBCS Journal Publishing Staff will contact you in the near future regarding your manuscript page proofs (GP). 
The proofs are provided for the correction of printing errors only, i.e.,the proof correction should not be used for language or 
content improvement. If considered excessive, the change costs will be charged to the author(s). 

Corrected galley proofs should be returned as soon as possible (within 72 h or in 3 business days). 

Your manuscript will be published on the web only after you approve your page proofs. 
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ANEXO E: Guia para autores - Journal of Pharmacy and Pharmacology 

Editorial Policy 

Journal of Pharmacy and Pharmacology employs a plagiarism detection system. By submitting your 

manuscript to the Journal you accept that your manuscript may be screened for plagiarism. 

 

Journal of Pharmacy and Pharmacology considers all manuscripts on the strict condition that they have not been 

published already, nor are they under consideration for publication or in press elsewhere. 

Journal of Pharmacy and Pharmacology publishes manuscripts pertaining to the design, delivery and mechanism of 

action of drugs and dosage forms with a view to developing and improving current therapeutic drug strategies. The 

Journal publishes original research papers, critical reviews, mini reviews and short communications. 

Contributions to Journal of Pharmacy and Pharmacology will be subjected to review at the discretion of the Editorial 

Office and papers accepted may be subject to editorial revision. Decisions regarding acceptability will be made on the 

basis of the quality of science, the contribution of the work to the field, the suitability of the work for the Journal and 

the presentation of the manuscript. Contributions submitted by the Journal's Editors and Editorial Board members are 

subject to the same peer review standards as papers submitted by all other authors. We aim to present authors with 

an initial decision regarding the acceptability of submitted papers within ten weeks of receipt of the manuscript. 

Manuscript Preparation   

General guidelines 

 All contributing authors of a manuscript should include their full name, affiliation, postal address, telephone and 
fax numbers and email address on the cover page of the manuscript. One author should be identified as the 
corresponding author. 

 For all manuscripts non-discriminatory (inclusive) language should be used. 

 Authors are urged to be succinct, to use the minimum number of tables and figures necessary and to avoid 
repetition of information between these two media. Given the competition for space within the journal, the length 
of submission in relation to its likely contribution will be taken into account with regard to acceptability. 
Guidelines on length are provided below. 

 The pages and lines of the manuscript must be numbered. 
 

 

Ethical guidelines 

 Authors should supply a conflict of interest statement with their submitted manuscript, detailing any financial or 
personal relationships that may bias their work, or a declaration that they have no conflicts of interest to 
disclose. 

 Original research studies involving animals or human volunteers must include details of ethical approval. These 
should include: 
 
(a) the name of the Institutional Review Board or Ethics Committee that approved the study and all protocols, 
(b) the date of this approval and 
(c) the number of the certification or document which verified approval of the study. 
 
Identifying details of patients and study participants should be omitted. If identifying information is essential for 
scientific purposes, or if there is any doubt about the adequacy of the anonymity protection used, the patient (or 
parent/guardian) must give written informed consent for publication. Authors should provide this statement of 
informed consent upon submission of the manuscript. 

 Manuscripts reporting randomised controlled trials should include a checklist and flowchart in accordance with 
the CONSORT Statement guidelines. The checklist should be submitted as a supplementary file, and the 
flowchart as a figure. 

 Systematic reviews must be submitted together with a checklist and flowchart in accordance with the PRISMA 
guidelines. The checklist should be submitted as a supplementary file, and the flowchart as a figure.   

 

 

Further information can be found in our Ethical Guidelines document. 

http://www.consort-statement.org/index.aspx?o=1011
http://www.prisma-statement.org/index.htm
http://www.prisma-statement.org/index.htm
http://wipjp.blackwellpublishing.com/bw/publicationethics/
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The use of Natural Products 

In studies that describe the use of natural products, the source organism must be authenticated by an expert and 

include reference to appropriate voucher specimens. All organisms must be validated taxonomically (in case of non-

cultivated plant species http://www.ipni.org/ orhttp://www.theplantlist.org/ need to be used. 

Chemical Composition of Extracts from Natural Products 

All extracts from natural products should be fullly characterised to ensure that full details of the chemical composition 

is known. For this purpose, separative methods (e.g. HPLC) following by structural elucidation methods are required 

(e.g. spectroscopy). Furthermore, an HPLC chromatograph should be included, where appropriate. 

Language 

Manuscripts are accepted only in English. Authors whose first language is not English are recommended to ask a 

native speaker to proofread their manuscript before submission. There are also a number of services that provide 

mentoring, advice and copyediting to support authors unfamiliar with writing academic research papers for publication 

in international journals. Authors are encouraged to make use of services such as AuthorAID if necessary. 

Format 

For ease of submission authors are welcome to submit new manuscripts in a single PDF file, in any format or layout 

as long as the manuscript is complete and can be used by reviewers. If you are invited to revise your manuscript, or if 

it is accepted, you will be asked to format your manuscript according to the journal layout style described on this 

page. 

Original research papers 

Original research papers should not exceed 4000 words.   

Abstract 

 Structured abstracts are required for all papers and should include objectives, methods, key findings and 
conclusions. 

 Approximate length: 200 words 
 

 

Keywords 

 Three to six keywords should be supplied for all papers. 
 

 

Introduction 

 An introduction should provide a background to the study (appropriate for an international audience) and should 
clearly state the specific aims of the study. Please ensure that any abbreviations and all symbols used in 
equations are fully defined. 

 Approximate length: 500-1000 words   
 

 

Materials and Methods 

 This section should describe the materials and methods used in sufficient detail to allow the study to be 
replicated. Please include details of ethical approval in this section. 

 Approximate length: 500-1000 words   
 

 

Results 

http://www.ipni.org/
http://www.theplantlist.org/
http://www.authoraid.info/
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 This section should provide detailed response rates. It is essential to include statistical analyses or other 
indicators to enable assessment of the variance of replicates of the experiments. Data should not be repeated in 
figures and tables. 

 Approximate length: 1000-1500 words   
 

 

Discussion 

 The discussion section should summarise the main findings of the study, followed by a critique of the strengths 
and limitations of the research. The results should then be discussed in the context of international published 
literature and the contribution made to the field. Any policy limitations should be included. 

 Approximate length: 1000 words     
 

 

Conclusions 

 A brief conclusions section should summarise the salient findings of the study. Authors are strongly advised to 
emphasise the contribution made to the field by their study in this section. 

 Approximate length: 200 words   
 

 

Tables 

 Please keep the number of tables to a minimum. 

 Tables should be numbered consecutively (Table 1, Table 2 etc) and each table must start on a separate page 
at the end of the manuscript. 

 Each table must have a title. Each table legend, in paragraph form, should briefly describe the content and 
define any abbreviations used. If values are cited in a table, the unit of measurement must be stated. 

 Tables should not be ruled.   
 

 

Figures 

 Please keep the number of figures to a minimum.   

 Each figure must have a title. Each figure legend, in paragraph form, should briefly describe the content and 
define any abbreviations used. If values are cited in a figure, the unit of measurement must be stated. Graphs 
must have clearly labelled axes. A key may be included if appropriate. 

 It is in the author's interest to provide the highest quality figure format possible. Please be sure that all imported 
scanned material is scanned at the appropriate resolution: 1200 dpi for line art, 600 dpi for grayscale and 300 
dpi for colour. 

 Files should be saved as one of the following formats: TIFF (tagged image file format), PostScript or EPS 
(encapsulated PostScript), and should contain all the necessary font information and the source file of the 
application (e.g. CorelDraw/Mac, CorelDraw/PC). 

 Figures must be saved separate to text. Please do not embed figures in the paper file. The manuscript should 
indicate the position of the figures (e.g. see Figure 1) and all figures should be numbered consecutively in the 
order in which they appear in the paper. In multi-part figures, each part should be labelled (e.g. Figure 1(a), 
Figure 1(b)). The filename for a graphic should be descriptive of the graphic, e.g. Figure1, Figure2a. 

 Authors must complete a Colour Work Agreement Form for any colour figures requiring payment. The form can 
be downloaded as a PDF* (portable document format) file from the home page here. Completed forms must be 
sent by post/mail to: Journal of Pharmacy and Pharmacology, John Wiley & Sons Ltd, European Distribution 
Centre, New Era Estate, Oldlands Way, Bognor Regis, West Sussex, PO22 9NQ. Authors should restrict their 
use of colour to situations where it is necessary on scientific, and not merely cosmetic, grounds. There are a 
limited number of colour pages within the journal’s annual page allowance to be used at the Editor’s discretion. 
*To read PDF files, you must have Acrobat Reader installed.   

 

 

Acknowledgements and Funding 

 Funding acknowledgements should be written in the following form: “This work was supported by the Medical 
Research Council [grant number xxx]” 

 If the research has not been funded by any specific project grant, please include the statement: “This research 
received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors”   

http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)2042-7158/homepage/SN_Sub2000_F_CoW.pdf
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References 

 References in the text are cited sequentially by number. All citations in the text must appear in the reference list 
and vice versa. The only exceptions to this are manuscripts not yet in press or published online, papers reported 
at meetings, or personal communications – these should be cited only in the text, not as a formal reference. 
Authors should get permission from the source to cite personal communications or unpublished work. 

 At the end of the manuscript, references should be listed in numerical order as they appear in the text. Serial 
titles should be abbreviated in accordance with the standard approved abbreviations used by PubMed or 
BIOSIS. One-word titles are never abbreviated. Article identifiers, such as the Digital Object Identifier (DOI) or 
PubMed Unique Identifier (PMID), may be included as appropriate. State the references according to the format 
of the following examples:   
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Book by a single author or group of authors working together as a single author: 

Cole MD, Caddy B. The Analysis of Drugs of Abuse: An instruction manual, 2nd edn. New York : Ellis Horwood, 

1995.   

An edited book: 

Hoepfner E et al. eds. Fiedler Encyclopedia of Excipients for Pharmaceuticals, Cosmetics and Related Areas, 5th 

edn. Aulendorf: Editio Cantor Verlag, 2002.   

An article in an edited book: 

Sanders PA. Aerosol packaging of pharmaceuticals. In: Banker GS, Rhodes CT , eds. Modern Pharmaceutics. New 

York : Marcel Dekker, 1979: 591–626.   

A book in a series: 

Scott RPW. Chromatographic Detectors – Design, Function, and Operation. Chromatographic Science Series, 73, 

Cazes J, ed. New York : Mercel Dekker, 1966.   

Other references   

Article in conference proceedings: 

Dumasia MC et al. LC/MS analysis of intact steroid conjugates: a preliminary study on the quantification of 

testosterone sulphate in equine urine. In: Auer DE, Houghton E, eds. Proceedings of the 11th International 

Conference of Racing Analysts and Veterinarians. Newmarket : R & W Publications ( Newmarket ), 1966: 188–194.   

Standard: 

ISO 9002. Quality Systems – Model for Quality Assurance in Production, Installation and Servicing Quality 

Management System. Geneva : ISO, 1994.   

Offline database or publication: 

Dictionary of Natural Products. CD-ROM. London : Chapman & Hall/CRC, 2003.   

Milazzo S et al. Laetrile treatment for cancer. Cochrane Database of Systematic Reviews, issue 2. London : 

Macmillan, 2006.   

Dissertation: 

Youssef NM . School adjustment of children with congenital heart disease. Pittsburgh , Pennsylvania : University of 

Pittsburgh , 1988 (dissertation).   

Critical reviews 

These are normally commissioned by invitation from the Editors but suggestions are welcome. Please contact 

the Editorial Office before submitting a review article.   

Mini reviews 

These are discussion articles of up to 6000 words in length. Please contact the Editorial Officeprior to submission of 

such articles.   

 

Short communications 

Short reports of up to 2000 words (with a maximum of four figures and/or tables) that describe particularly pertinent 

findings may be submitted as a rapid communication that, once accepted, will receive publishing priority. Authors are 

asked to include a covering letter outlining why the paper merits rapid publication. Please note that this section is not 

intended for short studies per se but for findings that should be brought rapidly to the attention of the readership.   

Manuscript Submission 

All submissions should be made online at the Journal of Pharmacy and PharmacologyScholarOne Manuscripts site 

at http://mc.manuscriptcentral.com/jppharm. New users will first need to register. Once logged on to the site as an 

mailto:jpp@qub.ac.uk
mailto:jpp@qub.ac.uk
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author, follow the instructions to submit your manuscript. An author tutorial and online help guide are available on this 

website. 

Manuscripts may be submitted in any standard format, including Word, PDF, PostScript, WordPerfect, RTF, TEXT, 

LaTeX2e and AMSTex. Multiple files can be uploaded as a single zipped file. All files are automatically combined and 

converted into a PDF file for the review process. Authors are invited to suggest up to three potential reviewers, 

together with their contact details (e-mail addresses are essential). 

Authors may also identify reviewers that should not be used due to potential conflict of interest, together with the 

justification for the request. 

Copyright Transfer Agreement 

If your paper is accepted, the author identified as the formal corresponding author for the paper will receive an email 

prompting them to login into Author Services; where via the Wiley Author Licensing Service (WALS) they will be able 

to complete the license agreement on behalf of all authors on the paper. 

For authors signing the copyright transfer agreement 

If the OnlineOpen option is not selected the corresponding author will be presented with the copyright transfer 

agreement (CTA) to sign. The terms and conditions of the CTA can be previewed in the samples associated with the 

Copyright FAQs below: 

CTA Terms and Conditions: http://authorservices.wiley.com/bauthor/faqs_copyright.asp 

For authors choosing OnlineOpen 

If the OnlineOpen option is selected the corresponding author will have a choice of the following Creative Commons 

License Open Access Agreements (OAA): 

Creative Commons Attribution License OAA 

Creative Commons Attribution Non-Commercial License OAA 

Creative Commons Attribution Non-Commercial -NoDerivs License OAA 

To preview the terms and conditions of these open access agreements please visit the Copyright FAQs hosted on 

Wiley Author Services http://authorservices.wiley.com/bauthor/faqs_copyright.aspand 

visit http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--License.html. 

If you select the OnlineOpen option and your research is funded by The Wellcome Trust and members of the 

Research Councils UK (RCUK) or the Austrian Science Fund (FWF) you will be given the opportunity to publish your 

article under a CC-BY license supporting you in complying with your Funder requirements. For more information on 

this policy and the Journal’s compliant self-archiving policy please visit: http://www.wiley.com/go/funderstatement. 

OnlineOpen 

OnlineOpen is available to authors of primary research articles who wish to make their article available to non-

subscribers on publication, or whose funding agency requires grantees to archive the final version of their article. 

With OnlineOpen, the author, the author's funding agency, or the author's institution pays a fee to ensure that the 

article is made available to non-subscribers upon publication via Wiley InterScience, as well as deposited in the 

funding agency's preferred archive. For the full list of terms and conditions, 

see http://olabout.wiley.com/WileyCDA/Section/id-406241.html. 

http://authorservices.wiley.com/bauthor/faqs_copyright.asp
http://authorservices.wiley.com/bauthor/faqs_copyright.asp
http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--License.html
http://www.wiley.com/go/funderstatement
http://olabout.wiley.com/WileyCDA/Section/id-406241.html
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Any authors wishing to send their paper OnlineOpen will be required to complete the payment form available from our 

website at:https://authorservices.wiley.com/bauthor/onlineopen_order.asp. Prior to acceptance there is no 

requirement to inform an Editorial Office that you intend to publish your paper OnlineOpen if you do not wish to. All 

OnlineOpen articles are treated in the same way as any other article. They go through the journal's standard peer-

review process and will be accepted or rejected based on their own merit. 

Peer Review Process 

Initial editorial screening 

Submissions will be examined by the Editor to ensure that the manuscript falls within the priority remit of the journal. 

Those papers that do not fall within this remit will be returned to the author as rapidly as possible to facilitate 

resubmission to a more suitable publication. 

Submission to reviewers 

The manuscript will be sent to suitable individuals working in the field who have agreed to review the paper. Authors 

who have suggested reviewers at the time of submission may usually expect one of these individuals to be contacted, 

assuming that full contact details have been provided (including email address). At least two sets of reviewers’ 

comments will be utilized. 

Initial editorial decision 

The Editor will appraise the manuscript in the light of the recommendations made by the reviewers. One of the 

following decisions will be made: 

 accept as received; 

 accept subject to satisfactory completion of minor amendments (an editorial report is usually included at this 
stage)   

 reconsider after major revision (full revised manuscript requested) 

 reconsider after major revision (response to reviewer's comments requested prior to preparation of a full revised 
manuscript) 

 reject 
 

 

Papers are judged not only on the presence or absence of flaws to the work, but also on the likely contribution to the 

field. Those manuscripts that represent only a small incremental increase in the respective knowledge base will not 

be accepted irrespective of whether the work has been conducted in a sound manner. 

Following receipt of the revised paper and/or response to reviewers 

The Editor reserves the right to make a decision on the paper without consulting the reviewers for a second time. 

Members of the Editorial Board may also be consulted at this stage. The final decision will be reported back to the 

author as quickly as possible. One of the following decisions will be made: 

 accept as received   

 accept subject to satisfactory completion of requested revisions 

 reject 
 

 

Authors are only entitled to revise their paper twice; if after the second revision the paper is still considered to be 

unacceptable for publication it will be rejected. 

Accepted manuscripts sent to the Production Office 

Accepted papers are forwarded to Wiley-Blackwell for processing. The paper may undergo copyediting for readability, 

consistency and formatting into the journal’s style prior to typesetting. PDF proofs will be sent by email to the 

https://authorservices.wiley.com/bauthor/onlineopen_order.asp
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Corresponding Author for checking; we ask that you return your corrected proofs as soon as possible. Failure to 

return the proof promptly will result in delays to the publication of the manuscript. 

Authors may also be contacted at the copyediting and proofreading stages if queries arise during the production of 

their manuscript. 

 

Reviewers are thanked and given the opportunity to view the final decision. Once a final decision has been made 

regarding a manuscript, reviewers have access to this decision and to view the other reviewers’ reports for that 

manuscript. 

Proofreading guide 

Authors should check their proofs for the following: 

 Typesetting or conversion errors 

 Figures and tables – position in the text, accurate reproduction and correct legend 

 Editing - language, house style, scientific nomenclature 
 

 

There may be a list of queries attached to your proofs; if so, please make sure that all queries are answered and that 

the answers are returned with the marked proof. 

Marking clear corrections: 

 To delete a character, word or block of text, cross out the material and write 'delete' in the margin. 

 If something has been marked for deletion and you decide to retain it, underscore the material in the text and 
write 'stet' in the margin. 

 If you wish to add some text, place a Y in the text and write the addition in the margin. If there is not enough 
room for the addition please attach a separate sheet and indicate clearly where it should be inserted in the text. 

Supporting Information (online only) 

Additional material such as video clips, lengthy Appendices (e.g. extensive reference lists or mathematical 

formulae/calculations), etc, that are relevant to a particular article but not suitable or essential for the print edition of 

the Journal, may also be considered for publication. Please refer to all supporting information in the manuscript using 

Table S1, Figure S1, etc, and supply such information as separate files (i.e. not embedded within the main 

manuscript). Further information on suitable file formats etc may be found here. 

Author Service 

Online production tracking is available for your article through Wiley-Blackwell's Author Services. Author Services 

enables authors to track their article - once it has been accepted - through the production process to publication 

online and in print. Authors can check the status of their articles online and choose to receive automated e-mails at 

key stages of production. The author will receive an e-mail with a unique link that enables them to register and have 

their article automatically added to the system. Please ensure that a complete e-mail address is provided when 

submitting the manuscript. Visit Wiley-Blackwell Author Services  for more details on online production tracking and 

for a wealth of resources including FAQs and tips on article preparation, submission and more. For more substantial 

information on the services provided for authors, please see Wiley-Blackwell Author Services. 

Early View 

Journal of Pharmacy and Pharmacology is covered by Wiley-Blackwell’s Early View service. Early View articles are 

complete full-text articles published online in advance of their publication in a printed issue. Articles are therefore 

available as soon as they are ready, rather than having to wait for the next scheduled print issue. Early View articles 

http://authorservices.wiley.com/bauthor/suppinfo.asp
http://authorservices.wiley.com/


196 
 

  

are complete and final. They have been fully reviewed, revised and edited for publication, and the authors’ final 

corrections have been incorporated. Because they are in final form, no changes can be made after online publication. 

The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View 

articles cannot be cited in the traditional way. They are therefore given a Digital Object Identifier (DOI), which allows 

the article to be cited and tracked before it is allocated to an issue. After print publication, the DOI remains valid and 

can continue to be used to cite and access the article. 
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ANEXO F: Guia para autores – AAPS Pharmscitech 

 
INTRODUCTION 
AAPS PharmSciTech (ISSN 1530-9932) is a peer-reviewed online-only journal owned by the American 
Association of Pharmaceutical Scientists (AAPS). The journal's mission is to disseminate scientific and 
technical information on drug product design, development, evaluation, and processing to the global 
pharmaceutical research community. The journal is indexed by PubMed/Medline, Index Medicus, 
Institute of Scientific Information's Science Citation Index Expanded, and Chem Abstracts. 
 
Editor-in-Chief Robert O. (Bill) Williams III, Ph.D., oversees an international editorial board of leading 
researchers in the pharmaceutical sciences. Williams is a professor of pharmacy at the University of 
Texas at Austin, College of Pharmacy. 
 
 
TYPES OF MANUSCRIPTS 
AAPS PharmSciTech publishes the following article types. For examples of published articles, please visit 
www.PharmaGateway.net. 
 
Reviews, usually by invitation and sometimes organized into theme issues, report on recent advances in 
pharmaceutical research. Unsolicited reviews are considered only if they are authored by investigators 
who have demonstrated expertise in the relevant areas. 
 
Mini-reviews discuss a more narrowly focused topic of recent research. Unsolicited mini-reviews are 
considered only if they are authored by investigators who have demonstrated expertise in the relevant 
areas. 
 
Original research papers contain innovative, hypothesis-driven research that is supported by sound 
experimental design, methodology, and data interpretation. 
 
Brief technical notes, normally more limited in scope than original research papers, must be of high 
quality, general interest, and sufficient importance to warrant publication. 
 
Rapid communications provide a venue for fast-breaking research updates or other news items. The 
justification for rapid communication should be stated in the cover letter during submission. 
 
Regulatory notes provide a summary of regulatory decisions made and rationale for the regulatory 
decision made on a product. These notes are typically submitted by invitation only, but authors may 
propose notes to the editors. 
 
Editorials, commentaries, or summaries are usually published by invitation only. These articles contain 
topical issues of public and scientific interest. 
 
Meeting reports on AAPS or AAPS-affiliated meetings provide readers with summaries of such meetings, 
including consensus views. When a meeting report purports to be a consensus report, it may, at the 
editor-in-chief’s discretion, adhere to the AAPS Guideline for Review of Opinions and Summary Reports, 
available at www.aaps.org/guidelineopinions. The corresponding author must complete and submit the 
Corresponding Author’s Consent to Publish form 
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(www.aaps.org/consentcorr) and all contributing authors must complete and submit the Contributing 
Author’s Consent to Publish form (www.aaps.org/consentcont). 
 
Meeting notices provide readers with information on upcoming AAPS or AAPS-affiliated meetings. They 
should include the title of the meeting, date, time, location, an outline, description of meeting topics, 
and a list of invited speakers. If possible, meeting notices should include contact information for the 
organizers and a URL to the meeting’s webpage. Meeting notices should be submitted to the AAPS 
Editorial Office 2–3 months prior to the meeting. 
 
Letters to the editor may be submitted by readers commenting on articles already published by the 
journal. 
 
White Papers describe a current problem or issue and propose a solution. White papers written on 
behalf of AAPS groups are subject to the AAPS Guideline for Review of Opinions and Summary Reports 
(www.aaps.org/guidelineopinions) at the discretion of the editor-in-chief. 
 
All articles published in the journal will follow the Springer Online First production workflow, enabling 
publication on the SpringerLink website after receipt of author corrections to page proofs. 
 
 
MANUSCRIPT SUBMISSION 
AAPS uses Editorial Manager as its peer review tracking system. Manuscripts must be submitted online 
by the corresponding author at www.editorialmanager.com/aapspt. You may be required to register as 
a new user with Editorial Manager upon your first visit. Straightforward sign in and registration 
procedures can be found on the website. Editorial Manager allows authors to track the progress of 
manuscript review in real time. Detailed, step-by-step instructions for submitting manuscripts can be 
found on the website. All correspondence regarding your manuscript must go through Editorial 
Manager. 
 
SPECIAL FEATURES, APPENDICES, AND SUPPLEMENTARY MATERIAL 
These materials can be accommodated and may contain highly interactive features or large databases. 
All authors are encouraged to take full advantage of the Web-only capabilities of online publishing, 
including 3-D, video, and interactive graphics. All special features must be created by the author. 
 
Authors who wish to publish electronic supplementary material with their article (Excel files, images, 
audio/video files, etc.) must submit the supplementary files/materials with their manuscript submission 
via our online peer review tracking system, Editorial Manager. These files may be submitted as one file 
or multiple files as desired by the authors. Accepted formats for these files include DOC, DOCX, XLS, 
XLSX, JPG, PDF, and for videos, MPEG-3 format. If a desired technical feature is in a different format or 
not covered in the author instructions, please contact the AAPS Editorial Office (AAPSPT@aaps.org) for 
assistance. Note that supplementary files are not automatically sent to production if the article is 
accepted. Please therefore note in a cover letter if these materials should be evaluated by reviewers 
only (not published), or if the supplemental files should be included for review and be published with 
the article should the manuscript be accepted for publication. If the supplemental files are intended for 
publication, references using 
  
“supplemental 1,” “supplemental 2,” etc. should be placed in the appropriate location within the text of 
the manuscript body. 
 
HYPERTEXT LINKS 
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Authors may identify URLs for websites that provide the reader with additional information on the topic 
addressed in the manuscript. Although URLs are an important feature of electronic publishing, authors 
are encouraged to be selective in their choice of sites to include. Do not include URLs for webpages with 
newspaper or journal articles that will be removed or archived to another web page. Links to 
pharmaceutical manufacturers or other sources of product information are acceptable; however, 
providing a URL to the reader should not be substituted for adequate discussion within the manuscript 
itself. Do not include links to sites that are not accessible without a password. 
 
www.editorialmanager.com/aapspt 
 
 
TERMS OF MANUSCRIPT CONSIDERATION 
AAPS JOURNALS ETHICS POLICY 
The editors-in-chief of the three AAPS journals, Pharmaceutical Research, The AAPS Journal, and AAPS 
PharmSciTech, along with the AAPS Publications Committee, developed an integrated ethics policy to 
guide decision-making across the three journals. The document is based on the recommendations on 
publication ethics policies for medical journals published by the World Association of Medical Editors 
(WAME), posted at www.wame.org/about/recommendations-on-  publication-ethics-policie . 
 
Authors are required to review and adhere to the AAPS Journals Ethics Policy 
(www.aaps.org/journalsethics) in full prior to submitting manuscripts to AAPS PharmSciTech. Excerpts 
from the policy are outlined below. 
 
FULL DISCLOSURE 
During the manuscript submission process, all authors will be required to confirm that the manuscript 
has not been previously published in any language anywhere and that it is not under simultaneous 
consideration by another journal. The journal policy regarding compound disclosure centers on the data 
presented. If specific data relating to the study compound are reported, then the journal requires 
identification so that reviewers and readers can judge, based on general principles, whether the data 
are plausible and internally consistent, and to potentially allow future examination and/or validation of 
the results and conclusions reported. If however a library of                compounds is used to generate 
correlations, such as in QSAR when the scope and diversity of the compounds are described, then it is 
possible that the specific chemical compositions of the compounds need not be identified, subject to the 
discretion of the reviewers and the editor. 
 
CONFLICTS OF INTEREST 
Authors will be required to declare all conflicts of interest (or their absence) during the submission of a 
manuscript. This conflict declaration includes conflicts or potential conflicts of all listed 
  
authors. If any conflicts are declared, AAPS will publish them with the paper. In cases of doubt, the 
circumstance should be disclosed so that the editors may assess its significance. 
 
Conflicts may be financial, academic, commercial, political, or personal. Financial interests may include 
employment, research funding (received or pending), stock or share ownership, patents, payment for 
lectures or travel, consultancies, nonfinancial support, or any fiduciary interest in a company. 
 
www.aaps.org/journalsethics 
 
COPYRIGHT TRANSFER 
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The corresponding author, on behalf of all authors, must transfer copyright of the work to the publisher 
(the American Association of Pharmaceutical Scientists) in order to provide for the widest possible 
dissemination of professional and scientific literature. A signed Transfer of Copyright form must be 
submitted online with the manuscript. The Transfer of Copyright form for an accepted manuscript must 
be on file with the AAPS Editorial Office prior to production for publication. Corresponding authors may 
print and sign or electronically sign the form on behalf of all authors. The Transfer of Copyright form can 
be found at www.aaps.org/copyright. 
 
 
ETHICS IN ANIMAL AND CLINICAL INVESTIGATIONS 
HUMAN SUBJECTS AND CLINICAL TRIALS 
AAPS journals require author(s) at the time of manuscript submission to make a statement in the cover 
letter indicating documented review and approval from a formally constituted review board 
(Institutional Review Board or ethics committee) for all studies involving people, medical records, and 
human tissues, per the uniform guidelines from the World Medical Association 
(www.wma.net/en/30publications/10policies/index.html). 
 
Studies and research using human subjects, medical records, and human tissues (including educational 
research) must also state this compliance within the Methods section of the paper. 
 
AAPS journals also require that controlled clinical trials must be registered in a publicly available 
database or the journals will not publish the results of these trials. Manuscripts submitted to the 
journals must include trial registration information in the cover letter. To register a clinical trial, authors 
should go to the NIH registry (www.clinicaltrials.gov) or the International Standard Randomized 
Controlled Trials database (http://isrctn.org). Further information can be obtained from the 
International Committee of Medical Journal Editors (ICMJE) at www.icmje.org/about-  
icmje/faqs/clinical-trials-registration. 
 
ANIMAL USE AND ASSURANCES 
AAPS journals require author(s) at the time of manuscript submission to make a statement in the cover 
letter indicating that animal experiments are conducted in full compliance with local, national, ethical, 
and regulatory principles and local licensing regulations, per the spirit of Association for Assessment and 
Accreditation of Laboratory Animal Care (AAALAC) International’s expectations for animal care and 
use/ethics committees 
  
(www.aaalac.org/education/module_1.cfm). Investigations using experimental animals (including 
educational research) must also state this compliance within the Methods section of the paper. 
 
 
ORIGINALITY OF MANUSCRIPTS 
Authors of manuscripts submitted to AAPS are obliged to present accurate representation of the 
research performed along with an objective discussion of the significance of their findings. The author’s 
submission should be original work that reflects research undertaken with integrity and honesty, and 
that conforms to ethical practices outlined in the AAPS Journals Ethics Policy. Authors should be willing 
to reply to any reasonable request from editors, referees, and scientists for materials, methods, or data 
necessary for verification of the conclusions reported in the paper. 
 
USE OF COPYRIGHTED TABLES AND FIGURES 
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It is the authors’ responsibility to obtain permission for any copyrighted material used in an AAPS 
journal submission. A copy of the granted permission to use copyrighted figures, tables, or other 
material must be included with the submitted manuscript. 
 
PEER REVIEW 
All submissions will be reviewed anonymously by at least 2 independent reviewers. Authors are 
encouraged to submit names and email addresses of expert reviewers, but selection remains the 
prerogative of the editors. Authors should not recommend work colleagues as expert reviewers for their 
own papers. Authors may include supplementary notes to facilitate the review process. If an accepted 
paper is cited that has not yet appeared in print and is required for evaluation of the submitted 
manuscript, authors should provide an electronic version for use by the reviewers. 
Authors are responsible for all statements in their work, including changes made by the copyeditor after 
a manuscript is accepted. 
 
www.icmje.org/recommendations/browse/manuscript-preparation/preparing-for-  submission.html 
 
 
MANUSCRIPT ORGANIZATION 
Several components of the manuscript must be submitted as individual files within Editorial Manager: 
cover letter, title page, manuscript body (including references list), individual figure/table files, and the 
Transfer of Copyright. 
 
(*indicates item is required for all manuscript types, unless otherwise specified) 
 
COVER LETTER 
A cover letter is recommended, but not required. Please note, a cover letter is required for a rapid 
communication submission. 
 
Authors who wish to submit names and email addresses of recommended reviewers for the peer review 
process may indicate those in the cover letter or during the submission process. 
  
*TITLE PAGE 
The title page must be submitted as a separate file and should include: 
 
1. the title of the article, 
2. author names with full first name (no degrees), 
3. each author’s affiliation, and 
4. a suggested running head (of less than 50 characters, including spaces). 
 
The affiliation should comprise the department, institution (usually university or company), city, and 
state (or nation) and should be typed as a footnote to the author’s name. For the corresponding author 
designated to correspond with the AAPS Editorial Office and review proofs, indicate his/her complete 
mailing address, office/cellular telephone number, fax number, and email address. 
 
*TRANSFER OF COPYRIGHT 
A signed copy of the Transfer of Copyright must be submitted online as part of the manuscript 
submission process. The Transfer of Copyright is available at: 
 
www.aaps.org/copyright 
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ABSTRACT 
Only reviews, mini-reviews, original research articles, rapid communications, and meeting reports 
require an abstract. The abstract is limited to 250 words or less. For original research articles, the 
abstract should include a brief (2 to 3 sentence) statement for each of the following sections: 
Introduction, Materials and Methods, Results, Discussion, and Conclusion, written in paragraph form. All 
abstracts must be written in one paragraph, with no subheadings, equations, tables, reference citations, 
or graphics. The abstract must state the significance of the paper and the problem or question being 
addressed in the first sentence; what you found (include key data numbers); and what you conclude. 
Tenses should not be mixed in the paper: use the past tense. 
 
*KEYWORDS 
Provide a list of no more than 5 key words. 
 
INTRODUCTION 
The introduction must define the scope of your paper; articulate the question or hypothesis; summarize 
relevant work to the study being reported; and inform the reader of the rationale and significance of the 
study. The literature must be adequately reviewed. Cite the most recent papers that impact directly on 
your study. 
 
Required for reviews, mini-reviews, original research articles, and meeting reports only. 
 
*MAIN TEXT BODY 
Please include continuous line numbers in the manuscript body file. 
 
For original research articles, brief technical notes, and rapid communications, organize the main text as 
follows: 
 
1. Introduction 
 2. Materials and Methods 
3. Results 
4. Discussion 
5. Conclusion 
 
Combining results and discussion into a single section is strongly discouraged. The use of subheadings to 
divide the text is encouraged. Primary, secondary, and tertiary level headings should be clearly defined; 
do not use numbers or letters in headings. 
 
Results—You should report what you found. Supplement the text with tables and figures. 
 
Discussion—Explain what your findings mean, using the literature in great detail to compare and 
contrast your data with literature; use the literature as evidence to support your argument. Explain the 
significance of your results and their practical implications. 
 
Recommended maximum word counts are as follows: 
 
• Reviews, original research articles, meeting reports, and white papers: 5000 
• Mini-reviews: 2500 
• Brief technical notes and rapid communications: 1200 
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Use abbreviations sparingly and define them at the first insertion in the text. Define all abbreviations 
used in tables within the table footnotes. Use the metric system for all measurements. Express metric 
abbreviations in lowercase letters without periods (cm, mL, sec). Define all symbols used in equations 
and formulas. When symbols are used extensively, the authors may include a list of all symbols in a 
table. 
 
Numbers should be reported to reflect the precision of the instrumentation utilized. Calculated 
numbers, such as means and standard deviations, should be expressed to no more than one significant 
digit beyond the precision of the instrument. Normally, data reported to more than 3 significant figures 
should be justified. The precision of the variability (e.g., standard deviation) should not exceed that of 
the reported mean value. 
 
CONCLUSION 
The conclusion should be a brief paragraph, containing 3 to 4 sentences, that summarizes the findings 
presented. You must state if your findings support your hypothesis. 
 
ACKNOWLEDGEMENTS 
Include funding source(s) and other contributions. If the work has been funded by NIH, please provide 
name(s) of funding institute(s) and grant number(s). This information is required for automatic deposit 
into PUBMED Central by the publisher. 
 
 
REFERENCES 
References should conform to Vancouver style and be numbered consecutively in the order in which 
they are cited in the text. Cite in the text by the appropriate Arabic numeral enclosed in 
  
parentheses, e.g., (1), (2-5), etc. You should typically use 45–50 relevant references, including references 
from this journal, but you may use more if warranted. 
 
Maximum reference limits are as follows: 
 
• Reviews, original research articles, meeting reports, and white papers: 100 
• Mini-reviews: 40 
• Brief technical notes and rapid communications: 20 
 
References to unpublished, peer-reviewed, personal communications, including conference abstracts 
and papers in preparation or in review, cannot be listed but can be notated parenthetically in the text. 
 
Abbreviations for journal names should conform to those of Vancouver style. The style and punctuation 
of the references should conform to the following examples: 
 
EXAMPLES BY TYPE 
1. Journal article 
Smith JJ. The world of science. Am J Sci. 1999;36:234–5. 
 
2. Journal article with DOI (and with page numbers) 
O'Mahony S, Rose SL, Chilvers AJ, Ballinger JR, Solanki CK, Barber RW, et al. Finding an optimal method 
for imaging lymphatic vessels of the upper limb. Eur J Nucl Med Mol Imaging. 2004;31:555– 63. 
doi:10.1007/s00259-003-1399-3. 
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3. Journal article by DOI (before issue publication with page numbers) 
O'Mahony S, Rose SL, Chilvers AJ, Ballinger JR, Solanki CK, Barber RW, et al. Finding an optimal method 
for imaging lymphatic vessels of the upper limb. Eur J Nucl Med Mol Imaging. 2004. doi:10.1007/s00259-
003-1399-3. 
 
4. Article in electronic journal by DOI (no paginated version) 
Slifka MK, Whitton JL. Clinical implications of dysregulated cytokine production. Dig J Mol Med. 2000. 
doi:10.1007/s801090000086. 
 
5. Journal article in a supplement 
Frumin AM, Nussbaum J. Esposito M. Functional asplenia: demonstration of splenic activity by bone 
marrow scan. Blood 1979; 59 Supple 1:26-32. 
 
6. Book chapter 
Wyllie AH, Kerr JFR, Currie AR. Cell death: the significance of apoptosis. In: Bourne GH, Danielli JF, Jeon 
KW, editors. International review of cytology. London: Academic; 1980. p. 251–306. 
 
7. OnlineFirst chapter in a series (without a volume designation but with a DOI) 
Saito Y, Hyuga H. Rate equation approaches to amplification of enantiomeric excess and chiral symmetry 
breaking. Top Curr Chem. 2007. doi:10.1007/128_2006_108. 
  
8. Book, authored 
Blenkinsopp A, Paxton P. Symptoms in the pharmacy: a guide to the management of common illness. 
3rd ed. Oxford: Blackwell Science; 1998. 
 
9. Online document 
Doe J. Title of subordinate document. In: The dictionary of substances and their effects. Royal Society of 
Chemistry. 1999. http://www.rsc.org/dose/title of subordinate document. Accessed 15 Jan 1999. 
 
10. Online database 
Healthwise Knowledgebase. US Pharmacopeia, Rockville. 1998. http://www.healthwise.org. Accessed 21 
Sept 1998. 
 
11. Supplementary material/private homepage 
Doe J. Title of supplementary material. 2000. http://www.privatehomepage.com. Accessed 22 Feb 2000. 
12. University site 
Doe, J.: Title of preprint. http://www.uni-heidelberg.de/mydata.html (1999). 
 
13. FTP site 
Doe, J.: Trivial HTTP, RFC2169. ftp://ftp.isi.edu/in-notes/rfc2169.txt (1999). Accessed 12 Nov 1999. 
Accessed 25 Dec 1999. 
 
14. Organization site 
ISSN International Centre: The ISSN register. http://www.issn.org (2006). Accessed 20 Feb 2007. For a 
full description of the Vancouver reference style, including numerous examples, please access:  
www.nlm.nih.gov/bsd/uniform_requirements.html 
 
TABLES 
Tables must be created in Microsoft Word table format. Tables should be numbered (with Roman 
numerals) and referred to by number in the text. Center the title above the table and type explanatory 
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footnotes (indicated by superscript lowercase letters) below the table. Data must be placed in separate 
cells of the table to prevent text and numbers from shifting when the table is converted for publication 
on the Internet. Empty cells may be inserted to create spacing. Tables should not duplicate information 
provided in the text. Instead, tables should be used to provide additional information that illustrates or 
expands on a specific point the author wishes to make. Each table should be self-explanatory. 
 
 
FIGURES 
AAPS PharmSciTech offers authors the use of color figures in online published manuscripts, free of 
charge. Figures (as well as photographs, drawings, diagrams, and charts) are to be numbered in 
  
sequential Arabic numerals. The description of each figure should be separated from the manuscript 
body text and collated in a separate file called “Legend to Figures.” All electronic artwork must be 
submitted online via our online peer review tracking system, Editorial Manager. Figure files should be 
submitted in TIFF or EPS format (1200 dpi for line drawings and 300 dpi for half-tones and gray-scale 
art); however, JPG, GIF, BMP, and PDF files may also be submitted as long as the dpi specifications above 
are met. Use of a professional graphics program such as Adobe Photoshop to edit and/or save 
photographs and graphics is highly recommended. Because of quality issues, it is not recommended that 
images be submitted in DOC, DOCX, PPT, or PPTX format. 
 
Maximum combined count for tables and figures are as follows: 
 
• Reviews, original research articles, meeting reports, and white papers: 10 (suggested) 
• Mini-reviews: 6 
• Brief technical notes and rapid communications: 6 
 
 
FOOTNOTES 
Footnotes in the manuscript body should be avoided. When their use is absolutely necessary, footnotes 
should be numbered consecutively using Arabic numerals and should be typed at the bottom of the 
page to which they refer. Place a line above the footnote, so that it is set off from the text. Use the 
appropriate superscript numeral for citation in the text. 
 
 
DOES SPRINGER PROVIDE ENGLISH LANGUAGE SUPPORT? 
Manuscripts that are accepted for publication will be checked by our copyeditors for spelling and formal 
style. This may not be sufficient if English is not your native language and substantial editing would be 
required. In that case, you are encouraged to have your manuscript edited by a native speaker prior to 
submission. Clear and concise language will help editors and reviewers  concentrate on the scientific 
content of your paper and thus smooth the peer-review process. 
The following editing service provides language editing for scientific articles in all areas of Springer 
publishing: 
 
Edanz English editing for scientists 
 
Use of an editing service is neither a requirement nor a guarantee of acceptance for publication. Please 
contact the editing service directly to make arrangements for editing and payment. 
Edanz English editing for scientists 
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ANEXO G: Guia para autores – Journal of Natural Products 

 
Title Page  
The title should appear on a separate page and should be followed by the author names and the 

institution name and address. The title, author name(s), and affiliations should all appear on their 

own respective line of text. Place an asterisk after the name of the author to whom enquiries 

regarding the paper should be directed and include that author‟s telephone and fax numbers and 

e-mail address. Author affiliations must be footnoted using the following symbols in order  
(which should be used as superscripts): 

†, ‡, §,
 
⊥,

 
║,

 
∇,

 
O

. In article titles, the words “new” or “novel” 

(with the latter referring specifically to a compound based on an unprecedented carbon skeleton) should 

not be included, and the number of new substances obtained should not be specified. 
 

Abstract  
The abstract, detailing, in one paragraph, the problem, experimental approach, major findings, 

and conclusions, should appear on the second page. It should be double spaced and should not 

exceed 200 words for Full Articles and Reviews or 100 words for Notes and Rapid 

Communications. Compounds mentioned in the abstract, and given as specific Arabic numerals 

that are bolded in the text, should also be accompanied in the abstract by the same bolded 

numerals. The abstract should be on a separate page and should be provided with the bolded and 

capitalized heading “ABSTRACT”. 
 

Introduction 
 
The manuscript should include an untitled introduction stating the purpose of the investigation 

and relating the manuscript to similar research. 
 

Results and Discussion  
The “Results and Discussion” should be presented as a coherent whole section, in which the 

results are presented concisely. The discussion should interpret the results and relate them to 

existing knowledge in the field in as clear and brief a fashion as possible. Tables and figures 

should be designed to maximize the presentation and comprehension of the experimental data. 

Authors submitting a manuscript as a Note should omit the heading “Results and Discussion”. 

For Full Articles of unusual length, subheadings may be included within the “Results and 

Discussion” section. The major heading “RESULTS AND DISCUSSION” should be bolded and 

capitalized , with the text starting on the line following. Subheadings are indented, followed by a 

period, and are a mix of uppercase and lowercase letters. The text follows on the same line as the 

subheading. 
 
Bolded structural code numbers should only be used for new compounds and for those known 

compounds for which new biological data or spectroscopic values are being reported. Authors 

providing manuscripts focusing on the biological properties of two or fewer known natural 

products have the option of referring to the compound(s) concerned by name, rather than 

assigning each a bolded numerical code number. Other known compounds should be referred to 

in the text by name, wherever necessary. Sugar units in glycosides should not be inferred as D or L 

based solely on NMR data analysis, but should be determined by supporting experimental work 

such as measurement of their optical rotations following acid hydrolysis or by the preparation of 

chiral derivatives and comparison with standards using a chromatographic analytical method. If 

the aglycone of a glycoside is also a new compound, then it should be isolated and its physical 
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constants and spectroscopic parameters stated. Authors are advised to use correctly the terms 

“relative and absolute configuration” instead of “relative and absolute stereochemistry”. In, for 

example, a carbocyclic compound, only a stereogenic carbon or a stereogenic element, such as 

an axis, possesses configuration. Substituents such as methyl groups are either alpha or beta 

oriented and are not alpha or beta configured. Care should be taken not to make erroneous 

configurational conclusions via NMR NOE associations from ring to side -chain protons of, for 

example, sterols and tetracyclic triterpenoids. The term “spectral” should be avoided in a 

structure elucidation discussion, when “spectroscopic” or “spectrometric” are meant instead. 
 
In manuscripts that present results of biological studies with tumor cell lines or animal-based 

tumor models, authors should pay special attention to the U.S. National Cancer Institute (NIH) 

guidelines for cancer drug discovery studies. Compounds that suppress the growth of, or kill, 

isolated tumor cell lines grown in culture should be referred to as either “cytostatic” or 

“cytotoxic”, as appropriate. Only compounds that inhibit the growth of tumors in animal-based 

models should be called “antitumor”. The term “anticancer” should be reserved for compounds 

that show specific activity in human-based clinical studies (see Suffness, M.; Douros, J. J. Nat. 

Prod. 1982, 45, 1–14). Some flexibility in this system is afforded in the description of 

compounds that show activity in molecular-targeted antitumor assays. Compounds should be 

compared against a suitable positive control substance and follow accepted guidelines when 

represented as “active”. For example, a cytotoxic pure substance when tested against a cancer 

cell line would exhibit an IC50 value of <10 μM (or 4–5 μg/mL). 

 

Experimental Section 
 
The presentation of specific details about instruments used, sources of specialized chemicals, and 

related experimental details should be incorporated into the text of the Experimental Section as a 

paragraph headed General Experimental Procedures. The general order for inclusion should be as 

follows: melting points; optical rotations; UV spectra; ECD and/or VCD spectra; IR spectra; 

NMR spectra; mass spectra; and chromatographic and other techniques. 
 
In a separate paragraph, experimental biological material should be reported as authenticated if 

cultivated or from a natural habitat, and the herbarium deposit site and voucher number should 

be recorded. The month and year when the organisms were collected should be stated, and it is 

recommended that the exact collection location be provided using a GPS navigation tool. All 

microorganisms used experimentally should bear a strain designation number and the culture 

collection in which they are deposited. The scientific name (genus, species, authority citation, 

and family) should be presented when first mentioned in the body of the manuscript. Thereafter, 

the authority should be eliminated, and the generic name should be reduced (except in tables and 

figure legends) to the first capital letter of the name (but avoid ambiguity, if two or more generic 

names have the same first letter). 
 
If the biological material has not been identified as to species, the manuscript will not be 

considered for publication unless a special protocol has been followed. Thus, a voucher 

specimen of the organism should be deposited with a recognized taxonomist for the particular 

group of organisms in question. The taxonomist should then assign to the specimen an 

identifying number unique to the organism so that any additional collections of the same 

organism would bear this same number. The number will be retained until the organism is 

completely identified. The taxonomist should write a brief taxonomic description to be included 

in the manuscript, which should state how the organism in question relates morphologically to 
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known species. Contributors should use DNA sequence analysis to assist with the taxonomic 

identification of unknown microorganisms, and to deposit these data in GenBank 

(http://www.ncbi.nlm.nih.gov/). Photographs of incompletely identified organisms may be 

included as Supporting Information. Authors should be aware of the fact that the large-scale 

collection of marine or terrestrial organisms may have negative ecological effects. Therefore, 

authors describing an investigation derived from large-scale collections should thus include a 

statement in their manuscript (in the “Biological Material” paragraph of the Experimental 

Section) explaining why the collection had no significant adverse ecological effect or justifying 

such effect in terms of the benefit from the resulting work. When organisms are collected from a 

foreign country, the corresponding author must state in the cover letter with the submitted 

manuscript that formal collection permission was obtained. 
 
Authors who purchase dried “herbal remedies” or other materials from companies must make 

provision for their proper deposit in a herbarium or other permanent repository, for access by 

future workers. When a commercially available extract is obtained, the extraction procedure 

from the organism of origin must be specified. The identification of the extract should be 

supported by an HPLC trace of known secondary metabolite constituents of the organism, which 

should be included with the manuscript as Supporting Information. 

When physical and spectroscopic data are presented in the body of the manuscript, the following 

general style must be used (with the various commonly used techniques presented in this same 

order): 
 

Romucosine (1): colorless needles (CHCl3); mp 152–153 °C; [α]25
D   –110 (c 0.4, CHCl3); UV (EtOH)  

λmax(log ε) 235 (4.23), 275 (4.18), 292 (sh) (3.52), 325 (3.41) nm; IR (Nujol) ν max 1680, 1040, 920 cm–1; 1H NMR 

(CDCl3, 400 MHz) δ 8.11 (1H, d, J = 7.6 Hz, H-11), 7.54–7.28 (2H, m, H-9, H-10), 7.27 (1H, 
m, H-8), 6.59 (1H, s, H-3), 6.10, 5.97 (each 1H, d, J = 1.5 Hz, OC H2O), 4.86 (1H, dd, J = 13.7, 4.4 Hz, H-6a), 
4.44 (1H, m, H-5a), 3.77 (3H, s, NCOOCH3), 3.06 (1H, m, H-7a), 2.99 (1H, m, H-5b), 2.91 (1H, m, H-7b), 2.82 

(1H, m, H-4a), 2.61 (1H, m, H-4b); 13C NMR (CDCl 3, 100 MHz) δ 155.8 (C, NCOOCH3), 146.8 (C, C -2), 143.0 
(C, C-1), 135.8 (C, C-7a), 130.7 (C, C-11a), 128.7 (CH, C-8), 127.79 (C, C -3a), 127.78 (CH, C-9), 127.2 (CH, 
C-10), 127.0 (CH, C-11), 125.6 (C, C-3b), 117.3 (C, C-1a), 107.6 (CH, C -3), 100.9 (CH2, OCH2O), 52.7 (CH3, 

NCOOCH3), 51.7 (CH, C-6a), 39.2 (CH2, C-5), 34.5 (CH2, C-7), 30.4 (CH2, C-4); EIMS m/z 323 [M]
+
 (98), 308 

(28), 292 (5), 262 (20), 248 (21), 236 (81), 235 (100), 206 (17), 178 (27), 88 (17); HREIMS m/z 323.1152 (calcd 
for C19H17 NO4, 323.1158). 
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The correct presentation of NMR spectroscopic data is shown in the table below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The correct format to present elemental analysis data is: anal. C 72.87, H 11.13%, calcd for 

C37H68O6, C 73.02, H 11.18%. The structures of compounds are expected to be supported by 

high-resolution mass spectrometry or elemental analysis. Melting point determinations should 

not be provided for compounds described as “amorphous solids”. The unit of concentration to be 

used for optical rotation measurements is grams per 100 mL. UV extinction coefficient data 

should be provided as log є values, to two places of decimals. In reporting 
1
H NMR data of 

diastereotopic methylene protons, the one at lower field should be listed as the “a” proton and 

that at the higher field as the “b” proton, as in “H-10a” and “H-10b”, respectively. If two proton 

or carbon signals in an NMR spectrum appear at the same chemical shift but are still 

distinguishable, an additional decimal place (three for 
1
H NMR data and two for 

13
C NMR data) 

may be used to designate the resonance in question. Carbon-13 NMR data should be reported to 

the nearest 0.1 ppm with the number of attached protons designated using the C, CH, CH2, and 

CH3 notation. 
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papers published or submitted on the constituents of a given organism under consideration. 
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Nomenclature  
It is the responsibility of the authors to provide correct nomenclature. All nomenclature must be 

consistent and unambiguous and should conform with current American usage. Insofar as 
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possible, authors should use systematic names similar to those used by Chemical Abstracts 

Service, the International Union of Pure and Applied Chemistry, and the International Union of 

Biochemistry and Molecular Biology. 
 
Chemical Abstracts (CA) nomenclature rules are described in Appendix IV of the Chemical 

Abstracts Index Guide. A list of ring systems, including names and numbering systems, is found 

in the Ring Systems Handbook, American Chemical Society, Columbus, OH, 2003, and its latest 

cumulative supplement. For CA nomenclature advice, consult the Manager of Nomenclature 

Services, Chemical Abstracts Service, P.O. Box 3012, Columbus, OH 43210-0012. A name 

generation service is available for a fee through CAS Client Services, 2540 Olentangy River 

Road, P.O. Box 3343, Columbus, OH 43210-0334; tel: (614) 447-3870; fax: (614) 447-3747; or 

e-mail: answers@cas.org. 
 
For IUPAC rules, see: 
 

• Nomenclature of Inorganic Chemistry, Recommendations, 1990; Blackwell Scientific 

Publications: Oxford, England, 1990.  
 

• A Guide to IUPAC Nomenclature of Organic Compounds, Recommendations, 1993; 

Blackwell Scientific Publications: Oxford, England, 1993.  
 

• Nomenclature of Organic Chemistry, Sections A–F and H; Pergamon Press: Elmsford, 

NY, 1979.  
 

• Compendium of Macromolecular Nomenclature; Blackwell Scientific Publications: 

Oxford, England, 1991.  
 

• Biochemical Nomenclature and Related Documents, 2
nd

 ed.; Portland Press, Ltd.: 

London, England, 1992.  
 

• Selected IUPAC recommendations can be found on the Web at  

http://www.chem.qmw.ac.uk/iupac/iupac.html. 
 

• The ACS Web site has links to nomenclature recommendations: http://chemistry.org. 

 

Abbreviations 
 
Abbreviations are used without periods. Standard abbreviations should be used throughout the 

manuscript. All nonstandard abbreviations should be kept to a minimum and must be defined in 

the text following their first use. The preferred forms of some of the more commonly used  
abbreviations are mp, bp, °C, K, s, min, h, mL, μL, kg, g, mg, μ g, cm, mm, nm, mol, mmol, 

μmol, ppm, TLC, GC, NMR, MS, UV, ECD/VCD, and IR. For further information, refer to The 
ACS Style Guide (2006). 
 

Graphics 
 
Figures, Schemes, and Charts are numbered with Arabic numerals. Blocks of chemical structures 

should not be designated as “Figures”. Each graphic must be identified outside the frame of the 

graphic. The quality of the illustrations depends on the quality of the originals provided. 

Graphics cannot be modified or enhanced by the journal production staff. The graphics must be 

submitted as part of the manuscript file and are used in the production of the Journal (material 

deposited as Supporting Information will not be published in the print edition). The preferred 

submission procedure is to embed graphics in a Word document. It may help to print the 

manuscript on a laser printer to ensure all artwork is clear and legible. 
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Additional acceptable file formats are TIFF, PDF, EPS (vector artwork), or CDX (ChemDraw 

file). Labeling of all figure parts should be present, and the parts should be assembled into a 

single graphic. (For EPS files, ensure all fonts are converted to outlines or embedded in the 

graphic file. The document settings should be in RGB mode.) 
 
TIFF files should have the following minimum resolution requirements: 
 

Black and white line art 1200 dpi 

Grayscale art 600 dpi 

Color art (RGB mode) 300 dpi 
 
 

Color graphics submitted in CMYK or at lower resolution may result in poor-quality images. 

Save graphic files at the final resolution and size using the program used to create the graphic. 

The inclusion of a color photograph is particularly recommended for manuscripts based on the 

constituents of organisms that are not identified beyond the genus level. Digital photographs are 

accepted. Photographs that are single or double column width so that they will not have to be 

reduced work best. 
 
Layout. In preparing structures for publication, layout is critical. Figuress, Schemes, Charts, and 

blocks of structures are presented in the Journal either in one-column or two-column format. 
 
 
For efficient use of journal space, single-column illustrations are preferred. 
 

 

 single (preferred) double 
width   

minimum  300 pts (4.16 in.) 

maximum 240 pts (3.33 in.) 504 pts (7 in.) 

maximum depth 660 pts (9.16 in.) 660 pts (9.16 in.) 
 
 
 
Authors are advised that structural material labeled as a “Figure” is placed at the top or bottom of 

a page, as is all two-column material. All structural material that should immediately follow 

certain text must be designed to fit the one-column format, and its location in the text must be 

indicated in the manuscript. Structures, arrows, and compound designators should be arranged so 

as to make maximum use of the width afforded by the one-column or two-column format. 
 
For best results, illustrations should be submitted in the actual size at which they should 

appear in the Journal. Consistently sized letters and labels in graphics throughout the 

manuscript will help ensure consistent graphic presentation for publication. Lettering should be 

no smaller than 4.5 points. (Helvetica or Arial type works well for lettering.) Lines should be no 

thinner than 0.5 point. Lettering and lines should be of uniform density. If artwork that should be 

reduced must be submitted, larger lettering and thicker lines should be used so that, when 

reduced, the artwork meets the above-mentioned parameters. 
 
Complex textures and shading to achieve a three-dimensional effect should be avoided. To show 

a pattern, a simple cross-hatch design should be used. 
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Content. Abbreviations such as Me for CH3, Et for C2H5, and Ph (but not φ) for C6H5 are 

acceptable. Make liberal use of “R and X groups” in equations, schemes, and structure blocks to 

avoid the repetition of similar structures. Do not repeat a structure; the number alone of an earlier 

structure can be used if a compound occurs several times. Within graphics, structures should be 

numbered with boldface Arabic numerals, consecutively from left to right, top to bottom, 

regardless of the order in which the compounds are discussed in the text. It is not necessary to 

give reagents and conditions in complete detail, since this detail is contained in the Experimental 

Section. Where needed, numbers such as NMR chemical shifts may be included directly on 

structural formulas. 

 

Chemical Structures 
 
Structures should be produced with the use of a drawing program such as ChemDraw. Structure 

drawing preferences (preset in the ACS Stylesheet in ChemDraw) are as follows: 
 
 

(1) As drawing settings select:  
 

chain angle 120º  
bond spacing 18% of width 

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

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

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

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

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

(2) As text settings select:  
 

 

font Arial/Helvetica  
size 10 pt 

 
(3) Under the preferences choose:  

 

 

units points  
tolerances 5 pixels 

 
(4) Under page setup choose:  

 

 

Paper US Letter  
Scale 100% 

 
(5) Using the ChemDraw ruler or appropriate margin settings, create structure blocks, 

schemes, and equations having maximum widths of 11.3 cm (one-column format) or 

23.6 cm (two-column format). Note: if the foregoing preferences are selected as cm 

values, the ChemDraw ruler is calibrated in cm. ChemDraw graphics will be reduced 

to 75% during production.  
 
 

(6) Embolden compound numbers, but not atom labels or captions.  
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(7)Authors are urged to use only a single configurational descriptor (heavy line or dashed 

line, but not both) when defining a stereocenter in a chemical structure. Atoms should be 

kept outside of rings wherever possible. Rather than rectangular solid and dashed lines, 

authors should use solid and dashed wedges to indicate configurations, as shown below. 

Dots at ring junctions intended to represent hydrogen atoms should not be used. Structures 

should be drawn in a neat manner ready for direct reproduction, and should not be cluttered 

or overlapping. Any arrows and numbering used for atoms in figures should not come into 

contact with bonds or ring systems. See an example of a prepared structure using 

ChemDraw with the specified preferences below. In molecules containing a chiral biphenyl 

axis, it is recommended that one of the aromatic rings be drawn in the plane of the paper 

and the second one be rotated out of the plane of the paper, to reflect the P or M 

conformation about the biphenyl bond (see below for example).  

(8)  
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O2N CO2H  

O2N    CO2H 
 
 
 
 
 

When the structure of a chiral compound is flipped horizontally, the stereodescriptors should 

be changed at every stereogenic carbon, otherwise the enantiomer of the 

relevant compound would be depicted. This is depicted below for the β-D-glucopyranoside of 

phenol. The 1 to 2 horizontal flip is incorrect since the depicted glucopyranosyl moiety 

belongs to the L-series of glucopyranoses. The 1 to 3 horizontal  
rotation through 180°/adjustment of the tetrahydropyran ring is correct and shows the 

descriptor changes required to retain the D-configuration of the glucopyranose moiety. 

Alternatively, in the “planar” presentations the 4 to 5 horizontal flip is incorrect and the 4 

to 6 horizontal rotation is correct, showing the proper descriptor changes. Please note that 

presentations 4 and 6 are InChI (International Chemical Identifier) compliant, while 1 and 

3 are not. 
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Authors using other drawing packages should, in as far as possible, modify their program‟s 

parameters so that they reflect the above guidelines. 
 

Tables 
 
These should be numbered consecutively with Arabic numerals and should be placed as they 

should appear in the paper. Footnotes in tables should be given lowercase letter designations and 

be cited in the table by italic superscript letters. The sequence of letters should proceed by line 

rather than by column. If a footnote is cited both in the text and in a table, insert a lettered 

footnote in the table to refer to the numbered footnote in the text. Each table should be provided 

with a descriptive heading, which, together with the individual column headings, should make 
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the table, as nearly as possible, self-explanatory. In setting up tabulations, authors are requested 

to keep in mind the type area of the journal page (17.8 × 25.4 cm) and the column width (8.5 

cm), and to make tables conform to the limitations of these dimensions. Arrangements that leave 

many columns partially filled or that contain much blank space should be avoided. 

 

Table of Contents/Abstract Graphic 
 
A graphic must be included with each manuscript that will be used for both the abstract and the 

Table of Contents (TOC) of the Web edition of the Journal issue in which the Communication, 

Review, Full Article, or Note will appear. This graphic should capture the reader‟s attention and, 

in conjunction with the manuscript‟s title, should give the reader a quick visual impression of the 

type of chemistry described and/or the biological results obtained. Structures in the TOC graphic 

should be constructed as specified in the „Chemical Structures‟ section above. The TOC graphic 

should be submitted at the actual size to be used and should be no larger than 3.25 in. (8.5 cm) 

wide and 1.75 in. (4.75 cm) tall. (See detailed instructions at 

http://pubs.acs.org/page/4authors/submission/howtosubmit.html.) Text should be limited to 

labels for compounds, reaction arrows, and figures. The use of color to enhance the scientific 

value is highly encouraged. The TOC graphic should be inserted on a separate page at the end of 

the manuscript file. The title and author list will be added during production. 
 

Recommendations for Crystal Structure Papers  
Although the results of crystal structure determinations are frequently of interest to readers of the 

Journal, details of crystal structure experiments are generally not. Results appropriate for the 

Journal are not, however, sufficient to allow referees to assess the quality of an X-ray structure 

determination. Thus, it is recommended that manuscripts involving such determinations be 

accompanied by material provided for the benefit of the reviewers only. Authors should submit 

the following minimum materials, in tabular form where possible, for each compound for which 

X-ray crystallographic supplementary data are available. 
 

Published Manuscript: 
 

(1) Crystal data, including chemical formula, formula weight, crystal system and space 

group, cell dimensions (with uncertainties), number of formulas per unit cell, 

calculated density, radiation used, and wavelength.  
 

(2) Final fractional atomic coordinates. Hydrogen atom coordinates should be included 

only if they have been experimentally determined or refined. Calculated coordinates 

should be provided as reviewer‟s material.  
 

(3) A brief outline of procedures used for data collection and refinement, including the 

method used for intensity measurement, 0 limits, portion of the full sphere collected, 

handling of absorption (if applicable), method of refinement, number of reflections 

used in the refinement and criteria for their choice, treatment of hydrogen atoms, and 

final R factor.  
 

(4) A perspective diagram (perhaps prepared by ORTEP, PLUTO, or similar programs) 

that gives the atom-numbering scheme if it is not unambiguous from the remainder of 

the paper. If the figure is a stereoview, it should be provided reduced to correct size, 

about 55–60 mm between images.  
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Besides a description of the structure, other information (i.e., important distances, torsion angles, 

results of best plane calculations, etc.) may be included if appropriate. A note should be cited at an 

appropriate place in the manuscript and included in the References and Notes Section:  
“Crystallographic data for the structure(s) reported in this paper have been deposited with the 

Cambridge Crystallographic Data Centre. Copies of the data can be obtained, free of charge, on 

application to the Director, CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax: +44-

(0)1223-336033 or e-mail: deposit@ccdc.cam.ac.uk).” 
 
Conflict of Interest Disclosure. A statement describing any financial conflicts of interest or lack 

thereof is published with each manuscript. During the submission process, the corresponding author 

must provide this statement on behalf of all authors of the manuscript. The statement should describe 

all potential sources of bias, including affiliations, funding sources, and financial or management 

relationships, that may constitute conflicts of interest (please see the ACS Ethical Guidelines to 

Publication of Chemical Research). The statement will be published in the final article. If no conflict 

of interest is declared, the following statement will be published in the article: “The authors declare 

no competing financial interest.” 
 

Reviewer’s Material:  
(1) Any calculated coordinate (e.g., hydrogen atoms).  

 
(2) A full list of bond distances (and their uncertainties).  

 
(3) A full list of bond angles (and their uncertainties).  

 
All tables should be clearly legible, the contents nonredundant, and their interpretation 

immediately obvious. Authors must provide this information in the form of a Crystallographic 

Information File (CIF) for each compound for which X-ray crystallographic data are determined, 

with each CIF being separated from any other Supporting Information files. 
 
Authors will deposit the tables of final fractional atomic coordinates and the full list of bond 

lengths and angles at the Cambridge Crystallographic Data Centre (CCDC) prior to the 

submission of their paper. The CCDC deposition number must be included in the submitted 

manuscript. A checklist of data items for deposition is available at http://www.ccdc.cam.ac.uk. 
 

Supporting Information 
 
Authors are encouraged to provide Supporting Information in order to keep their manuscripts to a 

reasonable length. The Web edition of this journal can accommodate almost any type of 

supplementary data (e.g., reproductions of spectra, experimental procedures, tabulated 

spectroscopic/spectrometric data, expanded discussion of peripheral findings, calculational data). 

Supporting Information must be submitted at the same time as the manuscript and uploaded 

separately to the ACS Paragon Plus environment. A list of acceptable file types is available on the 

Web. All Supporting Information files of the same type should be prepared as a single file (rather 

than submitting a series of files containing individual images or structures). For example, all 

Supporting Information available as PDF files should be contained in one PDF file. The title page 

information (title, authors, institutions) should be presented in the same manner as on the title (face) 

page of the manuscript. It is a mandatory requirement for authors to deposit copies of NMR spectra 

for all new compounds in the Supporting Information with at least the 
1
H and 

13
C NMR spectra 
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included. A typical caption for a spectrum would be: “S1. 
1
H NMR (400 MHz, CDCl3) spectrum 

of the new compound xx”. A short “Supporting Information Available” paragraph that describes 

the material must be placed at the end of the manuscript text. Supporting Information pages 

should be consecutively numbered. 
 
When submitting spectra, please consider the following guidelines: 
A caption should be included on the spectrum, noting the nucleus being measured, the solvent 
(formula preferred, e.g., CDCl3), and the field strength. A representation of the compound should 
be included on the spectrum; please use ChemDraw or a related program. The compound 

identifier used in the manuscript should be included. The largest peak in the 
1
H NMR spectrum 

should normally arise from the compound, not the solvent. All peaks in the 
1
H NMR spectrum 

should be integrated. Chemical shift values should be included. The solvent peak should be 
clearly labeled on the spectrum. All peaks should be visible on the spectrum. Insets are 
encouraged to show expanded regions. At minimum, the spectral window should be –1 ppm to 9 

ppm for 
1
 H NMR and –10 ppm to 180 ppm for 

13
C NMR. The font should be clear and large 

enough to read (minimum of 10 point). Horizontal orientation is preferred for spectra. 
 
 

DO NOT UPLOAD FIGURES AND TABLES THAT ARE TO BE PUBLISHED IN THE 

ARTICLE. 
 
Relevant compounds reported in Supporting Information are indexed for Chemical Abstracts and 

assigned Registry Numbers, even if they are not mentioned in the published paper. The 

Supporting Information is available free of charge at http://pubs.acs.org. 
 
Journal Publishing Agreement  
A properly completed and signed Journal Publishing Agreement must be submitted for each 

manuscript. ACS Paragon Plus provides an electronic version of the Agreement that will be 

available on the My Authoring Activity tab of the Corresponding Author's Home page once the 

manuscript has been assigned to an Editor. A PDF version of the Agreement is also available, but 

Authors must use the electronic Journal Publishing Agreement. If the PDF version is used, 

all pages of the signed PDF Agreement must be submitted. If the Corresponding Author 

cannot or should not complete either the electronic or PDF version for any reason, another 

Author should complete and sign the PDF version of the form. Forms and complete instructions 

are available at http://pubs.acs.org/page/copyright/journals/index.html. 
 

Assistance with English Language Editing 
 
Authors may want to have their manuscripts edited professionally before submission to improve 

clarity. The ACS ChemWorx English Editing Service can assist you in improving and polishing 

the language in your manuscript. You can learn more about the services offered, at 

http://es.acschemworx.acs.org. 
 

Author List 
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During manuscript submission, the submitting author must provide contact information (full 

name, e-mail address, institutional affiliation, and mailing address) for all of the co-authors. 

Because all of the author names are automatically imported into the electronic Journal 

Publishing 

Agreement, the names must be entered into ACS Paragon Plus in the same sequence as they 

appear on the first page of the manuscript. (Note that co-authors are not required to register in 

ACS Paragon Plus.) The corresponding author submitting the manuscript for publication 

accepts the responsibility of notifying all co-authors that the manuscript is being submitted. A 

statement should be included in the cover letter by the corresponding author that all persons 

named as co-authors have seen and approved the manuscript prior to submission. Deletion of 

an author after the manuscript has been submitted requires a confirming letter to the Editor-in-

Chief from the author whose name is being deleted. For more information on ethical 

responsibilities of authors, see the Ethical Guidelines to Publication of Chemical Research. 
 

Professional Ethics 
 
In publishing only original research, ACS is committed to deterring plagiarism, including 

self-plagiarism. ACS Publications uses CrossCheck's iThenticate software to screen submitted 

manuscripts for similarity to published material. Note that your manuscript may be screened 

during the submission process. Further information about plagiarism can be found in Part B of 

the Ethical Guidelines to Publication of Chemical Research. 

 
Funding Sources 

 

When submitting a manuscript to the Journal via ACS Paragon Plus, the submitting author 

isasked to identify the funding sources for the work presented in the manuscript. Identifying 

funding sources is optional during submission of an original manuscript. Funding source 

information is required when a revised manuscript is submitted. 

All authors are encouraged to register for an ORCID iD, a unique researcher identifier. With 

this standard identifier, you can create a profile of your research activities to distinguish 

yourself from other researchers with similar names and make it easier for your colleagues to 

find your publications. Learn more at http://www.orcid.org. 

 

Authors and reviewers can add their ORCID iD to, or register for an ORCID iD from, their 

account in ACS Paragon Plus. Submitting authors have the option to provide existing ORCID 

iDs for coauthors during submission, but they cannot create new ORCID iDs for coauthors. 

  
ACS AuthorChoice Open Access 

 

ACS AuthorChoice options establish fee -based mechanisms for authors or their research funding 

agencies to sponsor the open availability of final published articles on the Web. ACS 

AuthorChoice offers authors a wide range of open access license options, such as Creative 

Commons licenses and provisions for immediate or 12-month embargoed open access and 

includes ACS Certified Deposit. Authors will find useful information about compliance with open 

access policies available here and FAQs here. Corresponding authors who published with ACS 

during 2014 may have access to ACS Author Rewards, a $60 million stimulus program ACS 

provided to help authors transition to new open access publishing models. 

Authors must sign the Journals Publishing Agreement. Forms and complete instructions are 

available here. After acceptance, authors will be presented with the opportunity to purchase an 

ACS AuthorChoice option, and authors who do so will be presented with the appropriate license at 



220 
 

  

that time. For a review of all license options available, see here. For questions or further 

assistance with ACS AuthorChoice, please reach out to support@services.acs.org. 
 
 

Manuscript Submission 
 

Web Submission 
 
Manuscripts must be submitted via the Web using the ACS Paragon Plus environment 

(http://paragonplus.acs.org/login). Complete instructions and an overview of the electronic 

online (Web) submission process are available through the secure ACS Paragon Plus Web 

site. Authors must also submit all revisions of manuscripts via the ACS Paragon Plus 

environment. The web submission site employs state-of-the-art security mechanisms to ensure 

that all electronically submitted papers are secure. These same security mechanisms are also 

utilized throughout the peer-review process, permitting access only to editors and reviewers 

who are assigned to a particular paper. Hard copy manuscript submission is no longer 

applicable for the  
Journal of Natural Products. 
 
Use of the word-processing template is strongly encouraged, but not required. It is essential 

that only the fonts specified in the ACS manuscript templates be used. If you choose not to 

use an ACS template, Times and Symbol fonts should be used. Use of other fonts may cause 

problems during peer review and Journal production. 
 
Authors may now choose to submit their own manuscript PDF file along with a word 

processing or zipped archive file of their manuscript documents for use during the peer review 

process, or allow ACS Paragon Plus to generate a PDF automatically. 
 

General File Preparation  
When preparing a manuscript, use the document mode or its equivalent in the word-

processing program; i.e., do not save files in “Text Only” (ASCII) mode. If a non-Western 

version of the word-processing software was used to prepare the manuscript, save the file in 

rich-text format (RTF). Do not include any page-layout instructions such as placement 

information for graphics in the file. The text should be left justified, and automatic end-of-line 

hyphenation should be turned off. Use carriage returns only to end headings and paragraphs, 

not to break lines of text. Do not insert spaces before punctuation. References must conform 

to the format printed in the Journal. Ensure that all characters are correctly represented 

throughout× the manuscript: for example, 1 (one) and l (ell), 0 (zero) and O (oh), x (ex) and 

(times sign). Check the final copy carefully for consistent notation and correct spelling. 
 
The manuscript should be assembled in the following order and should consist of one file: 

Title page; abstract; all sections of the body of the paper, including figures, schemes, charts, 

and tables; acknowledgments; Supporting Information paragraph (if needed); references; TOC 

graphic. Supporting information should be provided in a separate file. It is best to use the 

fonts “Times” and “Symbol”. Other fonts, particularly those that do not come bundled with 

the system software, may not translate properly. Ensure that all special characters (e.g., Greek 

characters, math symbols, etc.) are present in the body of the text as characters and not as 

graphic representations. Consult the documentation for the specific software package being 

used on how to detect the presence of graphics in the files, and replace them with the 

appropriate text characters. Tables may be created using a word processor‟s text mode or table 

format feature. The table format feature is preferred. Ensure each data entry is in its own table 



221 
 

  

cell. If the text mode is used, separate columns with a single tab and use a line feed (return) at 

the end of each row. 
 

Currently Acceptable Word Processing Packages  
Macintosh: WordPerfect 3.5, Microsoft Word, 98 and higher. 
 
PCs: WordPerfect, up to version 9.0, Microsoft Word, 97 and higher. 
 
LaTeX users should follow the guidelines given at the Author & Reviewer Resource Center 

(http://pubs.acs.org/4authors). 
 

ACS Policies for E-prints and Reprints 
 
Under the ACS Articles on Request policy, the Society will provide (free of charge) to all 

contributing authors a unique URL within the ACS Web site that they may e-mail to 

colleagues or post on external Web sites. These author-directed links are designed to facilitate 

distribution of an author‟s published work to interested colleagues in lieu of direct distribution 

of the PDF file by the author. The ACS Articles on Request policy allows 50 downloads 

within the first year after Web publication and unlimited access via the same author-directed 

links 12 months after Web publication. 
 

Galley Proofs 
 
The corresponding author of an accepted manuscript will receive e-mail notification and 

complete instructions when page proofs are available for review via a secure Web site. 

Authors will access the secure site through ACS ChemWorx and will need an ACS ID. To 

obtain an ACS ID or to reset your password, go to www.acschemworx.org. Routine 

rephrasing of sentences or additions are not permitted at the page proof stage. Alterations 

should be restricted to serious changes in interpretation or corrections of data. Extensive or 

important changes on page proofs, including changes to the title or list of authors, are subject 

to Editorial review. 
 
It is the responsibility of the corresponding author to ensure that all authors listed on the 

manuscript agree with the changes made on the proofs. Galley proofs should be returned 

within 48 hours of receipt in order to ensure timely publication of the manuscript. 
 
The ASAP date is the recorded publication date. All intellectual property and patent details 

must be resolved prior to ASAP publication. 
 

Corrections 

 

If errors of consequence are detected in a published paper, the author should send a correction 

to the Editor-in-Chief for publication as an “Addition and Correction”.  




