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RESUMO

A quercetina € um flavonoide com atividades anti-inflamatoria e antioxidante expressivas.
Estudos mostram que ela é capaz de inibir enzimas liberadas por neutréfilos e macréfagos,
reduzir a producao de citocinas pro-inflamatorias, aléem de sequestrar radicais livres e quelar
ions metalicos. No entanto, o tratamento com quercetina por via oral ndo reduz a inflamacéo
em modelo experimental de colite. Sendo assim, 0 objetivo deste estudo foi preparar uma
nova formulacdo microencapsulada contendo quercetina para liberacdo modificada do
farmaco, alcancando a regido col6nica, e investigar os efeitos terapéuticos desta formulagédo
em um modelo experimental de colite induzida por acido acético em camundongos. As
microcapsulas de quercetina foram preparadas a partir do polimero biodegradavel
pectina/caseina, e o efeito terapéutico no modelo de colite foi avaliado através dos seguintes
parametros: atividade da mieloperoxidase, edema, escores de lesbes histoldgicas e
macroscopicas, niveis de citocinas e capacidade antioxidante no célon. O tratamento com
microcapsulas de quercetina por via oral reduziu significativamente a atividade da
mieloperoxidase, 0 edema, as lesdes histoldgicas e macroscopicas, 0s niveis de IL-1p e IL-33
no colon dos camundongos quando comparados ao grupo controle colite sem tratamento.
Além disto, o tratamento com esta nova formulacdo também preveniu a reducao dos niveis de
IL-10 e da capacidade antioxidante no tecido coldnico. O tratamento com quercetina ndo
encapsulada ndo mostrou efeitos significativos sobre a colite experimental. Estes resultados
mostram que a microencapsulacdo da quercetina, utilizando o polimero pectina/caseina,
proporciona efeitos adicionais a quercetina ndo encapsulada neste modelo experimental de
colite, sendo esta nova formulagdo uma proposta promissora para o tratamento de doengas
inflamatorias intestinais.

Palavras-chave: Quercetina. Microcapsulas. Liberacdo modificada. Colite.



GUAZELLI, Carla Fabiana Souza Guazelli. Increasing the efficacy of quercetin by
microencapsulation: therapeutic effect on experimental colitis in mice. 2012. 89p.
Dissertation (Master in Health Sciences) — Universidade Estadual de Londrina, Londrina,
2012,

ABSTRACT

Quercetin is a flavonoid with expressive anti-inflammatory and antioxidant activity, such as
inhibition of enzyme release by neutrophils, reduction of pro-inflammatory cytokines, in
addition to scavenge free radicals and chelate transition metal ions. However, the oral
administration of quercetin does not provide beneficial effects in experimental colitis.
Therefore, the aim of this study was to prepare a novel microencapsulated formulation for
quercetin modified-release, reaching the colonic region, and investigate its therapeutic effects
on experimental colitis induced by acetic acid in mice. Quercetin microcapsules were
prepared using pectin/casein polymer and their efficacy on experimental colitis model was
evaluated by myeloperoxidase activity, edema, histological and macroscopical scoring
analysis and cytokines levels, as well as antioxidant capacity in colon samples. The oral
administration of quercetin microcapsules significantly decreased myeloperoxidase activity,
edema, histological and macroscopical colon damage, and IL-1p and 1L-33 levels in the colon
compared to colitis control group. Furthermore, this novel formulation also prevented the
reduction of IL-10 and antioxidant capacity in the colon tissue. Treatment with non-
encapsulated quercetin did not provide significant effect on experimental colitis. These
preliminary results indicate that the microencapsulation of quercetin using pectin/casein
polymer provided additional effects to quercetin compared to non-encapsulated quercetin in
experimental colitis, therefore, suggesting quercetin loaded microcapsules as a promising
treatment for inflammatory bowel disease.

Keywords: Quercetin. Microcapsules. Modified drug delivery. Colitis.
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ABTS 2,2-azinobis (3-etilbenzotiazolina-6-sulfonato, sal de diaménio)
CuU Colite Ulcerativa

DC Doenga de Crohn

DIl Doencas Inflamatdrias Intestinais

DSS Dextran Sulfato de Sodio

EDTA Ethylenediaminetetraacetic Acid

Acido Etilenodiaminotetracético
ELISA Enzyme-linked Immunosorbent Assay

Ensaio de Imunoabsorcdo por Ligacdo Enzimatica

EROs Espécies Reativas de Oxigénio

FRAP Ferric Reducing Antioxidant Power
Capacidade Antioxidante Redutora do fon Ferro
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IL-1B Interleucina-1p

IL-33 Interleucina-33
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INOS Inducible Nitric Oxide Synthase
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MAPK Mitogen-Activated Protein Kinase
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1 INTRODUCAO

1.1 Doencas Inflamatdrias Intestinais

Doencas Inflamatérias Intestinais (DII) € um termo geral para um grupo de
desordens inflamatorias cronicas que inclui a Doenca de Crohn (DC) e a Colite Ulcerativa
(CU). A etiologia precisa ainda é desconhecida, mas sabe-se que fatores genéticos, o0 sistema
imunolégico do individuo, fatores ambientais e a propria microbiota intestinal contribuem
para a patogénese destas doencas (HILL; ARTIS, 2010). A DC é mais regulada geneticamente
do que a CU (HALME et al., 2006). Porém, nenhum fator ou agente sozinho é responsavel
pelo desenvolvimento destas doencas.

As DIl ocorrem em todo o mundo, acometem igualmente ambos o0s sexos
(MOLODECKY et al., 2012) e representam um sério problema de salde, pois atingem
preferencialmente adultos jovens, na faixa etaria entre 20 e 40 anos. Além disso, cursam com
recidivas frequentes e apresentam formas clinicas de alta gravidade (HANAUER, 1990;
KWON et al., 2005), resultando em custos a longo prazo tanto para o paciente, quanto para o
sistema de saude e para a sociedade (YU et al., 2008; COHEN et al., 2010).

A incidéncia das DIl é maior nos paises ocidentais, sendo o Canada o pais
com as maiores taxas, seguido pelos paises do norte da Europa e Australia (MOLODECKY et
al., 2012). No Brasil, os dados epidemiolégicos obtidos a partir dos sistemas de informacdo da
salude podem ser comprometidos pela subnotificacdo do nimero de internacdes, bem como
pela falta de padronizacdo dos critérios diagnosticos e de profissionais especializados
(OLIVEIRA; EMERICK; SOARES, 2010). Apesar de poucos dados epidemiolégicos de
paises em desenvolvimento, estudos mostram que as taxas de incidéncia das DIl tém
aumentado em diferentes regides do mundo, possivelmente devido a fatores ambientais
associados ao desenvolvimento industrial, como habitos alimentares e estilos de vida,
indicando sua emergéncia como doenca global (VICTORIA; SASSAK; NUNES, 2009;
MOLODECKY et al., 2012).

A DC pode comprometer qualquer um dos segmentos do trato
gastrointestinal, desde a boca até o anus, mas geralmente acomete o ileo e o c6lon de maneira
descontinua, ou seja, com presenca de regides inflamadas intercaladas a regifes ndo
inflamadas. O envolvimento intestinal na maior parte das vezes € transmural, comprometendo
a mucosa, submucosa, camada muscular e serosa. Esta doenca também pode estar associada a

presenca de granulomas, estreitamento e fistulas no intestino (ABRAHAM; CHO, 2009). Os



11

sintomas incluem dor abdominal, diarréia, perda de peso, mal-estar e, em alguns casos, pode
ocorrer obstrucédo intestinal (CARTER; LOBO; TRAVIS, 2004).

Ja a CU acomete o colon e o reto de maneira difusa, sendo que a inflamacéo
geralmente é caracterizada pela presenca de abscessos nas criptas intestinais e infiltrado de
células inflamatdrias na lamina propria, € ndo estd associada a presenca de granulomas,
estreitamento e fistulas (ABRAHAM; CHO, 2009). E uma doenca marcada por periodos de
exacerbacdo e remissdo, e 0s sintomas mais frequentes sdo: diarréia, enterorragia, dor
abdominal em colicas, urgéncia em evacuar e tenesmo (ISKANDAR; CIORBA, 2012). Cerca
de 5% dos pacientes com DII, que compromete a regido do colon, apresentam caracteristicas
clinicas, radioldgicas, endoscopicas e/ou patoldgicas de ambas condicdes (DC e CU). Nestes
casos, a doenca € denominada colite “ndo classificada” (MOWAT et al., 2011).

As manifestacdes clinicas ocorrem principalmente devido as desordens
inflamatorias resultantes da infiltracdo transmural de neutréfilos, macréfagos e linfocitos na
mucosa e submucosa do colon (ROBERTS-THOMSON et al., 2011). Os neutrofilos e
macrofagos sdo considerados as células responsaveis pela destruicdo da integridade epitelial e
desenvolvimento da injuria coldnica observada em pacientes com CU (GRISHAM,;
YAMADA, 1992). Indmeros mediadores, incluindo leucotrienos e wvarias citocinas
inflamatdrias, contribuem para a quimiotaxia de neutrofilos nesta doenca (VILLEGAS et al.,
2003). Os niveis de IL-1p apresentam-se aumentados na mucosa de pacientes com CU
(BAMIAS; KALTSA; LADAS, 2011). Esta citocina merece atencdo considerdvel pois
contribui para a infiltracdo celular e destruicdo da mucosa durante a inflamacgéo intestinal
(RADDATZ et al., 2001). A IL-33 também contribui para a migracdo de neutréfilos através
da ativagdo de macrofagos e consequente producdo de quimiocinas e citocinas (como a
propria IL-1B), e também agindo diretamente sobre os neutréfilos (VERRI et al., 2010).
Estudos recentes mostraram que os niveis de 1L-33 estdo aumentados no colon de pacientes
com CU ativa (BELTRAN et al.,, 2010; SEIDELIN et al., 2010; KOBORI et al., 2010),
sugerindo o papel desta citocina na patogénese desta doenca. Sendo assim, o bloqueio da IL-
1P e da IL-33 durante a CU poderia ajudar na reducdo da severidade da doenca.

Por outro lado, a IL-10 é considerada uma citocina importante na
manutencdo da homeostase intestinal (PAUL; KHARE; GASCHE, 2012). Camundongos
geneticamente deficientes para IL-10 desenvolvem colite esponténea, sendo este um modelo
experimental genético para doencas inflamatorias intestinais (KUHN et al., 1993). Além
disso, alteracGes genéticas no locus da IL-10 também contribuem para o desenvolvimento da
CU (PAUL; KHARE; GASCHE, 2012). Neste sentido, fica clara a participacdo da IL-10
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como um mediador que previne o desenvolvimento da colite. Desta maneira, tratamentos que
evitem a queda nos niveis de IL-10 no colon durante a CU podem ser uma boa alternativa
para a reducdo do processo inflamatdrio nestes casos.

Durante a CU, os neutréfilos e macréfagos infiltrados e ativados também
representam uma importante fonte de espécies reativas de oxigénio (EROs), como anion
superdxido e radical hidroxil (ROESSNER et al, 2008). O dano oxidativo no colon também é
um fator importante na patogénese da CU, uma vez gque a inflamacédo coldnica é acompanhada
pelo aumento na producdo de EROS, associado a reducdo na resposta antioxidante local
(PRAVDA, 2005; REZAIE; PARKER; ABDOLLAHI, 2007; KIM; KIM; HAHM, 2012). O
excesso de EROs, associado a reducdo das defesas antioxidantes durante a CU, causam danos
oxidativos a componentes celulares (como proteinas, lipidios e material genético), levando a
progressdo da injaria, disfungdo e inflamacéo, o que culmina com a exacerbagdo do processo
patoldgico da CU (ZHU; LI, 2012).

Véarios modelos experimentais de DIl tém sido descritos com o objetivo de
elucidar os mecanismos envolvidos na patogénese destas doencas e também avaliar a eficacia
terapéutica de novos farmacos ou formulagBes. Embora os modelos ndo reproduzam
exatamente a doenca em humanos, eles tém sido Uteis para estudar muitos aspectos
importantes destas condi¢Ges. Os modelos mais comumente utilizados sdo aqueles induzidos
pela administracdo de um agente quimico exdgeno, como &cido acético, sulfato sédico de
dextrana (DSS), acido trinitrobenzdico (TNBS), entre outros.

Em 1978, MacPherson e Pfeiffer mostraram que a administracdo de solugéo
de acido acético por via retal era capaz de induzir de maneira dose-dependente uma
inflamacdo aguda, difusa e reprodutivel na por¢do distal do colon de ratos. Esta inducéo da
inflamag&o pelo &cido acético esté relacionada a sua capacidade de “destruir” a barreira de
células epiteliais e aumentar a exposi¢do das bactérias coldnicas aos fagocitos da mucosa.
Uma consequéncia provavel desta mudanca na funcdo da barreira epitelial é que os fagdcitos
da mucosa sdo ativados por componentes da prépria microbiota, e isto, por sua vez, resulta na
liberacdo de citocinas pro-inflamatorias e o desenvolvimento da inflamagdo (STROBER;
FUSS; BLUMBERG, 2002).

A injdria col6nica induzida pela administracdo via retal de acido acético em
murinos apresenta caracteristicas similares a CU em humanos, ja que ambas sao
caracterizadas por inflamacédo difusa da mucosa, ulcerac6es superficiais e reducao das células
caliciformes (RANI et al., 2011). Além disso, também é possivel verificar infiltracdo de

polimorfonucleares no tecido, libera¢do de citocinas pro-inflamatdrias, como a IL-1p e o fator
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de necrose tumoral (TNF)-a (AMIRSHAHROKHI; BOHLOOLI; CHINIFROUSH, 2011;
LUO et al, 2010), além de aumento na producdo de EROs e reducdo das defesas
antioxidantes (MILLAR et al., 1996; TAHAN et al., 2011).

1.2 Tratamentos Convencionais para a Colite Ulcerativa

Os tratamentos convencionais para as DIl incluem os aminosalicilatos
(mesalazina e sulfasalazina), corticosteroides (prednisolona, metilprednisolona e budesonida),
imunosupressores nao esteroidais (azatioprina, 6-mercaptopurina e metotrexato) e terapia
anti-TNF (infliximab, adalimumab e certolizumab pegol) (BURGER; TRAVIS, 2011).
Nenhuma estratégia terapéutica ja estabelecida é completamente eficaz no tratamento das DII.
No entanto, os avangos recentes no entendimento da fisiopatologia das DIl tém direcionado o
desenvolvimento de ferramentas terapéuticas cada vez mais eficazes (KAWADA; ARIHIRO;
MIZOGUCHI, 2007). Os objetivos terapéuticos na CU sdo: a inducdo e manutencdo da
remissdo, e o restabelecimento da integridade da mucosa, a fim de evitar intervencdo cirdrgica
e diminuir a probabilidade do desenvolvimento de cancer (NG; KAMM, 2009), além de
melhorar a qualidade de vida do paciente.

A maioria dos pacientes com formas leves ou moderadas de CU respondem
ao tratamento com aminosalicilatos. A sulfasalazina é um pré-farmaco que corresponde a uma
molécula de mesalazina ligada a sulfapiridina. Quando atinge o c6lon, esta molécula é clivada
por enzimas bacterianas liberando mesalazina e sulfapiridina. Embora a mesalazina seja um
salicilato, seu efeito terapéutico ndo esta relacionado com a inibi¢do da ciclooxigenase, mas
sim com a inibigdo da producdo de IL-1p e TNF-a, além da inibigdo da via da lipoxigenase,
sequestro de radicais livres e inibicdo da ativagdo do fator nuclear (NF)-kB, um factor de
transcricdo essencial para a producdo de mediadores inflamatérios (PITHADIA; JAIN, 2011).

Ja os corticosterdides sdo indicados para as formas moderadas ou graves da
doenca e também para pacientes que ndo respondem ao tratamento com aminosalicilatos (NG;
KAMM, 2009). Os corticosterdides atuam sobre as primeiras manifestacfes da inflamacé&o,
reduzindo a permeabilidade vascular, a vasodilatacdo e a infiltracdo de neutrofilos, além de
inibir a ativacdo de fibroblastos, a proliferacdo vascular e a deposi¢cdo de colageno. Os
corticoides também reduzem a producgdo de citocinas inflamatorias por inibir a ativagdo do
NF-kB (TRIANTAFILLIDIS; MERIKAS; GEORGOPOULOS, 2011). Porém, tratamentos a
longo prazo e/ou com altas doses de corticosteroides estdo relacionados a efeitos adversos que

limitam seu uso, dentre eles: complicacbes cutdneas, oculares, endocrinas, musculo-
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esqueléticas, gastrointestinais e infecciosas (ARDIZZONE; PORRO, 2002).

Para pacientes cortico-resistentes ou cortico-dependentes, é indicado o uso
de azatioprina ou 6-mercaptopurina. A azatioprina é um pro-farmaco convertido no plasma a
6-mercaptopurina, seu principio ativo. Os efeitos farmacoldgicos estdo relacionados a
producdo de metabdlitos ativos como a 6-tioguanina (PAOLUZI et al., 2002), que atua como
analogo das purinas, interferindo na sintese protéica e impedindo o crescimento e a
proliferacdo dos linfécitos T e B (AL HADITHY et al., 2005). Os efeitos adversos, como
supressdao da medula Ossea, elevacdo progressiva dos niveis das enzimas hepéticas e
pancreatite, podem ocorrer (geralmente nas primeiras semanas) e exigem cancelamento
imediato do tratamento (MEIER; STURM, 2011).

A administracdo endovenosa de ciclosporina é eficaz na fase aguda da CU
em pacientes refratarios ao uso de aminosalicilatos e corticosterdides, mas est4 associada a
efeitos adversos raros e potencialmente fatais, como nefrotoxicidade e infecgdes oportunistas
(REGUEIRO et al.,, 2006). Os pacientes que respondem a ciclosporina necessitam de
azatioprina ou 6-mercaptopurina para manutencédo da remissdo (REGUEIRO et al., 2006). O
tacrolimus é geralmente bem tolerado e também pode ser considerado uma terapia alternativa
nesses casos (NG; KAMM, 2009; BURGER; TRAVIS, 2011). A ciclosporina e o tacrolimus
sd0 imunosupressores que atuam através da inibicdo da calcineurina e possuem mecanismo de
acdo semelhantes. Ao inibirem a calcineurina, estas substancias impedem a desfosforilacdo e
ativacdo do fator nuclear de células T ativadas (NF-AT) e a consequente transcricdo de genes
que codificam citocinas, como IL-2, TNF-a ¢ IFN-y (OGATA et al., 2006; NAGANUMA,
FUJII; WATANABE, 2011), o que resulta na reducdo do recrutamento e ativacdo dos
linfocitos T. Os efeitos adversos relacionados ao tratamento com tracolimus, tais como
nefrotoxicidade, sdo dose-dependentes, porém reversiveis com a reducdo da dose ou
interrupgdo do tratamento. Entretanto, sdo necessarios estudos para determinar a eficacia e
seguranca a longo prazo na CU (TRIANTAFILLIDIS; MERIKAS; GEORGOPOULOQOS,
2011). Nao existem evidéncias da eficacia do uso de metotrexato em pacientes com CU, por
isso seu uso ndo é recomendado para estes pacientes (CARBONNEL, 2011;
TRIANTAFILLIDIS; MERIKAS; GEORGOPOULOS, 2011).

O infliximab (anticorpo monoclonal anti-TNF) é reservado para pacientes
com CU ativa moderada ou severa, e pacientes ndo tolerantes ou ndo responsivos a terapia
com tiopurinas (NG; KAMM, 2009; BURGER; TRAVIS, 2011). Tem sido utilizado para a
reducdo dos sintomas, inducdo e manutencdo da remissao, e para a eliminagdo do uso de

corticosteroides em pacientes refratarios (WILHELM et al., 2008). O infliximab se liga ao
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TNF-a, impedindo-o de se ligar a seus receptores celulares e, alem disso, também é capaz de
induzir a apoptose em linfécitos e mondcitos (RUTGEERTS; VAN ASSCHE; VERMEIRE,
2004; TRAVASSOS; CHEIFETZ, 2005), o que resulta em reducdo do processo inflamatério
associado a doenca. Os efeitos adversos associados ao uso de terapias anti-TNF incluem
infeccBes oportunistas, formacdo de anticorpos contra o anti-TNF, linfomas e reagdes a
infusdo (HOENTJEN; VAN BODEGRAVEN, 2009).

1.3 Estratégia Terapéutica Alternativa

Uma vez que nenhuma estratégia terapéutica é completamente eficaz no
tratamento da CU, e que os efeitos adversos associados ao uso dos medicamentos
convencionais sao significativos e comprometem a adesdo ao tratamento, é necessario 0
estudo e desenvolvimento de novos farmacos e medicamentos para o tratamento desta doenca,
a fim de aumentar a eficacia terapéutica, reduzir os efeitos adversos e melhorar a qualidade de
vida dos pacientes. Ao considerarmos a participacdo de mediadores pré-inflamatorios, como
citocinas e radicais livres na patogénese da colite, associado ao fato de que a mucosa coldnica
é relativamente pobre em antioxidantes endogenos, a utilizacdo de farmacos com
propriendades anti-inflamatdrias e antioxidantes, como a quercetina, para tratamento da CU

apresenta-se como uma abordagem terapéutica promissora.

1.3.1 Quercetina

Recentemente, varias investigaces tém sido descritas sobre a utilizacdo da
quercetina, um flavondide abundante e eficientemente extraido da espécie Dimorphandra
mollis. A facil extragdo juntamente com expressivo efeito antioxidante comparada a outros
flavonoides favorece a sua utilizacdo na terapéutica (METODIEWA et al., 1999; SKIBOLA,
SMITH, 2000; CASAGRANDE et al., 2006, 2007). A quercetina tem sido estudada como
potencial agente terapéutico contra uma série de doencas, tais como, asma, cancer, diabetes,
doengas cardiovasculares e inflamatdrias, entre outras (FORMICA; REGELSON, 1995;
MIDDLETON; KANDASWAMI; THEOHARIDES, 2000; BOOTS; HAENEN; BAST,
2008; ROGERIO et al., 2010; KELLY, 2011).

A quercetina é capaz de inibir a atividade da mieloperoxidase (MPO), uma
enzima secretada por neutrofilos e macrofagos ativados durante o processo inflamatdrio.

Casagrande e colaboradores (2006) mostraram que formulacdes topicas contendo quercetina
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sdo capazes de impedir o aumento da atividade da MPO na pele de camundongos expostos a
radiacdo UVB. Neste contexto, sabe-se que a quercetina € capaz de reduzir o recrutamento de
neutrofilos por inibicdo da polimerizacdo da actina (SOUTO et al., 2011), além de inibir a
expressdo de moléculas de adesdo (CRESPO et al., 2008) e se ligar a regifes especificas na
molécula da MPO, inibindo sua acdo (SHIBA et al., 2008). Portanto, o efeito da quercetina
sobre a reducdo da atividade da MPO pode estar associada a diminui¢cdo no recrutamento dos
neutrofilos e/ou inibicdo de sitios ativos da prépria molécula da MPO.

As propriedades anti-inflamatdrias da quercetina também estéo associadas a
reducdo da expressdo de mediadores pro-inflamatdrios, como as citocinas IL-1p e TNF-a
(COMALADA et al., 2005; VALERIO et al., 2009; CARVALHO et al., 2010), e as enzimas
oxido nitrico sintase induzivel (iNOS) e ciclooxigenase (COX)-2 (CRESPO et al., 2008);
inibicdo da ativacdo do NF-kB (COMALADA et al., 2005), modulagdo da ativacdo da via
JAK-STAT e das proteinas quinases ativadas por mitdgenos (MAPK) (MUTHIAN; BRIGHT,
2004; YING et al., 2009) . Além disso, a quercetina foi capaz de aumentar os niveis de 1L-10,
uma citocina com propriedades anti-inflamatdrias, em modelo de pancreatite aguda em
camundongos (CARVALHO et al., 2010), e de miocardite em ratos (MILENKOVIC et al.,
2010).

A quercetina pode inibir o processo de formacao de radicais livres em trés
etapas diferentes: na iniciacdo (pela interacdo com ions superoxido), na formacao de radicais
hidroxil (por quelar ions de ferro) e na peroxidac&o lipidica (por reagir com radicais peroxi de
lipideos) (AFANASEV et al., 1989; TERAO; PISKULA, 1999), além de modular os niveis
de antioxidantes enddgenos, como a glutationa reduzida (VALERIO et al., 2009; PADMA et
al., 2012). O mecanismo pelo qual a quercetina promove aumento nos niveis de antioxidantes
enddgenos parece estar relacionado a ativagao do Nrf2, um fator de transcri¢do responsivel ao
estresse, que promove aumento na expressdao de enzimas antioxidantes (GRANADO-
SERRANO et al., 2012).

Entretanto, a administracdo de quercetina por via oral ndo reduziu a
inflamacdo em modelo de colite experimental induzida por sulfato sodico de dextrana,
enquanto que suas formas glicosiladas, quercetrina e rutina, demonstraram eficacia
(CAMUESCO et al., 2004; COMALADA et al., 2005; KWON et al., 2005). Isso ocorre pois a
quercetina pode ser metabolizada e absorvida no estdmago (CRESPY et al., 2002) e intestino
delgado (MANACH et al., 2004), impedindo com que ela atinja o c6lon em quantidades

suficientes para exercer efeito anti-inflamatdrio e antioxidante local sobre as les6es colonicas.
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1.3.2 Sistema Microencapsulado para Liberacdo Modificada

Com o desenvolvimento dos sistemas de liberacdo de farmacos (SLF),
permitiu-se prever e controlar a velocidade de liberagcdo do farmaco, prolongando, portanto, a
atividade terapéutica e/ou proporcionando liberacao sitio especifica. Os avancos das pesquisas
em SLF devem-se ao reconhecimento das vantagens clinicas e terapéuticas e a fatores
econbémicos como, por exemplo, a possibilidade de protecdo patentaria. O planejamento
racional do SLF é uma etapa crucial para a modulacéo da libera¢do do farmaco, adequada as
necessidades clinicas e farmacocinéticas e aos sitios de absorcdo (SASTRY; NYSHADHAM;
FIX, 2000; ZALFEN et al., 2008).

A veiculacdo de farmacos para o colon oferece varias vantagens do ponto de
vista terapéutico no tratamento da CU. Sistemas de liberacdo modificada, visando a liberagéo
coldnica do farmaco, evitam a rapida e completa liberacdo do farmaco, permitindo que o
mesmo atinja o célon. A concentracdo do farmaco que atinge o local de acdo é maior,
resultando em melhor eficacia terapéutica (KARROUT et al., 2009) e adesdo ao tratamento.
Para garantir a liberacdo modificada, visando a liberacdo coldnica de maneira satisfatoria, o
farmaco precisa ser protegido da degradacéo, liberacdo e/ou absorc¢do na porgdo superior do
trato gastrointestinal. Além disso, a forma farmacéutica deve permitir a liberacdo de
guantidades suficientes do farmaco na regido colénica (ASGHAR; CHANDRAN, 2006).

Algumas estratégias sdo empregadas para possibilitar a liberacdo
modificada, visando a liberacdo colénica de farmacos, dentre elas a veiculacdo do farmaco em
uma matriz polimérica (MONTEIRO et al., 2007; ALIAS; GONI; GURRUCHAGA, 2007),
ligacdo quimica a resinas de permuta idnica, incorpora¢do em bomba osmotica e utilizagdo de
revestimentos monoliticos ou multiparticulados (COLLETT; MORETON, 2005; KARROUT
et al., 2009). As microcapsulas sdo sistemas multiparticulados que tém como vantagem maior
reprodutibilidade no tempo de transito intestinal em relacdo ao monolitico, contribuindo para
minimizar sitios de alta concentracdo, reduzindo e até evitando irritaces e ulceracGes (FELL,
1992), além de reduzir a variagdo inter- e intra-individuais na resposta ao tratamento
(ASGHAR e CHANDRAN, 2006).

O complexo polimérico pectina/caseina € uma alternativa promissora na
constituicdo de sistemas de liberacdo modificada visando liberacdo coldnica do farmaco
(BARACAT, 2004; REDIGUIERI, 2008) ja que a pectina é um polissacarideo capaz de
resistir a acdo das proteases e amilases presentes no TGI superior, porém pode ser digerida

por pectinases presentes no colon (ITOH, 2007 apud YU et al., 2009).
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Com o objetivo de propor uma nova forma de tratamento para a CU
utilizando a quercetina, o presente trabalho visa preparar microcapsulas de quercetina
utilizando o polimero biodegradavel pectina/caseina, que resistam as condi¢cdes do TGl
superior, alcangando a regido intestinal e liberando o farmaco por difusdo e pela degradacéo

da pectina.
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2 OBJETIVOS

2.1 Gerais

Preparar microcépsulas de pectina/caseina contendo quercetina e demonstrar

in vivo a sua eficacia em modelo de colite induzida por acido acético em camundongos.

2.2 Especificos

- Preparar a forma farmacéutica microencapsulada contendo quercetina;

- Quantificar a quercetina na formulacéo;

- Avaliar o efeito do tratamento com as microcapsulas contendo quercetina
sobre o recrutamento de neutréfilos para o tecido coldnico apds a indugdo da colite com
solucéo de &cido acético;

- Avaliar o efeito do tratamento com as microcapsulas contendo quercetina
sobre o edema colbnico apos a inducdo da colite com solucdo de acido acético;

- Avaliar o efeito do tratamento com as microcapsulas contendo quercetina
sobre as lesdes micro e macroscopicas no tecido colonico apds a inducdo da colite com
solucdo de &cido acético;

- Avaliar o efeito do tratamento com as microcapsulas contendo quercetina
sobre os niveis das citocinas IL-1p, IL-33 e IL-10 no tecido coldnico apds a inducédo da colite
com solucéo de acido acético;

- Avaliar o efeito do tratamento com as microcapsulas contendo quercetina
sobre a capacidade antioxidante no tecido coldnico, através dos niveis de glutatina reduzida
(GSH), da capacidade sequestradora do radical ABTS e redutora do ion ferro, apos a indugéo

da colite com solucéo de acido acético;
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3 MATERIAIS E METODOS

3.1 Materiais

Pectina USP foi obtida da CP Kelco (Limeira, Brasil). Caseina da Kauffman & Co
(Kehl, Germany). Acido citrico; hidroxido de sodio; acido cloridrico; fosfato de sodio;
formaldeido foram adquiridos da Merck (Darmstadt, Germany). Quercetina da Acros (New
Jersey, USA). Brometo de hexadecil trimetil-amonio (HTAB); dihidrocloreto de O-
dianisidina; tween 80; glutationa reduzida (GSH); glutaraldeido; EDTA; cloreto de ferro
hexahidratado; 2,4,6-tripiridil-s-triazina (TPTZ); 2,2-azinobis (3-etilbenzotiazolina-6-
sulfonato, sal de diamdnio; ABTS); Trolox (&cido 6-hidroxi-2,5,7,8-tetrametilcroman-2-
carboxilico); e persulfato de potéssio foram adquiridos da Sigma Chemical Co. (St. Louis,
USA). Kits para dosagem de IL-1B, I1L-33 e IL-10 foram adquiridos da eBioscience (San

Diego, USA). Todos os reagentes utilizados foram de grau analitico.

3.2 Preparacado das microcépsulas

O preparo das microcapsulas foi realizado de acordo com Freitas et al. (2007) e
Baracat et al. (2012). Foram realizadas dispersdes aquosas de caseina e pectina (8,34%, w/v)
sob agitagdo mecénica constante. O pH foi ajustado a 8,0 + 0,1 pela adi¢do de hidréxido de
sodio 4,0 M. Apds a dispersao dos polimeros, a quercetina foi adicionada na proporc¢édo 1:5
(quercetina / polimero). As microcapsulas foram obtidas pela reducéo lenta e gradual do pH
para 3,5 £ 0,1 com adi¢do de acido citrico 1,0 M. As paredes das microcapsulas foram
enrijecidas pela adicdo de glutaraldeido (50 pL/g de polimero) sob agitagdo constante por
mais 30 min. Para a preparacdo das microcapsulas inertes foi utilizada a mesma metodologia,
porém, sem adicdo da quercetina. As microcapsulas, inertes e carregadas, obtidas a partir de
dispersbes aquosas de caseina/pectina foram secas por atomizagdo com o uso de secador
spray dryer (Lab Plant, SD-05), com as seguintes caracteristicas operacionais: bico
atomizador do tipo duplo fluido, com mistura externa e orificio de saida de 0,5 mm;
temperatura do ar de entrada de 180° C e de saida de 100° C; pressao de ar de 4 bar e vazdo de
ar comprimido de 1,1 m*min; vazdo de alimentacéo da dispersio de 7,75 mL/min, regulada
por bomba peristéaltica.
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3.3 Quantificacdo da quercetina na formulacéo

A quantificacdo da quercetina na formulacdo foi realizada por extracdo do farmaco
apos o processo de secagem das microcapsulas, de acordo com o método para quantificacdo
de flavonoides totais descrito por Georgetti et al. (2006). Amostras das microcapsulas de
quercetina foram dispersas em etanol 80%, agitadas por 15 minutos e centrifugadas por 10
minutos a 3000 rpm. Aliquotas do sobrenadante foram misturadas a cloreto de aluminio
(AICI3) 2%, preparado em etanol 80%. Apds 1 h de incubacdo a temperatura ambiente, a
absorvancia foi determinada em 420 nm. Este processo foi repetido na mesma amostra até a
total extracdo da quercetina da formulacdo. A quantidade de quercetina presente na
formulacdo foi calculada utilizando-se a curva de flavonoides totais preparada com quercetina
padrédo nas concentracdes 6, 8, 12, 16, 20, 24 e 30 pg/mL de etanol 80%. O resultado foi
expresso em % de quercetina em relagdo ao total de quercetina adicionada a formulacéo.

3.4 Animais experimentais

Foram utilizados camundongos Swiss machos, pesando 25 = 5g, provenientes do
Biotério Central da Universidade Estadual de Londrina. Durante 0s experimentos, 0s animais
foram mantidos no Departamento de Ciéncias Patoldgicas da Universidade Estadual de
Londrina, em caixas plasticas, forradas com maravalha, em ciclo de 12 horas claro/escuro e
temperatura entre 21 e 24°C. A agua e racdo foram administradas ad libitum, com excecéo
das 24 horas que antecediam 0s experimentos, periodo no qual os animais foram deixados em
jejum solido. O protocolo de experimentacio foi aprovado pelo Comité de Etica em
Experimentagdo Animal (CEEA) da Universidade Estadual de Londrina (n° processo:
26511/2009).

3.5 Inducéo da colite experimental

A indugdo da colite foi realizada de acordo com Nosal’ova, Cerna e Bauer (2000) e
Luo et al. (2010), com algumas modificacdes. Apos 24 h de jejum sélido, os animais foram
anestesiados com quetamina (80 mg/kg, im) e xilazina (10 mg/kg, im). Foi utilizada uma
canula de polietileno de 3 cm de comprimento para a administragao das solugdes via retal, por
enema. Primeiramente, os animais foram submetidos a administragéo via retal de 100 pL de

solucdo salina estéril para lavagem do colon. Em seguida, a inducdo da colite foi realizada
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através da administracdo via retal de 200 L de solucao de acido acético 7,5% (v/v) em salina.
Os animais foram mantidos de cabeca para baixo por 3 minutos para impedir a saida da
solucdo de acido acético. Os animais do grupo controle negativo receberam solucéo salina via

retal ao invés da solucdo de &cido aceético.

3.6 Tratamentos e protocolos experimentais

Os grupos experimentais foram: controle sem colite, que recebeu apenas salina
intracoldnica, sem tratamento; controle colite, que recebeu administracdo intracolonica de
solucdo de acido acetico a 7,5%, sem tratamento; e grupos tratados, que além da
administracdo intracol6nica de solucdo de &cido acético a 7,5%, foram tratados por via oral
com microcépsulas inertes (suspensas em salina), microcapsulas de quercetina (1, 10 e 100
mg/kg, suspensas em salina), quercetina (10 e 100 mg/kg, solubilizada em 20% de tween 80 e
80% de salina) ou tween 80 (20% em salina). Foram desenvolvidos dois protocolos
experimentais: (A) Para avaliacdo dos parametros inflamatdrios, os animais foram tratados 2
horas antes e 10 horas ap6s a inducdo da colite, e foram eutanasiados na 18 hora. Apds
avaliacdo das lesbes macroscopicas, amostras da porcao distal do colon foram coletadas para
determinacéo do infiltrado neutrofilico pela atividade da mieloperoxidase e para avaliacdo do
edema. Além disso, foram coletadas amostras para andlise histolégica e quantificacdo de
citocinas (IL-1B, IL-33 and IL-10) no colon (figura 1A). (B) Para avaliacdo do estresse
oxidativo, os animais foram tratados 6 e 1 hora antes da inducdo da colite, e foram
eutanasiados na 42 hora ap6s a inducéo da colite. Amostras da porcdo distal do colon foram

coletadas para realiza¢do dos ensaios de FRAP, ABTS e GSH (figura 1B).

Figura 1 — Representacdo esquematica dos protocolos experimentais para tratamento e
inducdo da colite. Para avaliacdo dos parametros inflamatorios, os camundongos foram
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tratados 2 horas antes e 10 horas apos a inducdo da colite, e amostras do célon foram
coletadas na 18 hora (A). Para avaliacdo do estresse oxidativo, os camundongos foram

tratados 6 e 1 hora antes da inducéo da colite, e amostras do colon foram coletadas na 42 hora

(B).
3.7 Determinacédo da atividade da mieloperoxidase (MPO)

A mieloperoxidase (MPO) é uma enzima encontrada dentro dos granulos azuréfilos
dos neutréfilos. Sua dosagem é muito utilizada para avaliar o processo inflamatdrio e a injaria
tecidual (KO; LAM; CHEUNG, 2005), atraves da quantificacdo indireta no numero de
neutrofilos nos tecidos. A avaliacdo do infiltrado neutrofilico no c6lon dos camundongos foi
feita por método colorimétrico, descrito por Bradley et al. (1982). Amostras da por¢éo distal
do co6lon foram coletadas em tampdo fosfato de potassio 50 mM (pH 6,0) contendo HTAB
(brometo de hexadecil trimetil-amonio) 13,72 mM e armazenadas a -20°C. No dia do ensaio,
as amostras foram homogeneizadas, centrifugadas (14000 rpm, 2 min, 4°C) e o sobrenadante
foi utilizado para a reacdo colorimétrica em placa de 96 pocos. A cada aliquota de 15 pL de
amostra foi adicionado 200 pL da solucéo de reacdo contendo 52,64 mM de dihidrocloreto de
O-dianisidina e 0,05% de H,O, 30% em tampdao fosfato de potassio 50 mM (pH 6.0). As
leituras foram realizadas em espectrofotometro (Victor® 1420 multilabel counter) a 450 nm, e
0 namero de neutrdfilos por mg de tecido foi determinado utilizando-se uma curva padrao de

neutroéfilos.

3.8 Avaliacéo do edema

Fragmentos da porcéo distal dos colons dos animais, medindo 1 cm de comprimento,
foram coletados e pesados para avaliacdo do edema no tecido. Apds determinacdo do peso,
em gramas, de 1 cm de tecido col6nico, os resultados foram expressos em % de aumento [do
peso (g) / comprimento do tecido col6nico (cm)], em relagdo ao grupo controle sem colite
(LEE et al., 2009; BARBOSA, 2011).

3.9 Avaliacéo das lesdes microscopicas

Amostras da porcao distal do colon foram coletadas em solucdo de formalina a 10%.

Apdbs fixacdo durante 24 horas, as amostras foram embebidas em parafina para técnica
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histoldgica de rotina e cortes de 7 um foram corados com hematoxilina / eosina. Em seguida,
as laminas contendo as amostras ja coradas foram analisadas em microscopio de luz
(Olympus OX31), acoplado a camera digital (Lumenera Infinity 1). As alteracGes
histopatoldgicas no cdlon foram avaliadas de acordo com os critérios descritos por Appleyard
e Wallace (1995), com modificacdes, conforme tabela 1. O escore de lesdo microscépica final

de cada amostra foi obtido pela soma dos escores determinados para cada um dos achados.

Tabela 1 — indices microscopicos de colite segundo Appleyard e Wallace (1995), com

modificaces.

Escore Achados microscopicos
0-3 Perda da arquitetura da mucosa
0-3 Infiltracdo celular
0-3 Espessamento da muscular
0-3 Formacéo de abscesso em cripta
0-3 Reducdo de células caliciformes

3.10 Avaliagéo das lesbes macroscopicas

A andlise macroscopica dos coélons foi realizada logo ap6s a eutanasia dos
camundongos. O colon foi exposto, aberto longitudinalmente e os escores de lesdo foram
determinados de acordo com os achados macroscopicos descritos por Morris et al. (1989),

conforme tabela 2.

Tabela 2 — Indices macroscopicos de colite segundo Morris et al. (1989), com modificacdes.

Escore Achados macroscopicos

0 Sem danos
1 Hiperemia sem ulceracdes
2 Ulcerag0es lineares sem inflamacéo significativa
3 Ulceracg0es lineares com inflamagdo em um local
4 Dois ou mais locais de inflamagé&o e ulceracéo
5 Area da lesdo > 1 cm ao longo do célon
6-10 Area de lesdo > 2 cm ao longo do comprimento do célon. A

quantificacdo ¢ aumentando em 1 para cada centimetro adicional




25

3.11 Dosagem de proteina

O teor de proteinas nas amostras de tecido coldnico foi determinado pelo método
espectrofotométrico descrito por Lowry et al. (1951), modificado por Miller (1959), seguido
de algumas adaptacbes. Albumina bovina foi utilizada como padrdo. Durante a reagéo,
aliquotas das amostras do tecido colonico foram misturadas ao reagente cuprico (composto
por carbonato de sddio a 10% em NaOH 5N, tartarato de sodio a 2% e sulfato de cobre a 1%)
e folin-ciocalteu, em meio basico, resultando na formacdo de um complexo colorido, cuja
absorvancia foi determinada a 660 nm. A intensidade da cor é proporcional a concentracao de

proteina na amostra. Os resultados foram expressos em mg de proteina por mg de tecido.

3.12 Dosagem de citocinas

Amostras do tecido coldnico foram coletadas e homogeneizadas em salina estéril.
Apdbs homogeneizacdo, as amostras foram centrifugadas (3000 rpm, 4°C, 10 minutos) e o
sobrenadante foi utilizado para avaliar os niveis de citocinas por ELISA (enzyme-linked
immunosorbent assay), utilizando kits comerciais. Primeiramente as placas de 96 pogos foram
incubadas a 4°C por toda a noite com anticorpos contra as proteinas de interesse (10 pg/mL).
No dia seguinte, as placas foram lavadas e incubadas durante 1 hora com solucéo de albumina
bovina a 1%, no intuito de evitar ligaces inespecificas. Apo6s esse bloqueio e lavagem das
placas, as curvas-padréo e aliquotas das amostras foram adicionadas e incubadas a 4°C por 24
h. As placas foram novamente lavadas e os anticorpos policlonais diluidos foram adicionados
(100 pl/pogo). Apods incubagdo em temperatura ambiente por 1 hora, as placas foram lavadas
e 50 pl de enzima avidina-HRP diluida 1:5000 foi adicionada. Em seguida (trinta minutos
apos), 50 ul do reagente colorido OPD (solucdo 0,4 mg OPD — 0,4 ul H,0O, — 1 mL tampéo)
foi adicionado e as placas foram mantidas no escuro, em temperatura ambiente, por 15-20
min. A reacdo enzimatica foi interrompida com H,SO4 (1 M, 50 pl/poco) e as absorbancias
foram determinadas em 450 nm. Os resultados foram obtidos comparando a densidade Optica

com as densidades das curvas padrdes, e expressos em pg por mg de proteina.
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3.13 Determinacao da glutationa reduzida (GSH)

A GSH faz parte do sistema antioxidante enddgeno e sua quantificacdo é um
parametro de estresse oxidativo. Os niveis de GSH nas amostras da porcao distal do célon dos
camundongos foram determinados por método espectrofotométrico previamente descrito, com
algumas modificacfes (ELLMAN, 1959; SEDLAK E LINDSAY, 1968). Amostras col6nicas
foram coletadas e armazenadas a -80°C. No dia do ensaio, as amostras foram homogeneizadas
em solucdo de EDTA 0,02 M. Os homogenatos foram tratados com &cido tricloroacético 30%
e centrifugados (4000 rpm, 4°C, 15 min). Em seguida, foram adicionados 200 ul de tampdao
Tris-HCI 0,4 M (pH 8.9) as aliquotas de 150 ul do sobrenadante de cada amostra. Apds
homogeneizacdo, 10 ul de DTNB (acido ditionitrobenzdico) 0,01 M em metanol foi
adicionado. A leitura da absorvéncia foi determinada em espectrofotometro (Spectrum SP-
2100) ap6s 5 min de reacdo, a 412 nm. A curva padrdo foi preparada com 0,5 uM de GSH, e

os resultados expressos em nM de GSH por mg de proteina.

3.14 Determinacao da capacidade sequestradora do radical ABTS

Este ensaio baseia-se na habilidade dos antioxidantes em sequestrar o radical cation
2,2-azinobis (3-etilbenzotiazolina-6-sulfonato, sal de diaménio) - ABTS++ (VASCONCELOS
et al., 2007). Primeiramente, o ABTS foi dissolvido em &gua para uma concentracao final de 7
mM. Para gerar o radical cation, foi adicionado persulfato de potassio 2,45 mM a solucdo de
ABTS, e esta mistura foi mantida no escuro, a temperatura ambiente, por 12-16 horas. Esta
solucdo do radical cation ABTS+e foi diluida em quantidade suficiente de tampao fosfato de
potéssio (pH 7,4) até atingir uma absorvancia de 0,8 a 730 nm (RE et al., 1999; KATALINIC
et al., 2005). Amostras da porcdo distal do cdlon dos animais foram coletadas,
homogeneizadas em solucdo de cloreto de potassio e centrifugadas a 1500 rpm, a 4°C, por 10
min. Aliquotas dos sobrenadantes reagiram com 1 mL da solugdo do radical cation ABTS+e
durante 6 minutos, e as absorvancias foram determinadas a 730 nm. A capacidade
sequestradora do radical nas amostras foi determinada a partir de uma curva padrédo de Trolox
(1,5 — 30 pumol/L) e os resultados foram expressos em mmol equivalente ao Trolox por g de
tecido, que representa a quantidade de Trolox (em mmol) com um potencial antioxidante
equivalente a 1 g do tecido.

3.15 Determinagéo do FRAP (Ferric Reducing Antioxidant Power)
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Este teste avalia a capacidade antioxidante através da reducéo do complexo Fe**-TPTZ
(ferritripiridiltriazina) a Fe?*-TPTZ (ferroso-tripiridiltriazina) por antioxidantes doadores de
elétrons, em valor de pH baixo (VASCONCELOS et al., 2007). Esta capacidade redutora foi
avaliada nas amostras do tecido colénico de acordo com Benzie e Strain (1996) e Katalinic et
al. (2005). O reagente de FRAP foi preparado com 100 mL de tampéo acetato de sodio 0,3
mM (pH 3,6), 10 mL de TPTZ 10 mM em &cido hidrocloridrico 40 mM, e 10 mL de cloreto
de ferro hexahidratado 20 mM. Todas as solugbes foram preparadas no dia do ensaio.
Amostras da porcéo distal do célon dos animais foram coletadas, homogeneizadas em solugdo
de cloreto de potassio e centrifugadas a 1500 rpm, a 4°C, por 10 min. Aliquotas dos
sobrenadantes reagiram com 1,5 mL do reagente de FRAP durante 30 minutos a 37°C, e as
absorvancias foram determinadas a 595 nm. A capacidade redutora das amostras foi
determinada a partir de uma curva padrdo de Trolox (0,4-2 mmol) e os resultados foram
expressos em mmol equivalente ao Trolox por g de tecido.

3.16 Analise estatistica

Os dados foram expressos como média + erro padrdo da media. As diferencas
estatisticamente significativas entre os grupos foram determinadas através do teste
paramétrico ANOVA de uma via seguida do pos-teste de Newman-Keuls. Para a analise dos
escores micro e macroscopicos de lesdo colénica, foi utilizado o teste ndo paramétrico de
Kruskall-Wallis seguido pelo teste de Dunn. As anélises estatisticas foram realizadas usando-
se o0 software GraphPad Prism 4 (GraphPad Software Inc., San Diego, EUA). As diferencas
foram consideradas estatisticamente significativas para valores correspondentes a p < 0,05, ou

seja, nivel de significancia de pelo menos 5%.
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4 RESULTADOS

4.1 Artigo Cientifico

O artigo seguinte segue as normas do periodico cientifico escolhido para submisséo,

Journal of Natural Products.



29

Quercetin loaded microcapsules ameliorate experimental colitis in mice by anti-

inflammatory and antioxidant mechanisms.

Carla F.S. Guazelli," Victor Fattori,” Barbara B. Colombo," Sandra R. Georgetti,* Fabiana

T.M.C. Vicentini,® Rubia Casagrande,* Marcela M. Baracat,* and Waldiceu A. Verri, Jr.*"

" Departamento de Ciéncias Patoldgicas — Centro de Ciéncias Bioldgicas, Universidade
Estadual de Londrina, Londrina 86051-990, Brazil
' Departmento de Ciéncias Farmacéuticas — Centro de Ciéncias de Sadde, Universidade
Estadual de Londrina, Londrina 86038-350, Brazil
S Departamento de Ciéncias Farmacéuticas — Faculdade de Ciéncias Farmacéuticas de

Ribeirdo Preto, Universidade de Sdo Paulo, Ribeirdo Preto 14040-903, Brazil

*Author to whom correspondence should be addressed. Tel: + 55 43 3371 4979. Fax: + 55 43

3371 4387. E-mail: waverri@uel.br or waldiceujr@yahoo.com.br

RC, MMB and WAV share senior authorship in this manuscript.


mailto:waverri@uel.br
mailto:waldiceujr@yahoo.com.br

30

ABSTRACT

Quercetin (1) is an anti-inflammatory and antioxidant flavonoid. However, the oral
administration of quercetin did not present beneficial effects in experimental colitis models,
which involve cytokines and oxidative stress. A possible explanation is that the absorption
profile of 1 prevents its activity. Therefore, we reason that the controlled release of 1 would
improve its therapeutic effect. Thus, therapeutic effect and mechanisms of 1 loaded
microcapsules in acetic acid-induced colitis in mice were evaluated. Microcapsules were
prepared using pectin/casein polymer and 1. The oral administration of 1 loaded
microcapsules decreased neutrophil recruitment, attenuated histological alterations and
reduced macroscopical damage, edema and IL-1p and IL-33 production in the colon samples.
Quercetin (1) loaded microcapsules also prevented the reduction of anti-inflammatory
cytokine IL-10 and antioxidant capacity of colon. These pre-clinical data indicate that 1
loaded microcapsules of pectin/casein polymer improved the anti-inflammatory and
antioxidant effects of 1 compared to non-encapsulated drug. Therefore, 1 seems to be a
promising active molecule in inflammatory bowel disease if provided adequate drug

controlled release.
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The two major clinically defined forms of inflammatory bowel disease, ulcerative
colitis and Crohn’s disease, are chronic remittent or progressive inflammatory conditions that
may affect the colon or the entire gastrointestinal tract." The precise etiology of inflammatory
bowel disease remains unclear, but accumulating evidence suggests that host immune system,
intestinal microbiota, genetic and environmental factors contribute to the pathogenesis of such
diseases.? The intestinal injury caused by acetic acid in rodents shares some characteristics
with ulcerative colitis in human patients, as both are characterized by diffuse mucosal
inflammation, superficial ulceration and goblet cell depletion.® Neutrophils and macrophages
play an important role in disrupting epithelial integrity and causing colon injury in ulcerative
colitis.* Moreover, the imbalance of pro-inflammatory (including cytokines, reactive oxygen
and nitrogen species) and anti-inflammatory mediators (including IL-10 and antioxidant
systems) is a key factor in ulcerative colitis pathogenesis since inflammation protects the host
intestine mucosa from pathogenic bacteria, but excessive inflammation causes tissue lesions.

Cytokines are central components of the inflammatory pathways that take place during
the active and chronic phases of ulcerative colitis. The levels of IL-1p and IL-33 are increased
at the inflamed mucosa and of pathogenic relevance in ulcerative colitis.>® IL-1p receives
considerable attention as a potential mediator of inflammatory cell infiltration and mucosal
barrier disruption that accompanies gut inflammation.® IL-33, which is a member of IL-1
family of cytokines, also induces neutrophil migration by activating macrophages to produce
chemokines and cytokines (such IL-18) and by directly chemoattracting neutrophils.™
Therefore, the blockade of IL-1B and IL-33 during ulcerative colitis may help to reduce the
severity of colitis in these patients. On the other hand, the anti-inflammatory cytokine 1L-10
acts as a key mediator for maintaining gut homeostasis.'* In agreement, IL-10 knockout mice
are well established as a genetic model for inflammatory bowel disease,'® and sequence

variants in the IL-10 locus contribute to ulcerative colitis in humans.**
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Oxidative damage is also an important pathogenic factor in ulcerative colitis because
intestinal inflammation is accompanied by increased production of reactive oxygen and
nitrogen species (ROS/RNS) in conjunction with an imbalanced antioxidant response.™*** In
ulcerative colitis, the overproduction of ROS/RNS associated with reduction of antioxidant
defenses cause oxidative damage to cellular constituents, which leads to mucosal injury
progression, dysfunction and inflammation, exacerbating the pathological process of
ulcerative colitis.”®

Considering the involvement of pro-inflammatory mediators such as cytokines and
free radicals in the pathological process of ulcerative colitis, the effect of 1 in experimental
model of colitis has been investigated since this flavonoid presents significant anti-
inflammatory and antioxidant effects. It has been demonstrated that 1 may inhibit
myeloperoxidase activity, an enzyme secreted by activated neutrophils and macrophages at

16,17

the site of inflammation,*®*” inhibit the recruitment of neutrophils,™® reduce the production of

19,20

pro-inflammatory cytokines such IL-13,7“" and increase the production of anti-inflammatory

cytokines such IL-10.24% Moreover, 1 is also able to scavenge free radicals and/or chelate

transition metal ions, 2%

and modulate endogenous antioxidants such reduced
glutathione.”2?>? These mechanisms that were amenable by treatment with 1 in other models
of inflammation are also important in the context of ulcerative colitis.>’*****>?" However, the
oral administration of 1 did not show beneficial effects in experimental colitis models.**2°
This occurs because like others aglycones, 1 can be absorbed in the stomach® and small
intestine,®! preventing it to reach the colon in pharmacologically effective concentrations to
exert its local anti-inflammatory and antioxidant effects.

In these sense, we reason that the controlled release of 1 would improve its efficacy in

ulcerative colitis. A possible strategy to obtain such results would be to microencapsulate 1

using a pectin/casein complex to modify its delivery. The pectin/casein mixture in aqueous
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dispersion forms microencapsulated systems in pH values lower than the isoelectric point (pl)
of the original compounds.® Thus, the water penetration could be retarded by the
microcapsules coating layer and the physical contact between the drug and the gastrointestinal
fluid would be inhibited till the microcapsules reach the colon where pectinolytic enzymes

degrade the layer,**3*

allowing the delivery of 1 to have a local effect on colonic tissue.
In the present study, 1 loaded microcapsules were prepared and the anti-inflammatory
and antioxidants effects of this formulation were tested in the acetic acid-induced colitis in

mice, which presents common features with ulcerative colitis.

RESULTS AND DISCUSSION

Preparation of Quercetin (1) loaded Microcapsules and Quantification of 1. The
pectin/casein mixture in aqueous dispersion forms multiparticle organized systems.** The
quantification of 1 in the formulation was performed by exhaustive extraction in which 92%
of 1 was detected in comparison with the initial amount of this drug added to prepare the
formulation. Thus, 8% of 1 added was lost during the process. For in vivo experiments, the
doses were calculated considering the loss during the process. The pectin/casein polymer
provides modified release, allowing a slow and gradual release of a drug under conditions that
simulate gastrointestinal environment in vitro.*> Therefore, it should be appropriate for the

aims of this study.

Quercetin (1) Loaded Microcapsules Reduce Myeloperoxidase Activity in the
Colon of Mice with Acetic Acid-induced Colitis. Neutrophil infiltration into the lamina
propria is a common feature of ulcerative colitis and probably accounts for significant

nonspecific injury in the disease.®> The myeloperoxidase is an enzyme mainly found in
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azurophilic granules of neutrophils that produce the microbicidal molecule hypochlorite, a
strong oxidant, upon reaction with H,O, and CI"*" It can serve as a good marker of
inflammation, tissue injury and neutrophil infiltration in gastrointestinal tissues.®
Myeloperoxidase activity of the colon tissues was significantly higher in the colitis control
group than in the negative control group 12 and 18 hours after colitis induction with acetic
acid (Figure 2A). Therefore, the next experiments to evaluate the anti-inflammatory effects of
1 loaded microcapsules were performed at 18 hours following the treatment protocol
described in Figure 1A.

The increase in myeloperoxidase activity was dose-dependently diminished by 1
loaded microcapsules (1, 10 and 100 mg/kg; in saline; po; protocol as in Figure 1A), but only
the dose of 100 mg/kg significantly reduced myeloperoxidase activity compared to colitis
control group. Inert microcapsules (100 mg/kg; in saline; po) and tween 80 (vehicle of non-
encapsulated 1; 20% diluted in saline; po) treated groups had no significant effect on
myeloperoxidase activity compared to colitis control group. Although the treatment with non-
encapsulated 1 (10 and 100 mg/kg; tween 80 20% diluted in saline; po; protocol as in Figure
1A) had showed a tendency to reduce myeloperoxidase activity in the colon, this effect was
not significant compared to colitis control group (Figure 2B).

It was demonstrated that quercetin may reduce myeloperoxidase activity in vitro®” and
in a model of UVB-induced skin inflammation in hairless mice.'® The effect of 1 in reducing
the myeloperoxidase activity may be related to the reduction on neutrophil recruitment by 1'®
and/or the binding of 1 to myeloperoxidase active site, leading to the inhibition of the
myeloperoxidase-derived oxidative reactions.'’” In this sense, as neutrophils are the main
sources of this enzyme and contribute importantly to the development of the oxidative stress

4,38

and colonic injury during ulcerative colitis,™ this effect of 1 loaded microcapsules treatment
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in reducing the myeloperoxidase activity on colonic tissues may contribute to the reduction of

the oxidative stress and colonic injury during the disease.

Quercetin (1) Loaded Microcapsules Prevent the Increase in Colonic Weight /
Length (Edema) in the Colon of Mice with Acetic Acid-Induced Colitis.
Colon weight / length ratio, a measurement indicative of colonic tissue edema and / or

% is used as an indicator of disease-associated intestinal wall thickening and

hyperplasia,’
intensity of inflammation.”® The intracolonic administration of acetic acid (7,5% in saline;
200 pL) induced significant increase of colon edema (colonic weight / length ratio in
comparison to negative control group; Figure 3). Treatment with 1 loaded microcapsules (1,
10 and 100 mg/kg; in saline; po; protocol as in Figure 1A) reduced the acetic acid-induced
inflammatory edema of the colon while no significant effect was observed by treatment with
inert microcapsules (100 mg/kg; in saline; po), tween 80 (20% diluted in saline; po) and non-
encapsulated 1 (10 and 100 mg/kg; tween 20% diluted in saline; po; protocol as in Figure 1A)
(Figure 3). The present data confirms that 1 inhibits inflammatory edema as previously

demonstrated,”>*" and that the modified release of 1 is essential to guarantee its efficacy in

this experimental model of colitis.

Quercetin (1) Loaded Microcapsules Reduce Microscopic Damage in the Colon of
Mice with Acetic Acid-induced Colitis.

Using the same protocols described for Figure 3, microscopy images revealed
typically histological colonic mucosal structure in negative control group (Figure 4A). The
colitis control group showed loss of mucosal architecture, intense cell infiltration, crypt
abscess formation and goblet cell depletion (Figure 4B). The treatment with inert

microcapsules (100 mg/kg; in saline; po; Figure 4C), 1 loaded microcapsules 1 mg/kg and 10
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mg/kg (in saline; po; Figure 4D and 4E, respectively), non-encapsulated 1 (10 and 100 mg/kg;
tween 20% diluted in saline; po; Figure 4G and 4H, respectively) or tween 80 (20% diluted in
saline; po; Figure 41) was ineffective in reducing the microscopic lesions in the colon of mice
with acetic acid-induced colitis. On the other hand, the treatment with 1 loaded microcapsules
at the dose of 100 mg/kg (in saline; po; Figure 4F) showed significant restoration of the
colonic structure and goblet cell, improvement of the mucosal architecture and mild
inflammatory cell infiltration compared to colitis control group. The scores of microscopic
damage are shown in Figure 4J.

The improvement of microscopic injury observed by 1 loaded microcapsules treatment
is probably associated to the reduction of inflammatory cell infiltration into the colonic tissue
by 1 and corroborates to the result presented in Figure 2B, in which the same treatment
reduced myeloperoxidase activity in the colon. Neutrophils and macrophages were attributed
as the responsible cells for disrupting epithelial integrity and causing colon injury in
ulcerative colitis,** so the reduction of neutrophil recruitment by 1 loaded microcapsules

treatment contributes to their protective effect against colonic tissue injury during the colitis.

Quercetin (1) Loaded Microcapsules Reduce Macroscopic Damage in the Colon
of Mice with Acetic Acid-Induced Colitis. Using the same protocols described for Figure 3,
the negative control group showed no macroscopic damage (score 0; Figure 5A) in the colon,
whereas the colitis control group showed expressive inflammation (Figure 5B). The treatment
with inert microcapsules (100 mg/kg; in saline; po; Figure 5C) was ineffective in reducing the
macroscopic damage in the colon of animals with acetic acid-induced colitis. On the other
hand, the treatment with 1 loaded microcapsules (1, 10 and 100 mg/kg; in saline; po) showed
a progressive reduction of the acetic acid-induced macroscopic damage in the colon (Figure

5D, 5E and 5F, respectively), but only the dose of 100 mg/kg showed significant effects
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compared to colitis control group (Figure 5J). Treatments with non-encapsulated 1 (10 and
100 mg/kg; tween 20% diluted in saline; po; Figure 5G and 5H, respectively) and tween 80
(20% diluted in saline; po; Figure 51) did also not affect the macroscopic damages in the
colon, when compared to colitis control group (Figure 5J). Interestingly, flavonoid-rich
fractions or extracts and isolated flavonoids such as rutin (1 is the aglycone form of rutin)
reduce gastric ulcers induced by aspirin and indomethacin, and a cream containing 1 heals
aphtous ulcers.”® Therefore, this inhibition or healing of ulcers by treatment with 1 seems to

be constant among a variety of models.

Quercetin (1) Loaded Microcapsules Reduce IL-1p and IL-33 Production, and
Increase 1L-10 Levels in the Colon of Mice with Acetic Acid-Induced Colitis. Intracolonic
administration of acetic acid significantly increased the levels of the pro-inflammatory
cytokines IL-1B (Figure 6A) and IL-33 (Figure 6B), and reduced the anti-inflammatory
cytokine 1L-10 (Figure 6C) in the colon, compared to negative control group (Figure 6).
Treatment with 1 loaded microcapsules (100 mg/kg; in saline; po) significantly reduced IL-13
(Figure 6A) and IL-33 (Figure 6B) levels in the colon of mice compared to colitis control
group. On the other hand, inert microcapsules (100 mg/kg; in saline; po), non-encapsulated 1
(100 mg/kg; in tween 20% diluted in saline; po) and tween 80 (20% diluted in saline; po) did
not affect the production of IL-1p (Figure 6A) and 1L-33 (Figure 6B) induced by acetic acid.

Cytokines play an important role in the modulation of the intestinal immune system.
Levels of several pro-inflammatory cytokines are elevated in patients with inflammatory
bowel diseases. In the present study, two cytokines of the IL-1 family were selected due to
previous evidence of their participation in ulcerative colitis functioning as chemoattractants to
neutrophils, activators of resident cells and stimulators of the production of additional

7,8,44-46

inflammatory mediators. IL-1B is a pro-inflammatory cytokine produced by
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macrophages, monocytes and dendritic cells. By ligation with its receptor (IL-1R1) on
endothelial cells, this cytokine stimulates the increase of adhesion molecules expression
promoting adhesion and transmigration of leukocytes.*” Therefore, the reduction of IL-1pB
levels by 1 loaded microcapsules (100 mg/kg; in saline; po; Figure 6A) lines up well with the
reduction of the recruitment of leukocytes as shown in the myeloperoxidase activity (Figure
2B) and histological analysis (Figure 4J). Additionally, it has been demonstrated that 1 reduce
the production of IL-1p%“*® and the mechanisms responsible for 1 anti-inflammatory effects
can be likely related to the blockade of NF-kB activation and the resultant down-regulation of
the pro-inflammatory genes.*

IL-33 is a member of the IL-1 family (also named IL-1F11), produced by fibroblasts,
smooth muscle cells, endothelial cells, dendritic cells and activated macrophages. 1L-33 binds
to the IL-1 family receptor ST2 to activate NF-kB and MAP kinases resulting in inflammatory
cytokine production and cellular activation.”**° Increased serum levels of 1L-33 in patients
with inflammatory bowel diseases reflect an active inflammatory state and represent a
potential biomarker for disease activity.” In agreement, IL-33-deficient mice are protected
from dextran sulfate sodium-induced intestinal immunopathology.** To our knowledge, this is
the first study to demonstrate that 1 inhibits the production of 1L-33 and indicates that the
inhibition of IL-1p and IL-33 production by 1 loaded microcapsules has beneficial effects in
acetic acid-induced colitis.

Furthermore, the treatment with 1 loaded microcapsules (100 mg/kg; in saline; po)
prevented the reduction of IL-10 level in the colon of mice with acetic acid induced-colitis
(Figure 6C). The treatment with non-encapsulated 1 (100 mg/kg; tween 20% diluted in saline;
po), inert microcapsules (100 mg/kg; in saline; po) and tween 80 (20% diluted in saline; po)
did not improve the levels of IL-10 (Figure 6C) in the colon, when compared to colitis control

group. 1L-10 is considered the most important anti-inflammatory cytokine in humans. It is
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secreted by a variety of cells including macrophages, dendritic cells, granulocytes and

epithelial cells,***2

and down-regulates the production of pro-inflammatory cytokines, such
IL-1p* by dendritic cells, macrophages and monocytes.”* A growing amount of evidence
indicates that IL-10 plays a relevant role in preventing the development of inflammatory
bowel disease, since IL-10 deficient mice spontaneously develop enterocolitis. Similar
findings were observed in infants with homozygous mutations in the IL-10 receptor

genes.'?>*>*® Therefore, the protective mechanisms of 1 loaded microcapsules against colitis

development may also depend on prevention of IL-10 levels decrease in the colonic tissue.

Treatment with 1 Loaded Microcapsules Prevents the Decrease of Antioxidant
Capacity in the Colon of Mice with Acetic Acid-Induced Colitis. Antioxidants can
deactivate radicals by two mechanisms: hydrogen atom transfer and single electron transfer.
Reduced gluthatione (GSH) assay is a method that measure the former, and ABTS and FRAP
represent the latter.”’

Concentrations of endogenous antioxidants, such as GSH, were significantly
decreased in patients with inflammatory bowel disease and in experimental models of
colitis.****4%%® Therefore, the effect of 1 loaded microcapsules and non-encapsulated 1 on
colonic antioxidant capacity in this acetic acid model of experimental colitis was evaluated
using the treatment protocol shown in Figure 1B, once at 18" hour there was no statistical
difference between the colitis control group and the negative control group (data not show).

The colitis control group showed significant reduction on the endogenous antioxidant
GSH levels in the colon at 2, 4 and 6 hours after intracolonic administration of acetic acid
(7,5% in saline), compared to the negative control group (Figure 7A). The ABTS radical
cation scavenging and ferric reducing abilities (FRAP) were also significantly reduced in

colitis control group at 2 and 4 hours after colitis induction, compared to negative control
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group (Figure 7B and 7C). The time point of 4 h after acetic acid-induced colitis was selected
to evaluate the antioxidant capacity (GSH, ABTS and FRAP assays) because significant
differences were observed compared to negative control and it allowed a greater lag time
between treatment and sample collection.

The mechanism by which GSH quenches radical is related to its ability of transfer a
hydrogen atom. Our study shows that the treatment with 1 loaded microcapsules (100 mg/kg,
in saline; po; protocol as shown in Figure 1B) significantly prevented colonic GSH depletion
in acetic acid-induced colitis (Figure 7D), preserving the colonic tissue from the oxidative
damage that characterizes intestinal inflammation. Although the treatment with non-
encapsulated 1 (100 mg/kg; tween 20% diluted in saline; po; protocol as shown in Figure 1B)
has a tendency to prevented the GSH depletion, there was no statistical difference compared
to colitis control group (Figure 7D). The control groups treated with inert microcapsules (100
mg/kg; in saline; po) and tween 80 (20% diluted in saline; po) also showed no statistical
difference in GSH levels in the colon compared to colitis control group (Figure 7D).

To measure the antioxidant capacity in the colon related to electron transfer, we chose
ABTS and FRAP assay, both evaluate the total antioxidant capacity in the samples. Although
the antioxidant activity of a compound against a free radical does not necessarily match its
reducing ability, there seems to be a strong correlation between values obtained with FRAP
and ABTS assay.”® Corroborating this observation, a correlation between FRAP and ABTS
assays in colonic samples was detected herein. The 1 loaded microcapsules (100 mg/kg, in
saline; po; protocol as shown in Figure 1B) treated-group showed a significant increase in
ABTS radical cation scavenging and ferric reducing ability when compared to colitis control
group. However, this prevention of antioxidant decrease was not observed in the non-

encapsulated 1 (100 mg/kg; tween 20% diluted in saline; po), inert microcapsules (100 mg/kg;
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in saline; po) and tween 80 (20% diluted in saline; po)-treated groups (Figure 7E and 7F,
respectively).

Oxidative stress has been proposed to play an important role in the pathogenesis of
inflammatory bowel disease,* and is related to the neutrophil infiltration within the inflamed
colonic mucosa. The recruitment and activation of neutrophils during acute inflammation
contribute to the overproduction of reactive oxygen and nitrogen species that overwhelms the
tissue antioxidant protective mechanisms, resulting in oxidative stress, which perpetuates
colonic inflammation.*>® Furthermore, it was demonstrated that neutrophils depleted of ROS
display reduced chemotaxis efficiency, indicating that ROS are essential players for
modulating neutrophil chemotaxis.®® Thus, a rapid inhibition of free radical generation could
have contributed to a lower level of neutrophil infiltration into the inflamed tissue, thus
preventing colonic tissue from inflammatory cellular infiltration.

The treatment with non-encapsulated 1 was unable to prevent the inflammatory
process in this experimental colitis model. The absorption of 1 in the stomach and small
intestine, and distribution through the blood stream, prevent 1 to reach the colon in
pharmacological effective concentrations to exert anti-inflammatory and antioxidant effects.™
However, the group treated with 1 loaded microcapsules showed significant reduction in
neutrophils influx (myeloperoxidase activity), edema, histological and macroscopical damage
scores in the colon compared to colitis control group. Furthermore, this treatment also down-
regulated the levels of pro-inflammatory cytokines IL-1 and IL-33, prevented the anti-
inflammatory cytokine IL-10 reduction, and preserved the endogenous antioxidants levels in
the colon of mice with acetic acid induced-colitis. These protective effects and mechanisms
have not been observed by the treatment with non-encapsulated 1 in experimental colitis

19,29

models, which is corroborated by this study. Thus, the controlled release of 1 by

microencapsulation improved the therapeutic effects of 1 in experimental colitis.
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These beneficial effects of 1 loaded microcapsules may be explained by the prolonged
release of the drug, achieved by the 1 microencapsulation using a pectin/casein complex. This
complex enables the delay of drug release by diffusion on upper segments of the
gastrointestinal tract, thus reaching the colon, where the drug can be released by diffusion, as
shown in in vitro dissolution test** and also by the action of the enzymes, such as
azoreductase and polysaccharidase, secreted by intestinal bacteria, which may metabolize the

3352 releasing large amounts of drug to have a local effect on colonic inflammation.

pectin

In summary, the present study showed that 1 loaded microcapsules reduced the
inflammation in the colon in acetic acid-induced colitis by a mechanism dependent on
inhibition of pro-inflammatory cytokine production and preserving antioxidant defenses and
anti-inflammatory cytokine IL-10 resulting in reduced colon inflammation. Therefore, we
envisage that this novel formulation containing 1 merits further pre-clinical and clinical
investigation on its applicability in inflammatory bowel disease. Conceptually, this study also

raises the importance of pharmaceutical development of controlled release systems to increase

the efficacy of drugs for better use of natural resources.

Experimental Section

General Experimental Procedures. Pectin USP (68% of esterification) was obtained
from CP Kelco (Limeira, Brazil). Casein from Katuffman & Co (Kehl, Germany). Citric acid,;
sodium hydroxide; chloride acid; sodium phosphate; formalin from Merck (Darmstadt,
Germany). Quercetin from Acros (New Jersey, USA). Hexadecyltrimethylammonium
bromide (HTAB); o-dianisidine dihydrochloride; tween 80; reduced glutathione (GSH);
glutaraldehyde; EDTA,; ferric chloride hexahydrate; 2,4,6-tri-(2-pyridil)-s-triazine (TPTZ);
2,2’-azinobis(3-etil-benzotiazolin-6-sulfonic acid dominium salt; ABTS); trolox; and

potassium persulfate (di-potassium peroxidisulfate) from Sigma Chemical Co. (St.Louis,
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USA). Kits of mouse IL-1p, IL-33 and IL-10 were obtained from eBiscience (San Diego,
USA).

Microcapsules were prepared by dispersion of the polymers pectin and casein in
distilled water under constant mechanical shaking.** Sodium hydroxide (4,0 M) was used to
adjust pH to 8.0 £ 0.1. After dispersion, quercetin 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 3.0 £ 0.1 with 1M citric acid. The microcapsules wall was then hardened by the addition of
glutaraldehyde (50 uL/g polymer), with constant shaking for an additional 30 min. The same
methodology was used to prepare inert microcapsules. The sample was then spray dried with
a laboratory scale spray (Lab Plant, model SD-05) using a double-fluid type atomizer nozzle
with external mixture and an outlet orifice of 0.5 mm. The process parameters were: inlet air
temperature was kept constant at 180°C and the outlet temperature was at 100°C; feed rate
was 7.75 mL/min and airflow was 1.1 m*/min.

Colonic inflammation was induced according to the technique described by Nosal’ova,
Cerna and Bauer (2000)* and Luo, et al. (2010),®® with modifications. Animals were fasted
for 24 h and anesthesized with cetamine (80 mg/kg, im) and xylazine (10 mg/kg, im). After
colon lavage with 100 pL of saline, a single intracolonic dose of 7.5% acetic acid (in saline;
200 pL) was inserted into 3 cm to the anus through a polyethylene cannula. The mice were
kept in a head-down position for 3 min to prevent leakage of intracolonic acetic acid. In the
negative control group, animals received intracolonic saline (200 pL) instead of acetic acid
solution.

The experimental groups were: a negative control group that received intracolonic
saline and no treatment; a colitis control group that received intracolonic 7.5% acetic acid
solution with no treatment; and the treated groups that received intracolonic 7.5% acetic acid

solution and orally inert microcapsules (100 mg/kg; in saline), quercetin microcapsules (1, 10
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and 100 mg/kg; in saline), quercetin (10 and 100 mg/kg; in tween 80 20% in saline) or tween
80 (20% in saline) by means of an esophageal catheter. Two experimental protocols were
followed: (A) For assessment of inflammatory parameters, the animals were treated 2 hours
before and 10 hours after colitis induction, and they were euthanasiated on the 18" hour. The
macroscopic damage was evaluated and samples of distal colon were collected to
myeloperoxidase activity assay, edema determination, histological evaluation and cytokine
measurements (Figure 1A). (B) To evaluate the oxidative stress in the colon, the animals were
treated 6 and 1 hour before colitis induction, and they were euthanasiated on the 4™ hour.
Samples of distal colon were collected to GSH, ABTS radical cation scavenging and ferric
reducing abilities (FRAP) measurements (Figure 1B).

Quercetin quantification in the formulation. To quantify the quercetin in the
formulation by drug extraction, we used the method described by Georgetti, et al. (2006).%*
Samples of microcapsules were dispersed in 80% ethanol and then stirred for 5 min, followed
by centrifugation at 3000 rpm for 10 min. The supernatant aliquots react with 2% AICI; for 1
hour at room temperature, and the absorbance was determinate spectrophotometrically at 420
nm. This process was repeated on the same sample until complete extraction of quercetin on
the formulation. The standard curve was prepared with quercetin (6 - 30 ug/mL) and was used
to calculate the concentration of quercetin in the liquid extractor. The results are presented as
% of quercetin in the formulation, relative to the total quercetin added on formulation.

Mice. Male Swiss mice (25 £ 5 g) from Universidade Estadual de Londrina (Londrina,
Brazil) were used in this study. The animals were kept in standard plastic cages in a
temperature controlled room (21 - 24 °C) under a 12:12 h light/dark cycle, with free access to
tap water and food. Animal care and handling procedures were approved by the Ethics

Committee of the Universidade Estadual de Londrina (process number 26511/2009).
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Myeloperoxidase Activity Assay. The acetic acid-induced leukocyte migration to the
colon of mice was evaluated using the myeloperoxidase Kkinetic-colorimetric assay as
previously described (Bradley, 1982).%° Tissue samples were collected in 50 mM K,HPO,
buffer (pH 6.0) containing 13.72 mM HTAB (hexadecyl trimethyl ammonium bromide) and
stored at -20°C until assayed. The samples were homogenized using a turrax IKA (T10 basic).
After that, homogenates were centrifuged (14000 rpm, 2 min, 4°C) and the resulting
supernatant assayed spectrophotometrically for myeloperoxidase activity determination at 450
nm (Victor® 1420 multilabel counter). The myeloperoxidase activity of samples was
compared to a standard curve of neutrophils. Briefly, 15 uL of sample was mixed with 200 pL
of 50 mM phosphate buffer (pH 6.0), containing 52.64 mM o-dianisidine dihydrochloride and
0.05% H,0, 30%. The results are presented as number of neutrophils per mg of tissue.

Edema. The sectioned distal colon segments, measuring 1 cm, were weighed in order
to determinate the colon weight/length ratio. The results were expressed in percentage of
increase in colon weight (g) / length (cm) ratios, compared to normal control group, without
colitis. %

Histological Analysis and Microscopic Damage Score. Samples of distal colon were
immediately fixed in 10% formalin solution. Formalin-fixed colonic samples were embedded
in paraffin, and sections (7 um) were stained with hematoxylin and eosin. Then, the stained
tissues were observed with a light microscope (Olympus OX31, Tokyo, Japan), coupled with
a digital camera (Lumenera Infinity 1, Ottawa, Canada). The histological assessment of
damage was graded semi-quantitatively as described by Appleyard and Wallace (1995),°%’
with modifications: (1) loss of mucosal architecture (score 0-3), (2) cellular infiltration (score
0-3), (3) muscle thickening (score 0-3), (4) crypt abscess formation (score 0-3), and (5)
goblet cell depletion (score 0-3). The final score was determined by adding the scores above

for each of the samples.
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Macroscopic Damage Score. To evaluate the severity of the macroscopic damage, the
colon was excised, opened longitudinally and rinsed with saline. Then, a damage score was
determined using the criteria outlined by Morris, et al. (1989),%® with slight modifications: no
damage (score 0); localized hyperemia but no ulcers (score 1); linear ulcers with no
significant inflammation (score 2); linear ulcers with inflammation at one site (score 3); two
or more sites of ulceration and inflammation (score 4); one site of inflammation > 1 cm along
the length of the colon (score 5); site of inflammation > 2 cm along the length of the colon,
whose quantification is increasing by 1 for each additional centimeter (score 6 — 10).

Protein Assay. Total protein content on colon samples was estimated
spectrophotometrically by a method described previously.**™® During the reaction, the
addition of cupric reagent, composed by 10% sodium carbonate in 5N NaOH, 2% sodium
tartarate and 1% copper sulfate, and folin phenol reagent in an alkaline medium forms a
colored complex, whose absorbance was determined at 660 nm. The color intensity is
proportional to protein concentration in the sample. The bovine serum albumin was used as
standard. Results are expressed as mg protein per mg of tissue.

Cytokine Measurements. Samples of distal colon were collected and homogenized in
sterile saline. The homogenates were centrifuged at 3000 rpm at 4°C for 10 min, and
supernatants were stored at -80°C until further analysis. IL-1p, IL-33 and IL-10 levels were
evaluated through ELISA kits according to the manufacturer’s recommendations. The results
were expressed as pg per mg of protein.

GSH Assay. Colon samples were collected and frozen at —80°C until GSH assay. The
GSH levels were determined using a spectrophotometric method, with modification.”"* The
samples were homogenized in 0.02 M EDTA solution. Homogenates were treated with 30%
trichloroacetic acid and centrifuged at 4000 rpm at 4°C for 15 minutes. Then, 150 pyL of

sample was mixed with 200 pl of 0.4 M Tris-HCI (pH 8.9). After vortex-mixing, 10ul of 0.01
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M dithiobisnitrobenzoic acid (DTNB) in methanol was added. The samples were vortex-
mixed again and the absorbance at 412 nm was read after 5 min. The standard curve was
prepared with 0.50 pmol GSH and was used for calculate the concentration of GSH in the
colonic tissues. The results are presented as umol GSH per mg protein.

ABTS Assay. The ability of antioxidants to quench the stable radical cation formed
from 2,20-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) - ABTS++ was evaluated in the
colon samples by a published method.*®"® Briefly, ABTS was dissolved in water to a 7 mM
concentration. ABTS radical cation was generated by reacting ABTS solution with 2.45 mM
potassium persulfate and allowing the solution to sit in the dark at room temperature for 12—
16 h before use. This solution of deep blue-green ABTS radical cation was diluted in
sufficient potassium phosphate (pH 7.4) to give an absorvance of 0.8 at 730 nm. Colonic
tissue samples were homogenized in KCI solution, centrifugated (1500 rpm, 4°C, 10 min),
and the supernatant aliquots reacted with the solution of ABTS radical cation. The decrease in
the absorvance at 730 was read after 6 min. The free radical scavenging capacity of the
samples was equated against a Trolox standard curve (1-8 mmol). The results were expressed
as mmol Trolox equivalents per g of tissue, that is, the amount of Trolox (mmol) with an
equivalent antioxidant potential to 1 g of the tissue under investigation.

FRAP (Ferric Reducing Antioxidant Power) Assay. The reducing capacity in colon
samples was determined by FRAP assay, according to Benzie and Strain (1996)" and
Katalinic, et al. (2005).>° This method measures the antioxidant capacity due to the formation

of a blue colored Fe'-tripyridyltriazine compound from oxidized Fe'

form by the action of
electron donating antioxidants. The FRAP reagent consist in 0.3 mM acetate buffer (pH 3.6),
10mM TPTZ in 40 mM hydroclorid acid and 20 mM ferric chloride. Colonic tissue samples

were homogenized in KCI solution, centrifugated (1500 rpm, 4°C, 10 min), and the

supernatant aliquots reacted with the FRAP reagent. The reaction mixture was incubated at
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37°C for 30 min, and the absorbance was read at 595 nm. In the FRAP assay, the reducing
ability of the tissue homogenate under the test was equated against a Trolox standard curve
(0.4-2 mmol). The results are expressed as mmol Trolox equivalents per g of tissue, that is,
the amount of Trolox (mmol) with an equivalent antioxidant potential to 1 g of the tissue
under investigation.

Statistical Analysis. All data are expressed as means = SEM. Statistical significance
of differences between the groups was determined by one-way ANOVA followed by Student
Newman-Keuls’s test. For categorical variables, Kruskal-Wallis followed by Dunn’s test was
performed. Statistical analyses were performed by using GraphPad Prism 4 software
(GraphPad Software Inc., San Diego, CA, USA). Criterion for significance was chosen to be
atp <0.05.
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Legends to Figures

Figure 1. Schematic representation of experimental protocols for treatments and colitis
induction. For assessment of inflammatory parameters, the mice were treated 2 hours before
and 10 hours after colitis induction, and colonic samples were collected on the 18" hour
(Panel A). To evaluate the oxidative stress in the colon, the mice were treated 6 and 1 hour

before colitis induction, and colonic samples were collected on the 4™ hour (Panel B).

Figure 2. Quercetin (1) loaded microcapsules reduce neutrophil infiltration within the colon
of mice with acetic acid-induced colitis. Acetic acid (7,5%, 200 pL) or saline (200 pL) was
injected into the colon of Swiss mice. Myeloperoxidase activity was evaluated in samples of
distal colon 6, 12, 18 and 24 hours after colitis induction (Panel A). n=8. Mice were treated
with inert microcapsules (MCIn; 100 mg/kg), 1 loaded microcapsules (1IMC; 1, 10 and 100
mg/kg, po), 1 (10 and 100 mg/kg, po) and tween 80 (20% in saline, po) 2 hours before and 10
hours after intracolonic administration of acetic acid, and the samples were collected 18 hours
after colitis induction (Panel B). n=20. [* p < 0.05 compared to saline (negative control)
group, ** p < 0.05 compared to untreated (colitis control) group. One-way ANOVA followed

by Student Newman-Keuls’s test].

Figure 3. Quercetin (1) loaded microcapsules prevent the increase in colonic weight / length
(edema) in the colon of mice with acetic acid-induced colitis. Acetic acid (7,5%, 200 pL) or
saline (200 pL) was injected into the colon of Swiss mice. They were treated with inert
microcapsules (MCIn; 100 mg/kg), 1 loaded microcapsules (IMC; 1, 10 and 100 mg/kg, po),
1 (10 and 100 mg/kg, po) or tween 80 (20% in saline, po) 2 hours before and 10 hours after

intracolonic administration of acetic acid. The increase in colonic weight / length in relation to
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saline group was evaluated in samples of distal colon 18 hours after colitis induction. n=20. [*
p < 0.05 compared to colitis control group. One-way ANOVA followed by Student Newman-

Keuls’s test].

Figure 4. Quercetin (1) loaded microcapsules reduce microscopic damage in the colon of
mice with acetic acid-induced colitis. Acetic acid (7,5%, 200 pL) or saline (200 pL) was
injected into the colon of Swiss mice. They were treated with inert microcapsules (MClin; 100
mg/kg), 1 loaded microcapsules (1MC; 1, 10 and 100 mg/kg, po), 1 (10 and 100 mg/kg, po) or
tween 80 (20% in saline, po) 2 hours before and 10 hours after intracolonic administration of
acetic acid. The damage score was determined 18 hours after colitis induction and the
parameters analyzed were loss of mucosal architecture, cellular infiltration, muscle
thickening, crypt abscess formation and goblet cell depletion. Negative control group (Panel
A); Colitis control group (Panel B); Colitis + MClIn (Panel C); Colitis + IMC 1 mg/kg (Panel
D); Colitis + IMC 10 mg/kg (Panel E); Colitis + 1MC 100 mg/kg (Panel F); Colitis + 1 10
mg/kg (Panel G); Colitis + 1 100 mg/kg (Panel H); Colitis + Tween 80 (Panel I); Microscopic
scores (Panel J). The samples were stained with hematoxylin and eosin. Original
magnification 10x. n=7. [* p < 0.05 compared to negative control group, ** p < 0.05

compared to colitis control group. Kruskal-Wallis followed by Dunn's test].

Figure 5. Quercetin (1) loaded microcapsules reduce macroscopic damage score in the colon
of mice with acetic acid-induced colitis. Acetic acid (7,5%, 200 pL) or saline (200 pL) was
injected into the colon of Swiss mice. They were treated with inert microcapsules (MCln; 100
mg/kg), 1 loaded microcapsules (1MC; 1, 10 and 100 mg/kg, po), 1 (10 and 100 mg/kg, po) or
tween 80 (20% in saline, po) 2 hours before and 10 hours after intracolonic administration of

acetic acid. The macroscopic damage score was determined 18 hours after colitis induction,
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according to the extension as well as the severity of colonic damage. Negative control group
(Panel A); Colitis control group (Panel B); Colitis + MCIn (Panel C); Colitis + IMC 1 mg/kg
(Panel D); Colitis + IMC 10 mg/kg (Panel E); Colitis + IMC 100 mg/kg (Panel F); Colitis +
1 10 mg/kg (Panel G); Colitis + 1 100 mg/kg (Panel H); Colitis + Tween 80 (Panel 1);
Microscopic scores (Panel J). n=7. [* p < 0.05 compared to negative control group, ** p <

0.05 compared to colitis control group. Kruskal-Wallis followed by Dunn's test].

Figure 6. Quercetin (1) loaded microcapsules reduce IL-1B and IL-33, and prevent the
decrease of IL-10 levels in the colon of mice with acetic acid-induced colitis. Acetic acid
(7,5%, 200 pL) or saline (200 pL) was injected into the colon of Swiss mice. They were
treated with inert microcapsules (MCIn; 100 mg/kg), 1 loaded microcapsules (IMC; 100
mg/kg, po), 1 (100 mg/kg, po) or tween 80 (20% in saline, po) 2 hours before and 10 hours
after intracolonic administration of acetic acid. The IL-1p (Panel A), IL-33 (Panel B) and IL-
10 (Panel C) levels were evaluated in samples of distal colon 18 hours after colitis induction
by commercial kits. n=6. [* p < 0.05 compared to negative control group, ** p < 0.05
compared to colitis control group. One-way ANOVA followed by Student Newman-Keuls’s

test].

Figure 7. Quercetin (1) loaded microcapsules prevent the decrease of antioxidant capacity in
the colon of mice with acetic acid colitis. Acetic acid (7,5%, 200 pL) or saline (200 pL) was
injected into the colon of Swiss mice. Antioxidant capacity was evaluated in samples of distal
colon 2, 4 and 6 hours after colitis induction (Panels A, B and C). Mice were treated with inert
microcapsules (MCIn; 100 mg/kg), 1 loaded microcapsules (1IMC; 100 mg/kg, po), 1 (100
mg/kg, po) or tween 80 (20% in saline, po), 6 and 1 hour before intracolonic administration of

acetic acid, and the samples were collected 4 hours after colitis induction (Panels D, E and F).
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n=6. [* p < 0.05 compared to negative control group, ** p < 0.05 compared to colitis control

group. One-way ANOVA followed by Student Newman-Keuls’s test].



Structure Sheet

59



>

Myeloperoxidase assay
Edema determination

Intracolonic acetic Hystological evaluation
acid solution or Macroscopic damage
saline Cytokine levels
! !
- 2h Oh 10h 18h
T T
Treatment Treatment
B Intracolonic acetic GSH
acid solution or ABTS
saline FRAP
- l !
- 6h -1h Oh 4h
T T
Treatment Treatment

Figure 1. Schematic representation of experimental protocols for treatments and colitis
induction. For assessment of inflammatory parameters, the mice were treated 2 hours before
and 10 hours after colitis induction, and colonic samples were collected on the 18" hour
(Panel A). To evaluate the oxidative stress in the colon, the mice were treated 6 and 1 hour
before colitis induction, and colonic samples were collected on the 4™ hour (Panel B).
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Figure 2. Quercetin (1) loaded microcapsules reduce neutrophil infiltration within the colon
of mice with acetic acid-induced colitis. Acetic acid (7,5%, 200 uL) or saline (200
ML) was injected into the colon of Swiss mice. Myeloperoxidase activity was
evaluated in samples of distal colon 6, 12, 18 and 24 hours after colitis induction
(Panel A). n=8. Mice were treated with inert microcapsules (MCIn; 100 mg/kg), 1
loaded microcapsules (LMC; 1, 10 and 100 mg/kg, po), 1 (10 and 100 mg/kg, po)
and tween 80 (20% in saline, po) 2 hours before and 10 hours after intracolonic
administration of acetic acid, and the samples were collected 18 hours after colitis
induction (Panel B). n=20. [* p < 0.05 compared to saline (negative control)
group, ** p < 0.05 compared to untreated (colitis control) group. One-way
ANOVA followed by Student Newman-Keuls’s test].
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Quercetin (1) loaded microcapsules prevent the increase in colonic weight / length
(edema) in the colon of mice with acetic acid-induced colitis. Acetic acid (7,5%,
200 pL) or saline (200 pL) was injected into the colon of Swiss mice. They were
treated with inert microcapsules (MClIn; 100 mg/kg), 1 loaded microcapsules
(AMC; 1, 10 and 100 mg/kg, po), 1 (10 and 100 mg/kg, po) or tween 80 (20% in
saline, po) 2 hours before and 10 hours after intracolonic administration of acetic
acid. The increase in colonic weight / length in relation to saline group was
evaluated in samples of distal colon 18 hours after colitis induction. n=20. [* p <
0.05 compared to colitis control group. One-way ANOVA followed by Student
Newman-Keuls’s test].
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Quercetin (1) loaded microcapsules reduce microscopic damage in the colon of
mice with acetic acid-induced colitis. Acetic acid (7,5%, 200 uL) or saline (200
ML) was injected into the colon of Swiss mice. They were treated with inert
microcapsules (MCIn; 100 mg/kg), 1 loaded microcapsules (1MC; 1, 10 and 100
mg/kg, po), 1 (10 and 100 mg/kg, po) or tween 80 (20% in saline, po) 2 hours
before and 10 hours after intracolonic administration of acetic acid. The damage
score was determined 18 hours after colitis induction and the parameters analyzed
were loss of mucosal architecture, cellular infiltration (dotted arrow), muscle (M)
thickening, crypt abscess (arrowhead) formation and goblet cell (arrow) depletion.
Negative control group (Panel A); Colitis control group (Panel B); Colitis + MCln
(Panel C); Colitis + IMC 1 mg/kg (Panel D); Colitis + 1MC 10 mg/kg (Panel E);
Colitis + 1IMC 100 mg/kg (Panel F); Colitis + 1 10 mg/kg (Panel G); Colitis + 1
100 mg/kg (Panel H); Colitis + Tween 80 (Panel 1); Microscopic scores (Panel J).
The samples were stained with hematoxylin and eosin. Original magnification
10%. n=7. [* p < 0.05 compared to negative control group, ** p < 0.05 compared
to colitis control group. Kruskal-Wallis followed by Dunn's test].



Figure 5.

65

Colitis + tween

J

la Acetic Acid

()
1

Macroscopic Score

MCin 110 100 101007=
1MC 1 w
(mg/kg) (mg/kg) =

Quercetin (1) loaded microcapsules reduce macroscopic damage score in the
colon of mice with acetic acid-induced colitis. Acetic acid (7,5%, 200 pL) or
saline (200 pL) was injected into the colon of Swiss mice. They were treated with
inert microcapsules (MClin; 100 mg/kg), 1 loaded microcapsules (1IMC; 1, 10 and
100 mg/kg, po), 1 (10 and 100 mg/kg, po) or tween (20% in saline, po) 2 hours
before and 10 hours after intracolonic administration of acetic acid. The
macroscopic damage score was determined 18 hours after colitis induction,
according to the extension as well as the severity of colonic damage. Negative
control group (Panel A); Colitis control group (Panel B); Colitis + MClIn (Panel
C); Colitis + IMC 1 mg/kg (Panel D); Colitis + 1MC 10 mg/kg (Panel E); Colitis
+ 1IMC 100 mg/kg (Panel F); Colitis + 1 10 mg/kg (Panel G); Colitis + 1 100
mg/kg (Panel H); Colitis + Tween 80 (Panel I); Microscopic scores (Panel J). n=7.
[* p < 0.05 compared to negative control group, ** p < 0.05 compared to colitis
control group. Kruskal-Wallis followed by Dunn's test].
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Figure 6. Quercetin (1) loaded microcapsules reduce IL-1B and IL-33, and prevent the
decrease of IL-10 levels in the colon of mice with acetic acid-induced colitis.
Acetic acid (7,5%, 200 pL) or saline (200 uL) was injected into the colon of
Swiss mice. They were treated with inert microcapsules (MCin; 100 mg/kg), 1
loaded microcapsules (LMC; 100 mg/kg, po), 1 (100 mg/kg, po) or tween 80 (20%
in saline, po) 2 hours before and 10 hours after intracolonic administration of
acetic acid. The IL-1p (Panel A), IL-33 (Panel B) and IL-10 (Panel C) levels were
evaluated in samples of distal colon 18 hours after colitis induction by commercial
kits. n=6. [* p < 0.05 compared to negative control group, ** p < 0.05 compared
to colitis control group. One-way ANOVA followed by Student Newman-Keuls’s
test].
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Figure 7. Quercetin (1) loaded microcapsules prevent the decrease of antioxidant capacity
in the colon of mice with acetic acid colitis. Acetic acid (7,5%, 200 uL) or saline
(200 pL) was injected into the colon of Swiss mice. Antioxidant capacity was
evaluated in samples of distal colon 2, 4 and 6 hours after colitis induction (Panels
A, B and C). Mice were treated with inert microcapsules (MCin; 100 mg/kg), 1
loaded microcapsules (LMC; 100 mg/kg, po), 1 (100 mg/kg, po) or tween 80 (20%
in saline, po), 6 and 1 hour before intracolonic administration of acetic acid, and
the samples were collected 4 hours after colitis induction (Panels D, E and F).
n=6. [* p < 0.05 compared to negative control group, ** p < 0.05 compared to
colitis control group. One-way ANOVA followed by Student Newman-Keuls’s
test].
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5 CONCLUSOES

Através dos resultados obtidos, podemos concluir que:

- O processo de microencapsulacdo da quercetina utilizando o polimero biodegradavel
pectina/caseina permite a obtencdo de uma nova formulagdo microencapsulada contendo
quercetina de maneira eficiente, com perda de apenas 8% do farmaco durante o processo. As
microcapsulas obtidas possibilitam a liberacdo modificada do farmaco e apresentam-se como
uma nova proposta terapéutica a ser avaliada em modelo de colite em camundongos, visando
acao local da quercetina sobre as lesdes colonicas.

- O tratamento com as microcapsulas de quercetina por via oral reduziu
significativamente a atividade da mieloperoxidase, o edema, as lesdes microscopicas e
macroscopicas, e 0s niveis das citocinas IL-1p e IL-33 no célon dos camundongos com colite
induzida por &cido acético, quando comparados ao grupo controle colite sem tratamento.
Além disso, o tratamento também preveniu a queda nos niveis de IL-10 e das capacidades
antioxidantes enddgenas no tecido coldnico, avaliadas através da glutationa reduzida, da
capacidade sequestradora do radical ABTS' e redutora do fon Fe**. Entretanto, o tratamento
com quercetina ndo encapsulada ndo mostrou efeitos significativos sobre os parametros
avaliados no colon dos animais, quando comparados ao grupo controle colite sem tratamento.
Portanto, verificamos que a microencapsulagdo proporciona efeitos adicionais a quercetina
ndo incorporada a microcapsulas sobre a colite induzida por &cido acético em camundongos.

- Sendo assim, 0 presente estudo mostrou que as microcapsulas contendo quercetina
reduzem a inflamacdo e preservam as capacidades antioxidantes no intestino em modelo de
colite induzida por é&cido acético em camundongos. Sugerimos que estes efeitos anti-
inflamatérios e antioxidantes das microcapsulas de quercetina estejam relacionados a
obtencdo do sistema de liberacdo modificada, visando a liberacdo colbnica, através da
microencapsulacdo utilizando o polimero pectina/caseina. Portanto, os efeitos benéficos
apresentados pelo tratamento com as microcapsulas de quercetina justificam um pedido de
patente deste novo produto, além deste estudo pré-clinico indicar a importancia da

investigacao da eficacia clinica das microcapsulas contendo quercetina.
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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): T, 1, §, L, ||, V, 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.
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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. 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 constants and spectroscopic

parameters stated. Authors are advised to use correctly the terms “relative and absolute
configuration” instead of “relative and absolute stercochemistry”. 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 uM (or 4-5 pg/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; CD 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).
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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 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.
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.

Authors who purchase dried “herbal remedies” or other materials from companies must make
provision for their proper deposit in a herbarium, 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 (CHC ); mp 152— 153 °C; [a]25 —110 (c 0.4, CHCI); uv
(EtOH)
3 D 3
-1
L (log ) 235 (4.23), 275 (4.18), 292 (sh) (3.52), 325 (3.41) nm; IR (Nujol) v 1680, 1040, 920 cm ;
max max

1H NMR (CDC , 400 MHz) § 8.11 (1H, d, J = 7.6 Hz, H-11), 7.54-7.28 (2H, m, H-9, H-10), 7.27 (1H,
3

m, H-8), 6.59 (1H, s, H-3), 6.10, 5.97 (each 1H, d, J = 1.5 Hz, OCH20), 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 (CDCI3, 100 MHz) § 155.8 (C,
NCOOCHS3), 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, OCH20), 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 C19H1704N,
323.1158).

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%, caled for
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C37H6806, 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 € 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 13C 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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References and Notes

References to the literature and all notes, regardless of their nature, should be numbered in
order of appearance in the manuscript and cited in the text with superscript numbers. Each
reference may have its own citation number, or alternatively, references referring to the same
topic may be grouped under a common number using alphabetical subdesignations (e.g., 1a,
1b, 1c, etc.). Each note should be assigned its own number. References and notes should
follow the format shown:

(1) Dumdei, E.; Andersen, R. J. J. Nat. Prod. 1993, 56, 792—794.

(2) Cordell, G. A. Introduction to Alkaloids: A Biogenetic Approach; John Wiley & Sons:
New York, 1981; p 43.

(3) Pelletier, S. W.; Mody, N. V. In The Alkaloids; Rodrigo, R. G. A., Ed.; Academic

Press: New York, 1981; Vol. 18, Chapter 2, pp 100-216.

(4) Zheng, G.; Kakisawa, H. Chin. Sci. Bull. 1990, 35, 1406-1407; Chem. Abstr. 1991,

114, 43213m.

(5) Meyer, B. N. Brine Shrimp Toxicity: Certain Components of Stapelia, Coryphantha,
Lupinus, and Quinoa. Ph.D. Thesis, Purdue University, West Lafayette, IN, 1983, p 35.

(6) Davis, R. U.S. Patent 5,708,591, 1998.

(7) The biogeographic zone comprising Madiera, the Canary Islands, the Cape Verde

Islands, and the Azores.

For additional information on the reference and note format to use, see The ACS Style Guide,
3rd ed. (2006) (http://pubs.acs.org/books), available from Oxford University Press, Order
Department, 2001 Evans Road, Cary, NC 27513 (http://www.oup.com). The author is
responsible for the accuracy and completeness of all references. In particular, authors must
cite all of the references from their own work on a particular topic, such as all papers
published or submitted on the constituents of a given organism under consideration.

Because subscribers to the Web edition are now able to click on the “CAS” tag following
each reference to retrieve the corresponding CAS abstract, reference accuracy is critical.
Journal abbreviations should be those used by Chemical Abstracts [see Chemical Abstracts
Service Source Index (CASSI) 1907-2004].

The author should supply the Editor with copies of related manuscripts that are cited as “in
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press” or “submitted” for use by the editors and the reviewers in evaluating the manuscript
under consideration.

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
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: ElImsford, NY,
1979.

» Compendium of Macromolecular Nomenclature; Blackwell Scientific Publications: Oxford,
England, 1991.

* Biochemical Nomenclature and Related Documents, 2nd ed.; Portland Press, Ltd.:

London, England, 1992.

+ Selected IUPAC recommendations can be found on the Web at
http://www.chem.gmw.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, puL, kg, g, mg, ug, cm, mm, nm, mol, mmol,
umol, ppm, TLC, GC, NMR, MS, UV, CD, and IR. For further information, refer to The ACS
Style Guide (2006).

Graphics
The quality of the illustrations depends on the quality of the originals provided. Figures
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). Contrast is
important.
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Remove all color from graphics, except for those graphics that you would like to have
considered for publication in color (see Color section below for details). (1) Layout. In
preparing structures for publication, layout is critical. Equations, schemes, 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.

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 on 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.

(2) Content. Abbreviations such as Me for CH3, Et for C2HS5, and Ph (but not ¢) for C6HS
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. Schemes are numbered
with Arabic numerals. Within schemes, 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. Schemes should be footnoted in the manner described
below for Tables.

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.

(3) Dimensions. For best results, illustrations should be submitted in the actual size at

which they should appear in the Journal. Original illustrations that do not need to be reduced
to fit a single or double column will yield the best quality. 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.

Digital graphics should be submitted as TIFF images with the following minimum resolution
requirements:

Black and white line art 1200 dpi

Grayscale art 600 dpi

Color art 300 dpi 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 120°

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.)
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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. 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.

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 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 x 25.4 cm) and
the column width (8.5cm), 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.

Figures

Figures should be constructed in keeping with the column width, line width, and font size
specified above (see Structural Drawings). All illustrations should be numbered as “Figures”,
with Arabic numerals. Blocks of chemical structures should not be designated as “Figures”.
Each figure must be identified outside the frame of the figure.
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(1) Photographs. Digital photographs are accepted. Photographs that are single or double
column width so that they will not have to be reduced work best.

(2) Color. Color reproduction, if approved by the Editor, will be provided at no cost to the
author. Color illustrations should be submitted only if essential for clarity of communication.
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.

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 may be up to 4.7 in. (12.0 cm) wide and 1.8 in.
(4.6 cm) tall. (See detailed instructions at the Paragon Plus Web site.) 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. 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-
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(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 1H and 13C NMR spectra included. A typical caption for a spectrum would be:
“S1. 1H NMR (400 MHz, CDCI3) 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. Captions or legends for figures, spectra, etc., must appear directly on the
figure. Supporting Information pages should be consecutively numbered.

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
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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.
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 | (ell), 0 (zero) and O (oh), x (ex) and x
(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.
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The table format feature is preferred. Ensure each data entry is in its own table 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.

IBM and compatibles: 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.

The ACS AuthorChoice option establishes a fee-based mechanism for authors or their
research funding agencies to sponsor the open availability of their articles on the Web at the
time of online publication. Under this policy, the ACS as copyright holder will enable
unrestricted Web access to a contributing author’s publication from the Society’s Web site in
exchange for a fixed payment from the sponsoring author. ACS AuthorChoice will also
enable participating authors to post electronic copies of published articles on their own
personal Web sites and institutional repositories for noncommercial scholarly purposes and
allow immediate open access to an article as soon as it is published on the ACS Web site. For
more details on ACS AuthorChoice, please visit
http://pubs.acs.org/page/policy/authorchoice/index.html. When authors are sent the proof of
their paper, they will receive a link to a website where they may order author reprints. They
may also call Cierant Corporation (866-305-0111) from 9:00 A.M. to 5:00 P.M. EST.
Reprints will be shipped within two weeks after the issue publication date. Neither the Editors
nor the Washington ACS Office keeps a supply of reprints; requests for single copies of
papers should be addressed to the corresponding author of the paper concerned.

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.
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”.



