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RESUMO

ANDRADE, Fernanda Miguel. Avaliacédo da atividade cicatrizante da membrana de
Xiloglucana com ou sem Cramoll 1,4 em modelos de camundongos diabéticos. 2016.
Dissertacdo (Mestrado em Ciéncias Biologicas) — Universidade Federal de Pernambuco
— UFPE, Recife, 2016.

Lectinas podem ser compreendidas como sendo proteinas (ou glicoproteinas) de origem
ndo imunoldgica que se ligam reversivelmente a carboidratos, sdo encontradas em forma
livre ou ligadas a superficies celulares por meio de sitios de ligacdo em sua estrutura
tridimensional. Estudos demonstraram que a lectina de Cratylia mollis, Cramoll 1,4, em
solucdo salina promoveu em um menor tempo o efetivo fechamento e reparo de feridas
em ratos imunocomprometidos quando comparado com grupo controle (solucéo salina).
Uma estratégia para aumentar a poténcia de drogas é o seu enclausuramento em
membranas polissacaridicas, as quais tém se mostrado eficientes na veiculacdo e
liberacdo controlada de drogas. Frequentemente, feridas diabéticas envolvem extensas
necroses e processos infecciosos que podem levar a amputagdo de membros, afetando de
forma devastadora a qualidade de vida dos individuos afetados. O presente estudo teve
como objetivo avaliar o potencial cicatrizante da membrana de Xiloglucana extraida de
Hymenaea courbaril contendo ou ndo Cramoll 1,4 em modelos de camundongos
diabéticos induzidos. Foram utilizados 60 camundongos Swiss albino machos, divididos
ao acaso em 4 grupos experimentais cada um contendo 15 animais: Grupo Controle —
Animais diabéticos tratados diariamente com 100 pL solucdo salina; Grupo Cramoll —
Animais diabéticos tratados diariamente com 100 pL Cramoll 1,4; Grupo Xilo —
Animais diabéticos tratados com membrana de xiloglucana e Grupo Xilo+Cramoll —
Animais diabéticos tratados com membrana de xiloglucana contendo 100 pL Cramoll
1,4. Os resultados mostraram que nos grupos Cramoll, Xilo e Xilo+Cramoll houve uma
aceleracdo na formacdo de crostas, na reepitelizacdo e desprendimento, uma maior
retracdo das feridas, e que os eventos histoldgicos e hematoldgicos tipicos do processo
de cicatrizacdo ocorreram precocemente nesses grupos quando comparado com o0 grupo
Controle. De acordo com os resultados, o tratamento com membranas de Xiloglucana
com ou sem Cramoll 1,4 em feridas de camundongos diabéticos é eficaz, tornando esses

compostos interessantes para a industria farmacéutica.

Palavras-chaves: Adesivos bioldgicos, Cramoll 1,4, Diabetes, Xiloglucana.



ABSTRACT

ANDRADE, Fernanda Miguel. Evaluation of the healing activity of the membrane of
Xiloglucana with or without Cramoll 1,4 in models of diabetic mice. 2016.
Dissertation (MA in Biology) — Federal University of Pernambuco — UFPE, Recife,
2016.

Lectins can be understood as proteins (or glycoproteins) of non-immune origin which
bind reversibly to carbohydrates, could be find in free form or bound to cell surfaces by
means of binding sites on its three dimensional structure. Studies have demonstrated that
the lectin Cratylia mollis, Cramoll 1,4, in saline soluction promoted in a shorter time the
effective closure and wound repair in immunocompromised mice compared with control
group (saline). A strategy to increase the potency of drugs is their enclosure in
polysaccharide membranes, which have been shown to be effective in serving and
controlled release of drugs. Often, diabetic wounds involve extensive necrosis and
infectious processes that can lead to amputation of limbs, affecting a devastating effect
on the quality of life of affected individuals. This study aimed at the evaluation of the
healing potential of membrane based on the Xyloglucan extracted from Hymenaea
courbaril seeds containing or not Cramoll 1,4 in models of induced diabetic mice. Sixty
Swiss male mices were used divided randomly into 4 experimental groups each
containing 15 animals: Control group - diabetic animals treated daily with 100 pL saline
solution; Cramoll group - diabetic animals treated daily with 100 uL Cramoll 1,4; Xylo
Group — diabetic animals treated with xyloglucan membrane; and Xylo + Cramoll Group
- diabetic animals treated with xyloglucan membrane containing 100 pL Cramoll 1,4.
The results showed that Cramoll, Xylo and Xylo + Cramoll groups there was an
acceleration in the formation of crusts, in reepithelialization and detachment, a greater
contraction of wounds, and the hematological and histological events of the healing
process occurred early in these groups as compared to the control group. According to
the results, treatment with Xiloglucana membranes with or without 1,4 Cramoll wounds
in diabetic mice is effective, making these compounds interesting for the pharmaceutical

industry.

Keywords: Wound dressings, Cramoll 1,4, Diabetes, Xyloglucan.
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1. INTRODUCAO

Lectinas podem ser compreendidas como sendo proteinas (ou glicoproteinas) de
origem ndo imunoldgica que se ligam reversivelmente a carboidratos (GHOSH et al.,
1999; SUN et al., 2007), encontradas em forma livre ou ligadas a superficies celulares
por meio de sitios de ligagdo em sua estrutura tridimensional. A capacidade das lectinas
para ligar carboidratos presentes em superficies celulares possibilita as mesmas a
desempenharem um importante papel em eventos celulares como aglutinacéo,
reconhecimento celular, simbiose, estimulacdo da proliferacdo, opsonizacdo, metastase e
apoptose (WITITSUWANNAKUL; WITITSUWANNAKUL; SAKULBORIRUG,
1998).

Estas proteinas estdo amplamente distribuidas entre plantas, animais e micro-
organismos (KAWAGISHI et al, 2001). As plantas constituem ricas fontes de lectinas e
sua distribuicdo ocorre principalmente nas raizes, folhas, flores, frutos, sementes,
tubérculos, bulbos, rizomas e entrecascas. As lectinas sdo particularmente abundantes em
sementes de leguminosas (SOL; CAVADA,; CALVETE, 2007), chegando a constituir ate
10 % da proteina total (SHARON; LIS, 1990).

Cratylia mollis (feijdo camaratu) é uma planta forrageira da Regido Semiéarida do
estado de Pernambuco e de suas sementes tém sido purificadas e caracterizadas formas
multiplas de lectinas: Cramoll 1, Cramoll 2, Cramoll 3 e Cramoll 4. Uma preparacao
contendo as formas 1 e 4 associadas denominada Cramoll 1,4 ou Cramoll apresenta
especificidade glicose/manose (CORREIA; COELHO, 1995), a mesma observada para
Cramoll 1, Cramoll 2 e Cramoll 4, enquanto Cramoll 3 é uma glicoproteina, especifica
para galactose (PAIVA; COELHO, 1992).

Vaérios estudos tém demonstrado o perfil imunomodulatério de Cramoll (MELO
et al., 2010a; MELO et al.,, 2010b), como caracterizacdo de tecidos cancerigenos
humanos (BELTRAO et al., 1998; LIMA et al., 2010), e atividade mitogénica em
linfocitos humanos (MACIEL et al.,, 2004). Estudos revelaram que Cramoll 1,4
promoveu 41% de inibicdo tumoral (sarcoma 180) quando aplicada na forma livre;
guando encapsulada esta atividade aumentou para cerca de 80%, além de eliminar efeitos
hepatotdxicos provocados pela lectina livie (ANDRADE et al.,, 2004). Estudos
demonstraram que Cramoll 1,4 em solucdo salina promoveu em um menor tempo o
efetivo fechamento e reparo de feridas em ratos imunocomprometidos quando

comparado com grupo controle (solucgdo salina) (MELO et al., 2011a).



15

O termo lesdes cutaneas pode ser definido como qualquer rompimento que leve a
uma descontinuidade cutdnea (STRODTBECK, 2001). O surgimento de uma ferida em
um organismo desencadeia uma cascata de reagGes celulares e bioquimicas com o
objetivo de reparar o tecido lesionado, porém em lesGes diabéticas, este reparo é lento.
Clinicamente, divide-se 0 processo cicatricial em trés fases: fase Exsudativa ou
Inflamatoria; fase Proliferativa ou Fibroplasia e fase de Maturagdo ou Remodelacdo
(ROBBINS, 2000; JORGE; DANTAS, 2003). Compreender o processo cicatricial é de
grande importancia para a avaliacdo evolutiva da ferida e fundamental para um
diagnostico correto a respeito da fase em que esse processo se encontra e consequentes
medidas terapéuticas que podem ser prescritas para o tratamento ideal da leséo.

Segundo a Federagéo Internacional de diabetes (2016), haviam 14,2 milhdes de
casos de diabetes no Brasil em 2015. Entre as complicacdes que mais frequentemente
afetam os individuos diabéticos estdo as cardiopatias, retinopatias, neuropatias e as
feridas nos membros inferiores, que representam a maior carga dos pacientes no sistema
de satde (SINGH; ARMSTRONG; LISY, 2005). Tais feridas sdo usualmente cronicas, a
maioria delas é encontrada nos pés e o tratamento é dificil, muitas vezes, essas feridas
ndo sdo curadas primariamente (ARONOW, 2004). O simples controle dos niveis
sanguineos de glicose, embora importantes, ndo sdo necessariamente seguidos pela
cicatrizacdo dessas Ulceras (JEFFCOATE; PRICE; HARDING, 2004). Frequentemente,
feridas envolvem extensas necroses e processos infecciosos que podem levar a
amputacdo de membros (MARKOWITZ et al., 2006).

Feridas cronicas tém um efeito devastador sobre a salde e o estilo de vida de
mais de 8 milhdes de americanos por ano. Cerca de 900 mil pessoas por ano nos EUA
sofrem de Ulceras diabéticas, 915 mil sofrem de Ulceras de estase venosa e 6,5 milhdes
de pessoas sofrem de Ulceras de pressdo. Feridas crénicas podem levar anos para
cicatrizar e geralmente h4 uma alta taxa de recorréncia da ferida (RODGERS et al,
2011).

Pacientes com Ulceras cronicas necessitam de um longo tempo de tratamento, isso
resulta em um alto custo com cuidados médicos. Um dos principais desafios é a busca
por novas substéncias terapéuticas, visando a neoformacéo tecidual (FONDER et al.,
2007; SEHN et al., 2009). Diante disso, a pesquisa por compostos naturais nao-toxicos
com propriedades estimuladoras da reparagdo tecidual se faz necessaria, visando

principalmente encontrar recursos para confec¢do de produtos cicatrizantes feitos a
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partir de matéria-prima de baixo custo (MANDELBAUM; DI SANTIS;
MANDELBAUM, 2003; SEHN et al., 2009).

O uso de polissacarideos como curativos biol6gicos € vantajoso, uma vez que
essas substancias apresentam livre administracdo, simplicidade de operacdo, e diminui 0s
custos dos produtos (OKAMOTO et al., 1995). Entre as varias aplicagdes dos
polissacarideos, destaca-se a aplicacdo como veiculo de liberacdo de farmacos
(CARNEIRO-DA-CUNHA et al.,, 2009). Membranas de polissacarideos tém sido
amplamente utilizadas no campo alimenticio (CERQUEIRA et al, 2012) e farmacéutico
como curativo topico (MONTEIRO et al., 2007).

Estudos relatados por Arruda et al., (2015) afirmam que a xiloglucana extraida de
Hymenaea courbaril é um polissacarideo promissor para industrias alimenticia e
farmacéutica. Diante do exposto, o presente trabalho visou avaliar a atividade
cicatrizante de uma membrana polissacaridica contendo Cramoll 1,4 em lesbes cutaneas

experimentais em camundongos diabéticos induzidos.
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2. OBJETIVOS
2.1 Objetivo Geral
Avaliar o potencial cicatrizante da membrana de Xiloglucana extraida de

Hymenaea courbaril com ou sem Cramoll 1,4 em modelos de camundongos diabéticos.

2.2 Objetivos Especificos

2.2.1

2.2.2

2.2.3

2.2.4

2.2.5

2.2.6

2.2.7

2.2.8

Purificar Cramoll 1,4 por protocolo previamente estabelecido;

Extrair e purificar os polissacarideos provenientes das sementes de Hymenaea

courbaril (Xiloglucana);

Imobilizar por enclausuramento Cramoll 1,4 em membranas da Xiloglucana

obtida de sementes H. courbaril;
Induzir diabetes em camundongos Swiss albino;

Induzir lesdes cutaneas experimentais em camundongos Swiss albino

diabéticos induzidos;

Realizar o tratamento tépico das lesGes cutdneas experimentais utilizando a
Cramoll 1,4 livre, a membrana contendo Cramoll 1,4 e controles durante 12

dias;

Acompanhar a evolucdo do processo de reparo tecidual do ponto de vista
clinico (avaliagdo clinica das feridas e mensuracdo de sua area) durante 12
dias;

Acompanhar a cicatrizacdo do ponto de vista histopatoldgico, através de
biopsias no 2° 7° e 12° dias de pds-operatdrio, onde serdo analisados o

esquema de tratamento e o comportamento hematoldgico.
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3. REFERENCIAL TEORICO
3.1 Morfofisiologia da pele

O tecido epitelial desempenha varias fun¢Ges no organismo de acordo com o
orgdo no qual se localiza. Ele pode atuar na protecdo do corpo, na absorcao e secrecao de
substancias do meio e na percepcdo de sensacBes. E classificado em epitélio glandular,
especializado na producéo e eliminacéo de secrecOes, e em epitélio de revestimento, que
tem como principal funcdo a protegéo das estruturas internas do organismo (KUMAR et.
al., 2006).

A pele € composta por tecido epitelial de revestimento estratificado pavimentoso
queratinizado, sendo considerada o maior 6rgdo do corpo, cobrindo toda superficie
externa (SANTOS et. al., 2004). E definida como o manto de revestimento do
organismo, indispensavel a vida, pois isola os componentes organicos do meio exterior.
Em sua constituicdo se encontra uma estrutura complexa composta de diferentes tecidos,
que executam suas fungdes harmonicamente (SAMPAIO; RIVITTI, 2007).

Além de ser um o6rgdo sensorial especializado (JUNQUEIRA; CARNEIRO,
2008), a pele desempenha maultiplas funcdes, como termo regulacéo, sintese de vitamina
D, reservatério de agua, minerais e gorduras (BRAGULLA et. al. 2004), prevencéo
contra desidratacdo, protecdo contra raios ultravioleta (UV), absorcéo, cicatrizagédo entre
outras (CLARK; GHOSH; TONNESEN, 2007; JUNQUEIRA; CARNEIRO, 2008;
THEORET, 2009; GAL et. al., 2011). E considerada a primeira linha de defesa do
organismo, pois atua como uma barreira mecanica flexivel, que promove protecédo
imunoldgica, contra infeccbes de microrganismos e toxinas do meio externo (SANTOS
et. al., 2004; GAL et. al. 2011).

Histologicamente, a pele é composta por duas camadas distintas, a epiderme e a
derme (BRAGULLA et al.,, 2004; JUNQUEIRA; CARNEIRO, 2008), que estdo
firmemente unidas entre si (SANTOS et. al., 2004). A camada subcutanea, situada
abaixo da derme e conhecida como hipoderme, tem a mesma origem embrionaria da
derme, porém nao faz parte dela (DE ALMEIDA, 2009) (Fig. 1).



19

Poro
sudoriparo

Camada cornea
(queratinizada)

Epiderme

Glandula
Corpusculo sebacea Pélo
de Meissner,
e - - .
d ! Terminagio
nervosalivre

Derme— Glandula

sudoripara

/’\ Musculo eretor

l do pélo
l!(.

Hipoderme Tecido subcutaneo

(adiposo)

Veia Foliculo piloso

Figura 1. Principais estruturas e camadas da pele. Fonte: Adaptado de
http://www.vidacentro.com.br/wp-content/uploads/2011/06/camadas_da_pele.jpg

3.1.1 Epiderme

A epiderme, camada mais externa da pele, é avascular e constitui-se de tecido
epitelial estratificado pavimentoso queratinizado (SAMPAIO; RIVITTI, 2007,
BORGES, 2010). Sua nutricdo € realizada por meio de vasos sanguineos da derme
(BORGES, 2010). Ela serve como barreira que protege o organismo contra invasées por
microrganismos, desidratacdo e injarias mecéanicas (DE ALMEIDA, 2009).

E responsavel pela origem dos seguintes apéndices: glandulas sudoriparas,
foliculos pilosos, unhas e glandulas sebaceas (BLANPAIN; FUCHS, 2009). Tais
apéndices fazem com que a epiderme desempenhe bem suas fungdes (DE ALMEIDA,
2009).

As células que constituem a epiderme sdo os queratindcitos, melandcitos, células
de Langerhans e células neuroenddcrinas de Merkel (ALMEIDA, 2011). Os
queratinocitos produzem a proteina queratina e apresentam funcéo de barreira protetora.
Os melandcitos sdo células o tecido conjuntivo, responsaveis pela producdo de
melanina, pigmento da pele que age como protetor natural contra os efeitos nocivos de
raios UV. As células de Langerhans atuam como mediadoras da resposta inflamatoria, e
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as celulas neuroendocrinas de Merkel sd@o mecanoreceptores (EHRENREICH;
RUSZCZAC, 2006; ALMEIDA, 2011).

A epiderme é subdividida em cinco camadas ou estratos, que refletem a
progressao das células germinativas, encontradas na base, para células corneificadas
diferenciadas, presentes na superficie (DE ALMEIDA, 2009) (Fig. 2). A partir do estrato
mais interno para o estrato mais superficial, encontram-se:

1. Estrato basal ou germinativo;

2. Estrato espinhoso;

3. Estrato granuloso;

4. Estrato lucido;

5. Estrato Corneo.

A pele

Estrato comeo

Estrato licido
Eztrato granuloso

Estrato espinhoso

Estrato germinativo

Derme

Figura 2. Camadas ou estratos da epiderme. Fonte: Adaptado de
http://brasilescola.uol.com.br/upload/conteudo/images/camadas-pele-224ac06¢3d10.jpg

Na diferenciacdo da epiderme, os queratindcitos saem da camada basal e movem-
se em dire¢do a camada cornea. Esse processo é conhecido como diferenciacdo terminal,
onde os queratindcitos perdem a capacidade de se dividir mitoticamente, sofrem
modificagbes morfologicas e bioquimicas, e transformam-se em estruturas
multilamelares de cornedcitos envolvidos por matriz extracelular lipidica, formando a
barreira de protecdo contra agentes externos (ELIAS, 2007; KIM; YUN; CHO, 2011).
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3.1.2 Derme

A derme é formada por tecido conjuntivo constituido de fibras colagenas, fibras
elasticas e glicosaminoglicanas, produzidos por fibroblastos dermais, e que conferem
estrutura, apoio, consisténcia fisica e elasticidade a pele. E bem vascularizada e inervada,
contém foliculos pilosos e glandulas sebaceas e sudoriparas, que se estendem até a
epiderme. Ela também é responsavel pela nutricdo da epiderme atraves da difusdo de
pequenas moléculas (ARNOLD; ODOM; JAMES, 2002; JUNQUEIRA; CARNEIRO,
2008; THEORET, 2009).

A derme é dividida em duas camadas:

1. Camada papilar: é constituida por tecido conjuntivo frouxo, com fibroblastos
e delgadas fibras colagenas e elasticas, que estdo perpendiculares a juncao
dermoepidérmica. Apresentam saliéncias chamadas de papilas dérmicas e é
bastante vascularizada (EHRENREICH; RUSZCZAK, 2006; DE ALMEIDA,
2009).

2. Camada reticular: nela sdo encontradas as fibras conjuntivas ndo remodeladas
e fibras elasticas em plexos. Feixes de fibras colagenas e elasticas estdo
localizadas na substancia fundamental amorfa a qual é constituida por
glicosaminoglicanas (DE ALMEIDA, 2009).

3.2 Lesdes cutaneas

O termo lesdes cutaneas pode ser definido como qualquer rompimento que leve a
uma descontinuidade cuténea, sendo provocada frequentemente por traumas (mecanico,
fisico ou quimico), isquemia, pressdo no local e devido a procedimentos cirlrgicos
(STRODTBECK, 2001).

As lesBes constituem um dos principais problemas de salde publica, pois além de
afetar a qualidade de vida do paciente, algumas sdo de dificil cicatrizacdo devido a varios
fatores intrinsecos e extrinsecos e por isso necessitam de um periodo prolongado de
tratamento (FALANGA, 2005). Quando na fase crénica, a dificuldade de cicatrizacao
aumenta, agravando a doenca e debilitando ainda mais a qualidade de vida do individuo
afetado (GARY-SIBBALD; WOO, 2008).

A cicatrizacdo de feridas pode decorrer de trés formas: de primeira intencdo,
guando ndo ha perda de tecido e as extremidades da pele ficam justapostas uma a outra

(lesBes cirdrgicas); de segunda intengdo, quando ha perda de tecido e as extremidades
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da pele ficam distantes uma da outra, sendo necessaria a formacdo de tecido de
granulacdo, a contracdo e a reepitelizacdo da lesdo; e de terceira intencdo, quando ha
fatores como infecgdo da lesdo, ma nutricdo, baixa perfusdo de oxigénio nos tecidos,
doenca enddcrina como diabetes e obesidade, terapia em curso com glicocorticoides,
radioterapia e quimioterapia, que retardam a cicatrizacdo de uma lesdo inicialmente

submetida a um fechamento por primeira intengcédo (BORGES et al., 2001).

3.3 Cicatrizagdo

O processo de cicatrizacdo tem a finalidade de curar feridas (ISAAC et al., 2010),
é dindmico e envolve fendmenos bioquimicos e fisioldgicos que se comportam de forma
harmoniosa para promover a restauragéo tissular (MANDELBAUM et al., 2003). Nesse
processo ocorre uma complexa interacdo entre diferentes tipos celulares, citocinas, e
moléculas da matriz extracelular, que atuam no local, em conjunto com numerosos
fatores sisttmicos como as plaquetas, a cascata de coagulacdo e componentes celulares e
humorais do sistema imune (SOO et al. 2002).

Na cicatrizacdo um tecido lesado € substituido por tecido conjuntivo
vascularizado, quer a lesdo tenha sido traumatica ou necrdtica (PANOBIANCO et al.,
2010). Esse processo consiste na sequéncia das seguintes etapas: inflamacéo,
quimiotaxia, proliferacdo celular, diferenciacdo e remodelacdo. Essas etapas ocorrem de
maneira interdependentes, se sobrepde, e se agrupam nas fases: inflamatoria, fibroplasia
ou proliferativa e maturacdo ou remodelacdo (MARTINS et al., 2006; ISAAC et al.,
2010) (Fig. 3). A fase inflamatdria dura em média de 2 a 3 dias, a fibroplasia ou
proliferativa, geralmente se estende até o 10° dia, e por fim a de maturacdo, que
dependendo da lesdo, pode durar até mais de um ano (BALBINO; PEREIRA; CURI,
2005).
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Figura 3: Fases da cicatrizacédo e a deposi¢ao dos componentes da matriz cicatricial ao
longo do tempo. Fonte: Adaptado de BROUGHTON, G.; JANIS J. E.; ATTINGER, C.
E., 2006.

3.3.1 Fase inflamatdria

Apds a ocorréncia do ferimento, inicia-se 0 extravasamento sanguineo que
preenche a area lesada com plasma e elementos celulares, principalmente plaquetas. A
fase inflamatoria inicia-se imediatamente ap6s o trauma, provocando a vasoconstri¢do
para conter a hemorragia local. Simultaneamente, ocorre a deposicdo e ativacdo
plaquetaria com infiltracdo de fibrina e eritrocitos, os quais formam um primeiro tampao
na lesdo que se torna mais consistente conforme a fibrina vai se polimerizando pelas vias
da coagulacdo. Esse tampdo além de restabelecer a hemostasia e formar uma barreira
contra a invasdo de microrganismos, organiza a matriz proviséria necessaria para a
migracdo celular. Essa matriz servira também, como reservatorio de citocinas e fatores
de crescimento que serdo liberados durante as fases seguintes do processo cicatricial
(WERNER; GROSE, 2003; EMING; KRIEG; DAVIDSON, 2007).

A ativacdo plaquetaria libera mediadores quimiotaticos que vdo promover a
migracdo de células inflamatorias para o local lesionado (BALBINO; PEREIRA; CURI,
2005). Induzidas pela trombina sofrem a degranulacdo plaquetaria e liberam vérios
fatores de crescimento, como o derivado de plaquetas (PDGF), o de crescimento
transformante-p (TGF-B), o de crescimento epidérmico (EGF), o de crescimento
transformante-a (TGF-a) e o fator de crescimento de células endoteliais (VEGF), além

de glicoproteinas adesivas como a fibronectina e trombospondina, que sdo importantes
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constituintes da matriz extracelular provisoéria (ARNOLD; WEST, 1991; STREIT et al.,
2000).

Nesta fase, predominam neutrofilos e macrofagos (BALBINO; PEREIRA; CURI,
2005), que migram em direcdo ao leito da ferida em resposta aos agentes quimiotaticos
apos a saida das plaguetas (CLARK, 1996). Essas células vdo digerir e fagocitar
bactérias e restos celulares (Fig. 4). Além disso, os macrofagos secretam fatores
quimiotéticos que atraem outras células inflamatorias ao local da ferida e produzem
prostaglandinas, que funcionam como potentes vasodilatadores, afetando a
permeabilidade dos microvasos (ARNOLD; WEST, 1991; SINGER; CLARK, 1999;
EMING et al., 2007), e produzem diversos fatores de crescimento, tais como o PDGF, o
TGF-B, fator de crescimento epidérmico (EGF), o fator de crescimento de fibroblastos
(FGF) e o VEGF, que se destacam como as principais citocinas necessarias para
estimular a formacdo do tecido de granulacdo (SINGER; CLARK, 1999), que por sua
vez, atraem para o local lesionado fibroblastos e queratindcitos (principais células de
regeneragéo da pele) e os induzem a proliferagédo (BALBINO; PEREIRA; CURI, 2005)

iniciando assim a fase proliferativa.
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Figura 4: Representacdo grafica da resposta fisioldgica da pele a feridas,
mostrando o numero relativo de células sanguineas e fibroblastos nas fases
do processo de cicatrizacdo. Fonte: Biologia da ferida e cicatrizacao, 2008.

3.3.2 Fase proliferativa
A fase proliferativa é caracterizada pela formagdo de tecido de granulagdo

contendo células inflamatorias, fibroblastos e vasos sanguineos neoformados em uma
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matriz de colageno frouxa (MILORO, 2008). E responsavel pelo fechamento da les&o
propriamente dito. Compreende: reepitelizacdo, que se inicia horas ap0os a lesdo, com a
movimentacdo das células epiteliais oriundas tanto da margem como de apéndices
epidérmicos localizados no centro da leséo; fibroplasia e angiogénese compdem o tecido
de granulacdo, que é responsavel pela ocupacéo do tecido lesionado cerca de quatro dias
apos a lesdo (SINGER; CLARK, 1999).

A fase de proliferacdo epitelial, no caso da pele, inicia-se por estimulacdo
mitogénica e quimiotatica dos queratinocitos pelo TGF-a. ¢ EGF (DVORAK et al., 1999;
DVORAK, 2002). Os queratindcitos migram das bordas da ferida e multiplicam-se,
reestruturando as camadas da epiderme e promovendo a reepitelizacdo tecidual. Ocorre a
angiogénese, ou seja, a abundante formacdo de vasos novos e finos a partir de vasos
integros adjacentes, estes com a funcdo de fornecer oxigénio e nutrientes para
cicatrizacdo. Simultaneamente ocorre a deposicao e proliferacdo de fibroblastos sobre a
rede de fibrina formando um tecido frouxo, denominado tecido de granulacdo. Os
fibroblastos secretam elastina, fibronectina, glicosaminoglicana, proteases e colageno,
principalmente colageno tipo Ill, os quais sdo responsaveis pela regeneracdo tecidual
(MANDELBAUM et al., 2003 A; ISAAC et al., 2010).

3.3.3 Fase de maturacéo ou remodelacédo

Na fase de remodelagdo ocorre uma tentativa de recuperacdo da estrutura tecidual
normal (GABBIANI, et al., 1972). Envolve um minucioso e organizado equilibrio entre
degradacédo e formacdo de matriz (MILORO, 2008; ACKERMANN, 2009), é marcada
por maturacdo dos elementos e alteracGes na matriz extracelular, ocorrendo o deposito de
proteoglicanas e colageno (GABBIANI, et al., 1972). Influenciados por citocinas e
fatores de crescimento, a matriz de colageno € continuamente degradada, resintetizada,
reorganizada e reestabilizada (MILORO, 2008; ACKERMANN, 2009).

Nessa fase, surgem as primeiras fibras de colageno tipo I, o qual € mais
resistente € maduro em substituicdo ao colageno tipo Il depositado durante a fase
proliferativa (CLARK; HENSON, 1988; ACKERMANN, 2009). O colageno é uma
proteina fibrosa insollvel de funcdo estrutural, que aumenta com uma taxa
relativamente constante a partir do 3° dia de lesdio (JUNQUEIRA; CARNEIRO, 2008).

Essa proteina é classificada em diferentes grupos, conforme sua sequéncia de
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aminoacidos. Os colagenos presentes no tecido conjuntivo sdo os tipos I e 11l. Em um
tecido normal cerca de 90% é colageno tipo | e 10% colageno tipo Ill, mas quando o
tecido é lesado, o tipo Il predomina na fase proliferativa, porém na fase de remodelagem
é substituido ao longo do processo de reparo tecidual pelas fibras do tipo | (SAMPAIO,
2000; JUNQUEIRA; CARNEIRO, 2008).

Na fase mais tardia, os fibroblastos do tecido de granulagéo transformam-se em
miofibroblastos comportando-se como um tecido contrétil responsivo aos agonistas que
estimulam o musculo liso. Ocorre, concomitantemente, reorganizacdo da matriz
extracelular, que se transforma de provisoria em definitiva, cuja intensidade fenotipica,
observada nas cicatrizes, reflete a intensidade dos fendbmenos que ocorreram, bem como
o0 grau de equilibrio ou desequilibrio entre eles (GABBIANI et al., 1972).

Assim que a demanda metabolica da lesdo em processo de cicatrizacdo diminui, a
alta rede de capilares, fibroblastos e células inflamatorias desaparece do local da ferida
mediante processos de emigracdo, apoptose ou outros mecanismos desconhecidos de
morte celular (ARNOLD; WEST, 1991; MILORO, 2008; ACKERMANN, 2009). Esse
fato leva a formacdo de cicatriz com reduzido namero de células. Por outro lado, se
persistir a celularidade no local, ocorrera a formacdo de cicatrizes hipertroficas ou
queloides. As principais citocinas envolvidas nessa fase sdo: fator de necrose tumoral
(TNF-a), interleucina (IL-1), PDGF e TGF-B produzidas pelos fibroblastos, além das
produzidas pelas células epiteliais como EGF e TGF-b (KARUKONDA et al., 2000).

O processo de maturacdo da ferida € lento, podendo levar meses para reorganizar
as fibras colagenas e atingir as quantidades adequadas de colageno tipo | e Il que irdo
aumentar a forca da cicatriz, diminuir sua espessura e fornecer elasticidade. Assim, a
cicatrizacdo normal pode atingir caracteristicas semelhantes ao tecido integro e sua
resisténcia pode chegar a 80% da forca de tensao fisioldgica original (MANDELBAUM,;
SANTIS; MANDELBAUM, 2003).

3.4 Lesdes diabéticas e o0 processo de cicatrizacao
O diabetes mellitus é uma doenca crbnica sistémica decorrente de uma
deficiéncia parcial ou absoluta de insulina, que compromete o metabolismo de
carboidratos, gorduras e proteinas. Esse comprometimento metabdlico € provocado pela
hiperglicemia resultante da auséncia de secregéo de insulina ou da resisténcia a sua agéo
nos tecidos (POPPL; GAONZALEZ, 2005; PINTO et al., 2009).
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O surgimento de uma ferida em um organismo desencadeia uma cascata de
reacOes celulares e bioquimicas com o objetivo de reparar o tecido lesionado, porém em
lesBes diabéticas, este reparo e lento. Varios mecanismos sdo apontados como fatores
importantes na diminuicdo do processo de cicatrizacdo em individuos diabéticos, entre
eles estdo: a producdo excessiva de especies reativas de oxigénio (ROS), diminuicao do
oxido nitrico (NO), diminuicdo da reposta aos fatores de crescimento (GFs) e das
proteinas da via de sinaliza¢do da insulina (BREM; TOMIC-CANIC, 2007; KOLLURU;
BIR; KEVIL, 2012).

Entre as complicacbes que mais frequentemente afetam os individuos diabéticos,
as feridas nos membros inferiores sdo a maior carga dos pacientes no sistema de salde
(SINGH; ARMSTRONG; LISY, 2005). Tais feridas sdo usualmente crdnicas, a maioria
delas é encontrada nos pés e o tratamento é dificil, muitas vezes, essas feridas ndo sdo
curadas primariamente (ARONOW, 2004). O simples controle dos niveis sanguineos de
glicose, embora importantes, ndo sdo necessariamente seguidos pela cicatrizagdo dessas
lesbes (JEFFCOATE; PRICE; HARDING, 2004). Frequentemente, feridas cronicas
envolvem extensas necroses e processos infecciosos que podem levar a amputacdo de
partes do corpo, até mesmo de membros (MARKOWITZ et al., 2006).

3.5 Lectinas

Lectinas sdo definidas como proteinas ou glicoproteinas de origem néo
imunoldgica que se ligam reversivelmente e especificamente a carboidratos (GOOSH et
al., 1999; CAVADA et al., 2001; SUN et al., 2007). Os sitios de ligacdo a carboidratos,
presentes na molécula de lectina interagem com o carboidrato especifico através do
mecanismo do tipo chave-fechadura, envolvendo pontes de hidrogénio, ligacao
metalica, interacdes de Van der Waals e interacdes hidrofobicas (KENNEDY et al.,
1995). O termo lectina (originado no latim lectus, que significa escolhido, selecionado)
foi primeiro empregado por Boyd; Shapleigh em 1954, para designar um grupo de
proteinas que apresentava a caracteristica comum de seletividade na interacdo com
carboidratos (PEUMANS; VAN DAMME, 1998; PEUMANS et al., 2001).

O primeiro relato sobre lectinas ocorreu em 1888, quando Stillmark, ao estudar a
toxicidade de extratos de Ricinus communis L. (mamona), observou sua capacidade para
aglutinar eritrocitos, devido a presenca de uma proteina extraida, a ricina, descoberta

gue marcou o inicio das pesquisas envolvendo lectinas (KENNEDY et al., 1995). Pouco
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tempo depois, outra hemaglutinina, chamada abrina, foi encontrada em sementes de
Abrus precatorius L. (jequiriti). Entretanto, o estudo sobre estas proteinas s6 comegou a
ganhar impeto em 1960, abrindo uma vasta area de aplicacdo para as lectinas (GABOR
etal., 2004).

Devido a habilidade de se ligar especificamente a carboidratos, as lectinas
apresentam alto grau de especificidade em suas reacdes com grupos sanguineos do
sistema ABO e MN, estabelecendo interacdo com os carboidratos através de ligacGes de
hidrogénio e interacdo hidrofobicas em uma porcdo da proteina denominada de
Dominio de Reconhecimento a Carboidrato (CDR) (SHARON; LIS, 1990; KENNEDY
et al., 1995; NISHIMURA et al., 2006). Propriedade esta que resulta na capacidade de
aglutinar seletivamente eritrocitos (Fig. 5), o que destingue as lectinas de outras
macroléculas ligantes de acucares como as glicosidades e glicotransferases.
(GOLDSTEIN et al., 1980; ELIFIO et al., 2000).

Carboidrato de
membrana celular

gectina

Eritrocito

Figura 5: Rede de hemaglutinacdo mediada por lectinas. Fonte: Pimentel, J. C.,
2006.

As lectinas séo encontradas em forma livre ou ligadas a superficies celulares por
meio de sitios de ligacdo em sua estrutura tridimensional (WITITSUWANNAKUL,;
WITITSUWANNAKUL; SAKULBORIRUG, 1998). Isso ocorre porque a maioria das
proteinas da superficie celular e muitos lipidios nas membranas celulares sdo
glicosilados e estes glicanos sdo sitios de ligagdo para lectinas (BIES; LEHR;
WOODLEY, 2004). Estruturalmente possuem ampla variedade, sendo comum entre
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elas a presenca de, a0 menos, um sitio de ligacdo a carboidrato (Dominio de
Reconhecimento de Carboidrato- CDR) (WEIS; DRICKAMER, 1996).

A combinacdo de uma pequena quantidade de agucar pode produzir uma vasta
gama de estruturas quimicas diferentes, com isso diferentes tipos de células expressam
diferentes matrizes de glicano e em particular, células doentes, tais como células
transformadas ou cancerosas, frequentemente expressam diferentes glicanos em
comparagdo com ceélulas normais. Por isso, as lectinas podem ser utilizadas como
moléculas transportadoras para alvejar drogas especificamente a diferentes células e
tecidos (BIES; LEHR; WOODLEY, 2004). A capacidade das lectinas para ligar
carboidratos presentes em superficies celulares possibilita as mesmas a desempenharem
um importante papel em eventos celulares como aglutinagdo tanto de células animais
como vegetais, especialmente eritrocitos de diferentes espécies animais (CORREIA;
COELHO, 1995; CAVADA et al., 2001), reconhecimento celular, simbiose,
estimulacao da proliferacgéo, opsonizacéo, metastase, apoptose
(WITITSUWANNAKUL; WITITSUWANNAKUL; SAKULBORIRUG, 1998), e
precipitar polissacarideos, glicoproteinas ou glicolipideos (CAVADA et al., 2001).

As lectinas possuem ampla distribuicdo, sendo encontradas tanto em organismos
eucariontes como em procariontes. As plantas constituem ricas fontes de lectinas e sua
distribuicdo ocorre principalmente nas raizes, folhas, flores, frutos, sementes,
tubérculos, bulbos, rizomas e entrecascas. As lectinas sdo particularmente abundantes
em sementes de leguminosas (SOL; CAVADA,; CALVETE, 2007), chegando a
constituir até 10 % da proteina total (SHARON; LIS, 1990).

Lectinas de plantas podem assumir diferentes papeis bioldgicos. De maneira
abrangente as lectinas podem ser organizadas em dois grupos segundo seu ligante:
podem assumir papéis exdgenos ao se associarem a ligantes externos, por exemplo,
atividade antifingica contra fitopatdgenos, ou podem assumir papéis endogenos se
interagirem com ligantes do proprio organismo, por exemplo, auxiliar a deposicdo de

proteinas de reserva nos corpos protéicos (SHARON; LIS, 2004).

3.5.1 Lectina de Cratylia mollis (Cramoll)
A Cratylia mollis (Fig. 6), conhecida popularmente como feijdo camaratuba ou
camaratu, ¢ uma planta forrageira nativa do Semi-Arido do Nordeste do Brasil, no

Estado de Pernambuco. Pertencente a familia leguminosa Papilionoideae, tribo
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Phaseoleae, subtribo Diocleinae que compreende 13 géneros, dos quais se destacam 0s
géneros: Canavalia, Cratylia, Calopogonium, Dioclea, Galactia e Herpyza (POLHILL
etal., 1981).

As sementes de C. mollis tém sido consideradas fontes importantes de lectinas
(Cramoll), fornecendo multiplas formas moleculares com especificidades diferentes
para carboidratos (Cramoll 1, Cramoll 2, Cramoll 3, Cramoll 4, além de uma preparagdo
que contém as isoformas Cramoll 1 e Cramoll 4, a Cramoll 1,4 (PAIVA; COELHO,
1992; CORREIA; COELHO, 1995). A Cramoll 1,4, apresenta especificidade
glicose/manose (CORREIA; COELHO, 1995), a mesma observada para Cramoll 1,
Cramoll 2 e Cramoll 4, enquanto Cramoll 3 é uma glicoproteina, especifica para
galactose (PAIVA; COELHO, 1992).

¥
A, WI‘I:W:A ,T’“n.l:ﬂ

Figura 6: Cratylia mollis. Arbusto (& esquerda) e sementes (a direita). Fonte:
Pereira, D.S.T.

As lectinas das sementes de C. mollis vém sendo estudadas em diversas areas
biotecnoldgicas.  Varios estudos tém demonstrado o perfil imunomodulatério de
Cramoll (MELO et al., 2010a; MELO et al., 2010b), como caracterizacdo de tecidos
cancerigenos humanos (BELTRAO et al., 1998; LIMA et al., 2010), atividade
mitogénica em linfécitos humanos (MACIEL et al., 2004). Estudos demonstraram que
Cramoll 1,4 promoveu 41% de inibicdo tumoral (sarcoma 180) quando aplicada na
forma livre; encapsulada esta atividade aumentou para cerca de 80 %, além de eliminar
efeitos hepatotdxicos provocados pela lectina livre (ANDRADE et al., 2004). Ha
experimentos envolvendo isolamento de inibidores de tripsina (PAIVA et al., 2003), de
glicoproteinas do plasma (LIMA et al., 1997) e da soja (SILVA et al., 2011); na indugéo
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de resposta mitogénica e producdo de citocinas (DE MELO et al.,, 2011); como
biosensores na identificagdo de diferentes sorotipos da dengue (OLIVEIRA et al.,
2011); como indutoras de morte de epimastigotas de Trypanossoma cruzi por necrose
(FERNANDES et al., 2010), como potencial anti-hemintico contra Schistosoma
mansoni (MELO et al., 2011). Estudos demonstraram que Cramoll 1,4 em solugéo
salina promoveu em um menor tempo o efetivo fechamento e reparo de feridas em ratos
imunocomprometidos quando comparado com grupo controle (solucéo salina) (MELO
et al., 2011). Estudos in vitro mostraram os efeitos citoprotetores de pCramoll e
rCramoll contra danos oxidativos induzidos por peréxido de hidrogénio (H202) em
celulas Vero (DA SILVA et al., 2015).

3.6 Polissacarideos como curativos biologicos

Ha uma grande variedade de curativos sintéticos e bioldgicos que tém sido
desenvolvidos e caracterizados com o objetivo de proporcionar propriedades ideais para
o tratamento de lesdes. Os curativos biologicos ou biomateriais sdo empregados na
tentativa de estabelecer um suporte biologico tridimensional saudavel, mimetizando
uma matriz cutanea original que possibilite a migracdo, proliferacdo e uma organizacao
ideal das células no microambiente fisioldgico cutaneo alterado (GOMES et al., 2003;
SILVA, 2008), e caracterizam-se por terem origem de produtos renovaveis e
biodegradaveis (PAUL; SHARMA, 2004; WIEGAND; HIPLER, 2010).

Para a utilizacdo de um novo curativo na cicatrizacdo de lesdes é preciso cumprir
varias exigéncias, dentre elas pode-se citar a capacidade do novo curativo de atuar como
barreira contra patdgenos do meio externo, ndo ser toxico, manter o ambiente Umido,
promover cicatrizacdo, € a0 mesmo tempo manter uma boa troca de gases. Também
devem ter a capacidade de absorver o excesso de exsudato, ndo se aderir ao leito da
lesdo, ser de facil manipulacéo e de baixo custo (WIEGAND; HIPLER, 2010).

Existe uma grande variedade de curativos em formas de géis, espumas e filmes
de diferentes biomateriais. Alguns obtiveram éxito, mas ainda nao representam um
curativo ideal. Por isso, se intensificaram as pesquisas que visam aprimorar a produgéo
de um curativo bioldgico ideal para o tratamento de lesdes e queimaduras (WIEGAND;
HIPLER, 2010).

Curativos biologicos (biomateriais) produzidos a base de polimeros como a

celulose, colageno, alginato e quitosana, tém a capacidade de envolvimento natural no
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tecido lesado, assim como no tecido em formacdo, para promover a cicatrizacdo. Eles
também apresentam propriedades antimicrobianas intrinsecas e distintas possiblidades de
ligacGes para mediadores inflamatorios (citocinas, proteases e radicais livres), cujas
concentracdes sdo elevadas em Ulceras crénicas de dificil cicatrizacdo (WIEGAND;
HIPLER, 2010).

O uso de polissacarideos como curativos bioldgicos é vantajoso, uma vez que
essas substancias apresentam livre administragdo, simplicidade de operagéo, e diminui
0s custos dos produtos (SHIGEMASA; MINAMI, 1995). Os polissacarideos sdo
polimeros difundidos na natureza e especialmente disponiveis a partir de plantas e
microrganismos, representando uma fonte inesgotavel de biopolimeros geralmente nédo
toxicos, biodegradaveis, biocompativeis (MKEDDER et al., 2013). Devido a facilidade
de se obter polissacarideos a partir de fontes naturais, estes se tornam mais acessiveis do
que os polimeros sintéticos (COVIELLO et al., 2007).

Polissacarideos de varias fontes possuem uma ampla gama de aplicagoes,
especialmente, nas areas alimenticias, biomédicas, farmacéuticas e cosméticas. Na area
bioldgica, eles sdo aplicados em engenharia de tecidos, como matriz para imobilizacao
de moléculas e construcdo de biossensores, assim como veiculo de liberacdo de
farmacos (CARNEIRO-DA-CUNHA et al., 2009). Membranas de polissacarideos tém
sido amplamente utilizadas no campo alimenticio (CERQUEIRA et al., 2012) e

farmacéutico como curativo topico (MONTEIRO et al., 2007).

3.7 Xiloglucanas
Xiloglucanas (XG) sdo heteropolissacarideos normalmente encontrados nas
paredes celulares priméarias de plantas e nas sementes, com fungbes estruturais e de
armazenamento, respectivamente. Apresentam em sua estrutura quimica uma cadeia
central de (1—4)- B-D-glicose, ligada por pontes de hidrogénio na posi¢cdo O-6 por
ramos o-D-xilose e parcialmente ligada em O-2 por unidades de B-D-galactose
(HAYASHI, 1989; BUCKERIDGE et al., 2010).

As XG podem ser utilizadas em alimentos e inddstrias farmacéuticas para
processos biotecnologicos, devido as suas caracteristicas, como a capacidade de
retencdo de agua e de sua resisténcia contra o calor, sal e pH. Na inddstria de alimentos,
XG séo amplamente utilizados como espessantes, estabilizantes, substitutos de gordura,

ou modificadores de amido em muitos produtos, por exemplo, sorvete, molho,
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maionese, macarrao, guisado, etc. para melhorar as propriedades reoldgicas e térmicas
de produtos. Além disso, varias atividades bioldgicas, como efeitos hipolipemiantes e
antidiabéticos, foram relatadas para esse polissacarideo (LUCYSZYN et al., 2011).

Estudos relatados por Arruda et al., (2015) afirmam que a XG extraida de
Hymenaea courbaril € um polissacarideo promissor para alimentos e indudstria
farmacéutica. A H. courbaril var. courbaril pertence a familia Fabaceae e subfamilia
Caesalpiniaceae, é popularmente conhecido por Jatobd, e apresenta distribuicdo ampla,
desde o sul do México até o Centro-Oeste do Brasil, ocorrendo também na Floresta
Amazonica, no Cerrado e na Caatinga, no Nordeste Brasileiro (LEE; LANGENHEIM
1975).
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Abstract

This study aimed at the evaluation of the healing potential of membrane based on the
xyloglucan extracted from Hymenaea courbaril seeds containing the lectin from Cratylia
mollis (Cramoll 1,4) in models of induced diabetic mice. Sixty Swiss albino male mices
were used divided randomly into 4 experimental groups each containing 15 animals:
Control group - diabetic animals treated daily with 100 L saline solution; Cramoll
group - diabetic animals treated daily with 100 uL Cramoll 1.4; Xylo Group — diabetic
animals treated with xyloglucan membrane; and Xylo + Cramoll Group - diabetic
animals treated with xyloglucan membrane containing 100 pL Cramoll 1,4. The groups
were subdivided into three subgroups, each containing 5 animals, which correspond to
the times of biopsies, performed at 2, 7 and 12 days after surgery. The results showed
that Cramoll, Xylo and Xylo + Cramoll groups there was an acceleration in the
formation of crusts, in reepithelialization and detachment, a greater contraction of
wounds, and the hematological and histological events of the healing process occurred
early in these groups as compared to the control group. According to the results,
treatment with Xiloglucana membranes with or without Cramoll 1,4 wounds in diabetic
mice is effective.

Keywords: Wound dressings, Cramoll 1,4, Diabetes, Xyloglucan.
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Introduction

The emergence of a lesion in a body triggers a cascade of cellular and
biochemical reactions in order to repair the injured tissue, but in diabetic lesions; this
repair is slow. Several mechanisms are seen as important factors in reducing the healing
process in diabetic subjects, among them are: the excessive production of reactive
oxygen species (ROS), decreased nitric oxide (NO), decreased response to growth
factors (GFs) and the insulin signaling pathway proteins (Brem and Tomic-Canic, 2007,
Kolluru et al., 2012).

According to the International Diabetes Federation (2016), there were 14.2
million cases of diabetes in Brazil in 2015, generating an average of spending on health
amounting to 1,527.4 dollars per diabetic person. Among the complications that often
affect diabetic individuals are the wounds of the lower extremities (Singh et al., 2005).
Such wounds are usually chronic and difficult to treat (Aronow, 2004) and may take
years to heal and generally having a high rate of recurrence (Rodgers et al., 2011).

Wounds commonly involve extensive necrosis and infectious processes that can
lead to amputation of body parts (Markowitz et al., 2006). Chronic wounds have a
devastating effect on the health and lifestyle of more than 8 million americans each
year. About 900 thousand people per year in the USA suffering from diabetic ulcers,
915 thousand suffer from venous stasis ulcers, and 6.5 million people suffer from
pressure sores (Rodgers et al., 2011).

Therefore, the search for non-toxic natural compounds with stimulating
properties of tissue repair is needed, aimed especially to find resources for making
healing products made from raw material cost (Mandelbaum et al., 2003; Sehn et al.,
2009).

Lectins are defined as proteins or glycoproteins of non-immune origin which
bind carbohydrates specifically and reversibly (Ghosh et al., 1999; Dug et al, 2001; Sun
et al., 2007). Lectins of Cratylia mollis seeds have been studied in several
biotechnological areas, among these studies highlight the use of Cramoll 1,4 in wound
healing, where it was seen that the saline solution of the lectin promoted a preview and
effective closure of topical wounds in immunocompromised mice when compared with
the control group (Melo et al., 2011). It was also seen that the topical application of
hydrogel containing Cramoll 1,4 in the treatment of second degree burns accelerated
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granulation, the process of re-epithelialization and wound contraction (Pereira et al.,
2012).

The use of polysaccharides as a biological healing tool is advantageous, since
these substances have unfettered, simplicity of operation and reduces costs of products
(Okamoto et al., 1995). Among the various applications of polysaccharides, it is
important to note their application as a vehicle for drug delivery (Carneiro-da-Cunha et
al., 2009), where polysaccharide films have been widely used in the food industry
(Cerqueira et al., 2012) and pharmaceutical and dressing topic (Monteiro et al., 2007).

Xyloglucans are polysaccharides extracted from the seeds of plants that have the
ability to form matrix for the immobilization of bioactive molecules (Lucyszyn et al.,
2011). Rosario et al. (2008) reported the extraction of xyloglucan from the seeds of
Copaifera langsdorffii, Hymenaea courbaril and Mucuna sloanei, and their evaluation
on the recruitment of macrophages into the peritoneum of rats. They observed that all
xyloglucans promoted an increase in the number of peritoneal macrophages in dose
dependent manner, characteristic associated to polysaccharides with immunomodulatory
activity. Arruda et al. (2015) reported that the xyloglucan extracted from H. courbaril
seeds is a promising polysaccharide for food and pharmaceutical industries.

In view of the effective potential of wound repair demonstrated by Cramoll 1,4
and the inherent characteristics of xyloglucan, immobilizing the lectin into
polysaccharide membranes could accelerate the topical wound healing activity,
especially as regards the assessment of the healing process in models with slow repair,
such as diabetic lesions. This study aimed to evaluate the healing potential of
xyloglucan membrane extracted from H. courbaril containing the lectin obtained from

C. mollis seeds (Cramoll 1,4) in models of induced diabetic mice.

Material and methods
2.1  Cramoll 1,4 purification

C. mollis seeds were ground to obtain a flour, which was dissolved in 0.15 M
NaCl, 10% (w / v) under magnetic stirring (500 rpm) for 18h at 4 ° C. This extract was
fractionated by saturation with ammonium sulphate (0-40% and 40-60%), producing
three fractions (F): FO-40 and F40-60 (precipitated fractions) and SF40-60 (supernatant
fraction). F40-60 was dialyzed and purified by affinity chromatography on Sephadex G-
75 column (Correia and Coelho, 1995).
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2.2  Extraction of the xyloglucan from H. courbaril seeds

The seeds of Jatoba, H. courbaril, were washed and boiled in distilled water at
100°C for 30 minutes for enzyme inactivation and softening of the hull. Once stripped,
the seeds were dried until constant weight (dry weight) and then subjected to exhaustive
extraction with 0.1 M NaCl [15% (w/v)] at 25 ° C and ground to obtain a greenish crude
extract. Then, the residues were removed by centrifugation for 20 min at 1500 rpm, and
the supernatant was filtered through a voil tissue and a screen printing clothe (type 90),
respectively, and precipitated with ethanol 46% (1:3 v/v) for 16h. The obtained
precipitate was filtered using a screen printing clothe (type 110), washed consecutively
with 100% ethanol and twice with acetone PA to remove possible protein contaminants,
been filtered through a screen printing clothe (type 110) between each wash, and finally

dried at 30°C, pulverized and maintained in amber glass vials (Arruda et al., 2015).

2.3 Preparation of xyloglucan membranes with Cramoll 1,4

The filmogenic solution of xyloglucan was prepared in 0.5% (w/v) of distilled
water under stirring for 16h at 25 °C, and added to the plasticizer glycerol at 0.3% (v/v),
under magnetic stirring for two hours at 25 °C. Cramoll 1,4 was incorporated at 0.5
mg.mL-1 to the filmogenic solution and the mixture was held at 25 ° C for 30 min and
the pH was adjusted to 5.8 with 1.0 M NaOH. Subsequently, 5 ml of each solution was
placed in Petri plates (3 cm) and the membranes were dried at 37 °C for 24 h and used

within a maximum interval of 48h.

2.4 Animals

There were used a total of 60 mice Swiss albino male, 2 months old, weighing
between 28 and 32g, from the vivarium of the Laboratory of Immunopathology Keizo
Asami (LIKA) of the Federal University of Pernambuco, kept at a constant temperature
(22 £ 2 ° C), brightness controlled (12 hours of light and 12 hours of dark) and with
food and water ad libitum. The experiments were performed obeying the Brazilian
College of Animal Experimentation standards (COBEA). The study was approved by
Animal committee of the Federal University of Pernambuco, Brazil (proc.
23076.018754/2013-61).

The animals were randomly divided into 4 experimental groups of 15 rats each:

Control group - Diabetic animals treated daily with 100 pL saline solution; Cramoll
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group - Diabetics animals treated daily with 100 puL Cramoll 1,4; Xylo group - Diabetic
animals treated with xyloglucan membrane; and Xylo + Cramoll group - Diabetic
animals treated with xyloglucan membrane containing 100 pL Cramoll 1,4. Each group
was subdivided into three groups containing 5 animals, which correspond to times of

biopsies that were performed on the 2nd, 7th and 12th day after surgery.

2.5  Diabetes induction

Diabetes was induced by a single intraperitoneal injection of alloxan in a dose of
120 mg/kg. For this, the animals were kept in a solid fast for 24 h. The solution of
alloxan monohydrate (Sigma-Aldrichinc, St. Louis, MO, USA) was prepared minutes
before application by dilution of the drug in saline 0.15 M. Glucose levels were
determined 7 days after induction by the Labtest kit for glucose. For this procedure, the
animals were subjected to 12 h of fasting solid. Animals who obtained blood glucose

above 250 mg/dL were considered diabetic (Malerbi and Franco, 1992).

2.6 Wounds induction

The wounds were induced 7 days after confirmation of diabetes. The animals
were anesthetized intramuscularly with 2% xylazine (10 mg/kg) and ketamine
hydrochloride 10% (115 mg/kg). After the anesthesia, each animal was submitted to
trichotomy and antisepsis with povidone iodine 1% in the dorsal region. With the aid of
a metal punch (No. 8mm), the skin was marked for the production of cutaneous wound.
The animals were kept in individual cages and treated in accordance with the

corresponding group.

2.7 Clinical evaluation of experimental lesion
Clinical characteristics of experimental wounds were  observed daily,
considering the following parameters: swelling, redness, discharge, scabies, granulation,

epithelialization and tissue healing.

2.8  Microbiologic evaluation
The microbiological evaluation was performed with swab in the lesion area at the
time of surgery and the corresponding biopsies days. This review was conducted to

assess the degree of contamination of injuries.
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2.9  Evaluation of the retraction of the wounds

To evaluate the retraction of the wounds the measurement was carried out of its
borders, from the measurements of the area with a digital caliper, observing the largest
and smallest diameter. From these elements, the area was calculated, using the
recommended mathematical equation: A = m . R . r, where "A" is the area "R" and the
largest radius "r" the smallest radius of the lesion. The calculation of the degree of
contraction was expressed as a percentage using the equation of Ramsey (1995): 100 x
(Wo - Wi)/Wo = M + DP, where Wo = the initial wound area; Wi = Wound area at day
of biopsy (T2, T7 e T12).

2.10 Biopsy of the lesion and histopathological evaluation

Skin biopsies were performed aiming at the removal of all skin fragment and the
wound area, including one centimeter apart from each dorsal and ventral margin in the
caudal direction. Immediately after removal of the skin, the samples were placed on
filter paper and fixed in 4% formaldehyde for a period of 48 h replaced by a 70%
ethanol solution for processing of histological slides. These were submitted to staining
with HE, for histopathological analysis. Slides were photographed at the Leica DM-500
microscope coupled with Leica ICC 50 camera and imaging software at the same

magnification.

2.11 Hematologic parameters evaluation

The blood of the animals in each group was collected via cardiac puncture (T2,
T7 and T12). Hematological parameters (erythrocytes, leukocytes and platelets) were
determined for the immediate collection of blood and analyzed by Sysmex XT 4000i
equipment. Four experimental groups of animals were sacrificed by injection of 30 mg /

kg-1 of thiopental sodium.

2.12 Statistical analysis

For statistical analysis, non-parametric tests were used. To detect differences
between groups was used analysis of variance Two-way ANOVA using GraphPad Prism
5.0 program.  All results are expressed as mean values + standard deviation of the

groups and analyzed considering p <0.05 as statistically significant.
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3. Results and Discussion
3.1 Clinical evaluation of the experimental wounds

The presence of edema and hyperemia was observed in the groups Control and
Cramoll 1,4, however those symptoms had become more pronounced in the Control
group. The formation of primary and secondary crusts was observed in all groups; it
was formed earlier in the treated groups, thus promoting reepithelialization and
detachment of the wounds (Fig. 1). It is well known that the presence of edema and
hyperemia are key-characteristics of the inflammatory process. Inflammation is crucial
in the wound healing cascade, to prevent infection, stimulate cell proliferation,
revascularization and remodelling of extracellular matrix (Chen et al., 2014; Bielefeld et
al., 2013). Our results corroborate those found by Melo et al. (2011), who observed
edema and hyperemia in all experimental groups when evaluating the healing activity of

Cramoll 1,4 in immunocompromised animal wounds.

3.2 Microbiological evaluation

The microbiological evaluation showed that the lesions of the experimental
groups had absence of contamination during the 12 days of treatment. Our results
corroborate the studies by Pereira et al. (2012), that reported no infection in
experimental groups when evaluating the healing ability of the hydrogel of Cramoll 1,4
in second degree burns in rats. Melo et al. (2011), in turn, studied the healing process in
imunocompromised mices and observed contamination of the lesions of Control groups
during the 12 days of treatment, since the lesions treated with 1,4 Cramoll were not
contaminated. The infection associated with excessive inflammation (Sibbald et al,
2011), is considered the most likely cause of delayed wound healing in chronic and
acute wounds, despite the wide availability of antimicrobial agents for the prophylaxis
and treatment (Farrar, 2011; Sen, 2011).

3.3 Evaluation of the retraction of the wounds

The area of the wound gradually decreased in all groups, however in the T2
period, the Xylo group (54.97 + 1.97) had the highest rate of decline, while the Control
group (41.15 = 7.51) and the Xylo + Cramoll (44.96 + 4.60) had a higher decrease
compared to Cramoll 1,4 group (28.00 + 2.86). According to the results reported by

Rosario et al. (2008), xyloglucans extracted from C. langsdorffii, C. courbaril and M.
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sloanei promoted an increase in the number of peritoneal macrophages, featuring
xyloglucan with an immunomodulating activity. This immunomodulatory activity on
macrophages may explain the higher retraction of the Xylo group during this period,
since the activated macrophage is the main effector cell in the tissue repair process,
degrading and removing components of the damaged tissue, such as collagen, elastin
and proteoglycans (Singer and Clark, 1999). These cells act in the vascular
endothelium, inducing the expression of adhesion molecules (Medzhitov, 2008),
furthermore, they produce and export lipid mediators, peptide mediators such as
cytokines and growth factors, and other proteins such as clotting factors, and enzymes
related to the remodeling of the extracellular matrix, such as collagenases and
metalloproteases (Mantovani et al., 2013; Pasparakis et al., 2014).

de Melo et al. (2010a) evaluated Cramoll 1,4 in murine lymphocyte cultures as
an immunomodulatory agent. The results demonstrated that Cramoll 1,4 has anti-
inflammatory response by suppressing nitric oxide (NO), and then the study concludes
that Cramoll 1,4 could be considered a lectin with immunomodulatory activity. Our
results demonstrates that Cramoll 1,4 may have modulated the inflammatory response
in order to equilibrate this response; the wound retraction during this period was not
significant, since it is known that NO is important in mediating the immune response,
and when produced at high levels by macrophages, has cytotoxic activity against
microorganisms, parasites and tumor cells, and also plays an important role in
modulating the immune system (Moncada et al., 1991). In vitro studies revealed that
when peritoneal exudate cells infected with Staphylococcus aureus were treated with
different concentrations of pCramoll (native Cramoll) and rCramoll (recombinant
Cramoll), NO was significantly produced (Silva et al., 2010).

Cramoll 1,4 group (77.84 £ 6.1) presented the highest retraction wound at T7,
and the wounds of Xylo + Cramoll group (72.22 + 3.16) retreated more than the wounds
of the groups Control (61.65 * 0.75) and Xylo (52.93 = 4.99). At T7, the Control group
showed a greater retraction compared with the Xylo group. The healing process in
chronic wounds is complex and many factors such as diabetes, for example, contribute
to delayed healing, they act extending inflammation in the wound causing an

incomplete and disorganized cure (Bayat et al. 2003; Fonder et al ., 2008).

After 12 days of treatment (T12 period), the groups Cramoll 1,4 (92.36 + 3.05)
and Xylo (89.62 £+ 0.98) had a retraction rate higher than the Control group (83.30 %
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0.83) (Fig. 2). The healing activity of Cramoll 1,4 has been well studied and the lectin
has been also reported with an effective and earlier wound repair in
immunocompromised mice when compared with Control group (treated with saline)
(Melo et al., 2011). The acceleration of the healing process of wounds by topical
application of a hydrogel containing Cramoll 1,4 was also reported in the treatment of
second degree burns (Pereira et al., 2012).

Several polysaccharides have proven to be effective in the treatment of wounds,
as an example we can mention alginate, which proved to be effective in burn wound
healing process (Kim et al., 2008), and chitosan due to its immunomodulating property

that enables almost exclusively macrophages (Senel and McClure, 2004).

3.4 Histopathological evaluation

Animals of all groups presented a vascular granulation tissue during the
assessment period T2, but Cramoll 1,4 group this tissue proved to be vascular and
floppy (Fig. 3B). In this time interval, the inflammatory infiltrate was acute on all the
animals of the experimental groups, but proved to be intense in the Xylo group (Fig.
3C), and moderately intense in Xylo + Cramoll 1,4 group (Fig. 3D).

According to Bird et al. (2012) and Tam et al. (2014), hyperglycemia enhances
the production of pro-inflammatory cytokines and reactive oxygen species (ROS) while
decreases the production of NO, resulting in difficulty to promove the healing process
in diabetic wounds. The excessive generation of oxidative stress active leukocytes and
causes damage to endothelial cells (Granger, 2002). An in vivo study showed that a
single administration of Cramoll 1,4 resulted in an increase in cytosolic and
mitochondrial ROS in lymphocytes of rats, but no damage was observed on the
morphology of apparent cells (de Melo et al., 2010b). Silva et al. (2015) contrasted this
information when performed in vitro studies and evaluated the cytoprotective effects of
pCramoll and rCramoll against oxidative damage induced by hydrogen peroxide (H20.)
in Vero cells. The results revealed that the pre-treatment of cells with lectins (pCramoll
and rCramoll) for 30 minutes reduced significantly the production of mitochondrial
ROS.

When an injury occurs, keratinocytes produce cytokines that contribute to the
beginning of the inflammation (Pasparakis, et al., 2014); activated macrophages, in turn,

produce pro-inflammatory cytokines that act amplifying the inflammatory process (Li et
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al., 2007). Our results demonstrate that the Xylo group showed an intense inflammatory
infiltrate due to the action of the xyloglucan in the recruitment of macrophages and
activity of these cells in inflammation.

The experimental groups in T7 presented a fibrovascular granulation tissue,
characteristic of the proliferative phase of the wound healing. The inflammatory
infiltrate proved to be acute in the Control group (Fig. 4A) and discreet in the treated
groups. Control, Xylo, and Xylo + Cramoll 1,4 groups showed early reepithelialization
at the edges of the lesions, however the Cramoll 1,4 group presented a
reepithelialization correlated with keratinization (Fig. 4A, 4B and 4D).

As already mentioned before, the healing process in chronic wounds is complex
and there are factors that act extending inflammation in the wound, causing an
incomplete and disorganized cure (Bayat et al. 2003; Fonder et al., 2008). Our results
corroborate this information, since the Control group presented an acute and reminiscent
inflammatory infiltrate, implying the need for more time for the wound healing.

The evaluation on T12 showed fibrous tissue for Control, Cramoll and Xylo
groups, however the fibrous tissue was at the beginning of its formation in the Control
group (Fig. 5A), and it was mature in Cramoll, Xylo and Xylo+Cramoll groups (Fig.
5B, 5C and 5D). In all groups the reepithelialization was complete (Fig. 5D).

In the remodeling or maturation phase, a recovery of the normal tissue structure
is attempted, most of the vessels, fibroblasts and inflammatory cells disappear from the
lesion site through the process of migration, apoptosis and other mechanisms of cell
death, resulting in scar with fewer cells (Mendonga and Coutinho Netto, 2009). In this
phase there is a detailed and organized balance between degradation and formation of
the matrix (Miloro, 2008; Ackermann, 2009), and is marked by aging of elements and
changes in the extracellular matrix, affecting the deposition of proteoglycan and
collagen (Gabbiani et al., 1972).

3.5 Haematological evaluation

The haematological values showed no significant differences in hematocrit,
eosinophils, basophils, and lymphocytes parameters for the entire experimental interval
(Table 1).

In T2, the platelets were in higher quantities in the Xylo + Cramoll 1,4 group

compared to the Control group (Table 1). In the healing process, platelets are activated



53

by substances secreted by extracellular matrix surrounding the endothelium, resulting in
the start of cellular adhesion and aggregation for the platelet plug formation (Silva et al.,
2006). The association of xyloglucan and Cramoll 1,4 may modulate the recruitment of
these blood components. The study performed by Serra et al. (2012) used platelet rich
plasma (PRP) for the treatment of wounds of 26 diabetic patients submitted to
underwent amputation and demonstrated that, after a month of treatment, there was a
cure rate of 96.15% compared to the Control group, which achieved a cure rate of
59.37%.

The Control group had a higher percentage of neutrophils compared to Cramoll
group, and monocytes compared to Xylo and Xylo + Cramoll 1,4 groups (Table 1). In
the inflammatory phase of the wound healing, once the platelets come out of the
vascular bed, neutrophils and monocytes migrate to the central of the wound in response
to chemotactic agents, but the absence of neutrophils in the blood did not affect the
repair process in the absence of infection (Werner and Grose, 2003; Simpson and Ross,
2009).

Our results showed that the Cramoll 1,4 group had a greater number of total
leukocytes compared with the Xylo group, confirming what was discussed in the
previous section, that the Cramoll group had a floppy vascular tissue probably due to
excessive generation of oxidative stress, which consequently activates leukocytes.

In T7, Cramoll group showed a greater amount of red blood cells when
compared to the other groups, and a higher level of hemoglobin than that provided by
Xylo and Xylo + Cramoll 1,4 groups. Regarding the platelets level, it was observed that
Xylo and Xylo + Cramoll 1,4 groups presented higher level of than those of the groups
Control and Cramoll 1,4. Total leukocytes was higher for Cramoll 1,4 group (Table 1).
The proliferative phase is responsible for the closure of the injury, and also covers the
reepithelialization, fibroplasia and angiogenesis. The granulation tissue presented
fibroplasia and angiogenesis even for four days after injury. The fibroblasts produce the
new extracellular matrix required for cell growth and new blood vessels carry oxygen
and nutrients to the local cellular metabolism (Mendonca and Coutinho-Netto, 2009).

In T12, platelets presented higher quantities in the Control group compared with
Cramoll and Xylo + Cramoll 1,4 groups. (Table 1). As previously metioned, at the
remodeling phase, the majority of vessels, fibroblasts and cells of the inflammatory
phase disappears from the site of the injury (Mendonca and Coutinho-Netto, 2009), and
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the presence of platelets in the Control group suggests that this group showed delayed

remodeling phase.

Conclusion

It can be concluded that treatment with Xiloglucana membranes with or without
Cramoll 1,4 wounds in diabetic rats is effective. These results extend the
biotechnological potential of Cramoll 1,4 and Xiloglucana, making these interesting

compounds for the pharmaceutical industry.
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Figure 1: Clinical evaluation of the wounds of diabetic mice. A — Control Group; B —
Cramoll Group; C — Xylo Group; D - Xylo + Cramoll Group. TO demonstrates the
production of the wounds in the experimental groups; T2 demonstrates edema and
hyperemia in A and B, and the formation of the primary crust in all experimental
groups; in T7 there was observed the presence of secondary crust and detachment in all
groups, but B presented reepithelialization and the contraction of the wound is most
evident; in T12, it is observed that the secondary crust fell, there was reepithelialization
and wound retraction in all experimental groups, but both reepithelialization and
retraction were more pronounced in the treated groups.

Figure 2: Percentage of wound contraction after 2, 7 and 12 days of treatment. Means
followed by the same letter do not differ significantly from each other by two-way
ANOVA test. Statistically significant differences p <0.05.

Figure 3: Histopathological analysis of the wounds of diabetic mice with two days of
treatment (T2). A - Control Group; B - Cramoll Group; C - Xylo Group; D - Xylo +
Cramoll Group. Important to observe an intense inflammatory infiltrate in Xylo Group,
a moderate infiltrate in Xylo + Cramoll Group, and a floppy vascular granulation tissue
in Cramoll Group. H.E. staining CR - crust; TV - vascular granulation tissue.

Figure 4: Histopathological analysis of the wounds of diabetic mice with seven days of
treatment (T7). A - Control Group; B - Cramoll Group; C - Xylo Group; D - Xylo +
Cramoll Group. Important to observe an acute inflammatory infiltrate in the Control
group; early reepithelialization in Control, Cramoll and Xylo + Cramoll groups;
presence of keratin in the groups Cramoll and Xylo + Cramoll. H.E. staining CR - crust;
TFV - fibrovascular granulation tissue; EP - Epithelium; Q - Keratin.

Figure 5: Histopathological analysis of the wounds of diabetic mice with twelve days
of treatment (T12). A - Control Group; B - Cramoll Group; C - Xylo Group; D - Xylo +
Cramoll Group. Important to observe the presence of a mature fibrous tissue in groups
Cramoll, Xylo and Xylo + Cramoll. H.E. staining TFV - Fabric fibrovascular; TF -
fibrous tissue; EP - Epithelium; Q - Keratin.

Table 1: Hematological parameters of diabetic mice after 2, 7 and 12 days of treatment.
A — Control Group; B — Cramoll Group; C — Xylo Group; D - Xylo + Cramoll Group.
Mean £ SD (n = 5). Means followed by the same letter do not differ significantly from
each other by two-way ANOVA test. Statistically significant differences p <0.05.
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Institutes of Health guide for the care and use of Laboratory animals (NIH Publications
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No. 8023, revised 1978) and the authors should clearly indicate in the manuscript that such guidelines
have been followed. All animal studies need to ensure they comply with the ARRIVE guidelines.
More information can be found at http://www.nc3rs.org.uk/page.asp?id=1357.

All authors are requested to disclose any actual or potential conflict of interest including
any financial, personal or other relationships with other people or organizations within
threeyears of beginning the Submitted work that could inappropriately influence, or

be perceived to influence, their work. See also https://www.elsevier.com/conflictsofinterest.
Further information and an example of a Conflict of Interest form can be found at:
http://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing.

Examples of potential conflicts of interest include employment, consultancies, stock ownership,
honoraria, paid expert testimony, patent applications/registrations, and grants or other funding.

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

Each author is required to declare his or her individual contribution to the article: all authors must
have materially participated in the research and/or article preparation, so roles for all authors
should be described. The statement that all authors have approved the final article should be true
and included in the disclosure.

All authors should have made substantial contributions to all of the following: (1) the conception
and design of the study, or acquisition of data, or analysis and interpretation of data, (2) drafting
the article or revising it critically for important intellectual content, (3) final approval of the version
to be submitted.

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any addition,
deletion or rearrangement of author names in the authorship list should be made only before the
manuscript has been accepted and only if approved by the journal Editor. To request such a change, the
Editor must receive the following from the corresponding author: (a) the reason for the change in
author list and (b) written confirmation (e-mail, letter) from all authors that they agree with the
addition, removal or rearrangement. In the case of addition or removal of authors, this includes
confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication of
the manuscript will be suspended. If the manuscript has already been published in an online issue, any
requests approved by the Editor will result in a corrigendum.

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is more
suitable in one of our other participating journals, then you may be asked to consider transferring the
article to one of those. If you agree, your article will be transferred automatically on your behalf with no
need to reformat. Please note that your article will be reviewed again by the new journal. More
information about this can be found here: https://www.elsevier.com/authors/article-transfer-service.

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

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

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. For more
information see https://www.elsevier.com/copyright.

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

Elsevier has established a number of agreements with funding bodies Which allow authors
to comply with their funder's open access policies. Some authors may  Also be reimbursed
for associated publication fees. To learn more about existing agreements please visit
https://www.elsevier.com/fundingbodies.

This journal offers authors a choice in publishing their research:

Open access

¢ Articles are freely available to both subscribers and the wider public with permitted reuse

e An open access publication fee is payable by authors or on their behalf e.g. by their research
funder or institution

Subscription

e Articles are made available to subscribers as well as developing countries and patient groups
through our universal access programs (https://www.elsevier.com/access).

¢ No open access publication fee payable by authors.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative
Commons user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
as they credit the author(s), do not represent the author as endorsing their adaptation of the
article, and do not modify the article in such a way as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a
collective work (such as an anthology), as long as they credit the author(s) and provided they do
not alter or modify the article.

The open access publication fee for this journal is USD 3500, excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.
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Authors can share their research in a variety of different ways and Elsevier has a number of green open
access options available. We recommend authors see our green open access page for further information
(http://elsevier.com/greenopenaccess). Authors can also self-archive their manuscripts immediately and
enable public access from their institution's repository after an embargo period. This is the version that
has been accepted for publication and which typically includes author-incorporated changes suggested
during submission, peer review and in editor-author communications. Embargo period: For subscription
articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from
the date the article is formally published online in its final and fully citable form.

This journal has an embargo period of 12 months.

Please write your text in good English (American or British usage is accepted, but not a

mixture of these). Authors who feel their English language manuscript may require editing
to eliminate possible grammatical or spelling errors and to conform to correct scientific
English may wish to use the English Language Editing service available from Elsevier's

WebShop (http://webshop.elsevier.com/languageediting/) or visit our customer support site
(http://support.elsevier.com) for more information.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Authors must state in a covering letter when submitting papers for publication the
novelty embodied in their work or in the approach taken in their research. Routine
bioequivalence studies are unlikely to find favour. No paper will be published which does not disclose
fully the nature of the formulation used or details of materials which are key to the performance of a
product, drug or excipient. Work which is predictable in outcome, for example the inclusion of another
drug in a cyclodextrin to yield enhanced dissolution, will not be published unless it provides new insight
into fundamental principles.

Note:
The choice of general classifications such as "drug delivery" or "formulation" are rarely helpful when
not used together with a more specific classification.

Please submit, with the manuscript, the names, addresses and e-mail addresses of at least four potential
reviewers. Good suggestions lead to faster processing of your paper. Please note: Reviewers who do not
have an institutional e-mail address will only be considered if their affiliations are given and can be
verified. Please ensure that the e-mail addresses are current. International reviewers who have recently
published in the appropriate field should be nominated, and their areas of expertise must be stated
clearly. Note that the editor retains the sole right to decide whether or not the suggested reviewers are
contacted.

To aid the editorial process when suggested reviewers are not chosen or decline to review, ensure that
the classifications chosen as the field of your paper are as detailed as possible. It is not sufficient to
state "drug delivery" or "nanotechnology" etc.

PREPARATION

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

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and '‘grammar-check’
functions of your word processor.

Subdivision - numbered sections

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

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

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may
stand alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

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

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. Ensure that the e-mail address is given and
that contact details are kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as a
footnote to that author's name. The address at which the author actually did the work must be retained
as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

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

The abstract must not exceed 200 words.
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A Graphical abstract is mandatory for this journal. It should summarize the contents of the article in a
concise, pictorial form designed to capture the attention of a wide readership online. Authors must
provide images that clearly represent the work described in the article. Graphical abstracts should be
submitted as a separate file in the online submission system. Image size: please provide an image with
a minimum of 531 x 1328 pixels (h x w) or proportionally more, but should be readable on screen at a
size of 200 x 500 pixels (at 96 dpi this corresponds to 5 x 13 cm). Bear in mind readability after
reduction, especially if using one of the figures from the article itself. Preferred file types: TIFF, EPS, PDF
or MS Office files. See http://www.elsevier.com/graphicalabstracts for examples.

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

You can enrich your article by providing a list of chemical compounds studied in the article. The list
of compounds will be used to extract relevant information from the NCBI PubChem Compound
database and display it next to the online version of the article on ScienceDirect. You can include
up to 10 names of chemical compounds in the article. For each compound, please provide the
PubChem CID of the most relevant record as in the following example: Glutamic acid (PubChem
CID:611). The PubChem CIDs can be found via http://www.ncbi.nlm.nih.gov/pccompound. Please
position the list of compounds immediately below the 'Keywords' section. It is strongly
recommended to follow the exact text formatting as in the example below:

Chemical compounds studied in this article

Ethylene glycol (PubChem CID: 174); Plitidepsin (PubChem CID: 44152164); Benzalkonium
chloride (PubChem CID: 15865)

More information is available at: https://www.elsevier.com/PubChem.

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

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

Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Please submit math equations as editable text and not as images. Present simple formulae in line with
normal text where possible and use the solidus (/) instead of a horizontal line for small fractional terms,
e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often more conveniently
denoted by exp. Number consecutively any equations that have to be displayed separately from the text
(if referred to explicitly in the text).

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the article.
Do not include footnotes in the Reference list.

Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity, manipulation for
purposes of deception or fraud will be seen as scientific ethical abuse and will be dealt with accordingly.
For graphical images, this journal is applying the following policy: no specific feature within an image
may be enhanced, obscured, moved, removed, or introduced. Adjustments of brightness, contrast,
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or color balance are acceptable if and as long as they do not obscure or eliminate any information
present in the original. Nonlinear adjustments (e.g. changes to gamma settings) must be disclosed in
the figure legend.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Embed the used fonts if the application provides that option.

e Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

¢ Provide captions to illustrations separately.

¢ Size the illustrations close to the desired dimensions of the published version.

e Submit each illustration as a separate file.

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

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

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is finalized,
please 'Save as' or convert the images to one of the following formats (note the resolution requirements
for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of 500
dpi.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Color artwork

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

Figure captions

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

Please submit tables as editable text and not as images. Tables can be placed either next to the relevant
text in the article, or on separate page(s) at the end. Number tables consecutively in accordance with
their appearance in the text and place any table notes below the table body. Be sparing in the use of
tables and ensure that the data presented in them do not duplicate results described elsewhere in the
article. Please avoid using vertical rules.

Citation in text

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

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to the
sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct.
Please note that incorrect surnames, journal/book titles, publication year and pagination may
prevent link creation. When copying references, please be careful as they may already contain
errors. Use of the DOI is encouraged.

Web references

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

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

Reference management software

Most Elsevier journals have their reference template available in many of the
most popular reference Management software products. These include all products
that support Citation Style Language styles (http://citationstyles.org), such as Mendeley

(http://www.mendeley.com/features/reference-manager) and Zotero (https://www.zotero.org/), as well
as EndNote (http://endnote.com/downloads/styles). Using the word processor plug-ins from these
products, authors only need to select the appropriate journal template when preparing their article, after
which citations and bibliographies will be automatically formatted in the journal's style. If no template is
yet available for this journal, please follow the format of the sample references and citations as shown in
this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the
following link:

http://open.mendeley.com/use-citation-style/international-journal-of-pharmaceutics

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book title,
chapter title/article title, year of publication, volume number/book chapter and the pagination must be
present. Use of DOI is highly encouraged. The reference style used by the journal will be applied to the
accepted article by Elsevier at the proof stage. Note that missing data will be highlighted at proof stage
for the author to correct. If you do wish to format the references yourself they should be arranged
according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al.' and the year of publication. Citations
may be made directly (or parenthetically). Groups of references should be listed first alphabetically, then
chronologically.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et al. (2010)
have recently shown ....'

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by the
letters 'a', 'b', 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:
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Van der Geer, J., Hanraads, J.A.]., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59.

Reference to a book:

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

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

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations:
http://www.issn.org/services/online-services/access-to-the-ltwa/.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum
size of 150 MB. Video and animation files supplied will be published online in the electronic version
of your article in Elsevier Web products, including ScienceDirect: http://www.sciencedirect.com.
Please supply 'stills' with your files: you can choose any frame from the video or animation or make
a separate image. These will be used instead of standard icons and will personalize the link to your
video data. For more detailed instructions please visit our video instruction pages at
https://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be
embedded in the print version of the journal, please provide text for both the electronic and the
print version for the portions of the article that refer to this content.

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

Supplementary material can support and enhance your scientific research. Supplementary files offer the
author additional possibilities to publish supporting applications, high-resolution images, background
datasets, sound clips and more. Please note that such items are published online exactly as they are
submitted; there is no typesetting involved (supplementary data supplied as an Excel file or as a
PowerPoint slide will appear as such online). Please submit the material together with the article and
supply a concise and descriptive caption for each file. If you wish to make any changes to supplementary
data during any stage of the process, then please make sure to provide an updated file, and do not
annotate any corrections on a previous version. Please also make sure to switch off the 'Track Changes'
option in any Microsoft Office files as these will appear in the published supplementary file(s). For more
detailed instructions please visit our artwork instruction pages at
https://www.elsevier.com/artworkinstructions.

Authors have the option of converting any or all parts of their supplementary or additional raw data into
one or multiple Data in Brief articles, a new kind of article that houses and describes their data. Data in
Brief articles ensure that your data, which is normally buried in supplementary material, is actively
reviewed, curated, formatted, indexed, given a DOI and publicly available to all upon publication.
Authors are encouraged to submit their Data in Brief article as an additional item directly alongside the
revised version of their manuscript. If your research article is accepted, your Data in Brief article will
automatically be transferred over to Data in Brief where it will be editorially reviewed and published in
the new, open access journal, Data in Brief (http://www.journals.elsevier.com/data-in-brief). The open
access fee for Data in Brief is $500. For authors who submit in 2015 a reduced fee of $250 will apply.
Please use the following template to write your Data in Brief: https://www.elsevier.com/dib-template.
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Elsevier encourages authors to connect articles with external databases, giving readers access to
relevant databases that help to build a better understanding of the described research. Please refer
to relevant database identifiers using the following format in your article: Database: xxxx (e.g.,
TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN). See https://www.elsevier.com/databaselinking for
more information and a full list of supported databases.

Submission checklist

It is hoped that this list will be useful during the final checking of an article prior to sending it to the
journal's Editor for review. Please consult this Guide for Authors for further details of any item.
Ensure that the following items are present:

One Author designated as corresponding Author:

e E-mail address

¢ Full postal address

¢ Telephone and fax numbers

All necessary files have been uploaded

e Keywords

¢ All figure captions

¢ All tables (including title, description, footnotes) Further considerations:
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