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RESUMO

A galactomanana extraida das sementes de C. grandis representa uma fonte
alternativa para galactomananas principalmente devido a sua capacidade de atuar como
liquido ou como gel. O presente trabalho teve por objetivo a caracterizacdo de géis e
membranas obtidas a partir da galactomanana extraida das sementes de C. grandis, com
ou sem biomoléculas imobilizadas (lectina extraida das sementes de Cratylia mollis —
Cramoll, lactoferrina, peptideos bioativos, fitoesterdis e nanoparticulas de lecitina com
quercetina incorporada), através de analises reoldgicas, fisico-quimicas e mecénicas, além
da avaliacdo das ac¢les citotdxica e cicatrizante destes produtos. A galactomanana foi
extraida por precipitacdo com etanol, enquanto a Cramoll foi obtida por precipitacao salina
seguida por cromatografia de afinidade em Sephadex G-75. As nanoparticulas de lecitina
contendo quercetina foram caracterizadas através da medicdo de diametro das particulas,
grau de polidisperséao, estabilidade e potencial zeta. Os géis de galactomanana (1,7 % p/v),
sem e com Cramoll imobilizada por enclausuramento, tiveram sua estabilidade avaliada ao
longo do tempo por reometria, pH, cor, avaliagdo microbiana e atividade hemaglutinante. O
efeito da concentracdo de diferentes biomoléculas imobilizadas nas propriedades fisico-
guimicas das membranas de galactomanana (0,8 % p/v) foi avaliado através de MEV, FTIR,
propriedades mecénicas e térmicas, cor, conteddo de agua, solubilidade, permeabilidade
ao vapor de agua e angulo de contato. As atividades citotéxica e cicatrizante das
membranas com Cramoll imobilizada foram avaliadas em cultura de fibroblastos e em ratos
machos, respectivamente. Os resultados revelaram que ambos os géis, sem e com Cramoll
imobilizada, demonstraram transparéncia, estabilidade até 30 dias, ndo apresentaram
contaminacdo microbiana e mantiveram o pH proximo da neutralidade, no entanto, as
andlises reoldgicas mostraram que o gel com Cramoll imobilizada perdeu substancialmente
0 seu modulo elastico ap6s 60 dias. Todas as nanoparticulas de lecitina contendo
guercetina (25-150 pg/mL) apresentaram potencial zeta semelhante (-47,14).
Nanoparticulas de lecitina contendo até 50 pg/mL de quercetina apresentaram estabilidade
e tamanho de particula menores quando comparadas aquelas com 75 a 150 pg/mL de
guercetina incorporada; estas apresentaram sinais de precipitacdo apds 48 horas.
Lactoferrina, peptideos bioativos, fitoesterdis e nanoparticulas de lecitina contendo
guercetina, quando imobilizadas em membranas de galactomanana, levaram a producao
de membranas com alta luminosidade e tendéncia ao amarelo, além de apresentarem maior
rigidez, rugosidade e caracteristicas fisicas mais hidrofilicas que as membranas sem
biomoléculas. A avaliacdo in vivo da atividade cicatrizante das membranas de
galactomanana sem e com Cramoll imobilizada revelou uma efetiva regeneracgéo tecidual
em feridas topicas produzidas em ratos machos, no entanto, as membranas com Cramoll
imobilizada foram significativamente mais eficientes, promovendo a completa contragéo
das feridas em apenas 11 dias. Em conclusdo, os resultados obtidos sugerem que a
galactomanana extraida das sementes de C. grandis € uma promissora matriz para a
imobilizacdo de biomoléculas, principalmente no que se refere a utilizacdo de suas
suspensfes em membranas e géis Uteis para as industrias farmacéutica, cosmética e
alimenticia.

Palavras-chave: Caracterizagdo. Imobilizagdo. Polissacarideos.



ABSTRACT

The galactomannan extracted from the seeds of C. grandis represents an alternative
source for galactomannans mainly due to its ability to act as a liquid or as a gel, suggesting
that, due to its rheological properties, it can be used in different biotechnological
applications, such as an effective support for immobilization of biomolecules. The present
study aimed the characterization of gels and membranes prepared from the galactomannan
extracted from C. grandis seeds with and without immobilized biomolecules (lectin extracted
from the seeds of Cratylia mollis - Cramoll, lactoferrin, bioactive peptides, phytosterols and
nanoparticles of lecithin with incorporated quercetin) through rheological, physicochemical
and mechanical analysis, as well as the evaluation of cytotoxic and healing activities of the
above mentioned matrices. The galactomannan was extracted by ethanol precipitation,
while Cramoll was obtained by salt precipitation followed by affinity chromatography on
Sephadex G-75. Lecithin nanoparticles containing quercetin were characterized by
measurement the diameter of the particles, degree of polydispersity, stability and zeta
potential. Galactomannan gels (1.7 %, w/v), with and without immobilized Cramoll, were
evaluated along time by rheometry, pH, colour, microbial contamination and lectin
hemagglutinating activity. MEV, FTIR, mechanical and thermal properties, colour, water
content, solubility, water vapour permeability and contact angle were performed to evaluate
the effect of the concentration of different on the physicochemical properties of
galactomannan membranes (0.8 %, w/v). In addition, the cytotoxic and healing activities of
membranes with immobilized Cramoll were evaluated in culture of fibroblasts and in male
rats, respectively. The results showed that both gels, with and without immobilized lectin,
demonstrated transparency, were stable up to 30 days, presented no microbial
contamination as well as a pH close to neutral, however, rheological data showed that the
gel with immobilized lectin loses its elastic modulus substantially after 60 days. All of the
lecithin nanoparticles containing quercetin (25-150 pg/mL) showed similar zeta potential (-
47.14). Lecithin nanoparticles containing up to 50 uyg/mL of quercetin showed stability and
particles size smaller when compared to those with 75 to 150 ug/mL of incorporated
guercetin; the last one concentrations showed signs of precipitation after 48 hours of
analysis. Lactoferrin, bioactive peptides, phytosterols and lecithin nanoparticles with
incorporated quercetin, when immobilized on galactomannan membranes, lead to
membranes with a strong whiteness tendency as well as a yellowish appearance, roughness
on their surface and physical characteristics more hydrophilic than membranes without
biomolecules (control). In vivo healing activity evaluation of the galactomannan membranes
with and without immobilized Cramoll improved tissue regeneration on topical wounds of
male rats; however, membranes with immobilized lectin were significantly better, promoting
complete wounds” contraction only in 11 days. In conclusion, the obtained results suggest
the galactomannan extracted from C. grandis as a promising matrix for immobilization of
biomolecules, mainly due to the use of their suspensions in membranes and gels useful for
pharmaceutical, cosmetic and food industries.

Key-words: Characterization. Immobilization. Polysaccharides.
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1. INTRODUCAO

Diversos produtos utilizados pela sociedade tém como fonte a flora e a fauna
brasileira. Medicamentos, alimentos, fibras, 0leos naturais e essenciais, cosmeéticos,
produtos quimicos e biocombustivel sdo alguns exemplos dos produtos que podem
ser fabricados a partir das inUmeras classes de compostos quimicos extraidos das
nossas espeécies vegetais e animais. Os polissacarideos representam uma das
classes de maior importancia, pois sdo polimeros naturais extraidos de plantas, algas,
animais, fungos ou obtidos por via fermentativa, com uma ampla gama de aplicagdes,
especialmente nas areas alimenticia, biomédica, farmacéutica e cosmética (CUNHA;
DE PAULA; FEITOSA, 2009).

Galactomananas sao polissacarideos extraidos com elevado rendimento a
partir do endosperma de sementes de leguminosas, onde desempenham fun¢des de
reserva de energia e hidratacdo. Também apresentam propriedades particulares
como massa molar elevada, solubilidade em &gua e caréater ndo-iénico (POLLARD et
al., 2010), além da grande capacidade de moldar filmes/membranas (CERQUEIRA et
al., 2009a; CERQUEIRA et al., 2009b; CERQUEIRA et al., 2011a; MARTINS et al.,
2012) e atuar como agente gelificante (DA LOZZO et al., 2013; PINHEIRO et al.,
2011).

Cassia grandis € uma planta de pequeno a médio porte, pertencente a familia
Leguminosae e a subfamilia Caesalpinioideae, amplamente encontrada na regido da
mata do Brasil. O contetdo de goma soluvel em agua (32 — 34 %) encontrado nas
sementes de C. grandis da india foi reportado por Joshi & Kapoor (2003) como a
principal fonte de galactomanana. Albuquerque et al. (2014) caracterizaram a
galactomanana extraida das sementes de C. grandis do estado de Pernambuco,
Brasil, e observaram que concentragdes menores que 1,5 % (p/v) exibem
comportamento de solucdo polimérica, enquanto concentra¢des maiores associam-se
ao comportamento de um gel fraco. A habilidade de apresentar-se tanto como solucao
guanto como gel sugere gque as caracteristicas fisicas deste polissacarideo podem ser
Gteis em uma gama de aplica¢des biotecnologicas.

Os filmes ou membranas para revestimentos sao definidos como matrizes
preparadas a partir de biomateriais e amplamente utilizadas desde a area

farmacéutica até a alimenticia (BEVERLYA et al., 2008). No campo farmacéutico, por
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exemplo, filmes preparados a base de Policaju (MONTEIRO et al., 2007) e quitosana
(KATO et al., 2003) foram desenvolvidos como curativos para feridas, em virtude das
suas caracteristicas de libertacdo e de adesao. Além disso, eles tém sido aplicados
no desenvolvimento de biossensores, membranas bioldgicas, experimentos
imunologicos e fios de sutura por serem biodegradaveis e biocompativeis
(WATANABE et al., 2005).

Como ampla fonte alternativa na formacdo de filmes poliméricos, a
galactomanana extraida das sementes de C. grandis apresenta propriedades fisicas
particulares para diferentes formulaces filmogénicas, sugerindo sua promissora
utilizacdo como curativo topico de feridas. Além do mais, por ser um polissacarideo
atoxico, hidrofilico, biocompativel, biodegradavel e de acesso facil, esta
galactomanana possui caracteristicas que tornam mais do que viavel a sua utilizacao
como suporte para imobilizac&do de sistemas de liberacédo de drogas, 0s quais possam
potencializar o efeito cicatrizante de feridas.

O gel é uma rede tridimensional obtida através de ligacdes das macromoléculas
envoltas por um solvente, 0s quais suportam a propria massa e mantém a sua forma.
A presenca de ligacdes cruzadas nao covalentes dificulta enormemente a descricdo
das propriedades fisicas dessas redes, devido ao numero e a posi¢ao destas ligacbes
poderem variar com a temperatura e com o tempo. A reversibilidade dos géis fisicos
deve-se, portanto, a natureza das interacfes estabelecidas em sua estrutura
(VALENGA, 2007).

Os géis geralmente apresentam propriedades viscosas e elasticas, com uma
preponderancia do modo elastico. As propriedades funcionais dos polissacarideos
sollveis em agua sao largamente utilizadas na industria. Para a otimizacdo desse
emprego industrial, tornou-se necessario desenvolver métodos que permitissem
prever a estrutura e a funcdo destes polimeros através do conhecimento das
conformacdes adotadas pelos mesmos. Entre os métodos fisico-quimicos utilizados
nessa avaliagdo estdo, por exemplo, as técnicas reoldgicas, que descrevem as
propriedades mecéanicas dos varios materiais, sob varias condicbes de deformacéo,
guando eles exibem a capacidade de escoar e/ou acumular deformacdes reversiveis
(SCHRAMM, 2006).

Existem muitos estudos na literatura relacionados a sinergia que ocorre entre

diferentes misturas de polissacarideos. Géis mistos com dois ou mais biopolimeros
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vém sendo amplamente investigados, com énfase para 0s que utilizam
galactomananas com a finalidade de melhorar propriedades como coeséo, aparéncia,
estabilidade e durabilidade (MENEGUIN, 2012). Entre os exemplos incluem-se agar e
galactomanana (LUCYSZYN et al, 2006; PEREIRA-NETTO et al, 2012),
galactomanana e xantana (SHOBHA; THARANATHAN, 2009), pectina e
galactomanana (WU et al., 2009) e galactomananas ndo convencionais com xantana
e carragenana (PINHEIRO et al., 2011).

Estudos envolvendo a utilizacdo de galactomananas como suportes para
incorporacdo de biomoléculas também ja foram desenvolvidos, por exemplo, com a
importante finalidade de avaliar a liberagdo controlada de suspensdes contidas em
estruturas nanoméricas (ALVAREZ-ROMAN et al., 2001; COMBA; SETHI, 2009).
Pertencente ao grupo de sistemas dispersos em escala nanomérica, nanocapsulas,
nanoparticulas, lipossomas, microesferas, microcapsulas e nanoesferas sédo formas
farmacéuticas que tém por finalidade reduzir os efeitos colaterais de muitas
substancias e ao mesmo tempo aumentar a sua eficacia apos administragdo por
diversas vias, incluindo a cutanea (ANGELI, 2007).

Nesse sentido, o desenvolvimento tecnolégico de novas formas farmacéuticas
em escala nanomérica tem sido uma estratégia promissora para aumentar, de forma
controlada, a penetracdo de farmacos através da pele. A utilizacdo de matrizes da
galactomanana extraida das sementes de C. grandis com estruturas nanoméricas
incorporadas apresentaria, portanto, caracteristicas vantajosas para a aplicacao
tépica, principalmente no que se refere ao contato intimo estabelecido com o estrato
corneo, 0 que possivelmente aumentaria a quantidade de agente encapsulado capaz
de penetrar na pele.

No presente trabalho, a galactomanana extraida das sementes de C. grandis
foi preparada em diferentes concentracdes para formular membranas e géis
potencialmente eficazes na imobilizacdo de biomoléculas. As atividades citotoxica e
cicatrizante foram avaliadas para as formula¢des puras e para as incorporadas com

biomoléculas.
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2. OBJETIVOS

2.1 GERAL

Caracterizar géis e membranas preparados a partir da galactomanana extraida das

sementes de C. grandis, com biomoléculas imobilizadas ou n&o, através de analises

reoldgicas, fisico-quimicas e mecanicas, e avaliar as a¢fes citotdxica e cicatrizante

dos produtos formados.

2.2 ESPECIFICOS

Extrair a galactomanana contida nas sementes de C. grandis;

Produzir géis e membranas a base da galactomanana extraida das sementes
de C. grandis;

Purificar Cramoll 1,4 a partir das sementes de Cratylia mollis Mart. (feijao
Camaratu);

Incorporar Cramoll 1,4 em gel de galactomanana;

Estudar o perfil reolégico dos géis de galactomanana com e sem Cramoll 1,4
incorporada;

Imobilizar por enclausuramento a Cramoll 1,4 em membranas de
galactomanana;

Avaliar o potencial citotéxico da membrana de galactomanana com Cramoll 1,4
incorporada;

Avaliar a atividade cicatrizante da membrana de galactomanana com Cramoll
1,4,

Acompanhar a evolucdo do processo de cicatrizacdo do ponto de vista clinico,
microbioldgico e histopatoldgico;

Imobilizar diferentes biomoléculas (lactoferrina, peptideos bioativos e
fitoesterdis) em membranas de galactomanana;

Caracterizar membranas de galactomanana com biomoléculas imobilizadas de
acordo com suas propriedades fisico-quimicas e mecanicas;

Preparar nanoparticulas de lecitina/quitosana com quercetina incorporada;
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Caracterizar as nanoparticulas de lecitina/quitosana com quercetina
incorporada quanto ao tamanho de particulas, carga de superficie e eficiéncia
de encapsulamento;

Imobilizar nanoparticulas de lecitina/quitosana com quercetina incorporada em
membrana de galactomanana;

Caracterizar membranas de galactomanana com nanoparticulas de
lecitina/quitosana com quercetina incorporada de acordo com suas

propriedades fisico-quimicas e mecanicas.
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3. REVISAO DE LITERATURA

3.1 GALACTOMANANAS
3.1.1 Consideracfes Gerais

Galactomananas (Figura 1) sdo polissacarideos formados por uma cadeia
linear com unidades $-1,4-D-manopiranose substituidas por unidades ligantes a-1,6-
D-galactopiranose, obtidos a partir de fontes microbianas, e principalmente de plantas,
onde desempenham funcdo de reserva e cuja principal fonte € o endosperma das
sementes (Figura 2), com destaque para os membros da familia Leguminosae (DEA;
MORRINSON, 1975). Esta familia possui espécies espalhadas por todo o mundo,
especialmente nas regides tropicais e subtropicais, que variam de arvores emergentes

até ervas diminutas e efémeras (LEWIS et al., 2005).

Figura 1 — Segmento representativo de uma cadeia de galactomanana de origem vegetal

CH,OH

OH (o}

o (1->6) -D- galactose

N

(o]

CH, B (1=>4) -D- mannose

OH OH
OH 0 vy
o q 4 . , 0 0
CH,OH

FONTE: Albuguerque et al. (2016b). M: representacdo das unidades de manose da cadeia

principal em ligagao B (1>4). G: representagéo da substituigdo por unidade de galactose em a (1->6).

Figura 2 — Semente da familia Leguminosae contendo casca, endosperma e gérmen



25

Seed <+——Endosperm
<—Hull
. 4—— Germ
Endosperm
4——— Hull
Germ .

FONTE: Albuquerque et al. (2016a).

Os polissacarideos de sementes sdo exemplos de classes de compostos
naturais que tém contribuido na classificacdo da familia Leguminosae, mas especial
énfase tem sido dada as galactomananas (HEGNAUER; GRAYER-BARKMEIJER,
1993). Segundo a classificacdo de Engler (1964), a familia Leguminosae € dividida
nas subfamilias Caesalpinioideae, Mimosoideae e Faboideae. A utilizacdo de
galactomananas como carater taxonémico tem sido proposta por muitos autores,
levando em consideracédo o rendimento em galactomanana extraida do endosperma
das sementes desta familia, assim como a propor¢ao entre os residuos de manose e
galactose na molécula e os teores destes compostos nas sementes (ROSA et al.,
2009). Outra importante utilidade das galactomananas leva em consideracdo que a
familia Leguminosae é a segunda dentro da classe das dicotiledéneas e a primeira
em importancia econémica. Dea e Morrison (1975) propuseram trés possibilidades
para a distribuicdo das substituicdes de galactose ao longo da cadeia principal de

manana (Figura 3), ou seja, para a estrutura fina da molécula:

Figura 3 — Distribuicao das substituicdes de galactose ao longo da cadeia principal de manana
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FONTE: Albuquerque et al. (2016a). M: representacdo das unidades de manose da cadeia

principal em ligagao B (1>4). G: representagéo da substituigdo por unidade de galactose em a (1->6).

Além de proporcionar diferengas na densidade e na viscosidade das solucdes,
a proporcéo e distribuicdo das unidades de galactose tem papel fundamental na
solubilidade das galactomananas, visto que, a medida que a razdo manose/galactose
diminui, a solubilidade aumenta. Caso nao existam ramificagbes com o
monossacarideo galactose, tem-se uma manana pura ou verdadeira, ou seja, um
polissacarideo constituido de pelo menos 85 a 95% de unidades de manose, cuja
distribuicdo das cadeias ird proporcionar interacdes intermoleculares do tipo ligacao
de hidrogénio entre as hidroxilas cis da manose, levando a formacédo de agregados
completamente insoliveis em agua (ASPINALL, 1959; GOYCOOLEA; MORRIS;
GIDLEY, 1995; STEPHEN, 1983).

A presenca de unidades de galactose produz cadeias ramificadas e realiza o
impedimento estérico entre as ligacdes de hidrogénio intermoleculares, minimizando
a formacdo de agregados. Por outro lado, galactomananas com poucas cadeias
laterais (maior razdo manose/galactose) podem interagir melhor com outros
polissacarideos devido as longas regiées nao substituidas (SRIVASTAVA; KAPOOR,
2005).

3.1.2 Aplicacgéo Biotecnoldgica

As trés principais galactomananas utilizadas comercialmente em indastrias de
alimentos e n&o-alimentos sdo goma guar (Cyamopsis tetragonobus, razao
manose/galactose 1,6), goma tara (Caesalpinea spinosa, razdo manose/galactose

3,3) e goma de feijdo alfarroba (Ceratonia siliqua, razdo manose/galactose 3,75)
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(DAKIA et al., 2008; DEA; MORRISON, 1975; GIDLEY; REID, 2006). Outras
galactomananas comercialmente conhecidas sdo a goma extraida de Cassia tora,
com relacdo manose/galactose de aproximadamente 3,0 (SRIVASTAVA; KAPOOR,
2005) e a galactomanana de feno-grego Trigonella foenum-graecum (razéo
manose/galactose 1,1), comercializadas em menor escala, assim como aquela
extraida das sementes de Prosopis juliflora (razdo manose/galactose 4,2)
(FIGUEIREDO, 1983).

Na industria alimenticia, a goma guar e a alfarroba sdo as espécies mais
utilizadas (DOYLE et al., 2006), enquanto a galactomanana de tara tem sido aceita
como uma alternativa aquelas ja utilizadas (AZERO; ANDRADE, 2002). As principais
utilizacbes sdo como espessantes e substitutos de gordura, além de também
melhorarem a textura e aparéncia dos alimentos e aumentarem a sua resisténcia a
variacfes de temperatura. Em particular, as galactomananas podem ser usadas em
produtos derivados do leite, sobremesas (especialmente sorvetes), geleias, produtos
em po, misturas para bolo e glacé, temperos, molhos, sopas e alimentos enlatados e
congelados (REID; EDWARDS, 1995).

As galactomananas também podem entrar na composicdo de alimentos
dietéticos, uma vez que nao sao digeridas pelo organismo. A adicdo da goma guar em
refeicdes ricas em carboidratos reduz o aumento pos-prandial de glicose e de insulina
no sangue. Além disso, melhorias no metabolismo de carboidratos e lipideos em
pacientes insulino-dependentes e insulino-independentes foram conseguidas usando
preparacdes farmacéuticas de goma guar e alimentos adicionados da mesma goma.
A acao fisiolégica da goma guar parece depender principalmente da sua capacidade
de hidratacdo rapida, conseguindo, assim, aumentar a viscosidade do bolo alimentar
no estbmago e no intestino delgado. A alta viscosidade no intestino delgado diminui a
digestdo e absorcdo de carboidratos, o que tende a reduzir a hiperglicemia po6s
prandial. Também existem estudos de que a goma guar é capaz de diminuir o LDL
sanguineo (BEHR et al., 1998; ELLIS et al., 1991).

Estudos relacionados as propriedades mecanicas e térmicas de filmes a base
de galactomananas também vem sendo amplamente explorados para a aplicacao
biotecnoldgica deste polissacarideo na industria alimenticia, principalmente no que se
refere ao desenvolvimento de revestimentos comestiveis (CERQUEIRA et al., 2011a),

por exemplo, para frutas tropicais (CERQUEIRA et al.,, 2009b) e queijo ricota
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(CERQUEIRA et al., 2009a).

Na industria de cosméticos, as galactomananas sdo utilizadas como
espessantes e estabilizantes em cremes e lo¢cdes (STEPHEN, 1983). Géis mistos com
dois ou mais biopolimeros também vém sendo amplamente investigados, com énfase
para 0s que utilizam galactomananas com a finalidade de melhorar propriedades
CcOmo coesao, aparéncia, estabilidade e durabilidade (MENEGUIN, 2012).

As galactomananas tém sido usadas como matriz na liberagdo controlada de
drogas, a exemplo da formulacdo galactomanana/xantana, que ja foi utilizada como
veiculo de liberacdo controlada de farmacos como diclofenato de sédio e teofilina. As
galactomananas sao adicionadas a comprimidos efervescentes, pois, como Sao
agentes espessantes, formam uma suspenséo estavel, impedindo o assentamento
das particulas, além de promover uma agradavel sensacéo na boca (SCHIERMEIER;
SCHMIDT, 2002; UGHINI et al., 2003; VENDRUSCOLO et al., 2005). Estudos
envolvendo a utilizacdo de galactomananas em géis para incorporacdo de
biomoléculas também j& foram desenvolvidos, por exemplo, com a importante
finalidade de avaliar a liberacdo controlada de suspensdes contidas em estruturas
nanoméricas (ALVAREZ-ROMAN et al., 2001; COMBA; SETHI, 2009).

Galactomananas, em combinagcdo com pectinas, tém sido usadas como
revestimento de capsulas e comprimidos com a finalidade de liberagcédo controlada de
drogas no intestino grosso. Isoladamente, esses polissacarideos ndo podem ser
utilizados como carreadores de drogas ao célon devido a sua solubilidade em agua.
Entretanto, quando o revestimento produzido pela combinacéo de galactomanana e
pectina possui pH 7, ele torna-se elastico e insoluvel em fluidos géastricos e intestinais,
e consegue atravessar o trato gastrointestinal superior, ndo ocorrendo liberacdo da
droga no estbmago e intestino delgado, havendo a liberacdo somente no intestino
grosso (YANG; CHU; FIX, 2002).

As galactomananas também sdo adsorvidas pelas fibras de celulose e por isso
sdo utilizadas na industria de papel, pois melhoram as propriedades mecéanicas do
papel através da regulagcdo do estado de floculagdo na suspensdo de fibras
celulésicas (NEWMAN; HEMMINGSON, 1998; LIMA; OLIVEIRA; BUCKERIDGE,
2003).

Diversas pesquisas ja foram desenvolvidas a cerca da purificacdo, descri¢cao

das propriedades fisicas, quimicas e biologicas, e utilizagcdo de galactomananas
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obtidas de distintas e variadas fontes. Galactomananas de diferentes espécies
vegetais ja foram caracterizadas, a exemplo da Prosopis ruscifolia (BUSCH et al.,
2015), Senna tora (PAWAR; LALITHA, 2014), C. grandis (ALBUQUERQUE et al.,
2014), Dimorphandra gardneriana Tul. (CUNHA et al., 2009), Caesalpinia ferrea var.
ferrea (SOUZA et al.,, 2010a), Caesalpinia pulcherrima, Gleditsia triacanthos e
Adenanthera pavonina (CERQUEIRA et al., 2011b).

O grau de substituicdo de unidades de galactose na cadeia central de manose
€ um carater importante na interacdo das galactomananas com outros polimeros. Um
dos primeiros relatos sobre as caracteristicas e propriedades dos sistemas formados
a partir de misturas bindrias entre galactomananas e outros polissacarideos foram
observados por McCleary et al. (1981), que realizaram analises reoldgicas entre
Xxantana e a galactomanana goma guar e demonstraram que essa interacao diminui
com o aumento do grau de substituicdo das galactomananas. Bresolin et al. (1997)
também avaliaram o efeito sinérgico da xantana com galactomananas de Mimosa
scabrella e Schizolobium parahybum, enquanto que as propriedades reoldgicas de
gelificacdo foram estudadas por Amaral (1998). Mais recentemente, Grisel et al.
(2015), avaliaram o efeito sinérgico das galactomananas goma guar e alfarroba com
a xantana e confirmaram que o impacto de distribuicdo das unidades de galactose ao
longo da cadeia principal de manose esta ligado ao mecanismo de sinergia. Lucyszyn
et al. (2006), por sua vez, aplicaram géis de misturas de galactomananas e agar para
cultivo de células vegetais. Outro gel binario amplamente estudado é constituido por
k-carragenana e galactomanana. Gongalves et al. (1997) observaram que a adicao de
galactomanana melhorou a qualidade do gel quando comparado ao obtido pela k-
carragenana isolada. Em combinacdo com galactomanana, os géis tornaram-se
menos quebradicos, mais resistentes e com menor tendéncia a sinerese. Pinheiro et
al. (2011), por sua vez, quantificaram as interacbes sinérgicas entre as
galactomananas extraidas de Gleditsia triacanthos e Sophora japonica com k-
carragenana e xantana e compararam os resultados obtidos com as tradicionais
galactomananas goma guar e alfarroba; os resultados demonstraram mais uma vez
que o efeito sinérgico dos sistemas depende da razdo entre manose e galactose, e,
além disso, da estrutura fina da galactomanana.

Pode-se perceber que existe uma tendéncia mundial relacionada as pesquisas

desenvolvidas sobre a purificacdo, a caracterizacao e a utilizagao de galactomananas,
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indicando a grande necessidade de encontrar sementes que constituam novas fontes
alternativas para extracdo deste polissacarideo, especialmente para producéo
industrial. Em especial na América Latina, as possiveis fontes de extracdo de
galactomananas sdo pouco conhecidas, apesar da rica biodiversidade da flora local
(CUNHA; PAULA; FEITOSA, 2009).

O Brasil possui fontes ricas de espécies diversificadas para a extracdo de
galactomananas a partir de sementes que poderiam alavancar a comercializacao
deste polissacarideo, além de incluir a melhoria do valor agregado pela utilizacédo de
sementes sem capacidade germinativa. A C. grandis, arvore amplamente encontrada
na regido da mata do Estado de Pernambuco, Brasil, pode ser uma rica fonte
fornecedora de sementes com elevado potencial de rendimento de extracdo de
galactomanana, a qual tem destague importante no ambito do comércio e de

promissoras pesquisas cientificas.

3.1.3 Galactomananas de plantas do género Cassia

O género Cassia apresenta o maior numero de representantes na subfamilia
Caesalpinioideae, a qual corresponde a cerca de 200 géneros e mais de 2250
espécies (LEWIS et al., 2005). As espécies desta subfamilia sdo plantas leguminosas
arbustivas, arbéreas ou trepadeiras das matas, raramente sdo ervas. Apresentam
folhas compostas e frutos leguminosos e estdo muito bem representadas no Brasil
(JOLY, 1998).

Diversos estudos desenvolvidos com espécies do género Cassia
demonstraram importantes atividades biolégicas para extratos obtidos de suas flores,
folhas, vagens e sementes. Para a C. fistula, foram reportadas atividades larvicida
(DURAIPANDIYAN; IGNACIMUTHU; PAULRAJ, 2011), antidiabética (DAISY et al.,
2010), antifertilizante (CHAUHAN; AGARWAL, 2010), anticancer (DURAIPANDIYAN
et al., 2012), antioxidante e antibacteriana (SURESH et al., 2015). C. tora apresentou
atividades antimicrobiana e antioxidante (SARAVANAKUMAR et al., 2015), enquanto
atividade antidiurética foi observada para C. occidentalis (NTCHAPDA et al., 2015).
Esta ultima também apresentou atividade antioxidante, assim como C. obstusifolia
(VADIVEL; KUNYANGA; BIESALSKI, 2011) e C. hirsuta (VADIVEL; NANDETY;
BIESALSKI, 2011).

As galactomananas obtidas por espécies de plantas do género Cassia
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merecem importante destaque devido as diversas aplicacdes as quais se destinam,
tanto de forma isolada ou associadas a demais produtos, inclusive outras
galactomananas. Por exemplo, o enorme interesse médico a cerca destes
polissacarideos esta relacionado ao seu bom valor terapéutico na medicina popular
(LODHA et al., 2010).

Algumas possiveis fontes de galactomananas foram identificadas em C. alata,
C. angustifolia, C. didymobotrya, C. grandis, C. nodosa, C. occidentalis, C. saemaea,
C. hirsuta e C. spectabilis, cujas sementes, geralmente de tamanho médio e contendo
mais de 40% de endosperma, sdo consideradas, portanto, preferiveis para a
exploragédo comercial (SRIVASTAVA; KAPOOR, 2005).

3.1.4 Cassia grandis

Cassia grandis é a maior espécie brasileira do género Cassia. O nome do
género Cassia é hebraico ou grego e grandis significa grande, visto que sua vagem
pode atingir 60 cm de comprimento. Pertence a Divisdo Magnoliophyta
(Angiospermae), a Classe Magnoliopsida (Dicotiledonae), a Ordem Fabales e a
Familia Caesalpiniaceae (Leguminosae: Caesalpinioideae). Trata-se de uma arvore
caducifélia com 10 a 15 m de altura e podendo atingir dimensées proximas a 30m de
altura na idade adulta. Apresenta fruto (legume) lenhoso indeiscente, cilindrico,
irregular, geralmente com 11 a 60 cm de comprimento e 36 a 50 mm de diametro, de
duas suturas longitudinais e nervuras salientes e grossas, que ligam as suturas.
Quebrando o pericarpo de seus frutos, aparecem 0s septos circulares que separam
as sementes, e uma massa preta, pegajosa e adocicada. O fruto maduro é marrom-
escuro externamente e contém muitas sementes com aspecto oval e bastante duras,
aplainada de um lado e carinada do outro, brilhante, castanho-amarelo-claro, com

excisdo no hilo de até 1 cm de comprimento (CARVALHO, 2003).

Figura 4 — Flores e Fruto com sementes de Cassia grandis
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FONTE: Disponivel em: <http://www.tramil.net/fototeca/imageDisplay.php?id_elem=112>.
Acesso em: 12 ago. 2015.

Além do Brasil, C. grandis ocorre de forma natural no sul do México, Costa Rica,
Honduras, Panama, Porto Rico, Colémbia, Guiana, Guiana Francesa, Peru, Suriname
e na Venezuela (CARVALHO, 2003). Outros paises e localidades em que pode ser
encontrada s@o Trinidad e Tobago, Havai, Jamaica e Cuba (CORREA; BERNAL,
1990), assim como na india, onde foi introduzida como uma arvore ornamental em
jardins e avenidas, devido a sua sombra (JOSHI; KAPOOR, 2003). Segundo Carvalho
(2003), C. grandis ocorre nos seguintes estados brasileiros: Amazonas, Amapa,
Bahia, Maranh&o, Mato Grosso, Mato Grosso do Sul, Para, Paraiba, Pernambuco, Rio
de Janeiro, Roraima, Sergipe e Tocantins.

C. grandis pode ser empregada na alimentagdo humana e animal, bem como
para fins medicinais, ornamentais, veterinarios, entre outros. Os frutos da C. grandis,
por exemplo, geralmente sdo deixados no pasto (CARVALHO, 2003) e usados na
forragem (BODOWSKI, 1984). Em relacdo ao consumo humano, o fruto ndo €
totalmente aceito devido a polpa amarga e adstringente com cheiro forte de sarro
(VIEIRA, 1992), porém, ainda assim, apresenta ampla distribuicdo na forma silvestre
e em areas campestres, além da possibilidade de comércio da espécie (BODOWSKI,
1984; CORREA; BERNAL, 1990; MUTCHNICK; McCARTHY, 1997).

Segundo Santana et al. (2002), as sementes de C. grandis possuem um alto
potencial de uso na elaborac¢éo de colares, brincos e cortinas, e Duarte (1979) sugere
seu emprego na arborizac&o urbana, em parques e estradas, indicando seu potencial
agroflorestal principalmente recomendado para as zonas secas. Devido ao seu grande
porte e ao peso e tamanho de seus frutos, no entanto, Brandao et al. (2002) sugerem

gue ela seja utilizada apenas em parques e grandes jardins.
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A aplicagcdo medicinal de C. grandis é sugerida contra o sorotipo 2 do virus da
dengue (HERNANDEZ-CASTRO; DIAZ-CASTILLO; MARTINEZ-GUTIERREZ, 2015),
como promotor da diurese (LODHA et al., 2010), contra vermes e parasitas intestinais
(LENTZ et al., 1998), doencas gastricas (BHAMARAPRAVATI et al.,, 2003),
sanguineas (PARRA; SADINAS, 2000), respiratorias (FREI et al., 1998) e de pele
(CACERES et al., 1991; SALINAS; GRIJALVA, 1994).

Joshi e Kapoor (2003) citam que as sementes contém aproximadamente 50%
de endosperma gomoso e possuem as caracteristicas de se tornarem uma fonte em
potencial de galactomanana, que é utilizada em larga escala para o consumo
internacional. Algumas industrias, tais como farmacéuticas, de minas e refinarias de
petréleo, téxtil, de papel e cosmética utilizam essa matéria-prima por ser uma fonte
barata, ecoldgica, ndo-téxica e considerada GRAS (Geralmente Reconhecida como
Segura).

Albuquerque et al. (2014) extrairam eficientemente a galactomanana contida
nas sementes de C. grandis colhidas da zona da Mata do estado de Pernambuco,
Brasil, obtendo um rendimento de extracdo de 36 + 8 % e uma razao
manose/galactose de 2,44. Uma extensiva caracterizacdo reoldgica demonstrou que
a galactomanana exibe um platé Newtoniano a baixas concentra¢des, seguido por um
comportamento de solugdo polimérica e, ap0s a faixa de transicdo préxima a 1,7 %
(p/v) de concentracdo, o sistema adquire um estado de gel. Considerando tais
resultados, a habilidade de apresentar-se tanto como solucdo quanto como gel

permite uma ampla gama de aplicagbes das solu¢des aquosas da galactomanana.

3.2 LECTINAS

O termo lectina, proveniente do latim legere (pegar, escolher), foi primeiro
empregado por Boyd e Shapleigh, em 1954, para descrever aglutininas grupo
sanguineo-especificas encontradas em sementes e outras partes de determinadas
plantas. Atualmente, as lectinas representam uma classe de (glico)proteinas de
origem ndo imune e amplamente distribuidas na natureza.

A caracteristica fundamental das lectinas € a habilidade de ligar-se
especificamente a carboidratos. O reconhecimento e a associacdo a essas
biomoléculas ocorrem de forma reversivel e com alta afinidade e especificidade

(SILVA et al., 2011), permitindo o desempenho de atividades biolégicas particulares
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pelas lectinas. O mecanismo de acdo deste reconhecimento acontece de acordo com
o0 modelo chave-fechadura (KENNEDY et al., 1995), onde as lectinas fazem uso de
uma série de diversas interagfes quimicas fracas para produzir um reconhecimento
altamente seletivo aos carboidratos ligados a uma superficie (SHARMA; SUROLIA,
1997).

As lectinas podem ser monovalentes (um sitio ligante glicidico por monémero),
ou multivalentes (dois ou mais sitios de ligacdo para acUcar). Devido a tais
propriedades ligantes, as lectinas sdo capazes de promover a aglutinacéo de células
animais e de plantas e a precipitacdo de polissacarideos, glicoproteinas,
peptidoglicanos, &acido teicdico, glicofosfolipidios, etc (LIENER et al., 1986). Analises
detalhadas demonstraram que as lectinas s&o um grupo grande e heterogéneo de
proteinas que diferem fortemente quanto a especificidade aos carboidratos, estrutura
molecular e atividade biol6égica (VAN DAMME et al., 1996), no entanto, é importante
ressaltar que, além do sitio ligante para o carboidrato especifico, algumas lectinas
também possuem um segundo tipo de sitio ligante que interage, por exemplo, com
bases nitrogenadas (SINGH.; TIWARY; KENNEDY, 1999).

Os mondmeros mono ou multivalentes das lectinas estabelecem uma ponte
ligante entre as células, formando uma rede que se aglutina. Esse fendmeno € uma
das ferramentas auxiliares na avaliagcdo da atividade das lectinas, uma vez que a
aglutinacéo pode ser facilmente observada apds um periodo de incubacéo adequado.
Grande parte das lectinas se liga aos carboidratos presentes na superficie dos
eritrécitos, permitindo, portanto, a determinacao da presenca da lectina pela formacao
de uma rede de aglutinacdo. Esta avaliacdo € denominada de Atividade
Hemaglutinante (AH) (CORREIA; COELHO; PAIVA, 2008).

As atividades biologicas atribuidas as lectinas despertam o interesse destas
moléculas pela investigacdo cientifica, ou seja, elas sdo utilizadas para explorar
superficies celulares, ligando-se a porcdo carboidrato de glicoproteinas ou
glicofosfolipidios que se projetam da célula (UENO; LIM, 1991). Ainda por sua
versatilidade, as lectinas tém sido estudadas quanto a atividade antitumoral (ARAUJO
et al., 2011; NOLTE et al., 2012), inseticida (ARAUJO et al.,, 2012; ATALAH;
SMAGGHE; VAN DAMME, 2014; OLIVEIRA et al., 2011) e antimicrobiana (COSTA et
al., 2010; FERREIRA et al.,, 2011; QU et al.,, 2015); deteccdo e separagdo de
glicoconjugados (LANZA et al., 2015); acdo mitogénica (VIKRAM et al., 2010), entre
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outras.

Em funcdo da capacidade de interagir com carboidratos, as lectinas foram
classificadas em especificas e ndo especificas. A especificidade da lectina € definida
em termos do monossacarideo ou oligossacarideo que inibe as reacbGes de
precipitacdo ou aglutinacao induzidas por elas (KOMPELLA; LEE, 2001). Por existirem
plantas que possuem duas ou mais lectinas que diferem na especificidade, Sharon e
Lis (1987) denominaram estas lectinas de isolectinas, que sao definidas como um
grupo de proteinas intimamente relacionadas, resultantes da expressao de diferentes
genes, com estruturas semelhantes em uma mesma espécie, e que apresentam
formas moleculares com mobilidade eletroforética diferente. O termo isoforma foi
proposto para lectinas pertencentes a mesma espécie, cuja heterogeneidade de
origem genética ndo foi bem definida (PAIVA; COELHO, 1992).

Apesar de muitas plantas possuirem uma lectina com especificidade para um
Unico carboidrato, sdo conhecidas plantas que contém lectinas com especificidade
para acucares diferentes. A Cramoll € uma delas: lectina extraida de sementes de
Cratylia mollis Mart. (feijjao Camaratu), uma planta nativa do Nordeste Brasileiro e
pertencente & familia Leguminosae. E fortemente inibida por metil a-D-manosideo e,
de acordo com a classe de lectinas ligantes de glicose/manose, similar as lectinas
isoladas da Canavalia ensiformis (Concanavalina A ou ConA) e Lens culinaris (lectina
de lentilha) (LIMA et al., 1997). Quatro formas mudltiplas foram purificadas das
sementes desta planta (Cramoll 1, Cramoll 2, Cramoll 3 e Cramoll 4), porém é possivel
desenvolver preparacdes que contenham multiplos 1 e 4 associados, caracterizando
a Cramoll 1,4 (CORREIA; COELHO, 1995).

Estudos desenvolvidos com a isoforma 1,4 da Cramoll demonstraram seu perfil
imunomodulatério (SILVA et al., 2015), capacidade de producédo de IFN-y e de 6xido
nitrico (MELO et al., 2010a), atividade antitumoral (ANDRADE et al., 2004), atividade
mitogénica em linfécitos humanos (MACIEL et al., 2004; MELO et al., 2010b) e
atividade cicatrizante (MELO et al., 2011).

3.3 LACTOFERRINA

A lactoferrina (Lf), descrita pela primeira vez na literatura cientifica ha
aproximadamente 50 anos, € uma glicoproteina monomérica e globular com carater
basico e pertencente a familia das transferrinas (GARCIA-MONTOYA et al., 2012). A
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Lf & produzida por células epiteliais mucosas em varias espécies de mamiferos, sendo
encontrada nos humanos em secre¢fes mucosas incluindo lagrimas, saliva, fluidos
vaginais, sémen, secre¢des nasais e bronquicas, bile, fluidos gastrintestinais, urina e
mais frequentemente no leite e colostro; na verdade, Lf € a proteina mais abundante
no leite apds a caseina. Também pode ser encontrada em fluidos corporais, como
plasma sanguineo e liquido amnidtico, e em quantidades consideraveis em granulos
de neutrofilos secundarios, onde desempenha um papel fisiolégico significativo
(GONZA-LEZ-CHAVEZ; AREVALO-GALLEGOS; RASCON-CRUZ, 2009).

Lf possui uma excelente afinidade de ligacdo ao ferro, sendo a Unica
transferrina com capacidade de reter este metal em uma ampla faixa de pH, incluindo
meios extremamente acidos. Também exibe maior resisténcia a protedlise (AISEN;
LEIBMAN, 1972). Além dessas diferencas, a carga positiva liquida da Lf e sua
distribuicdo em varios tecidos fazem dela uma proteina multifuncional, isto €, esta
proteina possui atividades bioldgicas importantes, como regulacdo da absor¢cédo de
ferro no intestino, atividade anticancerigena, anti-inflamatéria e moduladora
imunologica, bem como propriedades antimicrobianas contra um grande numero de
microrganismos. Tais propriedades devem-se principalmente a sua capacidade de se
ligar ao ferro e de interagir com compostos celulares e moleculares de hospedeiros e
patdgenos (GONZA-LEZ-CHAVEZ; AREVALO-GALLEGOS; RASCON-CRUZ, 2009).

A atividade antimicrobiana da Lf tem sido amplamente reportada na literatura
cientifica contra bactérias (Gram + e Gram-), fungos, leveduras, virus e parasitas,
além de também promover o crescimento de bactérias benéficas a flora humana,
como Lactobacillus e Bifidobactéria. Geralmente, dois mecanismos de acdo estdo
associados a atividade antimicrobiana da Lf: o primeiro € o sequestro de ferro em
locais de infec¢do, o0 que priva o microrganismo deste nutriente, criando assim um
efeito bacteriostatico; o outro mecanismo € a interagdo direta da molécula de Lf com
0 agente infeccioso através da interacdo dos aminodacidos positivos na glicoproteina
com moléculas anibnicas em algumas superficies bacterianas, virais, fangicas e
parasitarias, causando a lise celular (SHERMAN, 2004; YAMAUCHI et al., 2006).

Considerando as atividades biolégicas da Lf, aléem das atuais necessidades
farmacéuticas e nutricionais da populagcéo, compreende-se o crescente aumento nas
pesquisas cientificas relacionadas a esta glicoproteina, principalmente no que se
refere a sua produgéo, seja isolada do leite (RACHMAN; MAHESWARI; BACHROEM,



37

2015) ou obtida por engenharia genética (HWANG; KRUZEL; ACTOR, 2016), e das
aplicac6es biotecnoldgicas testadas com Lf livre (SRIRAMOJU; KANWAR; KANWAR,
2015) ou imobilizada em suportes das mais variadas fontes (BOURBON et al., 2016;
KIM et al., 2014).

3.4 PEPTIDEOS BIOATIVOS

Peptideos bioativos (BAPs) sédo fragmentos especificos de proteinas com
aproximadamente 2 a 30 aminoacidos e baixo peso molecular. Podem ser obtidos
através de fontes alimentares como ovo, leite, peixe, soja, carne ou sangue. Os BAPs
sdo inativos dentro da sequéncia da proteina parental, porém tém um impacto positivo
nos sistemas do corpo humano, com atividades semelhantes a drogas e/ou hormaonios
capazes de modular fungdes fisiologicas através da ligacdo a receptores especificos
de células-alvo, levando a inducao de respostas fisiologicas (DI BERNADINI et al.,
2011; LAFARGA; HAYES, 2014).

BAPs sdo conhecidos por possuirem atividade antimicrobiana, antioxidante,
antitrombdtica, anti-hipertensiva, anticancerigena, reguladora da saciedade e
imunomoduladora, podendo afetar os sistemas cardiovascular, imunolégico, nervoso
e digestivo (DI BERNARDINI et al., 2011; MARS; STAFLEU; DE GRAAF, 2012). Com
relacdo aos efeitos descritos no sistema cardiovascular, os peptideos bioativos séo
capazes de induzir uma atividade anti-hipertensiva através da inibicdo da enzima
conversora de angiotensina, uma enzima chave na regulacéo da presséao arterial que
converte a angiotensina | em angiotensina Il, um potente vasoconstritor
(NONGONIERMA; FITZGERALD, 2015a).

O numero de estudos publicados na literatura sobre a utilizacdo de BAPs em
seres humanos tem aumentado nos ultimos anos. Tal fato pode ser explicado pelo
crescente interesse da comunidade cientifica, industrial e de satude na aplicacéo de
componentes naturais para o aperfeicoamento da saude, um fenémeno
particularmente relevante no contexto em que as doengas metabdlicas e suas
complicagbes estdo aumentando em todo o mundo. Os BAPs do leite ou de outras
proteinas alimentares, isolados ou em combinagdo com farmacos (NONGONIERMA,;
FITZGERALD, 2015b), podem encontrar aplicacdo como alternativa natural as drogas
por atuarem como agentes preventivos de varias doencas em humanos (LI-CHAN,

2015; SAADI et al., 2015). Isto pode ajudar, inclusive, a evitar os efeitos secundarios
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observados em muitos farmacos. As atividades anti-hipertensiva, opioide, saciante e
reguladora de glucose no soro sanguineo tém sido particularmente estudadas, no
entanto, a avaliacdo bioatividade dos BAPs em humanos, seja com os peptideos em
forma livre ou imobilizados em alguma matriz, ainda é dificil de se estabelecer e requer

mais estudos.

3.5 FITOESTEROIS

Os esterais vegetais, também chamados fitoesterdis, séo relatados na literatura
como mais de 250 esterdis distintos e compostos relacionados em varios materiais
vegetais e marinhos; além disso, possuem estruturas quimicas e fungdes biol6gicas
semelhantes as do colesterol e, portanto, desempenham um papel importante na
estrutura e funcdo das membranas celulares (PIIRONEN et al., 2000).

Os fitoesterodis contém grupamentos quimicos adicionais a sua estrutura, como
o metilo, o etilo, ou ligacdo dupla, e sdo conhecidos por terem propriedades
hipocolesterolémicas. Os analogos dos fitoesterdis sdo indicados para diminuir a
absorcao de colesterol e, assim, o nivel de colesterol no soro em humanos, levando a
beneficios cardiolégicos para os usuarios. Em geral, a dieta humana contém
aproximadamente 200-300 mg/dia de fitoesterdis; quanto maior for o consumo de
fitoesterois a partir da dieta, menor € a absorgdo de colesterol e menor sera seu nivel
sérico (CHEN et al., 2015).

Fitoester6is sdo comumente adicionados a alimentos convencionais ou
suplementos alimentares com o objetivo de reduzir o risco de doengas coronarianas
em humanos (SRIGLEY; HAILE, 2015). A apresentacdo destes esterdis em
formulacbes farmacoldgicas, tanto na forma livre quanto imobilizada em suportes
poliméricos, representa uma inovacao biotecnoldgica e requer mais investigacdes

cientificas.

3.6 FLAVONOIDES

Os flavonoides compreendem um grupo de compostos fendlicos complexos
gue apresentam uma estrutura em comum, composta por dois anéis aromaticos e um
grupo heterociclico oxigenado (DIJK; DRIESSEN; RECOURT, 2000). As diferencas
entre cada componente deste grupo estdo relacionadas a variagdo no niumero e na

posi¢do dos grupamentos hidroxila da molécula, além de modificacbes nos ndcleos e
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grau de metilacéo e glicosilacdo que sofrem (DUGAS et al., 2000). Sdo encontrados
como componentes integrais da dieta humana e possuem propriedades antioxidantes
(SAIT et al., 2015; SHARMA et al., 2015), antiinflamatérias (MASCARAQUE et al.,
2014), antimicrobianas (AKHAVAN; JAHANGIRI; SHAFAGHAT, 2015; PERALTA et
al., 2015), antitumorais (SEGUIN et al., 2013), entre outras.

Antioxidantes referem-se a substancias que tém por caracteristica diminuir ou
bloquear as reacdes de oxidacao induzidas por radicais livres (RL), 0os quais sao
caracterizados como moléculas instaveis liberadas em funcbes metabdlicas de
geracao de energia. Por possuirem um elétron desemparelhado em seu orbital mais
externo, estas espeécies quimicas séo altamente reativas e dotadas de facilidade de
produzir um campo magnético; atuam como agentes redutores, quando doam um
elétron, ou como agentes oxidantes, ao ganharem um elétron em diferentes condi¢cdes
(RATNAM et al., 2006).

Os RL séo formados em todas as organelas e compartimentos intracelulares
pela acdo de fagdcitos contra agentes invasores, por regulacdo de fatores de
crescimento envolvidos em respostas proliferativas ou, ainda, para desempenhar
funcdes de sinalizacao celular (FINKEL; HOLBROOK, 2000; VALKO et al., 2007). A
geracdo de RL é fundamental para a homeostase de células e tecidos, uma vez que
cada organela e/ou compartimento possui alvos de dano oxidativo, além de abrigarem
mecanismos préprios para eliminacdo do excesso destes radicais (SHIN et al., 2008).

NossoO organismo possui substancias que tém por objetivo estabelecer um
equilibrio harmdnico entre a presenca das moléculas oxidantes, as antioxidantes e a
pele. Quando existe um desequilibrio entre as espécies reativas produzidas e as
reservas antioxidantes, instala-se o estresse oxidativo (CHOW, 2002), que provoca
danos importantes em nivel celular: (1) RL atacam as membranas celulares; (2)
danificam a mitocondria, prejudicando a producéo de energia; (3) interagem com as
moléculas de proteina, danificando sistemas metabdlicos cruciais, e (4) fragmentam o
DNA, provocando mutacbes variadas e, muitas vezes, divisbes celulares
descontroladas.

Vérias substancias podem ser definidas como RL, porém o maior interesse é
pelas espécies reativas de oxigénio (ERO). O termo ERO inclui ndo somente RL, mas
também espécies ndo radicalares derivadas do oxigénio, a exemplo do peréxido de

hidrogénio, que leva a formacdo da hidroxila (ADEGOKE et al., 1998). Embora a
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geracdo enddgena de ERO esteja atrelada as atividades metabdlicas normais, varios
estimulos ambientais como radiacdo ultravioleta (UV), agentes quimicos toxicos,
radiacao ionizante e hipertermia podem gerar altos niveis destas espécies, levando a
um desequilibrio na homeostase de células e tecidos (FINKEL; HOLBROOK, 2000).
Quando o estresse € severo, a sobrevivéncia depende da habilidade das células
adaptarem-se ou resistirem a ele e reparar ou remover as moléculas danosas e
danificadas. Alternativamente, as células podem responder ao dano entrando em
processo de apoptose (PORTUGAL et al., 2007).

Com o objetivo de minimizar os efeitos danosos das ERO, os organismos
desenvolveram evolutivamente sistemas antioxidantes enziméaticos e néo
enzimaticos. No primeiro grupo, estdo enzimas enddgenas como a superéxido
dismutase (SOD), a glutationa peroxidase (GPX) e a catalase (CAT), as quais
protegem diretamente contra o radical O2" e o peroxido de hidrogénio, neutralizando-
0S ou convertendo-0s em espécies menos reativas (LIPTON, 1999; RATNAM et al.,
2006). Entre as defesas ndo-enzimaticas, diversos estudos reportam a acdo
antioxidante das vitaminas C e E (RENDON-RAMIREZ et al., 2014; KARTHIKEYAN
et al., 2014), glutationa (MAIN et al.,, 2012), acido urico (FABBRINI et al., 2014;
ITAHANA et al., 2015), melatonina (AGUILERA et al., 2015; DING et al., 2014),
carotendides (GOMEZ-ESTACA et al., 2015; ROSALIE et al., 2015) e a quercetina
(RAVICHANDRAN; RAJENDRAN; DEVAPIRIAM, 2014; SOUZA et al., 2014; TAN et
al., 2011).

A quercetina € um dos representantes de compostos polifendlicos mais
estudados. Pertence a subfamilia dos flavonéis e tem um excelente potencial
antiradicalar, que esta relacionado a capacidade de transferir elétrons aos RL, inibir a
peroxidacao lipidica, quelar ions metalicos, ativar enzimas antioxidantes, reduzir
radicais a-tocoferois, inibir oxidases, proteger o DNA e sequestrar peroxinitrito
(HERTOG; HOLLMAN, 1993; OHSHIMA et al., 1998).

O uso tépico de formulacdes contendo quercetina sugere uma potencial
aplicacdo biotecnoldgica deste antioxidante frente aos danos induzidos por ERO, a
exemplo das espécies geradas pela radiacao ultravioleta (UV). A insolubilidade da
guercetina em agua, no entanto, dificulta sua permeacao na pele, limitando o seu
poder de protecédo ao tecido (TAN et al.,, 2011). O desenvolvimento de sistemas

capazes de transportar quercetina através da pele, para exercer as atividades de
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antioxidacdo e protecdo contra o estresse oxidativo, é de grande importancia na

profilaxia e terapéutica de doencas de pele variadas.

3.7 IMOBILIZACAO DE BIOMOLECULAS

Enzimas, anticorpos, proteinas, receptores celulares e drogas sao exemplos de
biomoléculas que ja foram imobilizadas por meio quimico ou fisico em diferentes
suportes biomateriais, para aplicacfes que vao das areas terapéutica e diagnostica,
até meétodos de separacao e outros bioprocessos.

Entre as diferentes classes de biomateriais que podem ser utilizados como
suportes, os polimeros tém interesse especial devido aos grupos reativos dispostos
em sua superficie ou aos grupos que, sofrendo qualquer derivatizagdo, podem ligar-
se covalentemente a biomoléculas. Além disso, uma vantagem dos suportes
poliméricos para biomoléculas esta relacionada as diferentes formas de fabricacéo
destes sistemas, incluindo filmes, membranas, tubos, fibras, particulas, cdpsulas e
estruturas porosas (HOFFMAN; HUBBEL, 2004).

Os varios métodos de imobilizacdo empregados baseiam-se nas ligacfes
fisicas ou quimicas entre a biomolécula e o suporte polimérico. Os mais utilizados séo:
adsorcao fisica (interacbes hidrofébicas, pontes de hidrogénio ou forcas de van der
Waals) e quimica (ligacao covalente ou ibnica), imobilizacdo por confinamento em
matriz e ligacéo cruzada. Importante observar que o termo imobilizacao refere-se tanto
a uma localizacao transitoria quanto a uma imobilizacdo permanente da biomolécula
dentro ou sobre o suporte polimérico utilizado. Ainda mais, se o0 suporte polimérico for
biodegradavel, a biomolécula imobilizada pode ser liberada pela degradacao da matriz
(HOFFMAN; HUBBEL, 2004).

Atualmente, diversas publicacdes cientificas reportam os polissacarideos como
polimeros eficientes para imobilizacdo de biomoléculas, por exemplo, filmes de
quitosana de origem animal e microbiana, adicionados com o plasticizante glicerol,
foram utilizados para a imobilizagdo de bromelina por Zappino et al. (2015), os quais
sugeriram os filmes de quitosana de baixo peso molecular como adequados para
aplicagdo na industria vinicola. Elchinger et al. (2015), por sua vez, imobilizaram
proteases em filmes de quitosana e observaram um excelente efeito anti-biofilme,
especialmente contra culturas de Staphylococcus. As areas de bioengenharia e

medicina também reportaram inovag¢des, como a combinacdo de quitosana, gelatina
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e alginato com nanotubos de carbono para imobilizacdo de proteinas (DERKUS;
EMREGUL; EMREGUL, 2015). A imobilizacdo de biomoléculas em matrizes
poliméricas também foi desenvolvida para a escala micro, a exemplo do trabalho que
desenvolveu um biosensor de glicose por meio da imobilizac&o de glicose oxidase em
particulas de quitosana (ANUSHA et al., 2015), além das microparticulas de gel que
foram produzidas a partir de lactoferrina e alginato (BOKKHIM et al., 2016).
Considerando os resultados acima mencionados, nota-se que na maioria das
pesquisas desenvolvidas com polissacarideos para imobilizacdo de biomoléculas, as

galactomananas ainda sdo pouco exploradas.

3.7.1 Géis como suportes de imobilizacao

Géis sao sistemas semi-sélidos onde pequenas quantidades de solido séo
dispersas em quantidades relativamente maiores de liquido, caracteristica que
garante uma natureza mais sélida do que liquida ao sistema (KLECH, 1990). Uma
interpretagéo inadequada, mas bastante comum na ciéncia de polimeros, é o uso dos
termos gel e hidrogel como sinbnimos, pois mesmo que géis e hidrogéis sejam redes
poliméricas quimicamente semelhantes (Figura 5), eles apresentam estruturas fisicas
particularmente distintas (GUPTA; VERMANI; GARG, 2002). Hidrogéis séo
caracterizados como uma rede de ligacdes cruzadas de polimeros hidrofilicos com
capacidade de absorver grandes quantidades de agua e inchar, embora mantenham
a sua estrutura tridimensional (3D). Por vezes, os hidrogéis sao também descritos
como géis aquosos devido ao prefixo hidro, embora o termo hidrogel implica um
material ja inchado em agua (GEHRKE; LEE, 1990).

Figura 5 — Polimero formando gel e hidrogel, mostrando diferentes comportamentos em meio
aquoso. Os circulos fechados representam ligagBes covalentes, enquanto os circulos abertos

representam ligagdes virtuais formadas por emaranhamento.



43

@ Gel @ Hydrogel

Dissolved polymer swollen polymer

FONTE: Albuquerque et al. (2016a).

Embora alguns géis sejam suficientemente rigidos para manter sua estrutura
sob baixas tensdes, apds exceder um determinado valor limite, a fluidez do gel
desponta como uma caracteristica atrelada a perca da estrutura polimérica. Os
hidrogéis conseguem inchar em meio aquoso pelas mesmas razées que um polimero
linear analogo consegue se dissolver em agua para formar uma solucdo polimérica.
Portanto, a caracteristica central da formacdo de um hidrogel é sua inerente
reticulacdo (capacidade de formar cross-links). Géis convencionais também podem
desenvolver pequenos niveis de cross-links, como resultado do ganho de energia sob
a influéncia de forcas de tensdo, mas este processo é reversivel devido ao
envolvimento de forcas fisicas fracas (GUPTA; VERMANI; GARG, 2002).

Moléculas biologicamente ativas como proteinas, peptideos, sacarideos,
lipideos, drogas, hormonios, receptores de superficie celular, conjugados,
nucleotideos e acidos nucléicos podem ser quimica ou fisicamente imobilizadas em
suportes poliméricos. Em relacdo a geéis e hidrogéis, as biomoléculas podem ser
imobilizadas na superficie exterior do gel ou dentro da rede polimérica do hidrogel
(HOFFMAN; HUBBELL; 2004).

Aplicagdes que vao desde a industria alimenticia até a farmacéutica tém
utilizado géis desenvolvidos a base de polimeros como matrizes de liberagdo de
compostos. A galactomanana das sementes de Mimosa scabrella Bentham, por
exemplo, foi preparada em formulagbes com xantana e testada como matriz hidrofilica
para liberacdo de teofilina (UGHINI et al., 2004) e diclofenaco de sodio
(VENDRUSCOLDO et al., 2005). Koop et al. (2009) utilizaram a galactomanana desta
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mesma espécie como matriz para estabilizacdo do acido ascorbico. A goma do feijao
alfarroba foi misturada com xantana e avaliada quanto a promocéao da estabilidade de
emulsbes (MAKRI; DOXASTAKIS, 2006) e Rocha et al. (2012) utilizaram silica e
quitosana para imobilizar fungos dos géneros Aspergillus e Penicilium.

A caracterizacao reolégica da galactomanana extraida das sementes de C.
grandis realizada por Albuquerque et al. (2014) demonstrou que este polissacarideo
€ um fluido Newtoniano, podendo comportar-se tanto como liquido quanto como gel.
Nesse sentido, o gel a base da galactomanana extraida das sementes de C. grandis
possui caracteristicas vantajosas para diversas aplicacdes biotecnologicas, incluindo
sua atuacdo como efetivo suporte de imobilizagdo para biomoléculas. O
desenvolvimento tecnoldgico do gel de galactomanana como suporte de imobilizacao
para lectinas desponta como uma estratégia promissora, especialmente no que se

refere ao aumento da penetracéo e/ou disponibilidade da lectina no organismo.

3.7.2 Membranas como suportes de imobilizacéo

Os polimeros, sejam naturais ou sintéticos, sdo moléculas cujas cadeias sao
longas e capazes de produzir matrizes continuas que déo estrutura a filmes,
membranas e revestimentos (MARTINS, 2003). A fim de evitar interpretacdes erradas,
convém fazer a distingdo entre os termos mencionados: filmes ou membranas sao
peliculas formadas pela secagem (casting) de uma solucdo polimérica, a qual pode
ser posteriormente aplicada em um produto; o revestimento, por sua vez, pode ser
uma suspensao ou uma emulsdo aplicada diretamente na superficie do produto e que,
apoés secagem, leva a formacao de um filme. Estes termos foram aperfeicoados pela
induUstria alimentar para esclarecer a diferenca entre revestimentos e filmes ediveis
(PINHEIRO et al., 2010).

A preparacao de filmes e revestimentos a partir de materiais biodegradaveis, a
exemplo de polimeros naturais, tem despertado o interesse do meio cientifico nas
Ultimas décadas, tendo em vista a necessidade de substituicdo dos polimeros
sintéticos. De acordo com Yang e Paulson (2000), filmes e revestimentos
desenvolvidos a partir de polissacarideos constituem-se em excelentes barreiras ao
oxigénio devido ao empacotamento das moléculas, formando uma rede estrutural
ordenada atraves de ligacGes de hidrogénio, porém, existem algumas caracteristicas

higroscopicas que podem reduzir seu potencial para muitas aplicacoes.
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Segundo Sobral (2000), as propriedades de filmes e revestimentos dependem
do polimero usado, das condi¢des de fabricagcéo e das condi¢cdes ambientais que séo
importantes fatores por causa da natureza higroscopica dos polimeros. A formulagéo
destes produtos, na maioria das vezes, requer a utilizacdo de plasticizantes, uma vez
gue filmes e revestimentos sem a adicéo do plasticizante apresentam uma estrutura
fragil e dura devido as interagdes entre as moléculas do polimero (PINHEIRO et al.,
2010).

Os plasticizantes sdo agentes de baixo peso molecular que, uma vez
incorporados nos filmes e revestimentos, tornam-se capazes de se posicionar entre
as moléculas do polimero. Eles interferem com as interagdes polimero-polimero e
originam um aumento da flexibilidade e da capacidade de processamento (KROCHTA,
2002), além de melhorarem a resisténcia dos produtos a penetracdo de vapores e
gases (SOTHORNVIT; KROCHTA, 2000). A agua é um dos plasticizantes mais
eficazes na composicdo de filmes e revestimentos, além da maioria dos demais
plasticizantes também serem muito hidrofilicos e higroscopicos e poderem atrair
moléculas de &gua. Devido a esta caracteristica, a humidade relativa de
armazenagem dos filmes e revestimentos torna-se uma das propriedades mais
analisadas devido a influéncia da agua na estrutura dos produtos formados
(PINHEIRO et al., 2010).

Os surfactantes sdo substancias anfipaticas devido as suas propriedades
simultaneas de hidrofilicidade e hidrofobicidade e sdo geralmente adicionados para
aumentar a estabilidade da emulsédo na formulagcéo de filmes e revestimentos. Os
surfactantes podem ser incorporados para reduzir a tensao superficial da solucao,
melhorando a capacidade molhante dos produtos formados (KROCHTA, 2002).

Os polissacarideos avaliados e/ou usados para formar filmes e revestimentos
podem ser aplicados na area farmacéutica, em processos de encapsulacdo e
liberac@o de principios ativos; na industria alimenticia, como filmes e revestimentos
ediveis; na industria de cosméticos; na area agricola, como agente de liberacdo de
pesticidas e nutrientes; entre outras aplicacbes. Os principais polissacarideos
reportados pela literatura cientifica sobre producéo de filmes e revestimentos incluem:
amido (ABREU et al., 2015; KIM et al., 2015; MENZEL et al., 2015), celulose (ASHOK
etal., 2015; BEDANE et al., 2015; LEE; JEONG, 2015), alginatos (SOAZO et al., 2015;
XIAO et al., 2015; ZHANG et al., 2015), carragenatos (FOUDA et al.,, 2015;
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MEDEIROS et al., 2012; RHIM; WANG, 2014), quitosana (BIGUCCI et al., 2015;
CHIEN; LIN; SU, 2013; GARCIA et al., 2015) e gomas naturais, a exemplo do
POLICAJU (CARNEIRO-DA-CUNHA et al., 2009; SOUZA et al.,, 2010b) e agar
(SHANKAR; RHIM, 2015; SOUSA; GOLCALVES, 2015).

Publicacbes cientificas acerca da caracterizacdo e aplicacdo de
galactomananas como filmes e/ou revestimentos ainda s&o limitadas quando
comparadas com aquelas ja reportadas para outros polissacarideos. Além deste fato,
0s principais trabalhos trouxeram novas perspectivas sobre as propriedades e a
aplicacao de filmes e revestimentos ediveis, como relatados a seguir.

Cerqueira et al. (2009b) estudaram a aplicacdo de revestimentos constituidos
por galactomananas de diferentes fontes naturais (Caesalpinia pulcherrima e Ade-
nanthera pavonina) em cinco frutas tropicais: acerola (Malpighia emarginata), caja
(Spondias lutea), manga (Mangifera indica), pitanga (Eugenia uniflora) e seriguela
(Spondias purpurea). As propriedades de superficie dos cinco frutos foram
determinadas para diferentes solu¢gbes aquosas das galactomananas acrescidas de
glicerol. Lima et al. (2010) também utilizaram as galactomananas obtidas de C.
pulcherrima e A. pavonina para revestir frutas, porém adicionaram colageno e glicerol
as solucdes filmogénicas e avaliaram a aplicacdo dos revestimentos em mangas e
macas. Cerqueira et al. (2009a), por sua vez, avaliaram a influéncia da temperatura
de armazenamento na taxa de troca de gases em queijo revestido com
galactomanana, enquanto Martins et al. (2012) estudaram as propriedades fisico-
quimicas de filmes ediveis com diferentes concentracdes da galactomanana do feijao
alfarroba e k-carragenana. De maneira geral, revestimentos ediveis de
galactomanana tendem a melhorar a aparéncia do alimento e podem ser utilizados
como suportes de imobilizacdo de conservantes naturais para reduzir o risco de
contaminagcdo microbiana, aumentando o tempo de prateleira dos alimentos
revestidos com este polissacarideo.

Importante salientar que a imobilizacdo de compostos em filmes ou
revestimentos de galactomanana deve ser avaliada quanto ao impacto na
funcionalidade do produto final, uma vez que a molécula incorporada pode afetar
propriedades funcionais basicas do polissacarideo (CERQUEIRA et al., 2011a).

Martins et al. (2010) desenvolveram um filme da galactomanana extraida de

Gleditsia triacanthos com nisina incorporada e obtiveram bons resultados na
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prevencdo de contaminacdo microbiana em queijos ricota. Cerqueira et al. (2010)
usaram a mesma galactomanana de G. triacanthos para imobilizar extratos
antioxidantes e implementar a agdo antioxidante do produto final. Estes resultados
demonstram que os trabalhos em que filmes de galactomanana séo utilizados como
suporte para imobilizacdo de biomoléculas ainda sdo muito escassos, especialmente
na area da saude.

Valenga et al. (2012) realizaram a imobilizagdo da lectina ConA (ligante
glicose/manose) em filmes da galactomanana extraida das sementes de Leucaena
leucocephala. Eles sugeriram que, como a espinha dorsal da galactomanana é
composta por unidades B-d-manose em que algumas unidades de a-d-galactose
estdo ligadas na posicao C-6, o reconhecimento de ConA pode acontecer através dos
grupos OH na posi¢do C-3 ou ainda C-6, caso esta ultima unidade de manose esteja
livre. Levando em consideracdo que Cramoll 1,4 tem a sua especificidade
correlacionada com a ConA, a interagdo galactomanana/Cramoll 1,4 tende a ocorrer
através de ligacdes fracas, como pontes de hidrogénio e interacdes de Van der Waals,
seguindo o padrao reportado por Valenga et al. (2012).

Apesar da gama de estudos sobre as aplicacdes biotecnologicas da Cramoll
1,4 na industria farmacéutica, o uso terapéutico desta lectina no reparo de feridas
ainda é pouco estudado. Devido as propriedades inerentes dos polissacarideos e
tendo em vista as caracteristicas da Cramoll 1,4, a sua incorporacao (imobilizacédo)
em filmes constituidos a partir da galactomanana da C. grandis possivelmente
otimizara o efeito cicatrizante e promovera a reabilitacdo de lesdes cutaneas.

No que se refere ao aproveitamento da elevada area de superficie para a
liberacdo de drogas, os sistemas nanoméricos tém maior eficAcia no aumento da
permeacdo da droga na pele do que muitos outros veiculos (CHOKSI;
POONAWALLA; WILKERSON, 2010). Sistemas nanoméricos e quercetina tém sido
estudadas intensivamente (SOUZA et al., 2014), principalmente na area bioldgica
(FANG et al., 2011; TAN et al., 2011), porém a pesquisa pela utilizacdo da quercetina
imobilizada em nanoparticulas e apresentada em formulagcdes a base da membrana
da galactomanana extraida das sementes de C. grandis possivelmente representara
uma inovacdo para 0os meétodos de acdo fotoprotetora e antioxidante, com

consequente prevencédo do envelhecimento cutaneo.
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3.8 FERRAMENTAS PARA CARACTERIZACAO FISICO-QUIMICA DE
BIOMOLECULAS

O consumo humano de polissacarideos se estende por varios segmentos,
principalmente devido as propriedades fisicas que permitem o uso deste versatil
material em diferentes aplicagcbes. As galactomananas sdo polissacarideos que
formam soluc¢des aquosas altamente viscosas; a variedade de propriedades fisico-
quimicas torna este polimero um material bastante versatil, utilizado pelo homem de
inUmeras formas nas industrias alimenticia, farmacéutica, médica, cosmética, de
papel, téxtil e mineracdo (SRIVASTAVA; KAPOOR, 2005; VIEIRA et al, 2007).
Revelando a diversidade na sua aplicacdo, as galactomananas formam um grupo de
polissacarideos de especial interesse para a ciéncia aplicada.

A maioria das galactomananas utilizadas nas industrias alimentar, farmacéutica
e em cosméticos sdo gomas impuras, além da possibilidade de também serem
utilizadas como matrizes para imobilizacdo de outras biomoléculas, formando filmes,
géis, hidrogéis e misturas binarias. A avaliacdo das caracteristicas fisico-quimicas e
reologicas das galactomananas, isoladas ou como matrizes de imobilizacdo de
biomoléculas, apresenta ampla aplicacdo no desenvolvimento de novos produtos,
para determinar tanto a funcionalidade quanto a qualidade, e estabelecer, desta
forma, as caracteristicas do produto final.

Nesta secdo serdo descritas algumas das técnicas utilizadas neste trabalho

para caracterizacdo de biomoléculas.

3.8.1 Reologia aplicada a tecnologia

Reologia é a ciéncia que estuda a deformacdo e o fluxo dos materiais sob
influéncia de tensées (BARNES et al., 1989). Dentro deste contexto, os materiais
podem ser definidos como sélidos ou liquidos. Schramm (2006) define como sélidos
ideais aqueles que se deformam elasticamente, ou seja, a energia necessaria para a
deformacéo € completamente recuperada quando a tenséo € removida. Conforme o
mesmo autor, fluidos ideais sdo aqueles que se deformam irreversivelmente, pois
fluem sob ac&o de uma tenséo. A energia requerida neste processo € dissipada em
forma de calor e néo é recuperada quando a tensao é retirada.

O tipo mais comum de deformacao nos fluidos € por cisalhamento simples, que

gera um escoamento caracterizado pelo movimento relativo das moléculas do fluido
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devido a acao de uma forca externa. Uma das propriedades medida na deformacéao
de fluidos é a viscosidade, que assim como o modulo (para solidos) é um fator
determinante para o uso e aplicagBes dos materiais fluidos. Além de ser uma medida
direta da qualidade do fluido em servigco, a viscosidade pode fornecer importantes
informacdes sobre variacdes estruturais que ocorrem durante a aplicacdo de uma
deformacé&o ou tenséo. A viscosidade, portanto, pode ser definida como a resisténcia
ao movimento do fluir de um material (BARRA, 2015).

Desta maneira, na reologia de sélidos, a propriedade de maior interesse € a
elasticidade, ao passo que em liquidos a viscosidade é a propriedade mais importante
(TONELI; MURR; PARK, 2005). Entre os dois comportamentos extremos existem 0s
materiais que se comportam ora como liquidos ora como soélidos, dependendo da
tensdo, da frequéncia ou da temperatura a que sao expostos. Estes materiais sao
denominados de viscoelasticos (BARNES et al., 1989).

3.8.2 Espectroscopia de infravermelho transformada de Fourier

Uma das técnicas mais Uteis para a identificacdo de biomoléculas é a
espectroscopia de infravermelho transformada de Fourier (Fourier Transformed
Infrared Spectroscopy - FTIR), que se baseia na analise de picos de absorcao de
determinados comprimentos de onda, expressos em cm™® (GOMEZ-ORDONEZ e
RUPEREZ, 2011). Apresenta duas vantagens principais: requer pequenas
guantidades de amostra (miligramas) e é um método ndo-agressivo com exatidao
confiavel (PEREIRA et al., 2003), no entanto, a técnica convencional necessita de
procedimentos técnicos laboriosos para obter espectros com uma boa relacédo
sinal/ruido (CHOPIN; WHALEN, 1993). Esta limitacdo foi superada com o
desenvolvimento de técnicas de infravermelho interferométricas, associadas ao
algoritmo transformado de Fourier, dando origem a espectroscopia de infravermelho
transformada de Fourier (PEREIRA et al., 2009).

Na andlise estrutural de polissacarideos (MATHLOUTHI E KOENIG, 1987),
cinco regides podem ser distinguidas no espectro normal (entre 4000 e 650cm-1): (1)
Regido de estiramentos OH e CH, entre 3600 e 2800 cm-1; (2) Regido de simetria
local, entre 1500 e 1200 cm-1; (3) Regido de estiramentos CO, entre 1200 e 950 cm-
1; (4) Impressao digital ou regido anomérica, entre 950 e 700 cm-1; (5) Regido

esquelética, abaixo de 700 cm-1. Dessa forma, informagfes sobre composi¢do e
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estrutura podem ser obtidos a partir do FTIR, para caracterizacdo de biomoléculas.

3.8.3 Microscopia eletronica de varredura

No estudo sobre a caracterizacdo ou aplicacédo tecnolégica das biomoléculas,
€ necessario observar a morfologia das amostras. A microscopia eletrénica é o
método preferido para a visualizacdo de detalhes estruturais com resolucdo em escala
nanomeétrica. O grande poder de resolucao de microscopia electronica é resultado da
aplicacao de um feixe de elétrons com um comprimento de onda bem abaixo da gama
nanomeétrica. A microscopia optica, operando a comprimentos de onda (A) no intervalo
compreendido entre 400 e 800 nm, e abertura numérica (NA) ~ 1, com limite de
difragdo d = A / 2NA, d& uma resolucao de aproximadamente 200 nm. Como o
comprimento de onda de um feixe de elétrons é muito mais curto que o da luz, a
resolucao torna-se muito maior. Para um microscopio electrénico trabalhar com uma
tensdo de aceleracao de 100 kV, o valor do comprimento de onda sera de 0,0037 nm
(SOUZA; CARNEIRO-DA-CUNHA, 2016). A microscopia eletronica de varredura
(MEV) é capaz de medir o tamanho, a distribuicdo de tamanho e a forma das
biomoléculas; o principio do referido microscopio € a utilizacdo de um feixe de eletréns
de pequeno diametro na investigacao da superficie de uma amostra, ponto a ponto,
em linhas sucessivas (KLANG et al., 2013). A interacéo entre a amostra e a sonda de
elétrons produz varios tipos de emissdes, que séo captadas por diferentes detectores

colocados em posi¢des adequadas (SUGA et al., 2014)

3.8.4 Permeabilidade ao vapor de agua, conteddo de agua, solubilidade e angulo de
contato

Permeabilidade ao vapor de agua (WVP), contetdo de agua (MC), solubilidade
(Sol) e angulo de contato (CA) sdo metodologias geralmente utilizadas para
caracterizacdo fisica de estruturas compostas ou imobilizadas com biomoléculas.
Cerqueira et al. (2010) relatam a WVP como a propriedade mais estudada na
caracterizacao fisica de filmes e revestimentos devido a importancia da agua nas
reacoes de deterioracdo. A capacidade de absor¢céo de agua € uma caracteristica que
pode afetar significativamente as propriedades fisicas e de barreira exercidas por
determinadas biomoléculas, por isso o conhecimento do conteddo e da afinidade das

biomoléculas pela agua, respectivamente através dos métodos MC e Sol, é um
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parametro-chave para a escolha em aplicacfes tecnologicas (KOWALCZYK et al.,
2015). A determinacdo do CA € uma maneira simples de avaliar o grau de
hidrofobicidade de biomoléculas dispostas em superficie, ou imobilizadas em alguma
superficie, uma vez que os valores de CA aumentam com a diminuicdo da
hidrofilicidade das amostras. Geralmente, se o CA for menor que 90°, a biomolécula
é considerada hidrofilica (ALBUQUERQUE et al., 2017; MA et al., 2016).

3.8.5 Propriedades mecanicas

As propriedades mecanicas séo caracteristicas importantes a serem
determinantes para biomoléculas com potencial aplicacdo industrial, devido ao
manuseio a que estdo sujeitos os produtos durante a sua distribuicdo e
comercializacdo (OLIVAS; BARBOSA-CANOVAS, 2005). A forca de tensdo, o
alongamento e o modulo elastico sdo as propriedades mecanicas mais comumente
avaliadas em biomoléculas moldadas como filmes e revestimentos, ou ainda
imobilizadas nestas matrizes. A forca de tensdo determina o esforco maximo
desenvolvido no material em um teste elastico no momento de ruptura. O alongamento
indica a capacidade de estiramento do material (SOUZA et al.,, 2010). Estas
propriedades sdo muitas vezes relacionadas com as propriedades térmicas dos
polimeros, como € caso da temperatura de transicao vitrea, que € um dos parametros
mais importantes na determinacdo das propriedades mecéanicas de materiais no
estado amorfo ou cristalino (PINHEIRO et al., 2010). Outro fator do qual dependem os
valores da forca de tensdo e o alongamento dos materiais € a umidade relativa, cujo
aumento provoca também o aumento da forca de tensao e do alongamento devido ao
acumulo de agua no material (OLIVAS; BARBOSA-CANOVAS, 2004). Do mesmo
modo, a quantidade de plastificante utilizada afeta as propriedades mecanicas dos
materiais (GENNADIOS et al., 1994)

3.8.6 Espalhamento dindmico de luz e potencial zeta

Espalhamento dinamico de luz (Dynamic light scattering - DLS) e potencial zeta
sao técnicas geralmente empregadas na caracterizacdo de biomoléculas menores
que 100nm, ou seja, nanomateriais. O prefixo “nano” esta relacionado a uma escala
de medida em que um nanbémetro representa um bilionésimo do metro ou um

milionésimo do milimetro. Estruturas nessa escala apresentam propriedades
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funcionais Unicas ndo encontradas na escala macro, especialmente sua elevada area
de superficie, 0 que torna estes materiais muito mais reativos. Como resultado, os
materiais com tamanho nano absorvem calor facilmente e a temperatura de fusao
diminui em caso de solidos (ASSIS et al., 2012). Este € apenas um exemplo de como
0s nanomateriais diferem dos demais materiais. Por definicdo, a nanotecnologia
refere-se a tecnologia em que a matéria € manipulada a escala atdmica e molecular
para criar novos materiais e processos com caracteristicas funcionais diferentes dos
materiais comuns. Estes materiais ndo possuem necessariamente tamanho
nanometrico, mas possuem em sua composi¢ao estruturas nanomeétricas que geraram
novas propriedades e aplicagcdes (SOUZA; CARNEIRO-DA-CUNHA, 2016).

O DLS é amplamente empregado na caracterizacdo de nanomateriais, tais
como particulas, emulsdes e moléculas que foram dispersas ou dissolvidas em um
liquido. O movimento browniano das particulas ou moléculas em suspenséo faz com
que a luz laser seja espalhada com intensidades diferentes. A analise dessas
flutuagcOes de intensidade resulta na velocidade do movimento browniano e assim, o
tamanho de particula usando a relacdo Stokes-Einstein (SABERI et al., 2013). E uma
técnica especialmente utilizada para medir o tamanho e a distribuicdo de
nanoparticulas (CARO et al., 2016; SOUZA et al., 2014), nanoemulsdes (SARI et al.,
2015) e de solucbes de polieletrdlitos (CARNEIRO-DA-CUNHA et al 2010,
MEDEIROS et al 2012; ZHANG et al 2014) usando a ideia de que pequenas particulas
em suspensao se movem aleatoriamente e, portanto, chocam-se, promovendo o
movimento browniano (MALVERN, 2004).

O potencial zeta € uma medida da magnitude da repulsdo ou da atracdo
eletrostatica ou das cargas entre particulas, sendo um dos parametros fundamentais
que, sabidamente, afetam a estabilidade dos materiais. Sua medicdo oferece uma
visdo detalhada sobre as causas da disperséo, agregacao ou floculagcéo, podendo ser
aplicada para melhorar a formulacdo de dispersdes, emulsbes e suspensdes
formuladas a base de polissacarideos, proteinas e lipideos nanoestruturados
(SOUZA; CARNEIRO-DA-CUNHA, 2016). O valor do potencial zeta pode ser
relacionado a estabilidade de dispersdes coloidais indicando o grau de repulsdo entre
particulas adjacentes e similarmente carregadas em uma dispersao. Sendo assim, um
alto valor de potencial zeta indica que a solucdo ou disperséo resistira & agregacao;

quando o potencial € baixo, a atracdo excede a repulsdo e, portanto, a solucdo
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floculard (MALVERN, 2004). Em geral, a linha que divide as suspensdes em estaveis
e instaveis é marcada pelo valor de +30 mV ou -30 mV, considerando-se estaveis 0s
valores iguais ou superiores a estes (SOUZA; CARNEIRO-DA-CUNHA, 2016).

3.9 PROCESSO DE CICATRIZACAO

A cicatrizacao é definida como um processo de reabilitacdo de feridas que
conta com uma sequéncia de reacdes fisicas, quimicas e bioldgicas cuja finalidade é
reconstituir a continuidade tecidual que foi interrompida. O evento € tdo dinamico que
envolve componentes da parede celular, adesao e ativacdo plaquetaria, indmeros
mediadores quimicos, células inflamatérias (como leucécitos polimorfonucleares,
macrofagos e linfocitos) e a fibronectina, os quais se comportam de forma harmoniosa
a fim de garantir a restauracao tissular (MANDELBAUM; DI SANTIS; MANDELBAUM,
2003; MODOLIN; BEVILACQUA, 1985).

A reabilitacdo de feridas € um processo universal e pode ser didaticamente
dividido nas seguintes fases: hemostasia, fase inflamatdéria, fase proliferativa (ou de
granulacéo) e fase de remodelacdo da matriz extracelular (SHIMIZU, 2005). Durante
a evolucao deste processo, as fases inflamatdria, proliferativa e de maturacdo podem
ser sequencialmente evidenciadas (KUMAR et al., 2005). Cada fase apresenta uma
célula ou substancia particular sem a qual o processo nao evolui normalmente, no
entanto, uma grande variedade de fatores pode interferir em qualquer uma das fases
da cicatrizacdo, sendo os principais fatores locais listados: sangramentos, tenséo de
oxigénio e contaminacgdo microbiana (ARAUJO et al., 1998; MENSAH et al., 2001).

Hemostasia refere-se a interrupcdo do sangramento de vasos sanguineos
lesados, através de interacdes reguladas com precisdo entre os componentes da
parede celular, adeséo e ativacdo plaquetaria e formacédo de uma trama de fibrina.
Qualquer anormalidade decorrente do processo hemostatico manifesta-se através de
incapacidade de coagular normalmente (e, por conseguinte, de evitar a ocorréncia de
graus anormais de perdas sanguineas) ou incapacidade de prevenir a coagulacao
excessiva (e, assim, de manter a integridade dos vasos sanguineos) (RAVEL, 1997).

A coagulacdo do sangue envolve um sistema biologico de amplificagédo onde
poucas substancias de iniciacdo ativam, sequencialmente e por protedlise, uma
cascata de proteinas circulantes precursoras (os fatores da coagulacdo), culminando

na geracao de trombina e, logo apos, conversao de fibrinogénio em fibrina. A fibrina
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infiltra os agregados de plaquetas nos locais de lesdo vascular e transforma os
tampdes primarios e instaveis de plaquetas em tampdes hemostaticos firmes,
definitivos e estaveis. As reacdes mediadas na superficie ocorrem com componentes
especificos importantes: colageno exposto, fosfolipideo das plaguetas e fator tissular
(HOFFBRAND; PETTIT; MOSS, 2004).

A fase inflamatéria tem inicio logo apds o dano tecidual e é caracterizada por
vasodilatacao local e sintomas como edema, calor, rubor e dor. O maior fluxo de
sangue traz consigo proteinas séricas, fatores da coagulacdo e plaguetas, as quais,
em sua forma ativada, garantem a eficiéncia do processo hemostatico, liberam fatores
de crescimento, fibrinogénio e fibronectina, e atraem células inflamatérias
(KOOPMAN, 1995).

As células circulantes no foco inflamatorio incluem neutrofilos, mondcitos,
eosinofilos, linfécitos, basofilos e plaquetas. Os neutréfilos sdo as primeiras células
recrutadas, aparecendo aproximadamente 24 horas apés a lesdo, com funcdes de
fagocitose e debridamento de tecidos necrosados, para minimizar a possibilidade de
infeccéo do tecido agredido (PARK; BARBUL, 2004).

Os macrofagos migram ao local da ferida em cerca de 48 a 96 horas, tornando-
se a populacdo celular predominante antes da migracdo e proliferagcdo dos
fibroblastos. Sua acdo antimicrobiana ocorre devido a geracéo de radicais reativos,
como Oxido nitrico e peroxido de oxigénio. Destacam-se por comandarem as demais
células durante os eventos que determinam a cicatrizacdo devido a capacidade de
produzirem numerosas citocinas, como: Fator de Crescimento derivado de Plaqueta,
Fator de Crescimento Transformante 3, Fator de Crescimento Epidermal, Fator de
Necrose Tumoral e Fator de Crescimento de Fibroblastos. A secre¢do de citocinas
mencionadas e também de fatores de crescimento ativa e recruta outras células
envolvidas no processo cicatricial (outros macréfagos e linfocitos), regula a
quimiotaxia e a proliferacao de fibroblastos, a sintese de colageno, além da migracdo
e replicacdo das células endoteliais, também envolvidas no processo de reparacéo
tecidual (CHO et al., 2010; SCHIRATO et al., 2006).

A fase proliferativa consiste principalmente na formacdo de tecido de
granulacéo, reepitelizacéo e contracdo da ferida. O numero de fibroblastos aumenta
consideravelmente, a matriz extracelular de fibronectina formada por estas células

ajuda a preencher a ferida e, por conseguinte, evitar a contaminac¢do microbiana. Em
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resposta aos fatores de crescimento e a baixa tensao de oxigénio no centro da ferida,
os fibroblastos proliferam e aumentam a producédo de colageno (especialmente tipos
| e 1), elastina, proteoglicanos e glicosaminoglicanos (COTRAN; KUMAR, ROBBINS,
2000; STEED, 1997).

O tecido de granulacédo tem grande capacidade de contracdo, o que diminui a
area de superficie da crosta formada e facilita e epitelizacdo. Os fibroblastos sao
agentes especiais na contracao, ja que apos a proliferacao inicial, eles se diferenciam
em miofibroblastos e estes, por sua vez, estendem e retraem pseuddpodes ligados a
fibras colagenas, alinhando as margens da lesdo e promovendo a unido das arestas
da ferida (GOMATHI et al., 2003). A converséo de fibroblastos em miofibroblastos é
realizada por fatores de crescimento expressando a a-actina do musculo liso, os quais
tornam os miofibroblastos células musculares lisas eficientemente contrateis
(MARTIN, 1997).

Por volta do terceiro ou quarto dia da cicatrizacao, o tecido de granulacao é rico
em vasos, para dar suporte a nova formacdao tecidual. A angiogénese € um processo
complexo e envolve pelo menos cinco eventos celulares: dissolugdo local dos
capilares endoteliais da membrana celular basal; migracdo direta de células
endoteliais; proliferacdo das células endoteliais; formacdo de tubos capilares para
embasamento do plexo venoso; e formacao de nova membrana. O abastecimento da
matriz extracelular por fibroblastos é gradualmente substituido por colageno, cuja
expressao alcanca o maximo em 2 ou 3 semanas apos a lesédo tecidual, passando do
tipo Ill, abundantemente produzido no inicio do reparo, para o colageno I, tipo
predominante antes da ferida. Uma vez que a matriz colagenosa abundante tenha
sido depositada na ferida, os fibroblastos param de produzir colageno e o tecido de
granulacéo é substituido por uma cicatriz relativamente acelular. Quando a ferida ja
esta preenchida pelo tecido de granulagéo, a angiogénese cessa e muitos dos vasos
desintegram-se como resultado da apoptose (ILAN; MAHOOTI; MADRI, 1998).

O processo de contragao da ferida envolve uma interagao regulada e complexa
de células, matriz celular e citocinas. Durante os primeiros dias, é a crosta que contrai,
consistindo principalmente de fibrina seca, formada quando o exsudato escapa da
mesma, coagulando e ressecando. A funcdo da crosta, portanto, é selar a ferida,
isolando-a do meio ambiente e evitando contaminacao microbiana (DANTAS, 2000).

O processo de remodelagdo ocorre durante a fase final de reparo e pode
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continuar pelos préximos 6 a 18 meses, onde a matriz extracelular é sintetizada,
depositada, contraida e remodelada. Durante esta fase, o tipo e a aparéncia da cicatriz
séo funcdes da forca de tensédo, da pressao e do suprimento de oxigénio na area da
ferida, além da idade do paciente. A transicdo do tecido de granulacdo a cicatriz é
dependente da sintese e catabolismo de colageno em velocidade baixa. A degradacéo
do coldgeno é controlada por um grupo de enzimas proteoliticas designadas por
metaloproteinases (MMPs), que consistem em colagenases, gelatinases e
estromolusinas, as quais sdo secretadas por macréfagos, células epidermais e
fibroblastos (MIGNATTI et al., 1996; FAZIK; ZITE; GOSLEN, 2000).

O tratamento utilizado em lesdes cutaneas pode desempenhar um papel
integral no processo de cicatrizacdo de feridas. Tao logo a fisiologia da cicatrizacéo
tenha se tornado melhor compreendida nos ultimos anos, 0s reparos cutaneos
sofreram mudancas drasticas no sentido de melhorar o processo que vai da
hemostasia a remodelacdo. Pesquisas nesta area tém como base trés aspectos
principais: melhoria do processo de cicatrizagédo por fatores que aceleram o processo
e reduzem a cicatrizacao; desenvolvimento de substitutos de pele como equivalentes
funcionais; e inducéo da cura através da regeneracdo em lugar da reparacao tecidual
(BALASUBRAMANI et al., 2001).

As pesquisas mais recentes a cerca do processo de cicatrizagdo sao
desenvolvidas pela engenharia de tecidos com uma gama de substitutos de pele que
podem ser utilizados na prética clinica. Nao obstante a estas inovacfes, membranas
para cicatrizacdo de feridas também podem ser usadas como revestimentos
temporarios ou permanentes (MORGADO; AGUIAR-RICARDO; CORREIA, 2015).
Polimeros obtidos de fontes naturais tém sido amplamente estudados para a
confeccdo de curativos devido as caracteristicas de biocompatibilidade,
biodegradabilidade, atoxicidade, baixo custo e boa disponibilidade, além da
similaridade com tecidos humanos e, portanto, potencial acdo cicatrizante (BOATENG
et al., 2015; MOGOSANUA; GRUMEZESCU, 2014).

InUmeras pesquisas cientificas reportam a avaliagéo da cicatrizacdo de feridas
tratadas com membranas polissacaridicas, como as preparadas a partir de quitina,
quitosana e seus derivados (ITO; YOSHIDA; MURAKAMI, 2013; NASERI et al., 2014)
e celulose e seus derivados (WEN et al., 2015) e alginato (MOMOHA et al., 2015).

O mais importante no processo de cicatrizagcdo é manter a ferida oclusa e
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Umida, portanto, a proposta de imobilizar Cramoll 1,4 em membranas da
galactomanana extraida de C. grandis para avaliar a atividade cicatrizante em animais
com feridas cutdneas desponta com vantagens no ramo cientifico devido ao fato das
membranas funcionarem como tampdes hemostaticos, mantendo a ferida fechada,
Uumida e suprida pela potencial atividade cicatrizante da lectina. Ainda com base na
importancia das propriedades de macrofagos e fibroblastos no processo de reparagéo
tecidual, reveste-se de importancia a avaliacdo da toxicidade das membranas de
galactomanana, imobilizadas ou ndo com Cramoll 1,4, através da utilizacdo de

linhagens celulares deste tipo.
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1. Introduction systems to forming highly wiscsus and stable selutions at bow con-

Palysaccharides solated from natural seurces have been attract-
ing much attention in the biochemistry and pharmacology fields
1] thanks g0 their bicactivity, biocompatibility, low cost and
availability |21 Galactomannans extracted from the endosperm of
numerows plants [particularly Leguminosae) are polysaccharides
weidespread in nature, Thedir basic structure is composed by a central
core of w1 — 4)-linked p-mannopyransse to which Bl —6)-
linked ce-m-galactopyranosyl units are attached. High malecular
weight, non-ionic character |3], and water solubility allow these
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centrations [4],

Galactomannans are used in fosd. pharmaceutical, bomedical.
cosmetic, textile and paper industries, Mamy studies have reported
the potential wse of galactomannans as thickeners [ 5], part of mixed
systems such as hydrogels | Bl emulsion stabilizers in the prepara-
tion of films | 7] and edible films themselves with enhanced barrier
a5 weell s mechanical propeties that extend amd imprawe Tood
shelf-life [8.9]. It is also important to highlight the application of
galactomannans in the cosmetic industry [ 10] and as matrix lor
immipbilization of certain biomolecules |11-14].

Galacromannan solutions exhibit non-Mewtonian behavior and
their rheplogical properties are alse connected to their concen-
tration |15, molar mass |50 and the mannose/galactose {MIG)
ratio | 1G], In order to guarantee the application efficacy of galac-
tomannans imcosmetic and pharmaceutical fields, a full rheclogical
characterization is usually necessary | 2] as is the case of the Cross
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micadel [17] that has been used successfully to describe the shear-
thinning properties of galactomannans | 18,19).

Albuguerque et al, [20] have worked at an extensive rhep-
legical characterization of the galactomannan exmracted from the
seeds of Cassin grandis, a typical Brazilian tree, and ohserved that it
presents flukd behavior. with Mewonian plateau followed by shear-
thinning sones up to 155 (wv) concentrations; above this walue,
the galactomannan behavior can be considered as that of a polymer
solutien of entangled strands. At 2.0% concentration, rheological
data indicate that the system has reached a gel-like state which. in
rheslagical rerms, is one where (e elastic modulus G is larger than
the viscous modulus & and their dependence on cscillatory test
frequency is low. The stress-straim study allowed a made socurate
evaluation of this fluid—gel transition indicating that galactoman-
nan concentrations higher than 1.7 (wiv) could be sultable For
a range of applications including immobilizing matrix for certain
blemolecules,

Lecting constitute a protein heterogeneous group of won-
immune origin, containing two or more binding sites to mono
or eligesaccharides [21] The bectin extracted rom Cratylia mal-
lis seeds, also known as Cramoll, ks a biomalecule with different
molecular forms [(Cramoedl 1, Cramoll 2, Cramall 3 and Cramoll 4]
that has been well studied by structural analysis and employed in
several biotechnological applications. In addition, its specificity is
carrelated with the so studied Concanavalin A lectin, Cramoll 1,
Craredl 2. and Cramoll 4 specifically bind o glucose ar mannose,
wihile Cramipll 3 is a galactose-specific ghycopratein |22 2%, Prepa-
ratbons containing soforms 1 and 4 (Cramoll 1-4) were reported
a5 presenting promising activities: antitumor [24], anti-parasitic
[25,26), anti-Inflammatoery [27,28] and mitogenlc |29,30). Cramoll
1=4 ix alsa able to hind, isalate, and characterize human plasma
glycoproteins [31) and o act as a wound healing agent [ 32].

The technodegical develepment af movel forms For lectin imimsde-
bilization has been a promising strategy to increase the penetration
ol drugs through the skin. The galactomannan gel obtained Irom the
seeds of O grandis has advantagesus Features for topical applica-
riois, especially due to the intimate conrect made witl e siratum
cameum. Regarding these promising characteristics, developing an
immobilizing matrix for Cramoll 1-4 based on the galacromanian
gel weould be a very important Arst step towards an improved drug
delivery system for topical applications. By urilizing a series of tests
[pH. colarimetry, rheametry, microbial contamination, and biolog-
bcal activity), the performance of the galactomannan gel at 1.7%
[wi[w] concentration, to work as a matrix far immaobilizing Cramaoll
1—4 wias evaluated in this worle The above mentioned tests were
conducted on specific days abeng a tetal experimental interval of
a0 days, during which gel matrix samples were stored under cen-
trodled temperature and relative humidity conditions, Samples of
the ariginal gel, with no Cramoell 1-4, submitted to the same condi-
ricis of the imrmobilizing ratrix system, were used Tor controlled
COMParison,

2. Materials and methods

The pods of C grondis were collected at the rural zone of Per-
nambuco State, in the city of Angelim (Brazal), in July 2001, Ethanal
99.8E, acetone 1A, sodium chioride and phenol were obtained from
Vetes Fine Chemicals Ll [Brazil], Al other chemicals were af ana-

hymical grade.

21, Extroction of the gafeciomamnmm from O grandis seeds amd
el prepaneiion

The galactomannan from C. grandis seeds was obrained accord-
ing 10 Albuguerque et al, [20] Briefly, ¢ grandis pods were

immeersed in distilled water av 25°C for 18h and then separated
in a half part, revealing the seeds rapped in a black and stick mass.
The seeds were removed and placed dried ungil reaching a constant
welght. The dry seeds were bolled in distilled water 1:5 (wv] at
100°C for 1 h for enzyme inactivation and maintained in water by
18 hoar 25°C o facilitare removal of the hull. Afrer this period, the
hull weas rermeed and the regidoal was triturated in a Bender with
001 M Mall 5% (wfviat 25°C, filtered through a voil tissue and after
using a sereen printing cloth, and precipitated with 465 ethanol
1:3 [wfv] for 18 h. The white precipitate ebtained was washed with
100% ethanal 113 (wiv] for 30 min and G times with acetons PA
1:3 {wivi For 30 min. been fltered on screen printing cloth between
each washing. The precipitate was dried until constant weight, pul-
verized and finally called galactomannan.

The galactormannan was dissolved in distilled water at 1.7%
(v undder magnetic stirming (300 rpm) for 12h at room temper-
ature [25°C) The obtained gel was stored ar 4°C and 80% relative
humidity, been called pure galactomannan gel,

2.2 Extraction of the Tectin from O mollis seeds amd
immuobilizefon en the galoctemanman gel

Cramoll, containing its isoforms 1 and 4 (Cramoll 1-4) was
obained secosding o Correia and Coells |22 Briefly, the geeds
were dried at 25°C and crushed to abtain a flour, which was dis-
salved in 0,15 M MNaCl 10% (w)v], under magnetic stirring (500 Fpm )
for 18h at 4°C, This saline extract was fractionated with ammao-
nilurm sul phate | D-A0% and A0-60E L The supernatant of the 40-60%
Fractiom was dialysed and purified by affinity chromatography on
Sephadex G-75 column.

Cramoll 14 was immobilized by entrapment an pure galac-
tomannan gel as folboves: 100 pefml of Cramell 1-4 were added 1o
the pure galactemannan gel under magnetic stirring (500 rpm ) for
1 h at room temperature (25°C) The gel with immobilized Cramoll
1=-4, called gel/Cramall 1-4 immabilizing matrix, was storec at 4°C
and B0 relativie humidity,

The activity ol Cramaoll -4 Iree solution and Cramadl 1-4
immeabilized on the gel matrix was evaluated by hemagglutinat-
ing activity [HA] assay according to the methadology described by
Correia and Coelho [ 22]. using a suspension [ 2,5% (viv)] of rabhit
erythrocytes treated with gluraraldehyyde |13 All HA results were
expressed as g,

2.2 Sability of the pure golectomomnom gel and the gel with
immabdlized Cramall 14

The stability of the pure galactomannan gel and the gel/Cramoll
1=4 immolilizing matriz was evaluated by pH, colormerry, and
rheology for 90 days, been examined on the following days: 1, 5,10,
20, 30, 60 and 200 Al gel {Tramoll 1-4 immobilizing matrix samples
and pure gel samples were prepared fellowing systematic meth-
ods and controlled conditions where distinct samples, from the
same initially prepared batch, were tested along different pericds
of storage.

The pH determination was conducted on a digital pH meter
where two buffer solutions with pH 4.00 and 7.00 were emphoyed
fowr calibration. Three measurements of pH for each sample were
performed far statistical analysis and their average was used. The
color quantification was performed by adigital colorimeter [Konica
Minolea, madel CHROMA METER CR-410, Osaka, Japan] calibrated
at illuminant Cwith a white standard. The paramerers determined
were L (L* =0 [black] and L* =100 [white]), ¢* (—a* = greenness
and " =redness] and & [0 =blueness and +b" = ellowness ),
These parameters are the ones recommencded by the International
Commission on Hlumination. The opacity [ ¥] was caloulated accord-
ing to the Hunterlab color scale as the ratio between opacity of
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each sample on the black sandard {¥b] and opacicy of each sam-
ple om the white standard [ ¥ee). The resules were expressed a= a
percentages SE =100 [¥hi'Yw)l The analyses af mesophils ger-
ahis, yeasts and molds, e acid bacreria and peychrotrophs,
o evaluare the mucrobiological contamenarion of the both gels,
weere carmed according §o the methodology described by the Com-
pendiven of Fethods Tor the Microbislogical Examimarion of Foods
| 4], A M asane Maenes wene performed Do riplicace amd the resules
expressed as mean £ standard deviation.

The mechanical stabalidy sbochies were conduciesd on & Aress
controlled rheamerer [Anom Faar MCR 300 ) equipped with a tem-
perature comtroller. A crcular parallel plaze cell with internal
diameper (i) = 25 men and a heghe (h)= 1 mm gap between plates
wais emplayed in Dhie experiment. Al riealogy experiments were
comducted at 25°C. Im order ro guaranpes reproducibiliny, Sor every
Experi et i was rum a newly prepared sampde, obiained from the
same batch,

Stress-slrain Bests, metational Mew, and ascillarery visooslastic
linear-response measuremenis have besn perfiormed. The rheome-
ber weas operated in the oscillabory mode fo the stress-straim tesis:
Tir i iz Tresgqueerscy o= 2 radls, an extermally applied dhear siress
varied from 1 co 300Fa and the scorage [G7] and loss (G mid-
ull were recorded. That allows the sample mechanical responses
bo cover from the meversible Bnear response regirme up fo the
nonlEnear regioey where the sample structure collapses and Do
starts. Each experimendal point was recorded alter an exposure
periad of 5= The flow study was conducted in contirous steady
sbabe shear rotationsd mesde by varime the shear-rale Tram 1
to 1000 s while acquiring 50 cxperimencal poines per run, The
dynamicoscillatory mode study was condected warying the applied
torgoedeformation angular fregueency from | o S00rsdls The
srorage (G land ks (G mesdulius samphe responses wers regordid
during frequency sweeps at 0T fived strain amplitude, enough
bo guaranbes linear reversble resporses, Agarn, each experimendal
pand s reconded alter o 5 & expeene pericsd

24, Sehstioal onaless

The results wene expressed as mean + standand deviarion, sub-
mtted b ARV A ore-way | and Takey's mulipde compartson best.
The waluis were considered statistically ssgraficant if compared to
the sigeaficance beael af p = 105 Al staristical and graphical anal-
yses were carried owt with the Statistica £0 program [ Sacsof Inc.,
2N, Thl=a, OF, LISA]

3. Rorsailes and disoassicen

The zalactomanman extractesd from ithe sesds of L grandis
shisaned exiraclion yield off 36+£ 8% and presented 4 mizture of
710% masnase and 200E galactoss, (denical to the repoted by
Albuquergue et al. | 20). Mo addigional sugars were detected in the
MMIR spectra of this polv=acchande and the mannosegalaciose
ratin was 24400, Cramoll 19 was eficiently exiracnad with the
same chinvmarographic and slectrophoretic pronde reported by Cor-
peia amed Coelbe |22

A0, Sakiiry Inveshgarkon

340, pH value

The ability of galaccomannans 1o form viscous solutions ar
relatively low comcentration s ihelr greatest adwantage |17 ] Fur-
Ehermore aguesus solubions of gal s beenamnan are basicalby neutiral
| 5] and chiir wiscasing i insensinie o pH vaiarons {a broad range
fram 1t 10.5]; nevertheless some degradation may ocour under
highly acidic or alkaline comditioms [ 715,

The pH stability assay resulted in walues of 682 +0U1E for the
pure galactomannan gel and GH0E 039 for the gelfCramall 1-4
irmmscdkatizing mrad ris. The meassred saloes were Based on averages
whide no stacisrically significant variatons (= WO5) ever time
were [ound. The viscosity and the pH scabality of galacomannans
clepend on the inital preparation a= well as the sorage comdiiors.
T grr case, Thse Clersa R neu Deal g medsgared Eor bl gel s gaer lime
is consldersd optimusn for most arechnological applicarions.

RIE Cobar

Calor and appearasce ane impormant features for seleorion o
acceptance of a product from foed industry | 36] 10 the cosmetics
|37 The galictomannan gel obiained from O gramdis seeds. with
ardwitloud ivemabilised Cramell 1-4, wisgharactensed Iy insins-
menial colodi mecry In ensure thar color wariarinns ower scorage tme
weonkl not adwersely affect che progeries of product conservaison

The colomimetric £°, @ and b° parameters of the pure palac-
temanman gel and e geliCramoll immohilizing mamiz wers
enpressed baged om averages of the measured walues, which
did mot showed stabstically sgreficant differences [p=0009) over
liewe, The meassmed valpes e prare galactomannan gel were
L° (001744 1.3%), a" [-080 =014 amd 0" (455 £ 040}, sienilar
1o those obtansd for gellCramoll 1-4 insmobilizing maona:
(HE.PS 2 2000 o~ (536 = W18) and b* (5665 4054 ) Both the pure
galacrcemannan gel amd the gol{Cramsdl | —d immohilizing marria
hiaed & strong whiteness veredency, represeoded by che L' coondinate.
aweak green oobor and special evicdence Tor the yellowness J ppaear-
ard, respeclively shoe Do a® aesd B0 These seady waloes imdicatsd
i nienad koees ol oodor and thaes confinmesd B presereation ol the gl
inibial staie coer time. This emerges as an adwantage for the ratural
prestucts [extracied from seeds | when compared to those obtaimed
T Fraail pared, wihich Bave che natu il endency o brosning |38
In addition, the pure galamomannan el did not present signifi-
cant cobor warkations as those constibuted, for example, by banana
pulp, wehich vewsd do vary Trom dieegs pellow B red dhe to chemical
neacrions such as Madllard |33].

Dpacity indicares the capacity of Mopolymers for acting as bar-
mer bo light: amed also can be reported as & way to relate ther
higher & kraser misililiny |19, Thee pure galsresnannan gl has
a thres-dienersional network with a natural and stalde organiza-
tioe, which meghe oocur due te the high degres of substitution of
galactose urm s indhe maain chaim ol mannose, Sratisticalby, the opac-
ity was not significanty d iMerent dusing dhe soorage period for dhe
pure galaccomamnan gel (1085 = 1,140 I harey the gelliCramaoll 1-4
immeckalizing rmatris presented a statisticalhy =ipnificant varistion
Tor the opaciny value, with a decreass from 1239 £ 064 an day | e
8530738 an e 30ch day. A small increase soowmed on the S0t
day (12,76 £ 1665 and another reduction on the 90ih day, at the
final of the experimental tirme (983 4 1,207 Thase resals aogpes|
thar apacity depends an the sructure kyel of the galacmimanisan
as well as the imteractions wiath other biomedenales: hethermore
the opacity koss as a henction of strachure indepnty is also corrob-
arated by the rheabogical mesults repored in Section 309, where
e apparent visoosiny & reduced Tera long storage perod.

Our resglts are in agreement with Soares et al (6L whe
chereloped a new Fedoee] based upom o ptimi zed chesdogical char-
acterisc of a mixnane of g-carfagienan and the galaciomandan
extracied from C grandis seeds at the same conceniration s that
from our work, They al=x obsersed changes in opacity with the
aging of the Fadrogel s confirming the recrganization of
palysaccharide chains of the hydrogel that was reflected in a bess

OPAUE MACTTS NG =1k,

303, Rilogical sudy
Podysaccharide solations are considerad wiscoelasti materals
because they exbibii both solid (elastic and viscous [Hguoid )| char-
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acteristics. The elastic amd viscous mature of these materials i
described respectreely by the storage (& and boss (470 linear mod -
ule, Afcordively, it 15 possible to quanify the predommance of
elasmic or vistnus characeer of a sample by submictng it 1o some
exiernal siress while monibonng the above mentioned responses
|04 |, ' anad G° are key parameters for describing the mechani-
cal sralsilicy off a sy=tem, For instance, heree ol sEness (e sysiem
can sustain befiore Bowing or how s wiscosivy changes as the shear
rate grows are fundamental for cenain applications.

A rheclogical investigation was conducies] pmed at evaluai-
ing the mechasical stabiliny of the gel/Cramedl -4 immahilizing
mua i composed by Cramoll 1-4 mixed into the pure galacooman-
nan gel. The mechanical stabality was evalwated by abtaining the
wiscoe lislic prdgperties o Che anomsahizing gel malnx via §heson-
CITY MEedsunemenes, as a funcmion of the samgple storage period,
divided into the following steps: [i) A stress-stram experiment
whizre the matna was submilted g stress and where the lmear
masduli G’ and & waene monitared, This measuneimseng sTams at a
limezar reversibde regime [ small srasn ) b eventually reaches anon-
linar =trasm deformation regime where the sample structure fals
wailh subsequent Mowing: (ii] & Mow cwrve whene Che gel 1 amall
-4 immobiliZing matris shear SINCLS Meaponse was monitored &
afunction of a sirain rae. This is 3 measurement where the matrix
i% submrmtted bo a large destructive stram vamation 45 2 fumckion
al ime; i) An escillatany stress study whens the gelCramaoll 14
immohilizing matrix was submitted 1o a low deformation regime
[0.2% sirain] of osollabions and where the linear elastic (storage),
G and viscoars (lose], G, wesfuli weere monitored as a lunclion of
a wariable oscillaory freqguency. In this st experiment, speciic
structure lengik =cales can be probed non-destrocorvely. The pure
palactnmannan gel was submitted to the seme st of experiments
and was usad as a coetral Tor monicaring the efTecr of the Cramall
1-4 upan the immobilizing gel matris mechanical properes.

T30 Seresz-stroin fesl, The stress-srgm best works as a pre-
liminary imesrigarion where one can separace e linear From
nion-limear siruoiure resporess regime a5 well = sdemtifing the
elasgic, &, and koss, G, moduh comiributions. The Linear Viscoelas-
rig Region (LVE) i coemidened ag the oo ancomprassing the area
wiere the siruoture (s deformed bur mon deseroyed, represenced by
theconstaris &' and G, imdependeni of stress or sirain. This regime
inadsc ptes Lhe tonghmnes—ares o e curve—ol e materipl On
thi: arther hand, chie walues of G inehis regiomn indicate che Sifness
ol the material, or the degres of delormaion for a given siress.
The resuls im Fig. 14 and B depict G and G moduls a5 a func-
viam of an applied shesr saress Tor the pure galactomanman gl
and the gellCramall 1-4 imemnobilizieg matrix, respectively. To help
visualizirg the data, we have depicted the 5 and G0 day=data asrep-
risserd ative ol theenfive storae perisd]. Meverthebsson Fig, 10 e
0, thewalues ol G and G, expracted from the LVE from Fig. 1hand B
respectively. ane presenoed for the enpine siorage penod recorded.
Por the pure galactomannan gel, e 1A and £, the resolis
indscame thar thee el sollers somse mikd crilfenisg—an increase an
G —dhuring the sromge peried. G and G7 are abmost ientical with
07> 00 @t Bz, 1A, for the storage period of 5 days. We should men-
tiam Phat G o G 1w g sfiress-sdramn best is a rheclogical signatu: fora
sbrong ¢ lastic gel syscem, The similarivy ol & and &7 walues is thion
indicarive of @ weak(soft gel behavior. This behavior 15 in agree-
meent with Albuguergque et al. |20 For the Sdays sorage period,
GOmila”, reahivg Mhiasly & Coass-over, point where =G =501,
T & siress aroursd 100 Pa. The laoter will be considered che siress
at whikch the peld struchure fails compdetely and the system Aows.
Fre 10 showes the data, & g G at the LR, for the endive sorage
period. Inicially, G' s approximacely sgual e G hur as e stor-
age period Increases. a reduction of both modull wp o 20 days is
obsereed. This reduction i= followed by am increass of both mod-

uli with a concomitans separaton of cheir values. A gel silfening
a5 a furcivor of storage period, for periods longer than 20 days. 15
imlicated by the incredse i the dilferemce between G and G, We
should reinforee thar the galacresmannan gel bebavior depends on
Concentracion.

The moduli-stress curyes for the geliCramaell 1-4 imeobilizieg
malriz, Fig, V6 and I indicave chat the sysgerm sulers Belh G and
G reduction as a funcronof the storage period. The data bn Fig 18,
for ther seorage peniod of 5 days, is essenpally identical 1o chat for
ther pure galactomanean gel for the same penod, Hovseeer, for the
slorage perind of B days, e is a subsrancial decrease, almaost
one order ol magninsdes seem in Pz, 1B, (or both module. Morecwver,
ther pel ®oramall 1-4 smmabilizing matris stnachare for the storape
] af G cdlays Gails an a saller soress value oF approsimalely
0 Pa. I i | MypaILant 1o DoTe a modest maimam for G ar this limir
wilue. This metsimaam, knowen as weeak strain)siress overshoot, inde-
cutes the presence of microstrocheres b required extry stress
in order oo align with the Mo, The MCresTrucTure is nor srnoeg
oz bo cause a samilar inoreae: in the elasic eodulus, comman
in shear thackerang systemns |43) Pz 10 =hows the entire stor-
ape percd data, One camn nolice G approximately equal to G° for
the enirire inceral with borh meoduli deoneasing & o Randrin of e
storage perked. The wara teom in mesdali is meore substantial thanchat
arserved for the pure galac iormanman gel and, maresyver, moves in
the egpasite directinn, The geliCramnll 18 immnhilising meanio
shows B var ation in irs modsli up oo 20 days stiorage period. Nev-
ertheless both moduali redwce substantially for longer periods, the
syl is said o sopfen a5 oppesed o the silTening (hal soours in
tha pure galacmmannan gel measurements. The laner is prohabiy
due to some aging of the paure gl strciure along storage period.

A petenial explanation for the decay on G amd G° mesculi for
o immealizing gel maris comes frem Valenga e al, 113 snady
on the immobdization ol the lecoin exmraceed Erom Concangvalky
ensifomis seeds, =0 kmoam 2= Cond, oido 3 mosodiyer made
al 4 galactomannen exiracted rom Cewosens Teoooceginke seeds
They suggested that becaiise the galacromannan backbans is f-o-
mannose [ 1 — 4] nkage and some unics at the C-6 position carnss:
oi-brgalaciose uniks, the recogmiicnof Condmight be for 08 groups
an i C-3 sl -5 peeeitingy fi Chie snarmsd usils el Subsrinened
Crameall 14 has (1= specilony correfated with the Cond, chen the
interacisoen batween the galactomannan extracted from O gras-
aliz and Cramall 1-4 might alie eccurs through sesk monmmseric
bindings aMmities such s hydrogen bonds and Van derwaals inger-
action, resulting in some depolymerisation in the central manmoss
core of the pohe=acchande after a period of G0 day= The soften-
ing af the gellCramall 1-4 sructure a5 wall 3z il appearance of
2 MiCraErumure evidenced by the weak shear overshoot mighs be
related with the biding processes described above, Moreowver, this
Thigling coaald abso explaina podential degradation ol Cramall 1-4 for
lng scorage perinds & will be discussed in Section 32,

It 5 important oo mencion that, depending on the expecied
apphcation of the immobalizing gellCramoll 1-49 immaobilizeg
malri, [his sub=rasiial seducticm may nol be relesant

FIE2 Floew carers. The Mo curves are experiments where the
Atructure of the sample & iested agaings recational T shear race
and potential yield stresoes are predicted. Simce we ars mostly
interested im elastic immaobilizing mechanical properies, stress
respice, wihine yiehl snesses cam be cblainid, imslesd of appar-
el wisookity, becomes more informarive, Fig. 2 depices shear soress
response of the pure galactomannan gel [2A] and the gel/Cramll
1—4 imnmckalizing matna (2B a3 @ Function of shear rate, The se-
#ral phats present dara for an interval of srerape periods raging
from 5 o 90 days for the pure galactomanean gl | 24]; and from 5
o B0 days for the gel ‘Cramall 1-4 inmobilizing matrixs (201
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Fig. & Rotationa) B experimen s witere tie shear simess |5 measamed 3 3 funoion of die shear raos kir e pure galaomomnnan 2613 175 (s 0L and the gelCramall

1= it bz g metri (B fon GRIFETenE Horag: pevisds

The straight forward approach to describe =hear stres= o a2 a
Manction of shear rate & is via the Herschel-Bulkley (HE] model
[#4]:
ramkil, o =am il

wihere o, denotes the vield stress, and the corstant ks the consis-
temcy parameter associated with wiscosity o= k3® ! The power n

iz a fitting parameter of the model describing bow non-Mewioman
(i w1 e a Mewtceman <ample] the system wowith < 6 < 1 e
shear-thinning, and n = 1 indicaring shear-thic kendng, Rrring chis
muodel bo the dataon Fig. 2 one 15 able to oboan both nand ide yield
stress by extrapolating the expenmental data towards oo shear
farg, The n=0.13 cdqained indicare shear-thisming e e pure
galactcrnannan gel denckcal vo that obaained by Albugueerque et al
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| E0]. Shear-thinning & also ebserved inche gelliCramall 1-4 Inwmo-
bilizing matrix but, & the storage period increases. a loveer level of
shizar-thinrene. and Uhewefore loser nwalues are abtained, Oserall,
o shorage peercdds From 5 to 30 days, both sam ples hebave identi-
cally. However, for storage period of 0 days. the matnix exhibiis a
substantial decrease im the shear stress response, and therefore its
Apparent viscosiny ower e endire expsrimental shear rate milerval,
This reduction agrees with the spress-strain respanss already dis-
passed, The exirapolated vield siress for che laiter storage peried
iw really =mall and can be neglectied. The shear-thirming reduction,
indicaned by chie value of n=03, gives evidence 1 a reduction in
the mairix structure length scabe. One shouakd consider at chis poin,
from the rhenlogy perspective. the gel M ramaoll 1-4 immobilizing
Al as a vistoelasric Mysd

The shear chinming bebavior ohsemved Tor the pure galac-
tomannan gel [Fg 24&] s similar 1o that reported for others
galactomannans, such g those extracted lrom L feposcephal seeds
|45 amd rhi macst comanercially used galaciimanisan, guar gum
|45]. It is mpartant oo note though that this behavior i depen-
dent on the molecular weight | 4] the mannoselgalactose ratio | 15)
anil galactemannen cancentration |16 Moreser, e presende of
Cramull 1-4 appears mot mo be relevant regarding the degree of
shaar-thinmang since botk samples bebave sinmilarly wathin a given
storage perisd from 5 o 30 days. Mevertheless, the pure zalac-
ramannan sample shies an increase in e SIess response, & well
as an Increase in the yield siress, for the S0 days storage period. This
ixthe sama stiffenimg 2fect observed for the sbrass-strain measre-
[iE i8N

The geliCramadl §-4 immaohilizing matris (2B], also kept under
the same controfled storapge comditiors. presemaed similar siress
respanse up bo 3 d s, decregssng its value significantly for 60 days
sharage perind, The yvirld aress, abrained rom the exmapalaged
thesory fit, s negligibbe, again, for the Wter seorage periosd This pall
viekl stress agreas with the vizcoelastic fluid ssgrabure obserped by
Ll Sf pesi- sl amn el

L0.30 Decifarory resuits, Fip 0 shosws the resuls of G el O
imeduli o ghe juirg galactamannan gl (347 and thse el Cramall
1 -4 immaddbzing marrix {38 a5 2 funoton ol oscillacory [regquency
for a smalll am plitude oscllabory strain. The experiments wene con-
ducpied Beping Uhe samsples at the LVE, sehere B gel dructore i
delormed reversibdy and net deseroyed, offering the eppomiunicy
to probe the microstructure of both systems as a funotion of the
experimental storage period.

AL s eralide small Arain regime, M additicn of Cramall
1-4 an the pure galacnemansan gel did ot aflect substancally,
apart from a orikd ghobal reducton i both modali. the rheological
sigrmabme ol 4 weak gl which consist of 4 small waristion of G el
G° ag a funcrion of frequency, The gel Signatiune also agross with
visual observation of the samiples standing against gravity. One can
ohserve that both moduli continuously increase 3= a fanction of
feegquency Tor thie s interdal depicted

Thie cross-o4er between G and §° for barth samplss up me 30
daws imclicated a Ausd behavior for small oscillation frequencies,
dissapating most of the externally applied energy (G° =G =imilar
o the resules reporied by Alhugquerngue e al. |20 Tor the gala-
tomannan extracted from C. gramdis =eds at approgimately 1.5%
[we i amd also fo the cscill story behavsor observed for other galac-
tarmannans [4547], There was abserved an inverssn [G7 <67 m
thi range beraeen 3 and 9 He Irequency, and the pure galaccoman-
nan gel acguered anelastic Behavior { 34 L The crossover disapgears
fier the Gith day, = the tweo model emlved abmost parallel with
frequency increase; for e 80rh day, the syspeen had reacked a gl
stare determimed by an emhascement ol & and G valoes |data nat
shaowm).

The classicad gel hehawler |G parallkdl o G7 & a Function ol
frevpoemcy i was observed by Soares et al. [6] for the hydrogel come-
parsed by w-carrageenan and the pare galaciomanman pel. The pure
galacramannan hydrogel was rheokagicaly wesned during 90 days
period and a silfeming process was observed where both & and G°
increase as a function of storape. &n additional rheclogical study
af the pure galactamannan gel a5 Tunction of starage peviod may
ofler NEw apparoini s for preparieg soluons wich smaller galac-
foranren conceniraiscns that can exbibit a el stabe after stiffenieg
for a cerain siorage penod,

2.2 Bisfogical Activiny of free Cramoll T2 and gejicramead! 74
imeahilizing motrix

A rasge of Cramall 1-4 concenmakons was aneady cvals-
avesd: Maceel et al. |29 investgated Cramall 1-4 o ihe mitcgenic
stmmulation of buman Bmphocytes wanemg the lectin concendra-
Tiw Fiogwn OUFF Do 10D gDy Mo ef al, [92] examined, in e,
clinical and histopathological aspects of cutanesous wounds per-
formed expenmentally m bealthy and mmmurccompromesed mice
using 100 pg/ml of Cramall 1-4; fveling e al, |48 ] described the
development of a biosensor composed by 200 pg/ml Cramsll 1-4
immeckalized by electrostatic imteractions on hybrid Hanocompos-
ite (gold nanoparticles ared podyanilice] 8o <distmgoish abrsamal
Eyroproteing of sera frem parengs infecned wirth denge senoryss
1, 1l and L. Considering the broad range of Cramadl -4 concenara-
tions in the developmant of their Bclogical activities, 3 medium
walue of 100 pe!ml was dheven ta be mmmekilized into the gure
galacromannan gel

The HA comparisons were made ioa Cramadl 1-4 free schation
which was benchmarked to 102 HA dunieg the enbre penod. The
Ha, of Cramedl §-4 free sodaticn was 300, Gl Cramall 1-4 imives-
bilizing marrix presented HA of 2.71 when performed on days 1,5
ared 20wkl For 30 amd 60 days, its HA resdoced o 1.91. HA was
nal significasd afer B0 days, These resulls demossirale that the
immeeEdlized Cramoll 1-4 rerained 208 of ics inital HA during 20
days, decreasing to BT up o G0 days.

The fumdarmental characteristic of lectins is ik= ability 1= bind
spizifically with cabalydranes, far instande, with glyocongmans
on cell surface. When that occurs, lectins deploy several hiologi-
call effecis. The HA allows for determining the bectin presence ina
sarmple by Tormires 4 metwark applolimation bevaseen lectin bind-
ing sives ared carbohydraces of the erythrocyres surface |49 The HA
stability of the geliCramodl 1-4 immaobilizing matnx ensures the
maintenance of all lectin biokgpcal actrestios up fo 60 days,

Crameall 14 s lassiliod i jarm of s manecd ghi ose-specilic
binding group, a5 e are the neonosaccharkdes roowhich Cramall
1-4 exhibits the highest bindeng affimey. 1E 15 reasonable to pre-
alict that specific and mem-specific Bydrogen inbersc i befwaeen
el and lpcrin positively chargsd residies Might coour, simce e
pure galactomannan gel kas a central corz of all —4klinked o-
mannopyramcse to which 51 - 6Fmked a-p-palactopyramosyl
units are altached, That could e explained By patential comnSor-
mational changes of Cramall 1-4 for koo sorage periods.

Thee checrease in the opacity walue forthe gell Cramaoll 1-4 imm-
bilizire malriz ower bime s a5 already indicated in the Pos corves,
associared with the Inss of gel srrocrure stabiling. The stahilicg lnss
seems 10 be comoborated by the koss of accivity im HA during the
sarme pencd, which might be assocated with specific birsding of
T Cramall 14 with thee galactomannan Backbom,

21 Micretin! evalustion
A spoiled product may b described 35 ne thar Bas heen

rendered undit for use. Mimoblal spoilage can be caused by bac-
teria, yeasts or fungi, which are all extremely wersagile in ther
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the 2k Cramadl § -4 wrwrod dioae matris (1]

metabolic actrities. All classes of natural organic compounds, such
as polysaccharides and proteins, are susceptible 1o degradation
by the abowe mentioned microorganisans; synthetic compounds
are also attacked, although often bess readily |50 To prevent the
negative consequences ofmicrobial contamimation. careful control
IRasures are required during the storage process foe indestrial
products, even food of cosmetics.

The pure galactomannan gel andd the gelCramoll 1-4 immo-
bilizing matrix presented no microbsal counting for cultivable
macroorganisms along the total experimental interval, Our results
are in accordance with the microbscdogical analysis of Soares et al.
|6} for the hydroge | composed by k-carrageenanand the pure galac-
tomannan gel since there was no observed mMicroorgansm growrh
in any of the expersmentation days.

4. Conclusion

The gel Cramall 1-4 immobalizing matrx, a3 confirmed by the
rhealogical measurements, proved to be stable up to 30 days
with substantial variations cocurring after this period. Moreover,
throughout the entire storage penod. no microbsal contaminatson
occurred, no changes in the neutral pH of the gels were observix!
and the colorimetric parametess remalned constant, 90X of the HA
was observed after 20 day of storage, decreasing to G0% up to 60
days. The rheological properties of the)Cramoll 1-4 immobilizing
marrix and the maintenance of the HA of the immobitized Cramoll
for a bong penod of time indicate the sustability for its use in topical
applicabons, with potential use in pharmaceutical and cosmetics
indussiries,
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Galactamannans are palysacchandes masdy exiracted from the endosperm af lsguminous seeds.
and responsible fo perform functions of =nergy reservation and bydration. They have singular
fhat direct thedr | use as filmsiooati EMiS, A af mined such
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as hydrogels, emulsion stabiizers, tickeners, and cosmetics. The characterzason of
galactomannans from corvensional and nonconventional sources were reported as capable to
produce the broad range of galactomannan matices (films'memiranes, coatings, gels and
hydrogels). Matrices based on
mmobikzation of dfierent

polysaccharides; moeeover, the some publications brought new insights of the properties and
characterization of edible films. The works in which galaciomannan films are used as support for
immobikzation of biomolecules are ssll scarce, especally in health care. Dl.nwm“onusmd
clasic propertes, mmmmnwmhmpmu:?

more biopolymers with the aim % improve cobesion, appearance, stabilty and durabilty
smmmm;gedmmgenhmmbhwndmmm
been developed wath the important purpose of evaluating the controlled release of suspensions
contained In nancstructures. This review article aimed 1o approach the most recent Merature
dealing with galactomannan-based matnces and exposes the main sirategies for the immobikzation

of blomalecules and their potensial appications in industry.

Keywords: Galactomannan; #im; get; hydrogel; immobézahon; matrices.

1. INTRODUCTION

{2} which direct their potential use u
ﬁmgsls-q.apqmum.aa
mived sysiems such as hydrogels |101||. u
emuision stabikzers [12), thickeners [13], and
cosmetic materials [14).

The characterization of galactomannars fom
conventioral (3] and nonconventional [15.17)
sources were reported as capable to produce the
broad range of galactomannan marices
(Sims/membranes, coatings, gels and )
Matrices based on galactomannans, in

were expiored as  effective  supports  for
mmebiizason of different functional

such as peptides [4], antioxidants [8), 18],
and medicnes (19}

Regardng the formudation of galaclomannans as
fims/membeanes and coatings, # is important %
note the differences between the ferms: Fims or
membranes e formed by drying of a palymesic
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Fig. 1. Seed of Leguminosac family: representation of the constituents hull, endosperm and
germ
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solution, while coating is a sspension that can
bes directly applied o the product. Films based on
palactomannans have been used i several
Imi:al:im'u induding pharmacewscal fisld and
. The most COTITEGN
ﬁ_::u:hm used for production of edibie
are celfluloze, chilosan, agar and starch;
palactomannans emenge as allemative maierials
that can be used for the preducion of edible §ims
based on fher edbilffy and bicdegradabiliby
[5.20].

On the other hand, gel is considered a threes
dimensional network oblained by e linkage of
macomaeoules. wapped in 2 salvent, which
suppart thedr cwn weight and maintain its shape.
The presence of nonscowalent  cross-lnks

complicales the descnption of physical properties
from such networks due fo e influence of

temperature and ime in the number and position
of these connectons [21].

The gels genevally exhibf viscous and elasic
properties, with a predominance of the elassc
made. The roperes of
palactomannans are widely used in indusiny;
them o oplimize this indusinal wse, it =
recessary ‘o develop mefhods that would allow
predicting e structure and the funclion of these

palymers  through the knowledge of their
oriormatians.

improwe
appearance, skabiity and durability of the gel.
The synergy betwesn galacomannans and olher
palysacchandes, sudhi as agar and
palactomanman  [23,24), galaclomannan and
wantan [25), pectin and galaciomannan [35),
palactomannan ard kscamagesnanm [11). and
unoonventional galaciomannans with  xantan
and camagesnan [9] have been desoribed.

This review arlide consider Se most recent
iferature dealing with galactiomannan matrices
and emphasizes fer polendal wme dor She
immabiization of disSnct  biomolecules.
Moreaver, their broad range of applications in
indusiry was also exposed.
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Z INTRODUCTION
MANMNANE

T GALACTO-

Galacomannans are polysacchandes composed
by a linear chain of f=1,4-0-mannopyranase bo
wihich a-1,B Ia nose  unils  ane
:W.Tmmfwmimml
SOUNCES, in particular yeasts and ather fungi, and
fram plants. inwhat concerns the wast majority of
galaciomannars derved fom planls, thase
pd'pm-:m;'l reserve function and
their main souwroe is She endosperm of seeds,
especialy from members of the Leguminosas
family [E7]. The legume species are speead
throughaut the world, especially in trapical and
subtropical regions, ranging from ememgent frees
1o tiryy and ephemeral herbs [28].

Polysaccharides from seeds are examples of
natwral compounds $hal have contribuied fo the
Leguminosae famiy classification, bul special
emphasis has been given D gakeciomannans
ae s divided
m?mr-mmm' 2=, Mimosoideas and
Faboideae. The use of galaclomannans as a
lawonomic characier has bes=n proposed by
many auhors due bo e yield of extraction from
the endosperm of the seeds as well as $he raio

bebween the residwes of mannoss and galachose
in the moleode and the contents of Hese

compounds in the sesds [31)

Ancther utlity of the galaciomannars considers
the Legumincsas family as e second masi
important inio e Dicotyledoneae class and the
firsl in economic impartance. Three possibiities
for the fine svwchee of the malsouls,

fo the distrioution of -]
ko oo s e, chale, s ey
being propased (Fig. Z).

Tao provide differences. in demsity and sisoosity of
sohfions, the proporion amd disinbuton of
galaciose unils has an essendal role in solubiity
of galactomannans, is waler solubiity increasing
with rising conler of galaciose fie. wih
decreasing MG ratio). & polysacchande chain
mdﬂmﬂméﬁﬂ-mm
will povide  intermolecular inferactions Iz
hydrogen bonds between ds  hydrowgds of
mannose, leading fo formation of isoluble
aggregates |32 The presence of branched
chains of galaciose oeates sierc impediment
betwesn  imiermolecular  hydrogen bonds,
minimizing the formation of pregabes.
Moreover, galaciomannans wath few side chains
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(greaier atic mannassigalaciose) may mnberact
befer with olher polysacchardes due o the kong
usubsihted regions |12 For a  beter
understanding of soures of galaciomannans
and therr main properties, Table 1 summarnzes
thom= characienstics and the most important
applicability af galactiomannans from
Lsguminosae tamily.
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Fig- 2. Distibution of galactose units along
the mannose main chain
M mpresenialion of masose wolls inked by Bi1 S
G regresanration of SubSiNLon by Qalac DS LRils
i Aoked of T 246, Eased upod Deas and Mamison
a7y

3. BIOTECHNOLODGICAL APPLICATIONS
OF GALACTOMANMANS

The three main  commerdally  wsed
palactomannans in food and nonsfood indusines
Iregulrgl..ln [Cyamopsis fedraponoiobus), 1ara
gum | slblm:‘umnblndhmrlb:mpm
{Ceratonia SiLa) g Cither
palactomannans commerdally mown are e
pumn exracied from Cassia fore [12] and the
rman  from TngoneNa
wm=grascum, marketsd on a smaller scale
as wel as that exdraded from the ses=ds of

Prosopis pifiora (Please see Table 1)

In food imdusiry, guar gum and locust bean gum
are the most used species |34], while ara gum
has been accepted as an allernative o Shose
already used [35]. In general, galaciomannans
mutmmm.mdm“
increass its resistance io emperaiure changes,
be=n especilly appled as thickensrs and fal
substitutes; they also cam be wsed in dairy
prodiscts, desseris (especialy ice oeam), jelies,
powders, cake mixes and Spices,
sauces, soups and canred and frocen foods [38).

Galaciomannars enler inio fhe composition of
dietefic foods sinpe ey ae nat digested by e

Albuquivgue i el AN &5 11T, 2008 Adche o AR 73535

hody. The addition of guar gum o meals that are
rich in carbohydraies reduces the posiprandial
nse of and insuln im the biood.
Moreower, e us= of pharmaceubcal
preparations of pure guar gum and the gum
added to foods the meiabolism of
carbahydrates  and in insulinedependent
and imsulinsindepender paders. The=
physidiogical action of guar gum appears %o
depend mainty on Sheir abikty 1o rapid Bydrason,
inoeasing the visoosity of e bolus in te
stomach and small infesine. The high viscosity
in the small intestine decreases both digesSon
and aksarption of crbobydrates, which ends ta
reduce posiprandial fypergiycemiz. There ane
also siudies demonsirating that guar gum is akble
o lovwer biood low density lipoproteinss LOL [37).
Alsp as regards the food industry, shedies. related
o the mechanical and thermal properties of films
based on pgalactomannans have been widely
[ for  bigtech I

c:pmlmhh:,l as edible fims (5, for cmppm'ﬁ:
tropical fruits |7] and rooita chesse |38).

In what concems nonsfood  indusines,
galaciomannars are used as thickeners and
stabikizers in pharmaceutcal formulations, such
as creams and lotions for cosmetic fislds [32]. In
addition, these polysaccharndes have been
applied as matnx in the oomiroled releass of
drugs, such as the formulation compaossd by
galaciomannan and xanthan gum, which has
been used as controlied relsase drug camer of
sodium diclofenate and the=ophryiine.
Galasiomannans were  abo  employed  as
thickeners in effervescent tablets and formed a
stable suspension, Shus  preventing Hee
setiiement of e partides and promoing a
pleasant feelng in the mouth [£0,41).

Galactomannans were also appled fdor the
coniroled rel=ase of dnags in the lage intestine.
The polysaccharde have been used as coafing
capsul=s and tablefs i combnabion  wEh

ins. Indhvidualy, these polysaccharides
cannot be applied as drug camiers o the colon
due o their solubiity in waler. However, the
ooating based on galaciomannan and pedin in
pH T becomes slsstc and irsoluble in gastic
ard intestinal fluids, thus able to pass through
the upper gastoiniestinal tract and allow the

Further, galactomannans are adscrbed by
oeluiose fibers and used in paper industry fo
improve e mechanical properties of paper by
regulating e floooulation stale of celulosic fiber
suspension [43].
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Tabile 1. Galactomannans from Leguminosase family and their main properties including MG ratio and applications
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Leguminosae family MG ratio Applications Reforonce
Subtamily Spocies
Caesalprimdeae Cassia absus aa edicnal purposes. [a4.48 48
C. alata a3 - Lo
€. emanginata Fa ] . 27
. fistula 30 Possess andtumoral acivity. |ag,43|
€. grandis 24482158 . [18,80]
€. margandica A6 E |51)
€. nodasa as . |54
€. ouidentaiis a . [51)
C. form ag Disintegrant in the formulation of orodispersible @ibless. [12,53,54)
Thickener or geling agent.
C. spectabiis 255 . |55
. spinosa 27030 Passess protective colicidal properties and interfadial [1284)
fension acthaty.
Imporiant agent of syremgism with olher polysacchanides.
Caesaipinia pwichernma 288 Used as coasing for fropical frufs. .27
Ceratonia sibqua A87E Binder, lubricalor, and stabilizer. [33,34 81, 85]
Provides heat-shock resistance in ice cresam produsds.
Zpeeds coagulation of cheeses.
Used as beads for drug controled release.
Imporiant agent of syremgism with olher polysacchanides.
Caesaipinia cacalaco 25 = L]
Defomix regia 428 . 27
Gileditsia amorpioides 25 = |58y
G. tracanthos 2A2 Food indusiry purpases. LRERFA -]

Feduce infesinal absorpdon.
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Lo guminosas familky MG ratio Applications Roforence
Subtamily Spocies
Paossess immunomedulatory activity and ans-inflamatocry and
anlioxidant effects
Gymnockedus dinica Flr ) | E |51)
Faransonia acuizafa Fv 1] E |51)
Mimosaiteas Bacmanthus ifnoansis 1] = L]
Lewcaena glauca 133 = (LF]
Ad=ramthera pavoning 1.35 Used as coating for ropical fruis. I7.87]
Mimosa scahrela 1 Used as tiblets for oral controlied drug defiverny. |15,44]
Frosopis julfiora 11106 Falential for use in the: food indusary. 35,50
Faboideas Zophora japonica BT Food industry purpases. [17.51]
Trigonella foeruwmegraecam  (L95-1.1 Reduce surface tension. |52 68
Fossess anfsinflamatory and antioddadee sfiects.
Cyamopsis fefragonoioha 148 Thickener, stabilizer, emulsifer, and firming agent. |0, e, |

Important agent of synemgism with other polysacchanides.
Used as blends for food industry.
Part of mined geds for fopical drug dediveny.




SE-_H:I studies have besn about e

purification, desoription of the physical, chemical
and wse of

vansd sources. Galaciomanrans of distimct plant
spedies have been well charactesized, swoh as
the Prosopis rusciofa [16]), Senna fom [GE),
Cassia grands  [1520], Oumorphandra
mﬁlﬂ'.ﬂﬂl Tul. [1} Caesajpinia ferrea war.

taacanifios and Acenantfes pavoning |57

The degree of substitution of the galacicse units
in the mamnnoss backbone s an  imporiant
characier in the interaction of galaciomannans
with other polymers. Ome of the first repaorts an
the characienstics and properties of systems

PcCl=ary el al [68), who descibed rhedlogical
analysis bebwesn xaniban and the guar gum
galaciomanman and demonsTaled et  Hes
interaction decreases with inoreasing the degnee
of substitution of galactomannans. Eresolin e1 al.
[58] alo evahmted the synmergistc efiect of
wanfhan and the galaciomannans from AMimosa
m.mummwﬂ

al. [70] evaluated the synergistic effect of guar
pum galactamannan and looust bean gum with
wanfhan and confrmed thei  the impac
gistribuion of galactose wnits alomg e main
chain of marnozs is a®ached io $he symergy
mechanism. Lucysmyn et al [23] appled gel
miciures of galechomannans and agar for plant
cedl culhures.

fAncther widely shadied gel comprises ke

an and galactomannan. lves ol

observed that the addtion of
palactomanman improved e gel guality when
compared o the pure k-carragesnan gel in
combination with galadomannan, the midune
became less bride, s¥onger, and less vuinerable
bo syneresis. Pinheiro ot al [8] quantified e
synergistic  inleractions  bebween  the
palactomanmans  extracied from  Sophom
joponica and Gieditsla fmacanthos  with s
camageenan and xanihan and compared e
resuls  with the iradiional guar pum
palactomannan and locust bean gum. The
results demonsiraled once more tat e
synergistic effect of the sysiem depends on e
ratio of manncse and galaciose; in addition, e
fime: structure of the galaciomannan.

There is a worddwide Fend relaied io esexches
on purification, characienzation and application

A i @l AL &5 F-17, 2008 Adck AR 23408

of galactormanrans, indicating the need o find
seeds, which are allernative sources for the
eutraciion of this polysaccharide, especially for
indusinal producion. The possible sources for
galaciomannan ewtraction in Latin America are
still unfamiliar despile the rich biodiversity of te
local fora [1].

Brazil has rich sources. of drversified spedes for
the exiraction of galacomanrans from seeds
that ocould leverage the marketing of this
commerrial galsdomannans ncluding guar gum
ard ool bean gum {0,710 euros per gram,
approwimaledy) [T2], it is impotant 1o note the
polential of the Amazon as supplier of s=eds with
high polential for galacomannan extracion yisd,
wihich has imporant highlight in wade and

11 Immobilization of Biomaleculés in
Galsctomannan Suppons

Enzymes, antibodies, proleins, drugs and
celular recepiors are examples of biomolecules
aieady  immobikzed chemical or
physical mears in different  biomaterials for
applications ranging from diagnostic amd
therapeatic areas o separation meshods and
other binprocesnes.

Among the different dasses of biomaienals that
can be used as casmers, polymers have spedal
inen=s! due o readive groups on s surface or
otter derradve el may cov e
mmswmm,imﬂpd
polymeric supports for biomolecdes relales bo
disimet processes  for  maredacture  Hhese
systems, induding films, memiranes, bes,
fivers, paricies, gels, hydrogels, capsules and
porous stnuchures [T3).

Several immobilization methods are based on
physical or chemical linkages bebween the
biomolecule and the palymenc suppor. The main
used methods are physical  adsorpSon
[ydropnaic meracions, hydrogen bonds o
ﬂntl’Wﬂhhﬂihd‘EﬂﬂIdm
[cowalent or jomic bonds), immobilzation by
containment matix and crosslinks (Fig. 3). & is
important to nole thal e term immobilzason
refers both for a fransient location as a

immobilization of the biomoleaule in
I ot il gt Rarainar, F

degradation of the matrix [T3].
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Fig. 3. immobilizations based on physical or
chemical | : containment matrix and
crosslinks between the blomolecule and the

polymeric support are represented

for example, chitosan fims fom arsmal and
microbial sowrces, added fo glycerol, were used
for the immobikzation of bromelain [74); the
results suggested that the films with low
malecular weight chitosan are suitable for
appication in wine industry. Projeases were
immobiized on chitosan films and demonsirated
an excellent antibiofilm efiect, especially against
Staphylfococcus cubures [75). Biosngineering
wmmmmmmm
such as the combination of chitosan, and

in polymenc matrices has also been developed
hml:tosale for example the development of

a glcose biosensor by immobdizing glucose
axdase n chitosan parides (77}, =n addtion o
the microparticles of gel produced fom alginale
and lactoferrin 78]

3.1.1 Galactomannan films/membranes as
supports of immobilization

The polymers, whether natural or synthetic, are
molecules whose chains are longer and able 1o

produce continuous matrices vital for
structuration of fims, memiranes and coatings.

Abuguergue of &l AR, &4 117, 2018 Atcle ra AR 23435

charides obtained from natural
sources

Fig. 4. Reprosentation of films based on
polysac

The properties of films depend on the used
polymer, e manufactunng condtions and
erwironmental condtions, which are important
factors due 10 the hygroscopic nature of the
polymers [81). The formulation of these products
most often requires the use of plasticizers, sinoe
fims without plastiozer addition exhibit a bemtle
and hard syucture due f0 inferactions among
polymer molecules [79).
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Plasticizers are low molecular weight agents that,
once incorporaied imio films, are able 1o position
themselres amang the polymer molecules. They
interiere with She polymerspolymer inberactions
and result in inoreased flexibilty and processing
capacity [E2], as wdll as improwve the product
resistance o penefration of wapours and gases
[#0]. Waler is a very efieclive plasticizer in $e
composition of fims; other plasticizers ane also
hrydrophilic and able o aliract waler molecules.
Due to this featre, the relative bumidity of fims
under siorage becomes one of the main
analysed properties espedally due fo e
influence of water on the sinuchee of e

produsdts (B3],

Surfactarts  are  considered  amphipathic
substances due 10 ther hydrophilicty  and
trydrophabicity. They are usually adoed 1o
erhance the emulsion stabiity of fims.
Surfactanis could be incomporaied io reduce
surface dension of solutions, improving e
wetiability of the produces [22].

The polysacchandes evaluated andior emplayed
to form fims can b= appled in e

mac=utical fidld in emnca fal [T
ﬁ rebeane :f.lcihtpri'upp::n‘cﬂﬂe films in
the food indusiny; in the cosmefic incusing in

=, such as pestiddes and rufrients

ase agent amorg ofher applcations. The
main polysacchandes reparted on the productian
of films and coaSngs include: Starch |B4,85),
cellulose [B5-88], alginale [B551), carragesnan
[S2-54], chitosan [$2=57] and natural gums, such
2= Policaju [98,549] and agar [100,100)

The knowiedge of characierization and
appication of galactomannans as fims is st
limited with those already reporied for
ofher polysaccharides. Aparl fom this facl, e
main publcations browghl new imsights of e
properties and uses of edibke fims, as repofed
=2 L

Cerqueira et al. [7] shudied the application of
coadngs constiuied by pgalactomannans from
differerdt nahsal SOLFCES [ = sl
mwmmMHmfﬂc
tropical fruits: acerola (Majpighia emarpinata),
:*;” [.E.l.;umlm“wl:m uela
seng
[Mmummmﬁ
the five fuils were determimed for difiensnt
aqueows  sokfions  of rans  plus
plyoerol Lima et al [10Z] also used e
palactomannans obfained from C. puichamma
and A pavomna o coat froils, but added

Adwsuacue i el AR &S 07, 2008 Adch o AR 1415

calagen and giyceral o e filmogenic salutions
and evalmted the application of the coafings on
mangoes and apples. The infuwence of storage
iemperature on the gas exchange rale of cheess
caated withi galaclomannan was also evaluated
|38 and the rru:lj af e pl'rgumm:nti
properties of edible  fims

concenirations of loocusl bean gl..m I"Id ks
cara an was Im 1,
b fors bt on palacireiarnans Jend
improve e appe=arance of the food and can b=
used as immobilizing media of  natuee
presenatives in order o neduce  microbial
contamination, increasing the shelf life of foods

coated with this polysaccharide.

b is imporfamt 1o highlight  than
marnosefjalacicse ratio, degree of subsihson
and degree of polymerization hawe been reportesd
1o dirsctly affect edible fims [103). In addiion,
the immabiization of ocompounds in
galaciomannan fims musi be evaluated by te
rrlp:dmmeﬁ.lﬂn\ifyaflr:fmiplmn;

immabilzed molecue can affect
furmﬂpmpuhuufupdym[ﬁ].

Martins =t al. [-l-]duml-upbdlg.ﬁd::mmnmﬁn
exiracied imacanthos  wih
rmu:imdmmlndrnnbuﬂnmzﬂdm
preventing microbial contamination in chesse
nicotta. ueira ef al [#] ussd the same
galaciomannan from &. fnacanifos o immobilio:
anticoidant  extracis  and  implement e
articidant actiity of e firal product. Valenga
et al. [18] performed fhe immobilizagon of the
l=can from Canavala snsiforms sseds, Cond
[glucose! manmas= binding), in galaciomannan
fims obtaimed from the seeds of Levcaena
Jevoocephiala. T sugpesied thai, as the
backbore of the galactomannan is comprsed of
[=D=manmose units in which some g-D-galacion:
unils are linked at the Cd5 posiion, te
recognition of Cond may ocoour teowgh OH
groups at C<3 or C-f positions, if the latier
mannose unit s free. These esulls demonsTate
that the works in which galactomannan flms are
used as suppart for  immobiization  of
biomolecules are 3l scarce, espedally in health
Can.

immabilizing supports

Gels are semisolid systems in which  small
amrounts of solid are dispersed in relatively larger
quartites of bquid, a charadersSc that provides
a mature more solid than lguid to the system
[104]. There is an inadequate interpretasion in
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g &

Fig. 5. Differontial behavior of a polymer in
aqueous solution
The clased circies represent covalent bonds and the
open circies represent virtual entangled lnks

Although some gels are sufficently ngd to
martan their structure under low s¥ess, after
exceeding a certain threshold value, the flow of
the gel emerges as a charactenshic linked o the
loss in the polymer structure. Hydrogels can
swell in aqueous medium for the same reason
that a similar polymer can be dssolved in water
to form a polymenc solution. Therefore, the
cenfral feature to form a hydrogel is its mherent
crossinking (abilty to form oossdinks).
Conventional geis can also develop small levels
of cross-links because of the gain under
the influence of stress forces, but process is

Aluguergue of al, AIR, &) 1-17, 2018 Atcke ra ANR.23435

reversble due fo the imolvement of weak
physical foeces [105).

Galactomannans themseles are nongeling
agerts, while same galactomannans are able %
form gels with certan metal salts and others
nleract synergsticaly with differert
polysaccharides such as agar, xanthan,

abscrption or from the formation of hydrogen

ranging from the food to the pharmaceutical
industry have wused gels based on

sodundmpilkncpeld.uoqma
of the latter species as matrix

10
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Shudes e use of galactomanmans in
peds for immobikzation of biomaleoules: have also
bes=n developsd wath the important purposs of
evaluadng e controlied release of suspensions

contaned  in nanostruchwres 111,112,
Manometric systems o nides have
bes=n shudied mensively [113], especialy in e

biclogical  field 114,115 Nanocapsules,
ranopartides, liposomes, microspheres,
microcapsules and nancspheres, belonging to
the group of sysiems dispersed in nanometric
scaks, are forms #hat inlend 1o
reduce side effects of many substanoes while
increase s efechveness after admiresiration,
even by different roubes, indwding the culansous
barier. In  this  sense, e lechnaological
development of novel dosage forms  in
nanomefic scale has been a promising siralegy
ta increase the penetration of drugs through e
skin in a controled manmer [1146]

4. CONCLUSION

The purpose of this review was to appoach e
mast recent soemific |Herature dealing  with
matrices based on galactomannans. Moreower,
s review emphases e main siralegies for
immaobiization of biomoeades and their
potential indus¥ial applcations. Sclutions  of
galactomarnans are  consicdered  ascoslasic
matenals since fthey exhibil bolh  wscous
(boquid) and solid (slastic] charaderistics, which
proposes s ume a3 supporis @nging
from fimsimembranes to gels. This review artice
was molvaled by the lack of adeguale
knowsiedge about e immabiizatian
of biomolecules in galaciomannan matrices. and
the impact on the funcionality of the final
product, since the immobilzed biomolecule

can affect functional properties of e
palysaccharide.
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Abstract: Matural polymers, such as gums and mucilage, are hiocompatible, cheap, easily available
and nom=toxic materials of native origine These polymers are incressmgly prefemed over synthetic
materials fior industrial applications due o their mirinse propenties, =5 well as they are considered
allernative sowrces of raw matenals since  they  pressent  charsctenstics  of  sugtamabality,
biodegradabality and baosafety. As definbion, gems and mucilages are polvswcchandes or complex
carbahydrates consishing of ome or mare monosacchardes or therr dermvatives linked in bewaldermg
vanely of hnkages and stroctures. Matural gums are congidered polysaccharides maturally ooourmng
in varieties of plant seads and exudates, tree or shrub exudstes, seweed extracts, fung, bactersa, and
animal sources. Waler-soluble gums, also known as hvdrocollods, are consdered exudstes and are
pathalogical produects; therefore, they do ot form a part of cell wall. Un the other hand, mucilages
are part of cell and physiologcal products, 1 s mmpentant te highlight thal gums represent the largest
amounts of polymer materials dermved from plants, Gums have enomeoudy large and  broad
applications in both food and non-focd ndustnies, being commoenly used as thickenmyg, binding,
emulsifying, suspending, gabalizing agents and matrices fior drug release i pharmaceuscal and
cosmetic indugtnies, In the food industry, their gelling properties and the abality o mald edible fGlms
amnd costmgzs are extensavely siodsed. The we of gums depends on the ininnsic properises that they
prowide, often @ costs below these of synthetic polymers. For upgrading the valee ol gums, they are
beirg processed oo vanows forms, incleding the most recent nanomaterials, for varous
toodechnologecal applcabons. Thus, the man natural polymers mnclsdimg galactomannans, cellulose,
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chatin, agar, carrageenan, algmate, cashesw gum, pecim and starch, m addsbon o the cwrment
researches abowt them are reveewed in thas ariscle.

Keywornds: agarose; alginale;, carrageenan, chiting, galaclomanman; gum;, bydrocollosds;, muclages;
polysscchamndes, starch

l. Introdection

Matural polymers are matenals of metural orngin with propentses of blocompatibality, kow cost,
availabily and lack of texicity. These polvmers, such as pums and mucilages, are mcnssingly
prefemed over synthetic matermls due to ther mtnnsic properbes; o addivion 0 be comselered
alternastive sources of raw matenals for indutinal appheabions,

As definsion, gums are polysacchandes composed by multiple sugar units Imked 1ogether 1o
credle |large molecules wih betersgeneows composition. Upon hydrolyss, they vield simple soagar
umnts such as arshinose, galactose, glucose, mannose, xylose or uromc acuds, The polysscchande gums
represend one ol the mest abundant industrial blomalenals and bave been reported by several studhes
due to their sustainsbolity, brodegradabality and baesafely. Gums ane abundant in nature and comamaonly
found 1n many higher planis; in addimon, they are frequently prodeced as a prodection mechansm
fllowing plant imjury [1].

Besides gums, the constituents of polysacchanides also melude mucilages. ARbouagh ther natural
pedymieric source, gums and mucilages have certain differences; gums readily dissolve m water, while
muscikages form visoous masses; gums are conssdered pathologcal products, wheress mucilages are

physological prodects. In addition, ther smulanties are related © their broad ange of

physicochemical properises, which are widely wsed for apphications mcleding cosmelics, paper,
pharmacy, textile, adbesave, mis, hthography, pant, explosive, and smoking products |23, In ander
Loy avied mosinlerpretabions, ol 1% mmportand b detingush the shbovesmenbroned terms,

Mucikage 15 a polysaccharide mixiure commonly found in vanows organs of many higher plant
specees. Do o oais high vanability mterms of chemical constitents, mucilage probably assumes a
multitude of phvsological fumcbons in plants [4]. Mucilages found i rhicomes, roots and seed
endisperms may act primanly as energy neserves |5 ], whensss ohar mucilages appear nol o serve as
storape carbohydrstes. Generally, it has been sssomesd that folar mecilsees are merely sescondary plant
mietabalnes, but there was also reported that they may play a role m wound regponses, Trost tolerance,
waler trangport, plant host-pathogen interactions, the vwme balanoe ol plant cells, and as carhohydrate
reserves., There 15 growing evidence thal, due o the high concentration of hydroxyl groups in the
polyvsscchamdes, extracellular mucilages in partcular bave 3 hagh waler-binding capacity and may
play an important risle m ithe drowsht resistance of certasn plant specees 2],

Matural gum 15 a berm wsed to describe a group of nalurally eccurring polyssccharsdes, They have
widespread mdusinal appleatsomns duee 1o theirr abdity ether te form the gel, make the viscous solulzon
or stahalize the emulsion sysems |[6]. Water-soluble gums are descnbed as hydrocollods, they ame
wed for vamows applications, including deetary Gbers [T, texture modifiers, stabilizers andfor
emulsifiers [ £,9], gelling spents [10], thickeners | 1], costng agents [12,13] and packaging films [14].
Many natural gums lorm three dimensional interconnected molecular networks known & “gels”™, The
strength of thee gel depends on s structure and concentration,, a5 well as on factors such as temperaiurne,
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pH, &nd womc strength. The lmear polysscchamides occupy greater volume than branched polymers of

comparable molecular weighl. Thus, at the same concentrabion, comparable hnear polysscchandes
exhibal grester viscosity. Therefore, it 15 difficult for the heterogensows gum molecubss b move freely
without becoming entangled wilh each other (and amy other Brge molecules also present], In addibion,

nestural guns are oflen recognized by thewr swellmg propertuss, which oceurs duee 1o the entrapment aff

large amounts of water betwesn their chams and branches [1].

Cellulose, chabin, @ear and starch are the maost common polyvswchandes wed mo o indosty,
Regarding their broad range of applications, the preference for wse of natural polymers 15 presumed
wver comparable synthetic matenals dwe 1o thesr non=boxacaty, ey cost and avaslability. For instance,
muost of the natural goams ane sale enough for oral consumptson m the form of Food additives or drug
carriers [1]. In addsison, syntheszimg matural polymers as nanomaterials enhances the industrial
applicabality due to 115 larger surface, besides the minnac properties above menboned. The present
wiork congiders the most recent Inersture dealmg with natural polymers, including natural gems and
mucilages, and their potential biolechnological applications, Morsover, we summarzesd imformation
abanst thesr chemical stroctune, physicochemical and functional properises.

2. Classification af natwral polymers and their bistechnological spplications

Ciums and mucilages are sourced from the endosperm off plant seeds, plant exudstes, tree or shrub

exudstes, seaweed extracts, fungy, bacteria, and anmal sowrces, where they perform a number of

structural and melabohic functions;, 1l 1% imporiant to highleht that plant sources. provide the largest
amounts of gums. Matural gums are categormeed based on ther orgms, behaviour aned chemical
siructunes, Ciums submatted b a hydrolysis process, bacause of their podysacchanide nature, produce an
indefinite number of monosacchandes, Depending on the bype of the produscts obtamed by hydrolysas,
gums can be fuiber clasified no pentosans and hexosars. Chemically, they are pathologeal
products consasting of calcium, potsaen and magnesurn salis of complex substances known as
podviramides, whose: sugsr unals can be separsted by bydrodysis using dibute maneral acds, followed by
separabion of liberated monosaccharides using dafferent chromategraphic technigues [3]. Diiferent
sources of gums and mucilages are hsted m Table 1,

Plani=based gums are the polyvescchandes onginated rom vanous parts of plam (e.g. plant cell
walls, ree exudabes, seeds, luberfrools, saweeds) [6]. Most of them belong to the Leguminasse
Family, which 15 divided mio the subfamilies Csesslpimoidess, Mimososdeae and Fabosdeae [ 15]. The
palyvisccharsdes sounced from plants are examples of nateral compounds that have contnbuted bo the
Lepeminosse famuly clasafication, bul special emphasis ks been grven o galactomarmans [16].

The considerably grovang mderest mogums 15 due o thesr diverse stroctural propertses and
mekshalee functions in food, pharmaceutical, cosmetic, textile and biomedical products | 17], since
they can e wsed as destary fiber, lexture modifiers, gelling azents, thickeners, emulsifiers, stabalizers,
costing apents and packaging films [6, 18], In the recent vears, the demand for plant=based gums in
Fiod, mesdicime and drug delivery sysbems have been considerably incressed becawse they are the most
mitahle ingredients in Hgusd and semisohd fioods [19], However, the market stll desires new sources
of plant=baged gum v meel the demand for mgredsents with more usefubness especmally o fisd
gystems [6], hence they are the new generation of products sourced from sustainable materials that
mbend 0o comply the scological and economic reguiremenis.

ATRDY Moleculor Fedenos olume 3, B 3, 3R5-435,
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Acimyg as wluble dietary hbres, gums play a crocaal part in developng foods with heeh ssbatinge
capacily due bo therr viscosity, Mot of the sceenbific reszarches mention that when gums are hydrated,
they incresse the viseosaly of the solubion medium and show a very wade mnge ol rheologcal
beharvour, generally peudoplastic, depending on therr concentrabyn, chemical armangement and

structure [20].

Tahle 1. Classification of the dillerent avaslable gums and mucilages.

Source Mame Type Heference

Tree gum Arahic gum Ambinogalactan [21]

exudales Prosopis alba gum Ambinogalactan [22]
Acacas rarrasa gum Arahinogalactan [23]
Almond gum Ambinogalactan [24]
Athizia sripulria gum Arahinogalactan [25]
Acacas semegad gum Arahinogalactan [26]
Cashe'w gum {aalactan with gluoose, arabinose, thamnose, [27]

mannose and glucuronic scsd units
Extracts Pecom Galacturomic aced with rhamnese, ambincse, [28]
galacinse, xylose, and glucnse weis

Seeds Casria speciaiiiis gum {aalactomannan [25]
Cruar gum {aalactaomannan [50]
Casia modesg gum {aalactomannan [3l]
Ciassia gromdly guam {salactomannan [32]
Fenugreck {aalactamannan [33]
Locust hean gum ialactomannan [34]
Starch (iluscan [33]
HNymenara cowrtard] gum Xyloglucan L]

Red seaweeds Agar {aalactan [37]
Carrageenans Lialacan [3&]

Hrown seawesds  Alginate Manmsromic acid with guluronic acsd units [55]

Microbial Xanthan gum (lcan [
Cellulome Llscan [£]

Anemal Chitmn Galucosamine [41]
Hyaluronse acid {alecosamine with glucuronic aced unss [£2]
Chondroitin sulphate Cialactosamine with glucwromic acid wnits [43]

Studies dealing walh gums &5 texture modifying agents are continung o increse inlbe fod and

culinary mdusines, espectally for gelling, theckening and emulafyine purposs, Some ydrocollods
are wsed as gellmg agenis, for example, 1o merease the ssitely sersation inthe stomach, broughl showt
by diiferent ingeening fictors, 1 is beleved thal, in order fior gasire gelaison o indoce satiety, not only
must & gel form mthe stomach bul the gel must als possess some strengih [44]. Also a5 regards the
fsod industry, the most common polysscchardes wed for production of edible films are cellulose,
chabosan, agar, starch, and oo less important, galsdlomannans, since therr mechameal and thermal
properies have been widely exploted for hotechnological applcaton,
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Mot only in food and culimary industry, et alse in homedical applicstons, the synergistic
imberactions that oocur in Systems contanang different blends of polysaccharides have been wed for a
lang tome due o thear ability 10 form strong gels even al low concentrations [45), 34l movew of the
medical field, some of the current challenges i the conventional therapeutic systems melede lack of
praper drug delivery systems with efficient bioavailability or drug release capability, lack of efficient
imaging and sensing technsgque, lack of targeted delivery systems, ele. As an altempd 1o circumvent
these 1skues, the advent of nanolechnobagy allows the wse remostoels i overcome the shortcomings af
the conventional methods [46], therelore, natural gums are being processed mio varows forms,
including the most recent nanomalerals, for vanous stechnologscal applications. The main natural
palymers, ncludmg gums and mucilagess, as well & the current researches abowt them are reviewed
bezlinw,

3. Galaciomanmnns

Cialksctomannans are neutral polvscchanides molated rom seeds. The main chain s compased off
[ 1—d = Demarmese (M) units with different degnees of substitution on Os=6 with peDegalaciopyranosyl
(G wrts { Frgure 1), Galsstomamnams are considerad highly water soluble hydrocallmds providing
haghly visoous and stable aqueows solutions, mn addibion, 15 solubalty depends on the compoasition (or
MG ratin) and on the disinbubion of galactose wnits along the mannen backbone chain: the karger the
galactose content, the higher the solubality m water [47].

CHOH

L 7] a
(1) =D gl i

W OH ,;

£H, B -¥d] - manr=an
o
o i oM
N No’l 0
i B o
THOH

Figure 1. Representative segment of a galactomanren mamn cham from plant orgm,

The MIACG rabies varies among the speces of the same sublamaly, Cassalpmsosdeas presents MG
rabios ranging rom 244 | Casmie grandis) [32] to 4.2 { Defomix regia) [48] and fs main representstves
are Casvia fora (M/AG: 3.0) [49]), €. spinosa (MAG: 2.7-3.0) [49,50] and Ceratomic siligua (M/G:
3.5-3.75) [51). Mmmosoedeae subfamuly presents bower MAG ratios, usually varsed from 1 { Mimosa
scabretfal [52] 10 2.6 | Hesmanthay ilineensis) [49]. Faboldese subfamily presents a broad range of

ATV Madvcular Sokeince Wolimee 3l 3, 305425,

93



94

ELD

MG raabios For ols representatives and ineludes the man commercmlby wsed galactomannen i food and
mirefivod mndusines, the gur gum (O remopry fetragomotodaes, 3062 1R [53].

Cialactomarmans are polysscharde gums with several funcions msociated m lerms of their
phyacochemical and biskogecal properties, whach in Bsct od¥er a vade vanety of applications, Unlike other
pums, salaciomannans or thesr dervvatives are les exploed om an industrial scale, despile mal bed
endagpem powders of puer, locwt ben (Cerotomia siliqua), and fszreck | Trgonedla fosmmme=groecur )
represent the galsciomannan seeds currently exploibed on an industrial scale [54) Among their
apphicahions, these goms accumulsied mosture (disioasbion olerance) al the carly stage of seed
swellmz and serve as a carbohydrate energy resowrce durnng seed germmabion. In addition,
galactomanman gums may also play a protective role, simce they impart cerain strength 0 the
endosperm surroundimg the germ al the peniphery E]

Comparad wath other gums, galactomannans exhibited excellent retenbon ol yscosity even 3t b
concentratums. They can be wsed & masseefficenl ayweous thickeners, nutribional supplements [11,40),
and component m a mmed gel [56,57]. Inthe Tood industry, palactomanmans as g and locust bean
gum emjoy widespread use based on thesr ability to thecken and stabilize many food products [35).
hiore recently, some works reporbed the pessibality of wing galsciomannans in the Farmation of films
and coatungs | 14,59-61].

In some works, misdomannans have been used m bimary mocures wath other polvacchandes
such & xanthan pum [62.64], spar [65] and kappa carrageenan |[58,66), to form gels with new
properiees., Among the ol and exile industries, galactomannan gums are the mapor mgredsents in
drillmg mud and are wed mainly also for their capacily 1o ncreas: prinbng quality, The functonal
properies of these palysaccharidies are of primary importance for contriodling the release of drugs inthe
pharmaceutscal idustry [67,68].

4. Cellulose

Cellulose, the magor structural congtitwent of the cell wall of plants, = the most sbundant
polyssccharsde m nature. 1t has many advantages, swch as supersor thermal and mechamscal properises,

in addabson bo ocempatibility, hodegradshasty, and costeffectiveness [69,70].
One of the most sucosssid bomaterials for health 5 the bacterial cellulose, a promising

baopalymes oblamed throueh bicsynthesis routes by some bactenal genera belongmg o Aceipbacier,
Khizobiim, Agrobactemom, Aerobacier, Acfreomobacier, Azeiebacter, Selmonella, Excherichus, and
Sarcima peners.  Bacterial cellulos: b been extensively studied dse b fs ponty, Supsrnior
physico=mechamscal and bologcal properties, as well as ks potenbial apphications m numerous
trachisorsl mdusines, such &8 momedical, constrodsn, pulp and papermaking, 0 addibion b Exibe
industry [T1-73].

The bivsynthesis of cellulose 15 a process commonly ssocisted o the living plant cell throwesh
photcsynthesis. In the ooeans, however, most cellulog: s produced by unscelluar plankion or algse
wing the sime type of carbon dioxibe fxstson found i phitosynthesis of land plants. In sddition,
weveral anmmals, and meorobial cin aseemble cellulose, bul these orgamsms are devosd all
pholosymthetic capacity and mmlly regure glcose or some orgamc subsirate synthesiced by a
photcsynthetic arganism o assemble the podymer [74], According i Mobles et sl [75), even most
cellelose widespread m nature 15 now bemng produced by plant cellulos: synthase complexes; this

ATHE Maviveubar Sokener Solume 3, lewse 3, FRE4T5,
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enceyme has bactenal ongin, therelore s genes have been acquared by plants from cyvanobacterial
ancestors of their chloropl st

Despute the most recent ierature dealing with the elecidation of the molecuar mechanisms of
celluloge hosynthesis in plants, many aspects of the process sull remam ohscure, Especally for
bacterial cellulose beogynthesis, the model system soociaied with the microbzsl ongin ol cellulos: has
longz been used 58 ampler and genetscally tractsble model b stedy s hosynthesas m plants. Even atter
this mesdel system became dispensable, studies of bacterial cell ose bicsynthesas proved bo be extremely
impintamt, since bacterml cellulose hos advanispems charactenshics over comparable with plant
cellubose, including high crystallimity degree, elasicity, durability and higher watersabsorbance [ To=TE].

In summary, there are four mamn dafferent pathways o oblan cellulose: the first 15 the most
popular and ndusinally mmportant pathway Lor solatmg cellulose rom plants, which meludes the
chemical pulpang, separabion, and punbcabion proceses to remove ligmm and other polysscchandes
(hemicellulcses). The second pathway consists in the buosynthesis of cellulos: by dilferent pypes of
micramarganisms (unicellular algae, fungl, and bacteria). The third pathway 15 the encymatic i vitro
synihesis gtarting from matenals such s cellobsosy| Muorsde. The Bt pathway 150 chemcal synthesas,
that produces cellulose though a fngeopening polymenzation of the beneylated and pivaloylsted
derivatives of glueose [ 73]

In whal concems the basc stiructure of celldose, 1t 1% a simple palysacchande with oo branching
or substituents ks omogensous backhone [Frgore 2. The morphalogical hierarchy of cellulose 15
compased by elementary bnls, which pack into larger unnts called microfibrls, and these are in e
assembled nlo fibres. Withan the celllose fibnls, there are regsons whene the cellulose chaing are
arranged m a highly ordered structure {orystallnes) and regrons thet are disordered {amorphowsslike ).
The extraction of the crysialline regions results in nanoorystallme cellulose (MOC), wihile the
inbersction between mbers and intrasmiolecular networks can vary, giving nse o cellulose polymaorphs

ar alkimorphs | 79,80
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Figure 2. Representative mage of the cellulose main chain and the heerarchical strscture
of the: polysaccharide,

MOC 15 the base: reinforcement wnid that strengthen all subssgquent snctures inpland, rees, @,
and can be a wseful matersl on which 1o bas: a new polymer compagibe mdusiry, NOC has alse
properiiss such as low density, high specific strength and modules, hagh surfsce area, enigue aptical
properiies, and modifiable surfsce properties due o the resctive bydroscyd groups [E1]. Advanizzes in
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the beodechnological application of MO when compared te macrocelldose are relabed mol andy o ther
wsefl, unsurpassed, physical and chempcal propertess, or fo therr sustamability, biodegradability,
renewabality, abundance, high bocompatibality. Actually, the nanoscale dimerson opens a wide range
of poasible propenises o be discovered, Acoording 1o Fugisawa et al. [BZ], MOC can be dovided in three
mapr groups: (1) cellulose memocrystals (CMO), obtaned from aced  hydrolyas Followed by
mechanical agitstson from the smpension of nanocrystals inowater;, (2) microfibnllated cellulose
(MFC), prepared with mechanical disimegration method of the cellulosic pulp in waler; and {3)
mamishibrillated cellubose (MFC), prepared wsing a combimation of chemocal ossdation wah
2,26 GeletramethylpiperidineT-oxy] (TEMPOY), fdlowsad by mechanical disinlegration in waler, or
onby by mechameal dasimtegration.

It 15 impaortamt b heghleeha thet tbe hyvdrosyl groops are the most targeled reactive groups on the
cellulose mam cham; they can fully or parbially react with chemical agents o oblan vanious
dervatives with different degree of subsiiiuben. For upgrading the value of cellulose, the obtamed
dervatives have been developed and used in indusines such = lood, cosmetic, biomedscal, and
pharmacestscal. However, the appheation of celldosic material 15 lmited due o the difficulty in
procesing, for example, the high ervatallimity degree and ngd intrafintermolecular bydrogen bonds
whech resull in 1% insolubality n most solvents [35,83]

The abave mentioned problems asoetated wath the processmg of cellulose could be abserved for
iother mstural polyvmers smce they present increasingly applecaton m the industrial technodogy. In
addiison, most palymers do not show biologcal sty mnless some modi hcations are carrsed o, 50
il 15 impartant b menhon that numerows attempts are bemg performed o mmmmaze these certain
drawhacks with chemacal modsfications in the polymenc structure,

The must important chemical transformatien and functisonaleation of cellulose based on hydnosyl
group  include esterification, ethenficabion, selective osdation, grall  copolymerzation, and
imbermelecular crosslinking reacton [BE4]. The esterificaton process of cellulose was applied for
different purposes, such as the preparation of superabsorbent hvdrogels [£5] and bacterial cellulose
mamifibers [B6). The etherification process of cellubose was especially applied m the pharmaceutical
industry, for example 1 obtain NFC as safe candsdate for novel, bio based, and permanently
antimicrobzal matenal [B7]. The axidstson of primary hydrocy] groups of cellulose 5 one of the most
important metheds of ther fmctionalization, whach yields valuable oxsdooed products such as
podvuramic acids and aldebydes, w be further used in vanouws Helds as drogs, dyves, gloes, thickeners,
additrves t foodstults, cosmetics and many ather. Chodeed celluloge and regenersted cellubose are
widely used as excellent hemosiate matersls in vanous surgecal operations and postsurgical adheson
prevention laver [E5-50].

Regenerabed cellulose hes also been wsed & Obms;, cellophane films, for example, have not been
commionly wed fior food packagmg, due 1o their high water vapour permeabiity (b bartier propertais)
compared 1o their synthetic courterpants, On the other hand, iansparent cellulose films exhabit good
oocygen and Ok bartier propertses @ dry conditions, They are made Bom pundied wood or cotton pulp
shicets arcd Fonve important charscteristics such & ransparency, durabality, (lexibilsty, non=water solubibity
and nor=permesshilsty b ar and greas:, Other tansparent cellulos: (s such as MFC and NFC film have
emerged s a potenbial pockaging matenal due 1o thesr sirong mechamical properises [91,92].

Currently, there are teeo ooidabion systems 1o selectively convert the pramary hydrosy] groups in
cellulose e carboxyl andfor aldebyde groups: (1) 2,2,6,6=tetramethy ipupersdmeslsoxyd [ TEMPO)
and 15 denvatives; (2 N=hydroscyphthalmode (N HPT, N=hydrosy=hensmotnasole (HBET), and veolune
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aced (W A) [93,54]. The amount of carhoeylic groups formed by soodation of cellulog: was mvestigsted
for different and important purposes, such as the following examples, A comparabively iInvestigation
between TEMPO and WHPL w0 oxidize regenerated celldose fibers [95], the podential of
TEMPUemedssted oxidioed MFC as booremediater of metal jons from contammated water [96]; the in
vitro anbibacienal evaluabon of TEMPOwosodized cellulose flms functionalized with  sdver
nemiparticles [97]; and the preparaton of water stable films made of TEMPOY MU, ocodized NFC,
covalently bonded with pobyvinyl alcohol ) [98).

Anolher approach for cellulose modilication wia chemical redox malsston methods [cenc
ammonsum narabe or ferrous ammensum sulphate—potassium persul fte) or irradiation methaods (LY,
microwave, and y-rays) 15 the grafl copodymerization, which provides a mean of allening the physical
and chemical properises of cellulose snd incressang s femetionality [ 3597101

Mowadanys, the research on cellulose menocomposses has groan exponentsally. As definston,
cellubase nanocompastes are struchures compased of waterssoluble or water=dispersive polymers mixed
with cellise nenomatenials, and manufactured wsing dilerent processes able o alfed propertses such
as depersion, destnbutson and alignment of the renforcing phase of the compesite [102]. The most
recert  hierature  dealing with  cellulose  nanocomposites  descrshed  the employment of  the
micrvwavesmssied method on the mvestigation of the influence of cellulose on nanecompasites of
celluloselAg [103], cellulose Al [104], cellulosesSeFs [105], cellulosefCaF; and celldoseMzE; [108],
and celluboselF-substituted hydroxyapatite [107]. The pharmaceutical field hes important studses, for
examphe, all cellulose nanocomposfe membranes with excellent performance were swcosssfully
Babricabed as movel Oliration System b remove nemoparticles and Hepatite C wines from aquecus
medium  [108]. Transparent porous  namediamondsfoelldose nanocomposte  membranes  with
controlled release of doxorubicin were tested as a candsdate for wound dressing [ 1049]; and
cellulpsesgrafi=-polyacrylamaded mno=hydrosovapatite  compaosites were neporied 28 a promsmg
scalTold fior bone ssee engineenng [110,111].

5. Polysaccharides from animal srigin

Cil yoosamanog]yeans (GiACis]) are heteropolysacchandes composed by a repeating disacchanide
unat without branched chaing, bemg one of the two monoswchandes always an aming sugar
| M=acetylgalactosamune or Meacetylgleoossmne j and the other one an uwronee &l They are usually
found om all ammal cell surfaces and in the extracellular matrix, where ane known to bind and regulate
different prolemns, In the last years, an increasmg number of GAGS, chitin and chitosan applications
hever been reparted by the scienlific liersture reparting their applicabalaty in numersus conlexts from
fad, cosmetic, textles and clinical areas [43).

Chandroitin salphste (C5) 5 an esential component of extrace|lular matrix of conmeclive issues
in which plays a central rode in varsous biologecal processes, ncloding the elasoity of the artooular
cartilage, hemostass and inllammation, regulation of cell development, cell adhesion, proliferabion
and differentiztion [43). Hyalerome acid (HA) 15 classified as a viscous substance with mulb functional
properiies, especially those relaved 1o biologeeal functions like cell proliferstson, differentistion and
Ussue repair, the applusbilny of HA has been focused recently as drug delivery devices with studies
suggesting a number of molecules mezht be weed as gel preparations for dreg ransporl. Since the
application of the polysaccharide m the medscinal field has been mnereased, the imterest m isolstson of
HA has been avgmented o greater extents [112].
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Although CS and HA has been solated from terrestraal ongin so far, the mereasing interest on
these polysacchanides sigmficantly aroused the alternative search from marnne sources since 1t1s at the
preliminary level, However, chitin 15 still the main waste product of the shellfish industry and, due of
this importance, will be detaled revised below,

Chitin

Chatin 15 the second most shundamt polymer after cellulose [89). Its chemcal structure
{polysfis{ | —d peNeacetyleDeglucosamine) 18 wadely syntheszzed m a number of living organsms, which
depending on its source, chatm occurs mamly a8 two allomoephs, namely a (the most sbundant) and §
forms [47). Sharing the cissification of natural polymers from amimal ongin with CS and HA, chitin can
be found m many organsms including fungs, yeasts, algae and squud pen; 2t = also usslly found n
lobsters, crab tendons, shnimp and crab shells as well as insect cutiches, being shells the preferred source
of chitin due to their high availability as waste from the seafood processing mdustry [43,47).

Chitin occurs 1n nature as ordered crystalline macrofibals found as structural components m the
cell wall of fungi and yeast or in the exoskeleton of arthropods. The mam commercial sources of chitin
are crab and shnmp shells, where chitin 1s sssociated with proteans, pigments and calcium carboaate.
The physical properties of chatin 1in solution are still scarce in the literature due to the difficulties in
dissolving the polymer, chitin 1s msoluble in all usual solvents, which represents a problem in view of
the development of processing and of its uses [47).

Chatsn can be partially degraded by acid 10 obtain a serves of ohigomers namely olwgochiting, Instead,
under alkaline conditions; a partial deacetylabion of chitin results in the most important chitin denvative
in terms of apphications: chitosan (Figure 3). Ohigochiting as well as those from chitosan are recogmaed
for ther bwoactivity incheding antstumoral [113,114], amtemcrobial [115], fungsadad [116] and
immunotherapeutic [117] properties; eheiting chitinase [ 118], and regulsting orgamsm growth [111].
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Figure 3. Representation of chitin and chitosan structures. “n™ 15 the degree of palymenzation.
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Chitin 15 an amano polyssochande having massive strucural propensities. o prodoce hoactive
materials wilh moovabve properties, lunctionsg and a range of biiechnologesal appleatons In
addison, the specific physicochemscal, mechamical, bsological and degradation properises ofTer
efficient way 10 blend this biopolymer with synthetic ones [119].

Chitin has a low oxicity ad i 1% inen in the gasgtroanbestinal e of mammals. Chitinases and
Ivsoeyme from ezg white can degrade chiting, m the first case, the ereymes are widely distributed 1n
nasture, fourd in bactera, fungt and plants 2 well as m the digesiive ract of numerous ammals, Afler
the deacelylstion process, it was shown that the rate of i vive degradstion = high for chitin, bt
decreases for chilosan [47,120].

The main apphcabsors of chitin are in medscal and pharmmaceutseal lelds, especially due do the
presence of the acetamide growup, which 15 similar o the amade bond of the protem ol the liveng b and,
therefione, & compatible with human or animal cells, Hence, chilm can be wed i wound bealing [121,122]
amd bissue engmeermg apphications [ 123,124).

Sull in view of wound dressing matenials, Morgado et al, [125] remarked that chatosan had also
bezen medl for wound dressing production due (o iks minirsse propertes, incloding antimecrobial and
hemastatic activities, biscompatibility, and bodegradabality, Chen et al. [ 126] and Lahet al. [127] also
haghlighted the potential application of ¢hatosm as woeund dressng doe o the recognation of 105 surfsce

by platelets. The coagulation cxscade starts m a few seconds with the protonsted amine groups of

chatosam attracting the negatively charged residues om red Blood cell membranes, resulting on a strong
agelutinstion, thromban generation and {ibrm mesh synthesis within the microenvironment crested by
this polysaccharde,

Thee marked insolubility of chitin in &l usual solvents 15 the mos different property compared 10
chatosam, whoch 15 the only commerngally avaslable waterssoluble catione polymer due 1o the posibive
charges on 5is amuine groups, The water solubihity of chitosan allows the mbersction of this calsemic
opalymer wath ansonic modecules such a8 glycosaminoglyveans (GRAL) and proteoglycans. Many
cytokimesferowth factors are linked o GAG, so the complex of chilmsan<{iA0 may retam and
wconcentrabe those substances [[28]. Thas wnigee property makes chilosn an appropriabe material not
wnby 1 the beomedical and pharmaceutical feelds; mstead, the anbimicrobaal and g barrer properties
of chitosan were sucossslully appliad in the food industry, for example, m a nenmomultilayer costing
ohtned by elecinmtste bBversby-layver sell-asembling techmgue, by combimng the minnsse
properties of chiiosan and the low oxygen permesdhdlty of pectin, Llayvers wene elficient i the reduction
of gas Now and on the extenson of the shelflife of mangoes [129]. Chitesar-based films wath
quercetin incorporated alse showed potential o be wsed as a solution for active food packagmg [130]
The positive charge of chitosan was also wsed mthe development af’ a high=efficient gene delvery
formulateon combined with polyethylenmuing and DNA by Min et al, [131], who achieved a system
less eytotoxic tham thase madie off 4 single catome carrer,

Bary applications were desenbed based on chitm and s blends for bssee engineering, for
exampbe, Wan and T |132] presemed a revigon of chitin as scaflolds and matrices bor Lisswe
engmeenng, shem cell propagabion and dilferentiation. Polymer matns—calcum besed composates
were used fior hard tmsue substitutes [133], m addstson 1o drug delovery [134]. Chaim s alss efficient 1o
give porous forms providing scaffolds for complete tissue formation [135,136).

In what concems drug dehivery system, chibin and 15 dernvative amorphis chatin, alooe or with other
polymers, have been widely wsed dwe o s bocompatible, bodegratshle and non-toxse mature [137).
Further, more recently applicatson takes mio corsidenstion the high surfsce ansy presented m nanometnic
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systerns, especilly becase ol the nano=se possess oot urgue properties which enshle them 1o be
wsed 0 a number of biomedscal applications. Prepared by crosselinking reaction wsmg TPP, chitin
mamoparticles were described as effacient networks for drugs with antsiumoral [138,139] and
antihacterial [137)] purposes. Working with one denvative of chitin containang carboocyl groups (CMC],
Drew et al. [ 140] have taken the approach of cross=lmkmgz the UMC @5 away o contrel 15 beodezradability
and 10 result in nanoparticles, providing o most Bvorable option fior dneg delivery applicabons i
chemotherapy. Chitin nanoparticles can be also salated from the punified chitin by repested acd
hyvdralysis and applied for different purposes, such =5 the development of bleenanocompesates with
starch [141] and as a sustable adswbent matersal for the removal of dyesul from effluents [142].

Chatm can be uged in ke food industry becawse of s hological actmibies incdwding antioxsdant and
antimscrobaal efficts In addsison o other propenisess the could mmprove food safisty, quality, and shelf
lafie [ 143], henwzver the main publications dealing with protectve barmer zainst food spoilage [144,145],
edible film production [146=150], we o stabilizers and theckeners compounds [143], and prebootics
ingredients [ 151] related chitosan as the most effacient bsomaterial i thas Geld,

. Seaweed palysaccharides

Algzse are an important source of many polyvscchandes from the point of view of applcatons, in
addiison o be the oldest known llvng orgamsms. Morphologically, they are very primative and ther
evolution was very slow over time, Bluesgreen algse (Cvanophyta) appeared first, followed by red
algae {Rhodophyta), green algse (Chlorophyta) and finally brown algse (Phacopinia). Algse are in
Fact rich in moneessential and essential amino acads such as prodine, glhyeme and bysine, besides mamy
other molecules [39,47].

It wars recognteed that the three mam gums, agar, algmate, and carrageenan, could be extracied
from algse and wed especially as thickeners ar gelling polymers. Ther physical properies are
efficiently wsed in fud, however new applications of algae are being developed, lor example in the
production of drugs and phamaceuticals. Bed seaweeds contain sgar (mainly newtral), carrageensns
and a lew other polysacchandes meluded under the calegory of sulphasted polyviscchandes. Brown

algae produce algmates, a carboscylic polymer, imtally i dofterent 1onsc forms and a few other
polyvssccharsdes, among them fucoedans [47].

6.1, Agar and carrageeran

Algse dermved from Rhodophyta ane an important source of polysacchandes, which are sulphated
glveans together with a variety of Csmethylated sugar residses, among them carrapeenans and agars,
polvesccharsdes commonly used in indisitry, The basic structure of these polymers 15 composed of a
linear chain af flelk]1—3) galactopyranose and -IVl={]1—4) galaciopyrancse umits (Frgeme 4)
arranged 0 an alternsting saquence [47].

Palysaccharides sourced from red algae have altracted an mereasing meerest due 1o their excelbant
physical properties, such a5 theckeming, gelling, and stabalizing sbalaty [152,153], and also due to thear
beneficial beodogical activities, such as anticoagulant [154], antsthrombotic [38], amsoxidant [155],
antivaral [ 156, 157], anti=milammatson | 158], antsbumeur [15%], @nd immemomadulstony actvity [ 160].
It & important o highlight that their beologecal sctivileess depend on the stroctural features, such a5 the
sulphate content and dhatnbutwn ol suliphate groups on the meun chain, molar mess, and Sersoechemistry,
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Figure 4. Chemical strctune of nepeat units of polysaccharides sourced From red alge.
B ll. Agarfagarose

Agar 15 a pelatinows substance composad of aleernating D and L= galactopyranose unis, Bs
macromolecular ginesclure consists i a mixture of agarose and agaropecting Agarcse 15 the newtral
fraction of agar, and 1 15 obtained by precopaabion of the amonic agaropeciing by quatemary
ammonmum sl and separstion by centrifugstion. Agsropectin s 2 belerogeneons mixture of smaller
mislecules, which bhave simular fnsctores wilh agaroge bl contang mamy amome groups such asg
sul pheste, pyruvate and ghveumorste. Doe o the somaksr chemseal and physecal properises wath agaros:,
apar has also been wadely studsed amd applied n the bomedical feld becanse of 15 good
bipcompatihality, biodegradability, nontosicity, avaslability and loweost [47,161]).

Aparse adopls a smgle or double helcal contormation in the sohd sate. Gelston occuars by
ageregation of double helicoss 81 a tlempersture dependent an methoxy] and sulphate contents, which
can modulate this process. The threesdmensionl network based on association of double helices 15
thermoreversible, e, the crosdimks ocour physically without chemacal catslyst or any crosslinking
agenl, and it 15 stabilized by cooperstve hydrogen bonds, Therefone, the low cost, special mechameal
properiies, biocompatibality and relatively bioinert nsture make agaros: a promising allemative &5 a
gel matrix [47,162).

Smoe agar and agarose have good bicompatibildy and eccellent manshormg capacity, many
applicaliors were describad in the literature, Vanous frms of systemns based on agar and agamse have
been developed fiar the applications in pharmaceubical industnes and medscal reseanch: Miguel et al, [163]
produced a new mn situ therma responsive hydrogel composed by agarose and chalosen o be used as an
injectable scaffold for tssue regeneration, They corroboraled Varona e al. [164], whi described
agarose hvdrogels as mouldable matemnals, e, the bvdrogel may be polymerszed ér sitn reducing
invasmvensss of the surgery, besides ol als be shle 1o acquire the nght shape at the wound site, without
wrinkling or (luting and miersctmg with the damaped tssme. Agar and agarose fibers were fabricated
by Baa et al. [161] and demonstrsted 10 be good candidale matersals fior woundedressing applicatsons.

The scientific lberstune repored that the we of bvdrogel as boomaterials for wound healing = also
promsmg, however, they seslly exhobn relatvely poor mechanscal properties due o the high
swiel lmg ratso, which limits their practical applicabions as wound dressings. Therefore, the most necent
sludses demonsirated that the incorporabion of nancmatersals 15 probably the effective srategy W

improve the mechanical property ol hydrogels [165] Wang et al, [166], for example, develaped
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namocomposite hydrogels based on agarose and Snl) and concluded that the system might be an
excellent candudale bor wound dresimgs,

Agarse can be proosssed by extrusion from solution at high temperature, formmg el beads inio
wcesoild buller. Anather method = 10 emulady agarose moa warm Qmd whech s immiscible with the
ajuecus polyvesccharide solutson; the emulsion 15 then coded and prodoce microspheres [167].
Large=sired agarose beads can be prepared by some typacal techmigees, such 2 mechamcal stirmng and
gpraying methods, However, thes: methods suffer from poar control of droplet sze and szee
distrabutson, low energy efficiency, and tme consuming charscterstics. Li et al, [ 162] improved the
emulsifcston reproducibaliy and stable bead properises by developing a manufcturing protocol fior
unalioem droplets and beads of controlled siee with rotating membrane emulafication,

Agarose 5 also widely used as growth medium fir microorganzsns (bactena and fung) [169171)
and for beobechnologes] applicatsons. Agrose: was submstted b @n eneymatic bydrobyes: process wath no
acid retmerit and cormverted n & potential bydrobesste for bicethanal producton [172]. By castmg and
subsequent dryng process, agar and zgarose films can be formed depending on the apphicatson [ 173,174,

I thie oo anclusstry, 10 15 weell knoon that agar l[ilms possess several properties adequate Tor food
packaging applications, however, ther high oosteprodection and  gquality vamabons cased by
physidogical and environmental actors affecting wild seaweeds make them less abtractive for
indusdrsss [175]). Despate having good mechanscal and relstrvely good oxyveen and water barmers
properiies, the most recent rends in foed mdusiry use nemomastenals as promesang option b mprove
miechamical and barrer properiies of biodegradable agar-boged composite films | 176-178].

In the domain of blemds, agar was mixed with daflerent matemals, for example, polyviny
alcohed) and soy protemn, respectvely for specific food applcasons [179] and for scanming the
variabions in the matnx lenale sirength [180], Agar and agarose were also mixed wath dafferent
polvesccharsdes o produece blends with polental bhiotechnological applicitions, Agarcse was mixed
with fenugresk galactomannan and formed a matnx efficsently used as buosensor o detect pesticades in
foad [181]. Multicompanent hydrogel films composed of agar, xscarrageenan, komac glucomanman
porweler, and nanocksy improved mechanssal and waber resstant properties of the blended hydrogel
film [182]. Recently, agarose blends have boen used in nanotechnodogical process, such = the
rheological study of agarese hydrogels wath mscate cellulos: nanowhagkers [183).

6.1.2. Carrageersn

Carrageenan 1% a word that seems 1o onginate from the inhabitans of the country of Camagesn, on
the south lrsh cosst where extracts from red algse for food and medicmes wene already used =5 sarly
a% G500 years &po. The major constiluent of such algae 15 the so-called carragesnans, naturally ocourmmg
amionie sulphated linsar podysacchanides wath the Imear backbone built up by feDegalactose and
3 feanhydrosg=Degalactose with vanable derssty i the sulphated group [ 32, 184].

There are several dafferent camageenans wath shghily vaned properties and chemacal structures, The
three mist prevalent and of highest commercial mierest are called ota, kappa, and Bmbda carageenan,
dafTerentialed hased on the amount and posstion ol sulphate groups, and serving daifierent properties [ 38].

Carrageenans have been extersmvely weed in the fisod industry as theckening, gelling, stabalizing
and proten=suspending agents due to s hocompatibility, bodegradshality, high capacity of waler
retention and mechanscal strength of s gels. According te the properties of carrageenan, it can split
ki by growps hke, pelling (kappa and ota) and thickening agent | lambda), the 3 feanbndrose]lezslsciose
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15 essenial for the gellmg properties of kappa and sota carragesnans, The molecular weirght of
carrageenans & crilscally important o s functsonalily n Food, @0, a5 stabalizers, carrageenans achieve
s functormslnty doe o s high molecular weight and banding, capacity o protems through charped
sul phate and carbaxy] groups | 185].

Thee mest recent applicabions of carrageenans are descnibed m the following. Encapsulation of
frzaksciossdase i kappa carrageenan hydrogel besds wes investgated for the application in food

industry [186). Multbaver coatings composed of kappa camapgeenam and chatosan were produced,
charactenzed in terms of their permeability’s and surface properises [1ET7], and used 2 model for the

release behavior of Methyiene blue, the industreal relevance of this type of ranolayered costings consisis
in the development of bisctive compound release systiems fior application in food indesiry [ 18E]
Mulislayer films with a nanocomposition of kappa carrageensn, agar, clay and polylsctde were prepamed
o madify the mechanscal and barrier prapertiesof the film for the food packagangs application [ 1849], Sull
in wiew of the nanowence, carrageenans wene used not only as camers of active antimscrobial
namiparticles, but alse as polymer matrces. for biodegradable (ikms, for example, nanocomposate films
with carragesnan, silver nanopariicles and ¢lay mineral were prepared i test their combmed effect on
the antimicrobial actrvaty and physscochemical film properties [ 190].

The bialagecal actovaty of carrageenan a3 a mabural cocurrmyg gum has been mereasang widely for
humnan applecatsors and creates a strong pastion in the biomedscal feeld [38], but i 1% important 10
haghlight that the prelmorsry studies reportad carmagemans admmetered 10 drinking water or doet
wcould be a potenis] cause of inlestinal milsmmaton and ubcers i anmmals [38,191]. Later, it was
determined that these studies and others were conducted with a different matenal obtaned by a
degradation of the carrageenan that resubled m oa sulfated polysaccharide with the same structural
backbone 1 carageenan, bt wath a lower molecular weight and dafferent funcbonal properiies.
Deegraded camageersn 15 referred 1o a5 poligeenan [1RS,192], polymer obtamed by scid hydrolysis a
high bemperatures fior several howrs [ 185, 193], Poligeenan 15 also uead in fod apphcatsons, however, it
was related to capable of causang gasiroimestina] srmitation m expermmental ammals and was considered
b couser gastroinlestingl cancer i ammalks, Carrageensms do nol case these effects and 15 sale a
maxsmally administered oral deses [185]; they are relatad 1o inflammation just as emploved n
lsboratonies 1o creste pathologecal models fir exploration of the process and treatment of the
mflammiation [ 194-195].

Regardmg the biologecal activities of carrageenans,, s effec as foed supplement was imvestigsted
on the mmunsy alus and bpud prolile in patents with cGardenascular disease, The resulis
demonstraed that carrageenan moderately modulsted all of the mmunity system markers, cased
statistscally significant decresses in imporiant biomarkers of chronic mflammation and sagnificamily
decrezsed cholesterol levels and low density Ipoprolesn cholesteral [1949], Besides the well-known
biological activibes relsted b inflammatory, mmune [200], anbocsdant [200=203], and antitumaor
responees | 204 205], curageenans are potent inhubitors of herpes and HPY vanses and there are
indications that these polysaccharides may olfer some protection agsirst HIY indiection [38,200].

Anticoagulant activaty could be the most altractive property associabed 1o carrageenans [ 154, 160,206]

and also t other sulphated polysscchandes, whach were reported o possess similar or even Stronger
activity than those of hepann,

Carrageenars have been wed by the pharmacestical indugtry as excipeent in different fiorms of
presentabion. Hydrogels of kappa carrageenan contammang Calilky and NaHCOy wene esied as pore
forming agents by Selvakumaran and Mubsmad [207], and the system with CaCt was considered an
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efficient floating drug delivery systemn for amoxicillin nhydrste, lol-camageensm was investigated
it ondy as a dmug-loasded podymer but also & an woic palymer 1o incresse the solubidity ol the
lappaconitine analgesic-alkalosd [208]. Hydrosels composed of kappa carrageenan and synthetic or
nastural pobymers were reported, swch as the blend comstituted of kappa camapeensm and polythsophene
for the electrically controdled drsg release of acetylsalicylic sad [209]. Cammspeenans were also used
b thee Interpenetratmg Polymer Metwodd (1PN ) lechnsguoe, whech possess several advantages hkoe high
swellmg capacity and tremendous mechanical strength on the targeted and controlled dreg delivery,
For example, IPN beads of kappa carrageenan and sodum carboxymethyl cellulase wsing AICT @5 a
crosslmking agent were evalusied on the dreg rebease behavior of shuprofen [210].

6.2 Algimate

Algirste 1% the most mporiant palysacchande denved from brivwn algse [ Phassphytal, and it can
bez alse produced by ol bactena {Asotohacter vimelondi and Prendomonas speces). This gum 15
compased of 1 d=linked feD-mannueronic acud { M) with 401 nng conformation and o=Laguluronss acod
{Ci ) with 104 condiormation, both in the pyranose conlormation and present m varying amounis, 18 was
demonstrated that the physical properties m aqueous mediom For these polymers depend ol anly on
the MM ralso, bud also on the distribution of M and G units along the chain, In addition, the staiffness of
the algmate chans as well 2 calcium complex formation could be attnibuted 1o the compoesston | MG
rati) and digtributson of M and G unsts in the chains [47).

Thee mam property of alginates 15 thear abalaty o retasn waler, in addibion g gelling and stabilizmg
properives. Because of their linear structure, and hagh molbeculsr weight, algamtes fiorm strong, films
and good fibres i the solid stale. Gel formation 15 4 very important characteristse for algimates; the
higher content of G unats form stable crosslinked junctions with divalent countersors | fior example, Ca,
Ba, and 5r, unless Mg), =0 the crosshinked network can be considered a gel (Frgare 51 In additbion, the
leva pH also forms acsdec gels stabalized by hydrogen bonds [47].

As an amonse palymer, alzinate fiorms electroststse complex when mixed witha catsonie polymer.
The stabality of the formed complex depends on the pH and salt concentratson, but even m the best
conditions, the complex 15 msoluble and thus allows the formation of fibres, films, and capsules. Many
applicatioms are proposed 1o these complexss, especially for the mest mvestigsted polyelectrolyte
complex based on algmate and chitosan, For example, a renomulilayer coating composed of sodiem
algirate and chitosam, ohlzned by electrostabie layersbykaver sel =sembling, onto aminol yzedicharged
PET was charscterized and presented haghly functionsl properties and promasing future for industrial
applications [211]. This alginste-chitosan nanomultibver commg was applied in freshecut mansoes
and mmproved the merobiologecal and physicochemscal quality, extending the qualsty and shell ife of
freshecul mangoes up o 8 days [130]. The deposition of functionabized partscles on multilayers based
on chilpsan=alginaste was imvestigated with the aim to e the complex in oplo=clectronics, bsosensors
or meducal applicabions [212]. Belscak=Cvitanovee [213] prepared chaosan=alzinale beads 1o
encapsulste and retard the release of caffeme inowater, Wang o al, [214] developed chitossmeal gmate
coatimgs o deliver manum substrales via electrodeposition and sugeested the potential applicabon off
this compasite coating in Hisoe engineermg scallolds febd. One more example & the study of Seth et
al. [215], who desizned magnetic chitosan-alginste core—shell beads for oral admimstration of kow

permesble drug.
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Figmre 5. Chemseal stroctune of repeated units of alginste: feDemanmuronic acid (M) and
= Leguluromie aced ({5), and the schematse crosglmk between algimate and the counterions,

Several sludses have shown that the chiosinsalginale complex acts as an eflectve way 1o

mmprove die stabilsty of encapsul sted compounds [216,217). 115 mmparian b highlight thet, nowadays,
the most extenavely mvestigated delivery systems o encapsulste, protect and control the relbesse of
functional and ungtable compounds 10 indusnes vaving fom foed 1o pharmaceutscs considers the
development of capsules in mecro and nano scales L et al. [218] optmized a foemula of
chitgsmealgmate deposited nenoliposomes and observed an mproved o vwitre digeston siabdity.
Handar et al. [219) developed core-shell bvbrid manoparticles based on the layer-by=layer assembly of
algmate and chitosan on liposomes and demorstrated that the pollymers shell could ncrease the
membrane stability and sustam release of the model protein, Lo et sl [220] evalsted the
envirormental siress stabality of microencapsules bawed on vitamin C hposomes decorated wath
chitosan=alemate membranes and observed the relesse kmetics of these formulatens dunng m vt
gadirontestingl digestion. Chiossmsalgmate complexes loaded with other nano compounds werne
bested wath dafferent purpeses, including bactenseidal activity [221], imsue engineenng [222], and
osteachondral [223] and foad [224] applcatans,

Other polyelectrolyies may also be mmeolved 10 form complexes with chitosinssd pamate, such 2
collagen [125), gelatin [226], iulin [227], BSA protein [228], poby{L-lysine) [229), poly L-lactide) [230],
and hydroscyapalste [231].

Rieganding the charsciersiee advantsges of algmbes, induding hocompatibility, bodegradabalay,
immunogenscity, and gel fomation, alginates are well adapted for homedscal and  pharmacestical
applecations, such as bssee engineering, delvery vehiclkes Bor drszs and cell or enzyme entrapment. In
addition, al gimates have been succesiflly used in the food industry, fior example, o prolong shell T of
the products and protect bioactive compounds encapsulated 1n the algnate matrix [232 233]; they can
alsi be wsed as an anbiccsdant active mierface for feod preservation [234], and as a pan of matrices
dessigned bo improve the oxidative stability during foed slorage [235].
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Taking mio account the shove mentioned charactenstics of alginates, nearly all of them are
harvested in therr wild state;, cultrvation 1$ 100 expensive to provide algmates o a reasonasble peace for
industrial applacations. The quantity and qualsty of the alginates extracted depend on the algse species
and on the sesson of harvest; furthermore, the higher content of alginste s stall directed to the food
industry.

7. Gum extracted from Anarcadinm occidentale

Cashew gum (CG) 18 an exudate extracted from Amacardium occidentale, a popular tree
belonging to the family Anacardsaceae. The cashew tree can grow up to 12 feet tall and 1s native 1o
northeastern Brazil, however 1t can also be found in Indsa, Mozambique, Tanzansa, Kenya and among
other countraes. As a polysacchande exudate, thes gum 15 produced a3 a mechanasm of plant defense
against stress caused by physical myury or microbsal attack. Its productson can occur 1n all parts of the
tree and its qualitative and quantitative depends on tree matunity and envircamental conditxons;
imtzally, the gum 15 off white 1n colour but changes to reddish brown or vellowish brown on exposure.
It 1s spanngly soluble 1n water but swells m contact with it giving a haghly viscows solution [236-238).

The polyuroende CG 15 composed of a branched framework of Degalactose unsts, In addition,
present are Deglucuronse acd, Learabinose, Lerhamnose and, except m the case of a Venezuelan
sample, Deglucose. Dexylose, Demannose and 4-O-methyleDeglucuromic acid have been found 1n
some samples [239,240]. As a muxture of acid polysacchandes, CG contamns vanous metal 1ons such as
neutralized cations. The nsture and content of these constituents depend on the composation of the soil
upon which the trees grew. The major catsons of A. occidentale are K*, Na®, C#™ and Mg™. Crude CG,
contaimng these catsons, tends to be naturally transformed into Na* salt, afler punfication or dialysis
agamst NaCl 0,15 M, as previously desenbed [237,239). Figure 6 demonstrates the chemical
composation of the galactose framework of CG and a graphic representatson of the sugars and cations
possably associated 1o the polysacchande.
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e i e e e B X
o = mg Anblhowe ¥ N

) wamnose g o>
on 0 o
J o .m g M
L/_ “L-o/o“ . Ryfoss
oM P ) Marose

Figure 6. Representative image of the galactose mamn chan and possible sugars and
countenons assocsated to the chemscal structure of CG.

CG, as a versstile, naturally occurmnng biopolymer, = finding increasing applacatons in
biotechnology industries, especially from pharmaceutical to food mdustry; however, there 15 a lack of
understanding of its physscochemical properties thus limting its apphications. Chemscal structure,
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solubility amd malecular wenght of OG0 elos:ly affect ns solution properties as well = 105 ineractions
with ather polysasccharsdes [239].

Muodsfications of gums have been tried through dermvatisstion of funcisenal groups, grafting with
polymers, crosg=linking with song, etc, The modificatson of CG can mmprove 15 lechnological and
functiomal properties, since fs apphication 15 related to a better understand on the physscochemacal
properties of the gum, in s ongmal stste or chemcally modafied, enther solated or blended with other
polvmer [241],

The unigue propertsss of CG are due 1o hydrosyls, the majonty, and o carboscyd reactive growps.
Ths pelysaccharide 15 easily chemucally modified to reduce the water solubility or i develop pH
sensitivity, nroduce lunctional resctive groups, ele. Therefiore, 10 can be oilised for a chosen
application [237]. Thus, as the compossiion and propertses of UG wene dsclosed, the chemacal
miodafication observed for blends composed of CG and other pollymers were proposed bo increase their
reactinly, Followang the wse of OO blended with otber polyvmeers, the miogt recent |derature repors the
development of syslems for drug release, ke microbends [242] and nanoparticles [243) of CG oand
alginate, and nanogels of O0 and chitosan [244).

Several apphcations of blended OO0 were described,, such 25 the production of films prepared with
Ui and polyviny] alcochal (FYA) with the mportant purpose of wound thempeutics [245 246). A
laversboyelayer film contaning OO mtencalated with polvandline mmoedified or modifsed wath
phosphonse acsd mbercalated with CG was evalusted in determimation of dopamine [247), and
namiscamposite films of starch and CGwere added toa nenoday bo incresse the stabibity of cashew nut
kemnels [248). Hydrogels based on CG (namely Policage m ths siody ) and chitosan were developed,
characteried m thewr chemecal ftroctuore, and indicsted ag a promeang rosd 10 omaitersal Fabrcabion
and bsomedical apphications [249], The larmcide activity of an essential o losded i beads based an
chitasan and OO was evalusted by Paula et al, [250]; afterward, O0 manoparticles added wath other
ezl o was propesed to improve the controlled relesse of a larncide system [251]. OG and
carbasymethyleellulose based formulations have been evalualed a5 probective edible coatings om ntact
and cut red guewas [252].

The properies of U0 have also been exploited as a hinder, for example the binding efficacy of CG
buased on hlet formukstion was myestizsied inocompanzon with standard binders such as acscaa and
palyviry] pyrrodidone;, the results Sizpested bt U0 can be weed & an albemstive binder 1o produce a
tahlet of better mechamical strengsth and dissolutson profile of particular drsg substamee [253]. In addition,
U0 can be wsed @ a substite Tor hguid glee for paper, inthe cosmetic mdustiry, & an spglutinant for
capsules and pilks [237], and a5 edsble costings fior apphication on mangoes [27] and apples [254]

Fabrcation of systems utilizing OO For dreg delivery have been an area of greal imerest, such =
the transdermal relesse profile for declofenac desthyl amine losded with mnoparticles of scetylated
Ol |255]. Other example 15 the study about the controlled delivery of anbimscrobial peptades
immahilized i multilayer flms ol CG and indium tan exde 1o combat and prevent ambsbeishmanial
activity [256]. Selfaswmbled nanoparticles from hydrophabized O0 conlamming an ants-inflamatory
abrug i also charsctenzed as a drss delvery device [257]

CCi 15 one of few biopalymers that have been proposed o replace the ssmilar bt more popular
polvisccharnde gum arabic. As a mopalyme s wath amphiphalic compownds, CG was reporied b have
abawst 6% of polyswcchandes-pratein complex, sugeesms that probably the same complex 18 present in
the gum arabic. The similamty ol both gums swgeesis the study of 00 in the food and beverage
mdusgiry as thackenmyg and gelling sgent, and as collowdal stabaliger [ 258].
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8. Pectin

Pectin 1$ a complex and heterogeneous polysasccharde located in the middle kamelks and primary
cell walls of plant issues, and in frunts and vegetables. The chemiscal structure of pectin depends on the
ongin, location in the plant and extracthon method, been composed of acidic polymers, known as
homogalacturorsn, rhamnogalacturonan and xylogalacturonan with several newtral sugars/polymers
such as arabinang, galactans and arsbmogalactans (ttached as side chams). The avaulable data support
the highly schematie model of pectin shown in Figure 7, The backbone contains as( 1+ elinked hinear
homogalacturomc units alternated with two types of highly branched rhamnogalscturonan regrons
The farst regeon 15 substituted with side chains of arabinose and gaksctose unats, whale the second has a
highly conserved structure, consisting of the main chan branched with eleven different
monosacchandes, including some rare sugars such as 2«Owmethyixylose, 2-O-methyllucose, aplose,
acenc acxd, 2eketoededeoxyedemanno-octulosonse acad, and 3edeoxyedelyxoe2-heplulosane aaid.
Xylogalacturonan = samular to homogalacturonan except that it ¢ substituted with single
Pl 1e3pexylose unats or such umts substituted wath 2 few additional o 1«4 pxylose. In all natural
pecting, some of the carboxy] groups exist in the methy] ester form [35,47,259).
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Figure 7. Schematic structure of pectin. The relative abundance of the different types of
pectin vanes, but homogalacturonan and rhamnogalacturonan 1 are corsadered the magor
components, while xylogalacturonan and rhamnogalscturonan 11 are minor compoenents.

Pectin has & high molecular weight and can be converted 1o hydrogels, intended as flexible
network of polymer chains that can swell but do not dissolve in water. Pectin solutsors at hugh
concentrations and low pH facilitate the formation of cail entanglements, resulting in formation of
physical gels. Moreover, watersinsoluble gels may be oblaned with the use of divalent or trivalent
cations, Ths smmple gelling mechanian has rused mterest for the preparation of hydrogels for
biomedscal apphications, including drug delvery, gene delivery, tissue engineenng and wound
healing. It 15 also important 1o highlight that the monosacchande content and the spatxal disposition of
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the crosshnkmg blocks i the pectin structure need 1o be carelully considered when desizrnang pectin
gels for specific biomedical applications [260],

Pectirs exist with different degrees of estenfication. They can be clssified = high methosxoyd
pectin o low methoxyl pecim according 1o s degree, that yvield some differences in thesr properises,
for example, pecting with a high degree of estenfication form thermoreversible gels i acsdic
conditions [47,261].

Pectins are widely uwsed = technological adjuvanis i the fisod mdustry, fully explosiing thes
structural diversly, Different structures lead 1o distinet gelling properties, emulsion and thickenmg
activibies, emulsion siabilitees, and release effects i complex food matricss, In the pharmaceutical
mmdusgiry, pectin s commonly used as an excpeent dee B s non=loxcety, low production costs, and
gelling activity properties [262),

Edshle coatines besed on pectin [263 264 ] and associsted with other polyssccharsdes, includmg
algimate [265] and chatasan [129], were developed 0 terms of evaluste the coaling slorage abality on
fisonds and s, Pectin contammg agricubiural by=products are alse used as polential sowrces of a new
class of prebeotics known s pectic ohgosascchandes [259,266 267). The mmpact of proten content and
combimation mode between probein and pectin on emulsifymg propenies 1s one of the most properties
stuclsed by tbe soventihic Diberatune | 362 7).

The increzsmg wsee of pacim in drog delivery s faciliated by the physcochemical properties of
pectin, Muco=adhesweness, ease of dissolution in bagic ervronments, resistance o degradstion by
protezses and amylases of the upper gastrombestinal ract and the abily o foem gels i oacd
senvvirormments, which albows this natural polyssccharsde to targel difTerent drag delivery lomulstions,
For example, films [Z71], beads [272], pellets and stroctures momicro and nanoscale [273.275], o
completely diflerent environments such 2 nasal, vaginal, ocolar, psstne and, specially, large
mbsstine [251,2768]. The wse ol pectimsdenved dngg cames i colon cancer trealments bas been
extersvely considered; pectin i inscl m the upper mstrontestinal recl and degraded by specific
colome bacters 277,278, Modhfication of pectin ves grafimg with polyiN-vinvlpyrrolidone) (PVF)
hass also been reporied 1o form an effective hydrogel thal can make effective colon=targeted drsg
delivery [279]. In terms of the gel-forming copscity, pectin lowers cholesteral by binding the
cholesterol and bile acids in the got, thus promoting their excretion [280-282].

I adehiison bo Food and pharmaceutical apphications, recent studies reporied that pectms showed
immunamodulating adovites [283=285]. The hydrogel of pectin has been explored i bisoe
engineering applcations for bone cell culiure and promoling the nuclestion of minerals, and i wound
healing applications for hinding active drugs ar growth EBcors and protecting agamst bacteria [260].
Sull in wiew of the wound care, oxidissd pectin and carboxymethy] chiosan membranes wene
developed by in site crossslinking and demonstrated o be ponshemolytic and otocompatible [286].

Fectin 1% a natural amsghycation agent and has been used benehiceslly o treal healing damages. 'Wiound
dressings of oxidized pectin, gelatin snd momeoven cotton Bibeic were wed ag mmobal izing supports

for nanoalver and ciprofloxacin [287] and alow vera and curcuman [2E8] wath the important proposs 1o
best ther veshaloty as effectve matenals for wound mamagement.

U Starch

Search 154 hsopalymer syntbesceed moa granukar form by green plants for energy storage over long
periinds. Starch granules consist of twa magor companents, branched amylopectin and linear amylose;
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in both cases, the basic structure s composed of a-Deglucopyrancse residwes, formmg
a1 deglucosidic bonds in lmear structure of amylose and additional a«1 feglycosydic branches 1in
amylopectin molecules. Mmor constituents such as hipids, protemns, and minerals are present in starch
and the levels vary with the ongin. The differences in structure of amylose and amylopectin have
indeed signaficant vanance in thesr properties. Amylose 18 much more prone to crystallization process,
called retrogradstion, and can produce tough gels and strong films, while amylopectin could be
dispersed i water and retrogrades much slower, whach results m sofl gels and weak films [35289).

The predomirent model for starch structure 18 peesented in multisscale, consisting of granules,
mto which 15 found growth nings composed of amorphous and crystalline lamellae contumng
amylopectin and amylose chains [290], as can be observed m Figure 8,

Peh g am

Figure 8. Multi-scale model for starch structure, contauming granules, growth nngs,
amorphous and crystalline lamellae, hilum, and amylopectin and amylose molecular
structures.

Starch 18 an excellent matenial for biotechnological applications dwe to its noneloxic, renewable
and hodegradsble charactenstics; however, its direct apphicatsons are hmited by 1ts poor
processability and imtrmnsic propertses, such a8 thermal, mechamscal, and biologacal propertes. Thus
vanous chemscal, physcal, and enzymatic modifications or blending with other matenals has supphied
solutions to achieve properties that are more desrable. Similar 1o the cellulose (section 4),
conventional chemical modifications of starch are performed based on the pamary and secondary
hydroxyl groups, including estenfication, ethenfication, oxidation, and graft copolymerization [35].

Starch esters are generally prepared by reacting with fatty acids and fatty acsd methyl ester 1in
orgamc solvents [291,292]. Starch esters have been developed for pharmaceutical applacatons, e.g
used as superdisintegrant and matnix former in capsules and tablet formulations; and for medical
application to mantam human colonse function and preventing colome disease [35,293),

Quaternary  ammonium  catioene starches, the major commercial starch ethers, are commonly
peepared by the reaction of an aqueows alkaline solutson of 2 3-epoxypeopy itnimethy| ammoaium chloode
or 3echloro-2-hydroxypropyltnmethyl ammonsum chlonde. The quaternery ammomumesubststuted
catome starches may form nanopartscles with ansonic sodsum trapolyphosphate. The nanoparticles could
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entrap bedmophobie molecules, provedmg a greal potenbal as mnosized camer i bealth care and
environmental scences [3520). Hydmoxvethyl starch 5 semisynthetic starch ether by reactmg with
ethylene axide m alkalne medium, and 1t hes been nsed as a plasma volume expander and crvoprotectant
in medicine. A nemocamer based on hydroxyethyl gtarch for acimve receptor-mediated Erpetmg was
synthesized |35, 295]. The bydraxyvetbn] starch fiole e conjugale nanocamiens could be of high interest
for the development ol receptor medialed Brgetng wing polymene nanocapsudes 1o deliver and
apcurmulate thesr encapsulated molecules 1o the lareeted area

Selectmve axidstson of garch with Nz0y or a TEMPOW U NaBr system can exclusovely vield
carbaxylstes on the primary hydroxyl groups. Soch oxsdabion approsches can also be apphied to
welectively oxdize starch derivatives, which bear another oxdabson candidate promary hydraxyl group
(e.g. hydroxyethyl stech) [15). Recently, Nall0 ceadation wes apphed m the agueows
re=tispersibality of sarch nanocrystal powder and incressed the eoadation degree from 041 10 0.581%
{wiw ), while the applied active chlonne mereased from 1 b 8% (wha) [296].

It 1% emgpeartant to nobe thet Starches are chemically andfor physscally modifed b sccentuate ther
positive charactenstics, dimmash their undesirable qualites (such ax high viscosity, suscephbality o
retrogradation, and lack of proces: wlerance), or improwve new atiribotes (retention, fikm formation,,
digestibibity, solubility, ete.). Acid bydrobysis has been wsmed for a lone tmme to modafy starch and s
properiies becase ol its simphicty and controllabihity;, recently, the mam researches sbout aod
hydralysis has been apphied G preparmyg starch nanocnsials (SHNOL The preparabson methods and
applications of 3NC have been extensively reported by the scientific stersture [260,267-300]. In
additson 1o SN, gtarch orystallnes, mcrocrystalline starch and hpedrolyeed starches all refier 1o the
crysialline part of starch obtined by hydrolyvsis, They differ from each other in the extent of hydrolysis
they have undergome (ffom the most 1o the least), and have o be detingumshed from starch
namipiarticles, of which they are jud one kind, and which can be amarphous | 290].

Becawse starch s envronmentally mendly, nano=5cale stanch dernvatives are seggested as one of
the promising beomatenals for movel ubihization n foeds, cosmetics, medicines as well as vanous
composes. For example, a omparative shody  wes developed  with waxy mamze starch
nemimderivatives extracted throush acid hydrolvsis and  wlesound  treatment, respecively  For
namicryetals and mneparticlss. Then application 10 nanocompesie flms was sugeested 1o improve
therr morphological, grecteral and thermal behaveour |301). SMNC and remoparticles were alsn
compared in a rtheological characterization of suspensions conkxining i3 mne=dervalives under
different wnic strength condasons [302]. SWC were also found 10 serve as an effective renlforcmg
agenl for nestural rubber [303], edible films from potate starch | 304, and amaranth protein films [ 305]).

1. Conclusions

The aim of this reveew was 1o approach the meost recent sceenbific lierature dealing with natural
podvmers, ther chemcal structure, physicochemical and finetonal propertess, 0 addstion fo ther
biptechnalogscal applacstions. From the fundamental poant of view, 1 was remarkable o note the
prelerence of mdusiry applications for natural gums when comparahle with symbetc matenials ds: 1o
thesr norsloxicily, bvw cost, availabadoy, bodegradshadny and bicgafity. The e of nano=loals 1o
provess nalural palymers, ther dermvabives or blends, 15 gammg prominence n the industrial feld due
b the advantages i the wer of nenomstersls sourced from netural oniging snce the e of these
materials are lkely b case less environmental smpact.
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Cailaoiamiaaiian ennracred Mram Cosdin gramdb seeds wic esed for e producion of flms cebasng
different conde i rations of e bioacive comgoomds lacroferrin [UF), baoacrive peprides [BAFs ), and phay.
rastered 5. SEM, FTIE mechanical amd cheermal propenies, ool oer, maobstune connent [FC, solubiling. warer
wapaiar pErmeabdliny (WY, and contaon angle (A were poerlommed evabiating the <Mec of inreaing
CoCenirarins of Boactive compoinds on the Sims’ physiooechemical properties. The immoilizaron
of Bdoactive compounds keads 1o 8lms with roughness on their sunfes, o obsersed by SERL. The ther-
mal evenis demonsirared that Maactive comgoimd s avsided the s rablistment of mare hydrogen bonds
when compansd 1o pakeoiomannan carral Alm; this belabeur wie alse confirmed by FTIR. Al che smd-
led fAlms had a sirong whibeness tendency a5 well & a yellowish appearance. The addidon of L redeosd
R and sodubdliny walues and leods oooan icoresse of WP and C4% valees, while che additkon of BAP:
and phynesterols did nog Changed the fims] salubd iy, The mechanical properies were affecnsd by the
addizken ol bioaotive compoands, which improved the stffaess of the fllms. Galaciomannan- based Alme
Iraim C grasdbs showed oo Be 2 promising sirsomume for che immohlization of Blomolkecubes, poincieg at

signiticant numsar of prssble applicatians in fogd and prarmaces doal indu siries,

@ 2006 Pt ished by Elsevier BV,

1. Introdwction

Palymers, whether naural or synthetic, are largs maleciles
whaose chains are able to produce conmuous mairices that wall
influence the succe==ful formuation of Glms, membranes and coae-
ings, A marural polyma s, pelysacchasides have bisen used i
an altErnacive macenal fﬂrﬂ'l-l-dﬂ-lhpmrn:ﬂlhhd&grﬂihlc ared
naon-boxic Alms and membranes thar cam be used im different appli-
caviond, I\ thee phanmaceotical fiekl, Bms bassd on alginate [1].
chitesan |2 ], and POLICAJL [ 3] have been used 25 wound dress-
ing duse to their capaocy of adhesion and corrrolied release of

" CorreypEeding stiber ai: Laborasne de rcpuealkoga oo fsami. Une-
vimmidlsle Federal de Femuambao, Campes Unisemnicien, ofa, Cdsde Unkersitizia,
N0 b, Becile, P, Brazd,
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biomolecules; whike zalaciomanman- based filims have been appded
a5 sappeon®s. Tor Uhee imnomils ization of Coscarmavalin & im mmmorss-
lorgicall eaperiments, aiming the evaluation of ine raoens bervween
polvzacchandes, proteins and dengos vings |4). In food industry.
the use of polysaccharides for the production of flm: and ooat-
ings bevamss an alternarive e synrhidic and wax macerials, b
cellulose deriwatiees, chitosan, agar and starch some ol the most
common wsed materials. They can act in the maintenance of safery
and cpualaty of Foosda, Bzing used a8 carviers ol biamolecules, nol coly
Tar coneral of the microbial concaminations, b also oo enhanoe fhe
healch bemefics of food products (5

Calactomamnans are hydrophilic polysaccharides denved from
hgumminous seeds that possiess a gentral oore of [1— d3-Sinked D-
mannopyramcse: wnits o which |1 — B]-dinked D-galacnepyranoe:
uniis are aifached. They presert a5 main advardages their emuol-
sifying, thickening. amel gelling capacity. In addstion, they can be
usid af alernative sowrces Tor the production ol edibde flms hased
an thelr edibibty and biodegradabilicy |57 L The galaciomannan
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extracted from the seeds of Casshe gramdis, a typécal Braziliam mres,
has been previously characterized by our lab | 2|, Methylation anal-
wais are] MR spectroscapy reparted that the pelysaccharide has a
central fore composed of 2-linked [B-mannose unis with hrarhis
of galacinse, linked to the carbobydrane core through o 1-6] link-
ape, The rheological charactenization indicated the galactomannan
as an alternative source B donvenhosal gals ieenammars due [
ics ahilicy oo present both lguid and gel behaviour suggesring that,
due ko its rheological propemies, it can be use il in warkous biotech-
nixlogical apphcations

A great pamber of works reponed the use of galaccoman-
nans froen conyentboral [9] and mon-conventional | 10] sources oo
produce fils. Other galactomannan-based films have also been
exphored & ellective suppert fon the imemabilizatssn of diffemat
fanctional compownds, such as pepeides |11), aetioxidants |12
and lectins |4]. The incorporaiscn of bioachve compoands with
Famictional prog=rises im the galactomannan-based flms can bring
several advantages Tor pharmaceurical and Tood industries. Ry
oombining the ewcellent biological characteristics of the binac-
tive compounds and the physicochemical properies of the flms,
Tarrg Vil alss i n-lased s could bring sevecal advan-
tageous when compared with the sypaheric alte rnatives and thas
shaoubd bee expldored.

Lactofermm [LF)is a monomaeric, globular, gmd basic 0 kD iron-
hinding glycoprongin of the mransferrin Tamily, It is abundant in
millk and im most biological fukds amd holds importamt biologi-
cal activitkes inchrding ancicancer. anti-inflasamatory and immune
pwbylanor, as weell s andins rolial propertiss against a large mam-
berof microorganisms, These props rises ane mas iy dise po itsallicy
o bind irom and vo inceract with cellular and molzcular compoursds
of hosts amd pathogens | 11], Bioactive peptides (D&Ps) are specific
fragments of profeins with acnivices similar o dags amdlar hor-
meoess, capable of meodulating physiclegical functions by beding
to =pecific target cell receprors, leadmg o induction of physio-
logic mespaemses, ik proteies ane s good sourde of BAPS, adich cam
posicively affecr variows health biomarkers In wirra [ 140 Regard-
ing the descnibed eflects in the candiovascular system, BAPS induce
anb-byperiensrre activity by inkabiting the ampotensin convert-
ing eneyme, a ey engyme i the regulstion of blood préssan har
Cofrerts afgiotensin 1 into anglatensin IL 3 pote N vasooans st
Mant =tercls_also called phybosterols, have been reported toinclude
o than 250 distinet sterols and related comgeamds mm vamons
ant and mariee macerials; o addstion, ey have sienilar chemi-
cal sbnscbares and biokegecal Functions & cholesteral Fhytosterals
oordain an extra methyl group, ethyl group, or dooble bond, amd
thisy are kiowin to lade hyposholeseralemic prageriies, PlgTaos-
t=rols analngues are suggested 1o wer cholestenol ahsonption and
thus ihe serum chcdestersl level in amans. leading o cardiokogic
heabh bemefins | 15],

Seyeral srudies hawe repoated the imendbilizarsa of LF[ 15,17,
BAPs [ 1H), ared phytosterols |19] in phammaceurical solid dosage
formres such a5 capsules, beads, partickes and tablets, hoswever the
irmahilization of fthose bigsdtme cempaunds in galactamannan-
tased films emerges as an effectiwe way for biotechnological
applicaisons in phammaceutical ared Food mmdustrees, since they can
B an alternateee, for example. e imdivadueds with dermal sourds
o with difficulry in eallowing theees unic dases,

The objective of chis work was o evaluate the efiect of three
different hipactive compsareds {LF. B&Ps amed phytostercds) on the
propenties of galacimmanman-tersed Glms The e of inreas-
ing concencracions of Moacrive compounds was evaluaced chrough
scanmang electron microsoopy | SEM, Fourer-iransform infrared
[FTIR] spectroscopy analyses ard thermal properties, Coloar, mis-
rune Comten, solulbaling, weaner vagssur permmaeabil ing, wares contact
anghs, and mechanecal properthes wene alse pcrIurmrd.

2. Materials and neethods
&1 Materink

The pods of C grandis were collecoed at the rural zone of
Pernambuco state, in the city of Angelim [(Brazill in July 2011,
Ethanol [998% ) acetone (PA) and sodim oileride wene eliainad
Irom %eted Fing Chemicals Loda, (Brazil) L was obtainsd rom
D Intermatomal [USAL The reporied composition expressed a5
4 dry wemgh percentage was 965 protein, 15% ash 358 mois-
e ang an iron comtent around 130 ppm. Glycensd £75 [Panmeac,
Tpainl, Ln-.v.rEep:" [hydrolyssd milk progein, Innaves SA, Spain)
amd Lowecol [ phytosterals, Innm: G4, Spaim) werne ohiaimed
fram cesnmerdial sourdes, Lowpepl (lydralysed milk prolie,
potassium chioride, cellulose microcrystalline a5 bulking agent,
wantham pam as carrker and magnesiom stearate and sihoon dioe
ihe = anti-caking agents) amd Iphyiostersds, cellukee
micrecrysCalling as bulking agent, xanrham gum as carier and mag-
nesium stearace and silioon deoxide & anti-Caldng agents) wens
wsed as soaarces of BAPs and phoadtosterols, respecireely. Al other
chemicals veerne ol amalyic sl grasse,

22 Rim preparation

The galactaimaniian contanid in O, prandis aeeds was ehiaisad
according vo Albuguergue et al. [ 2014) ||, wich an exrracrion yield
of A6+ 2% and a cornpositeon of T1.0L mannose amd 29005 galac-
Tise, Brielly, he purilicalion process v pecformed By immsersion
af the paad= ol C grasdis in disgilled waner ar 25 °Cfor 18 G che pods
were then separated ima half part, revealing the seads which were
rermcrred and dried udil reachime & constant weerghat. The dry seeds
ware boiled imdisrilled water 15 0afvban 1 CTor 1 ior enzymee
inacriwation and maintained inwarer by 18 hoar 25°C o facilitaee
rermcrnal of the hull. Afver that. the hull was remceed and the resid-
wpd weas Eribaraled m g Blendber with 0,1 M M 5% dwhel gl 3500
filered chrough a veil rissue and alter using a screen prisving <lorh,
and precpetated wiih $5% ethanol 1:3 (%] Tor 182 h. The white
precipitate ohtaimed was veashed with 100 ethameol 1:3 [welv for
B0omin and [wo rmes with acerone 13 [av) far 30min, been
fileered on screen printing cloth berween cach washing. The pre-
cipitate was dred wniil constant weight, milled and fnally called
walsicemanman,

The film Sanming solurions were prepaned indiscilled warer with
0.8% [whv)of galactomanean and 0.2 (viviol glycerol, maintained
under magnetic stirring [ %00 rpm] for 18 h. at room temperature
(204 F0L and Anally called Gl A Gals iemarman arsd glycen
concencracions weres chnsen basedan preliminany analyses [resalis
not shaowsm).

LF 0% Tor B amed 2% for B2), Lowpep™ (001 for €1 and
02X Tor C2) aned Levmecal” (LTE D wnd 0LEE Tar 03] were adided
1 the filem Formang solutkons (w)v), and lelt under magnetic seir-
ring [ %00 rpm ] for 3 b #t room temperature (2004 2°C) 4 constant
amnt {15 ml el esch ol the elaimed Gl foming solulions was
cackt ono a S0mim dlame e polystyrerns Peori dish., The Hlms wene
then dried in an oven at 33°C for @ h and maintained at 20°C and
5 relatvee homidsty (B ontil further characierizabon

2.3 Flm thickmess

Filrn ghickssess woas measymd with a digital micnometer [Mo
TA%-561, Mmoo, [apan] Fve dilferent randomily ooy points
were performed oneach film and the mean valees were used (o ke
calculatiors of water vapour permegbaity (WP amnd mechanical
prapeTTies,
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24, Scanning elecmran mkcrascopy

The Scanning Electron Microscogn (SEM) surface scans of the
filmis were performedd on & scamning Slecrran micrasospe (Mo
NanoSEM 200, Metherlands | with an acoelerating voitage of 10kY
upsder waoupam conditions. Each film was attached to 2 covershp
vim an caned thim b of chreenium asd carbon, The ceating also
winrked to prevent the aocumslacion of Sratke elecric charge on
the surface durnmg ekectron irradiation amd to aveed scanmang faults
aml other image artefacts, The samples veere sputler-costesd with
collical gdd pamiches and hen Wt drving hifare scanming, The
images wers presented with 5000« of magnitude and 20 pm of
amplitude.

25, Fourier-iroegiorm dgfrared {FTTR] speciroscapy

The flms were characterized by Foiirier Transfoam Indrard
[FTIR} Speciroscopy o a Bruker FT-IR VERTEX S80VB0 v (Boston,
LUSA] in Attenuated Total Beflectance mede |ATH] wath a platinuen
eryslal accessary betweeen 400 and $0000m . using 16 scans ar
a resolution of 4om !, Bedone analysis, an open bean backgnound
spectrum was recorded as a blank. The galactomanean contred Alen
4] was weed a8 comirol amd each spectnem recarded for the films
with isnmobilized hins g compounds (B, B2, 01, C2, B0 and 02
wias subiracted from the concnol speotrum. Data analysis was per-
formeeed with GraphPad Prism 500288 (GraphPsd Softeare. Inc.,
Sam hega, CA LISA]

26 ThermopravimetnT onabsis

Thermogravimenc amalysis (TGA) was compleped with a
Perdnbimer TCA 4000 [Perkintlmer, Massachusetts, EUA ) Sam-
ples veere placed in the halance systemn aml heated Grom 200 to
450 Cara heating rateol 10 Cemin~ " wnder a nicnogen ammas phens,

27, Coleur amd opavity

The colour amd opacety were determined using a digeal col-
vrimeter [Konica Finolta, model Chromd Meter CR-400, Osaka,
Japan)calibraned ar iluminant © wich a whine standand The param-
eters determined were L0 (D=0 |black] and L= 100 [wehita]),
n® [—o*=greennes= and +p"=redness] and B° (=& =blueness
and =¥ =gellownessl These parsmeters are (e coss regdem-
mefided by the Ieternacional Commisson on lumination FAlons
opacity was calculated as the ratio bebwesn the opacity of each
sample on the Back stamclard [¥a) and the apacity of cach semple
o che white standard [V, ). Five measurements wene detenminsd
at racsdom ¥y and Yy and an average of them was used for cakoula-
tkons. The expenment was done in trplicate and the resulis were
expresid i percentage and determined thagugh

XD = [V Vet 100 0
28 Moidlung fooled

The moisture concent |MC) was expressed 2= the percentage
ol wwater remwved from the imtial mass sample. BC was deter-
miined gravimenrically by drying the TS a1 105 °C in a0 o with
fierced aar circulation for 24 h. The sxperiments wers performed in
eraplicate.

245 Safubiliy
The meassrement of solubility was dewermised accondieg to

Gontard, Duchez, Cug, Gullbems [ 19945 |20, Triglkcates of sach
film were oot with a circular mekd of 2 cm diameter. wesshied

anad dried ar 105 "C in am owen for 24 h. Alver resseighting, the films
were placed in cups werth S0 ml of dissilled water, seabed over wath
parafil arel hormogenized a8 B0irpen foe 24 h. The non-soluble pan
aleach Mlen weag dried ar 105 °C fedr 24 h aned weighreed again,

210 Waler vapour permeabilily

The measurement of water vapour permeabilicy (W0 was
cetermined gravimaincally based on ASTR ESE-92 method [ 27,221
T Tl weas sealesd oo Uhee Lap off a peomeation ozl conlaiming dis-
tilled warer | 1006 BH; 2337 Pa vapsar prossure & 20°C), placed in
a desiocavor ab 30°C and @ RH [0 Pa water vapour (ressure ) oo
taining =lica The cells were weighted o2 ipdersaly of 2 h for 100
Srpady-srane and uniloomy water pressang condi s werne assummsd
Iy maieaining the air circulation coretant ouside the tesc cell by
using a ministure faninside the desiccabor |24), The shope of weight
Forss sy Limne vk abilained ey lear regression, Theee replicates
were obeaned for each samigle,

211, Conioct angle

Contact angle vwas measured in a face contaot angle meter D0
H. Dataphysics, Germany ), The samgles of the films veere Saken
willy & SO0l syringe (Harsilen, Swirzerlasd), wsth & necdle of
Q753 emnm of dianeeter, The Contact angle ar the Alon swfaces was
measared by the sessile drop method |22, Measurements wers
mache in lizss than 55, Thirty meplicates of condact argle measure-
mients were ohtained a0 198 [ 00.3] T

212 Mdechanical praperives: Youngs moselos, densile sirengih
il EinaEanEan-ar-hregd

Youngis modulus YR, benssle simengih [T5) and alongation-at-
break [ERY veere mesdared using & TAHD plus Testore Snalvzer
(Serial B5232, Srabkle Micro Symems, Surrey, LK) fallowsing e
pakielines of A5TH [ 3832-02 {20010}, Accordeng to the ASTM stam-
dard, Alm sirips with a length of 100 mm and a wadth of 23mm
wiere usid and Che average fm hickness was idasured ag prg-
ously described in Secrion 2.3 The initial grip separacion was set
at 100mm ared the crosshead spead was set at Smmemin-". ¥M
was related as the slope of the elasts region in a phoft of sbress =
&Irain, TS wias expressed in MR aned wirs caloalaced by disiding rhe
masdmum boad (M) By the indtial cross-sectional area [m? ) of the
specimen. EB was calculated as the ratio of the fmal lengih at the
point G sampHe maglure fo fhe il begih o7 a8 pedimen (100
mm} and expressed as 4 percentage. AT least sin replicaies wenes
perforrned for each samplke,

213 Sransriesd ansyees

Sratistical aralyses were perfformed using Amalysis of Varance
(ANOVA] and Binear regression analyeis, The Tukey tesn {o=005])
was ueed 1o deremaine any significance of differences benwesn spe-
cific means | Graphfad Prism 5.00 222 SraphPad Sofivare, Inc., San
Diiespur, A, LUSA

3 Reswles amd discissinm
21, Sranning sleciros microscepy |55 |

SEM Is a rechobgue that albvws wismalizing the sarface maor-
phology of the films, mainly the di=tribution of the imvmobilized
bicuctivee compssorils imdhe mricrostrocture of the Blm mabne, Fie |
shiows e surface morphology of the galacromannan-based Al
Fg. I & shows the image of the lm wichout any beoactive conm-
pound [A], presenting a more umiform structure than the flms
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g, L. SEN srneges showing the sarface stroctoure of [A) the cominod palactonmesran Aler arad ahor snmsebebaatom of IH1 ) LIOIN [wiv)y,

SN OLZE (VA0 Lot 01

vl (C20Lowpeget” D28 (wyVL (D) Lovweed” DI (VL aned (D2 ) Lowesl” 2% [wiv)m the Sln-fonreng ratctare

with immoebilized hioactive compounds {B-D], It is paossible to
observe by SEM some granules that maybe related to contaminating
residoes remaining from the galactomanman extraction. However,
it is imyparzant o highlighe that duding galactomannan exiracnon
NaCl was used to increase the solubllicy of the comtaminating free
proteins; also washing with ethanct allows to remove contami-
nants and a further wash with acetone that alkows the removal
of proteins | 247, In a8diton, galactomannan flms with Lowpept ‘
(€1 and €2} and Lowcol” ‘D1 and D2) showed more gramubes than
B1 and B2 (enmobilized with L probably due to the presence of
insoluble parts of these biomodecules, I clear the presence of the
immobilized beoactive compoundds in the mecrostructure of the Rlm
matnx and their change according to the type of biomolecule,

For nstance, warkisg with the imenobilizatson of Bioactive com-
pounds in galactomanaan-based fms, Cerqueira et 2l {2010] |12
used different extracts and showed by SEM that the composate
films presemt vesacles with sphencal shapes, smooth surfoces anxd
apparently free of visible cracks and poces. It s possibie 1o abserve
In these resualts that U was bomogenously distribuced in the Him
matrx, while Lowpepe * (12 1C1 and €2} and Loweol” | 1m
and D2) presented a non-uniform patern of dstribution, In adkdi-
tion, according 1o the results presented in Table 1, fllm thickness
was only affected (p<0.05) by Loweol” immobdization, maybe

TaMet

S0 we (OO CONCenratun Loed i FLoes B mousalien and Dhe (arres pord

" pex of B Scharns
Alzs Boactrse compousd (Y Thckawos (e
A apst sopo*
a1 o Q051 40000
(D) uog 0 DA 4 000
(8 ) Limpere 012 Q08
Q Lo pepn 003
Dl Losazal €1 DRCEZ)
N Losool” 92% 0 (59

K¥ererd seperscript emmers inthe ame cobimn indbcae 2 sraniabeilly dgnifcan

diferene p<0 06

as=ociated with voids formed during film preparation and which
beads 1o Blms with certain roughness on their surface and thys
higher values ol thickness.

3.2 FIIR

FTIR was used for e evaluanon of passible chemical inger
actions betweesn LI, Lowpept |, Lowcol and the B3m matrix and
possible modifications in their structure (Fig 23
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The contral Alm (AL compased oy of galactamannan, dis-
payed a2 FTR specitum similar o the resalt obtained by
Albuquergue =& al (2004) 2], confrening that the conkral flem
is priginated exdlugively by the polyiaccharsde pufied fram ©
grandis seeds; howeever, particular differences were observed Tor
the films with ienmobilized bioactive componds. The specira
recorcked Tor these Alms wiere subirscted frem the specirum
ahtaimed For the galacmanannam coatral flm [please @0 Secrion
254 Im genaerad, all films presented a bread band Bereeen the
regiores 3N00-130em . that represents O—M strefching vikra-
vian Tormed by Bondosyl gremps of the galactomannan and water
invwnlved in by rogen bonding. I addition, 3 bread band anouwd
JHMHE MW o', assigned to C—H streschung vibracion, i= also
presemied in al =ampkes | 25], The incorporatsen of lnoactive com-
preiaies Beadds 1o g grean variaticn im che region relaned e hpdrosy]
groups, which can be related with e kclty characcer of
the films. The addition of O.2% (wiv] of LT (B2, 0.1 and 0.2% (wiv)
of Lerwipepd” [C1 el €20 and (0,1 e 02% [wiv] Loweol” (D1 and
03 decreased the inrensiny of the Bands, being repreéseniacive of
the koweer avallabiling of hydrosyl growps on these films and thas
a ke interaction with water. A different behaviour was abserved
T LK [wiiw] ol LTCRED 1, wihae i thee incensing of thee O=H stretching
vibrazion vwas simdlar oo the galac omansan film A ) ued as control.

The peak rezar to 1000 cm ' cormespords bo the stretchang vikra-
g il O=00 in C=0=0 boands and appears in all spachied Glms | 26,
wilile the anomeric reglen [50-700cm ') and peals near oo §70
and 310cm-" are representative of the a-n-galactopyranose and
B-r-mannopyramcose unils, respectely |17 ] Despate the masnie-
iance af ey pirakis Tor all Alens confisming the main souciure of
the galactomannan, it |s possible toobserve that the speccra of lms
with high concentrations of bioactive compounds [B2, CF and 02
shazw an imflection of the peak [intensity decrease ), which can be
redared oo their inlluence in the galacramannan s T S

Sccording to the Berature | 28], skonals at 1650 and 1550cm!
are assigned fo the axcial deformation of the C=(r bond [amide 1)
aml the angular deformation of e M=t bond [amde 1) pro-
posed for identification of proceins. These peaks could b clearly
ohserved im filems with 001 and O0ZE (wie] of LF and 02% Jahed of
Ll:rnl-'np'.'. respectreely B1, B2 and C2, orce the spedtra of these
Nbmis Beadl Bn an increass of the peak incensiny in this raege, The
addition of Lowpept® 2t DU1E (v, namely C1] and Loweol” (0]

amd LT, wiv, respectively Tor 1 and 02 displays i signals ar
1650 and 1550 cm ", comesponding 1o a similar specimum o the
galactomnamman control film (AL

21 Thermogrowmednis analpas

The thermesgravimirric analiysis [TGA) fior galactomannan flms
show ar b=ast three thermal events, being the first aribured
i water evaporation, the secom attribuied to the presence of
el and the hird melaed e pelvaccharide decompssation
129,30 TGA experiments performed in this snsdy ane in acoor-
damce with those reported by the liberatere and show chree mass
kazs evends for the galactomannan flms [Takle 2 The frst ther-
mal #enl eocurmdd mdar 5590 and corresponds o didnadaren,
which may B amribured 1o che #vaporation process, & Characmer-
st phenomenon of a poly=acchande wwth a hydrophilic nature
The sedond, around 188 oL, i2 related to dhe weight ks asso0-
arid with ghycernl decom position. For chese results ne srarisrally
significant differences were observed. The third peak = assodated
with the debydration. depolmenzation amd pyrobytic decomgs-
aitican of Chie palysaccharide had ks | 90031 ] The galachxmansan
controd Slm [A] presented a peak of 284,19 = 085 °C and 3 welght
bss of 4% 17 £ 299% =imilar tethe results obtained forothar galac-
Pmaneans | 10031,532], bn addigion, BE C1 ard CF veere statishally
dilferent oo the centrol Al (AL L, the presence of LFCIVEE, wiv)
and Lovcod” 101 and OL2% wihv i avoided the establishment of more
hysclrogen boods in the galactomannan Glm matriz a5 confirmed by

FTIR epmeonra analyes,

A Cofour and spocity

Colour and opacity are important features for che acceptanoe of
prastucts from pharmaceutical or food mdustry. 1able 5 presems
M cobir parasneters and epacty of the lilms, All studied Hln:
were hright wich a serong whiteness rendency as presented by L
coordinate walues. and a vellowress appearance represenoed by b*
coordingte; for those parameters flms did not present statisbcally
significant differences |p +0U05] amsrg rhim, Resilis shaovwed thar
the presence of L in kigher conceniraiions |B2) lead to the increass
(= 005 of a* valses, e the increasimg concentrations of Lf lead
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Pbabsrume conrend (O solubiding | Sol) water sapeir permeabil i (WP and oon-
Gt e (G4 e i 80 rhee: gl snoma nady conirol fm () and e s afer
rvmiest fisaion of (B LT 0L Sk L OB LT DU Crelv L (€00 Lormpeept” W il
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= muiferent yeperscript keten in S s colurmn md aie @ ks secaly proficans
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Fig. 3. Erpreseriaites amapeol b galbcicmanman £lm wsthimmobil toed Lowpeps”
2 L2 wele| i biack |Ajand whiie [0] Backprume (2]

o resilness appearance of the Glm, even corsklenrg their esident
rThrasnes Lomederey.

Al the Rims weere slightly opagque (Table 3), however ondy Zalac-
tamannan films with immobilized Lovecol” [0 anad 2] exhibited
signifeantly higher (p <0005 ) valuses of apaciny when compared 1o
thie comtral Bl (Foz 210 This is in agresmesng with ofhier pablished
wiorks [ 11.12,33), where it has been showed chat the addicion of
binactine compounds o the filme could bead toan incresse of opac-
ity vl

A5, Mulsmire condesd (TC L solubiiTy [5od ), walir isapowr
permeabiiy (WY and canmaer anghe [CA)

Mtciure-Timding abalities of Gbms can @Tecn sigmificantly their
physical and harrier properties, thus the knowledge of the con-
tert and afficity of flm macrix o water 15 a key parameter when
choceang a film for specific applications |34,

Takde 4 shawss the walues of maishane content (AL aolubiling,
wiater vapour permeabdlioy WYP), and contact angle [CA) of the
fibms withoart any smmobilized Woactive compounds (A and of

=g weith fhe sme wprmcpi ke withn 2 colomn aee sk speficantdy
dfferern |pa DS L

tha Milens withy enmobilized LT[R amd B2, Lowpept™ (O and C2],
and Lowced” [0 and D2}, MC resulis showed that galactomanmnan-
based films with 2% fwhvd of LF (B} presented & signifcant
(o 05 S regduction ol BRI values aden compared (o the contred Bilm
(&L Bourban et al, [20117]5] reparted rthat incorpararing baoactive
compoasnds imchicosan fbms led toan mcrease of MIC, howweverchis
increass yoas not significant for fims with LT Our resals shoeed
thar the incorparation of LT in irs highest cofdentation & one s
thez BAC, which can be explained by the lact thar LT presens both
hydrophobic and hydrophilic pares in i= conformaton. &t meutral
pH, L has a nel positeee chasge | 15] with a bpdropheb doasain
|46 L thus e higher concentracion of LF im che galeronamnan-
hased film may hawe reduced the availabilicy of hydnooyl groups
o inkeract with water, resulting in & decrease of MO values, as
canfinwsnd by FTIR sgectraamalyses Orhe ranplanation For the avail-
abiliny of hpdrooy] groups on galaccomannan composite Hims and
2 loweer interaction with waber was adwvanced by Antoesou et al
(20 5] 5], wohirmvrkes) with Eara gum-bases] fms and shoveed the
infuenoe of the additien of compeurss in the MO, Thisy explainsd
that the fbms with composites, nanoparticles inthis case, presented
armore compact structure, which alloveed them to occupy more free
wiueme im Che pedymer matnia, Thiss reducieg, the BC values

ol resulis showsed that chie addicion of LE (B and B2
and Lowecol in sis highest concengration (2] decreased signifi-
canly [p <0050 the solubility valoes wihen compuared to the contml
film [A). Meurmheless, iT is impoatant o mention that when 1L
Lowpepi” . and Lowcod” were added te galaccomannan filies, they
maintained their sbructure even after 24 b immmerson in water. On
Tl onbser hoared, Chee canted Tl (&) besame a s ked mass due e
a4 petential dissolution pacterm, The reduction of e solubiling for
thee galactomnannan-based flms with immobilized L = 0 agree
ment veith the decrease of MC values obserasd for BE e, the flm
cniild b cansidioned maery Bydnoplabe than e contral film (A

It is known that the presemce of a plastiozer like ghycerol leads
i a reducton of the hydrophobiccy of polysaccharide-based Alms
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| 3734 |, bur alse the proportssn and discribution of galaciose unies
akong it mannan chain cam haee an essenizal role in water con-
verdl of palactomannans, The water solubility tends 1o mcrease
wilth increasing conremd of galaciese For galactomannans with MG
ratio wp e 3; i o several studies reported that higher walues
of MG ratee lead to Alms with losser solbobility [154900 The MC
amd sduhility walues eltassd Tof the cestral Glm (A) are higher
tham the resals obained for the galacomannan studied by Anto-
nioay, Liu, Majeed, Qazi, & Fhong (30145 | 41], whie evabaated how
the properties of targ gum-based films were inlluenced by poly-
ols, e ludiegg glyoerel ag a similar concentracion to the cee used i
our viork. They ohtaimed sobubiling values ranging bersseen 14.37
and 32 801 according ko the glyoerol concerdration used. Cerqueira,
Souga, Teisewa, & Wigente (P03} |10 ] ik reporbed that thse sddi-
cian of ghpcenod ind reased che solubdity and MC of Rlens of Cledisio
rrincanifios galactomannan when compared wwth oiber plstioz-
ers. The galactommarman extracted From the seeds of C grandiz
wsed in this werk has o mannoses)galacross ratio (244 1] dilfer-
ent from the galactomanmans used in the above mentioned works.
Thi= ralar ratio, in addison to the presence of glyceral may have
infheered e galaciomannan b stepdtune, justileing Uhe &l-
ferences ohrained fior MC and solubiliny when compared 1o other
galactomannan-based films; kot also the exiraction process (dif-
Ferent im thiz case] can lead to grept difference in the solubility of
nhtaingd galactamannans,

WP Is the mest extensiwely studied property of edibde Alms
mainly because of the importance of the water m detenora-
tive reaclions [02], WWP values ranged Trom 5602038 « 1077
[A] 10 22,43 2 021 = 10-Tgh- ' me Pa- (00 { Tabde 2], The pres-
ence of phytosterols inbe galactiomannan-based flms (D1 and 22]
increased =ipgnificanthy the WP resyles, leading to walues 5 9-fokd
higher thas the concral Bl (&) The saemd happered when L7
wiak added in & high conceniration (EX}, howewer In this case the
increase was kover (1.7 -old). Accordieg bo Anboniou, Liv, Majeed,
Qagi, B Mhcewr (2004] [41], the high degree of Bydeephabicity s
the varer anracted inco the Marriy Conribule T redle regs
of higher water mobdlsy, with greater inter-chain distances im the
galactomannan film. Begarding the resuli= for the film with irmmo-
Bilized Lewnl™ i its highess concentragion (D21 oo can abiserde
that it is more hydrophobic than che oontrol fim | A] o resulcof s
rechuced solubility, thus the increase in the WP value cam be asso-
crabed 1o Dz drre gl surlfade of e film, confirmsed by SERY resulis
[&ee Section 3.1 The presence of voids an e irmegular surface of
the film could function as =ae for water binding during modsture
abzanption, also alkoeang the water vapour to pass through the Glm.
Finallty, the angreased WP walies reparted in ur resulrs disndam-
srraced that the comtents of L in s highestconcentracion (B2, and
pheptastenals from Lowesl” (7 and D23, m addition fo the inberac-
Lo waith Lhee galsctamammen film, weere the muost significant fcors
allecting the WVF,

The determination of the contact-angle (CA1of Alms surface is
a smple way boevaluate the degree of hydrophobicity of the fims,
s Tl 8 valuses will increass los Bl pdroplelEe surlaces
|43 |. Generally, if susfaces have CA valses bess than 90°, chey are
ooreskdened hyd rophilec. The Caof the corirol flm [A] indicated iha
this filee i= essentially hysdrophilic, sehich veas guite similar o that
repamed nr other galacoma nnan-based films [41,42], TR amd
B2 and Loswpept” [C1 and C2] imamobiliz=d in galactomannan filoms
led bo anmcreased g« 05 jof LA walues of the conercl film( AL while
i el iTerenee (e 005 wea s eberved Nor Livies ™ [0 and D23, 10
alen IMpartant o note that The comcentration eifeo did mor affect
each hatch-film, iz, there were no differences observed beiweesn
B anad B2, C1 amed C2angd 01 and D2,

The resalrz confioweed thar e presence of LT increased the
hydrophadscity of the Alms at all concentracions (B1 and B2)
with CA values almost 40 bagher than the contred flms. The

Takle 5

Bl ol conoeniralian on Yoo s mesdples (ML ool strength (T3] and £ bos-
o al Break (B8 of the gabiciomamman codeed lim (a) ad the o alicer
amrmafilieastion of (E1] L DL EE ] (8] L8 D2 Crby L [C1) Lerwpaepd” ILTE [wrfwd,
[CT) Loawpeopt” D2 Dwyvl, {04 ) Loweed” 001K [yl and (02} Lesseal” 0.0 |wte}in
ke Alm-EBrmed ey mesaun

Alns YR lFa Th [MiPa| FR{E)

A [ ELNE S &7+ 1.0 TR & ot
i BN (LA R P EL Ly
i LR A L D43 1 3 25 LErE SR
[ | 1A & e B+ 105 TR v
Lo | £ g 1197 & 1.8 L1& aaE™
ol E774 LIO* 1038 & 137 153 & S
[ 1r] 451 & LAF B35 & 1.4F 129 0 254

byglny with the weme sopemcHps koo wishin g ool umn aee aot eprehcantdy
diferem |paDils ]

tydrophobic patcemn observed for C& is also im agreement with
thie results cheained for MO ard solubilsty of galactomannan-hased
filnees st h insrnabilised LT Belatsoely do the ml-dilitnldluwwpl:.
the higdraphilic nanere of the flms (C1 and C2) remaing anclear
since ther CAvalues were approsimately 900 A differart be haviour
was cimerved for the addition of Lowenl™: the results showed
a higher water alfaity for D1 and DR CA provides isformation
regarding the sorprion of vater molenshes o the filmsruomure |3%),
beirez relabed with the capacity for weater banding during moisture
abzsrption For Gilms with immekelized Lerwenl”, as camlirmid (-3
WYP resulis

It is impartant to mention that, depending om the applicanen of
the flms with immobilized bioactive compoamds, the =obstantial
differenoes in g physicochsimes prapéaties may b relovang for
the biomolecules and e display of thedr aoivicees, for inszance,
ther relative hydrophobic patiern of the films with imvmobilized
biguctive compoanids alkorees il gradusted release, once the com-
poind guarantees it permanense bnne the Dbm ancil the complece
solubilisation of the macric

2E Mechonica! proponties

Tablie 5 showes chee mechanical prapeties [Young's medslus -
WM, reneile strengnh - TS and ebongarkon ar break - EB) of the
galactornarman films wathout amd with immobaliz ed bioactve come
pounds, W8 w2 oa reszasure ol Uhae =il ol g semple and J decre e
in his vadoe means a redisstion of the Mm sfTness, e, the neduc-
tiom ol YP increases che deformabilicy of cthe Abms |43 L Alms wath
immotifized Lf (01 and B2}, Lowpept” (01 and 2, and Lovwcol®
(0 e D] Ahoweid cratistically sapmaficant [p< 005 ) dslTerende i
WM wihen compared pothe concrol flm (A}, which means thar e
immkalized binactive compourds improved the toughness of the
filrmes, Fegardeng tha effiect of the immobilized biosctnme empounds
CONCENCrarion on che R, i is Emporiant mnote that no significant
(p= (M5 Impact cccurred to the films with LE, while for flms wath
Lowpept a comcentrabor-dependent behavicur was absereed.
whime Blme with higher céndentratioes of this Eemakicale [T2)
Shinwed Bigler ¥R values than the NEms with OULE (O A destinct
betaviour was ohserved for films with Lowool™ , where ¥4 valoes
dhecreased for higher congentrations of the bioactive compound,

T5 il ates the mnaxinum tedcile stress thar the fm can suis-
tain. It is a parameter related vo the chemical structure of the
film amdd depends =irongly on film composion. beng directly
influgnced by weatir, plasieizers, surfactinls sl BGactive Coms-
pounds immaohilized im che film marrix (5] Galacomannan-hased
filrms with L Lowpept . and Loweol” exbabited hagher 15 valoes
compared 1z the comirol Glm (A which meaes tRat the immobs-
lizariza ol hins e comipeids afected che siructune af e Gl
improving the tensile stress (o widkch the Alms may be subjected
before deformmation cocurs. In addstion, mcreasing the confent of
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L-:rn'pcpl:' leacls bo o significant increase of (p<005] TS valees of
Che filiwes, Thieconcengration s & rhe o Bisacrive compenmds @il
nit show elfects an TS valuses,

EB i= relaped with the film Aexibility amd the obtained results
are presented in Table 5, Bz show that e wich immebilseed
R tiwe compounds wers less Mexible (p <0005} thas the oencral
fibmn [ AL MeyeEmheless, the increase of theconoentration of them did
not affect CH. This is m agreemend with other works, as the ER of
galacromanian-hassed flms e reasind when biomede oples cr aqher
compounds weene added to che macrix | 7).

The MIG e of galactomanmans significancly affects the
wechamcal properties of the Hlms, For examgle, Mikkomen o al,
[2007) |44] repeoated chat Blms preparcd rom oowst Bean gum
| MG ratio of approximanely 3.33 ] were soroeger and more fexible
tham Blms prepared from goar gume (MG ratio of approsi-
mately 167 D Samios e gl [F015) [19] preduged films from
fve sources of galaciomannans {Adenamthera pavaning, Chamap-
sis retrogonolabus. Coesaipinie padckernma, Cersdomsy afigue and
Sophiva peerica, presending manmeoseealscbose ratios of 1.5 1.7,
24, 3.4 and 55, respectivelyl and repoitied that BB increases with
the increase of the MG racio for values wp to 200 For higher modar
ratios, the BB vaboes showed a reduction TS values generally follow
Ul ineer s ol ghose abinained Mo EB; ey ang Bighan o MG ragios,
rising agalm for high BG mithes The result for TS of the galaccoman-
man comirl film (& Jis inagresment wich published works for other
gabactomannan-hesed films (451

Thi galactomanman expracted from O grandis seeds wsed in this
study (RIG ratio of 2.44) produced mone fexible conomol films [4A)
tham the above menboned galactomannars; m addibon, the immo-
Bilization ol LE, Laepepd ™, and Lermeal” alfectes the structure ol the
Mbrns, abready repodted Tor the physical characrerizacion by B, sol-
ulsliny, WP and CA results, mcreasing che filmis stiffness Chigher
¥l and temsile strength (T5] confirming the reinforcing efTect of
rhi- Bigadrive eoimgsounids inta thie Slm maris,

4, Comchusion

Lactoferrin. Lowpept”™. and Loweol® can be added to
pelactomannan-hassed  fibms  maintaiveng their mesn srodure
and promaoting significant variations on the physicochemical
properties of the films. The incorporation of the Escactive com-
pounsds increased the films" =tifness and decreesed their =clability,
leafang 0o a reinforcement of the Rlms, 10 has alay bedn dhimn
howe the siruoure. the surface and the hydrophilicey characrer
of the films could be influerced by ibe presence of bioactive
ompounds through megurermerd of thermal propestie: (TGA)
surface microsrrucrure [SER) and chemical sonacnene (FTIRL

The 'lnrruhl.l.ualun. of Lactolernm (LE), pepaides (from
Losapeept | and phyiostesols (from Lowscol | in galactomannan-
sl films can be waluable e a greal nuidber of indesirial
applications.  For  exampde, in  rthe phamnaceurical  Aeld,
galactomannan-based filmes with immobelzed LF can be tested a5 a
candidate for weoumd drissing by combining the physicechemical
propemics of the Sm and e cxcellens L biokagical accivities, For
totechnologkal applications in food. the health bemefits associ-
ated to BAPs and phytosterals coukl be achseved ingalactomamnam
fileins willi amnimclleed Lowpspr” and Liwesl . fespedively,
wihich can be used as alvsmarie for indisiduals with difficuloies

for sweallkoraang, pharmaceucal solid dosape formes.
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Cramoll 1,4 was efficiently immaobilized in films based on the galactomannan extracted from C. grondis
seeds;

Cramoll 1,4 maintained 90.94% of the initial lectin hemagglutinating activity after the immobilization
process;

Galactomannan film and the film with immobilized Cramoll 1.4 showed no cytotoxicity;
Galactomannan film with immobilized Cramoll 1,4 completely closed the wounds with 11 days of
experiment;

Galactomannan film and the film with immobilized Cramoll 1.4 showed to be a promising candidate as
topical wound curatives;

L]
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1. Abstract

Galactomannan films from Cassia grandis seeds, associated or not with Cramoll 1.4, were used on
topical wounds of rats for the evaluation of the healing process during 14 days. All of the films were evaluated
by cytoloxic assay, FTIR and lectin hemagglutinating activity (HA). Forty-five male rats were submitted to
aseptic dermal wounds {&=0.8 cm) and divided in groups {n=15); control, tast 1, and test 2, treated respectively
with saline, galactomannan film and film with immobiized Cramell 1.4, Macroscopic evaluafions weare
performed by clinical observations and area measurements, and microscopic analysis by histological criteria.
Epithelial cell proliferation and differentiation was immunchistochemically assessed using CK14 and PCNAC
The presence of CO peaks in the FTIR spectrum confirmad the immabilization of Cramall 1,4 in the film, while
the residual HA confirmed the stability of tha lectin after immobilization with 90.94% of the initial HA. The films
presented non-cytotoxicity and cell viability exceeding 80%. All of the animals presented re-epithelization
around 10 days, furthermore test 2 group showed a diffuse response at the stromal tissue and the basal layer
associated with wounds completely closad with 11 days of experiment. The results suggest a promising use
of the films as topical wound curatives,

Keywords: natural polymers; topical wound curatives; wound healing,



1. Intrgduction

The wound healng is delined as a rehabilitation process with an orderad sequence of physical,
ehermical and bislogical reactions. This deamic event comprises ovedapped phases incuding cosgulation,
inflammadion, proferalion and remodaling, which ireslves coll wall comparenis. sdbesion and activation of
platelets, chemical madiators, inflammatory cells (such as palymorphaonueckaar leukocybes, macrophagas and
ymphocytas) and fisronactng all of them acting in consorance in oroer o raconstrect the issues infegrity
which was previously inlermupted by an injury. The process inikates by exiravasation of blocd constiuends,
platalet sggregetion and migration of infllammatery cells ko ihe site of the wound, the ransiion from Be
inlammalory 1o lhe prolileralive phase is charscleized by migralion and pralileralion of ibreblasis,
keralinooyles and endothelial cells, folloesed by angiogenesis, leading o re-epithelialsation and granuiation
tissue formation, Finally, the recovery of the normal tissue occurs by reduction in cellularity, vascularization,

and collagen deposition. consssting in the remaodalling phasa [1.2].

Matural polymars are biodagradable products with potential inferasting for biomedical @nginaering
due to ke major advantages over non-bicdegradabla polymars: they are gradually absorbed by tha human
bady, and soma of tham are sble to regenarste issues through the inbaraction of thair biedegredation wih
imeTnologc cels 3. Inwhat concarrs the development of dilferent dressings for damaged lissues, natusal
pelymess have bean well sluded due ko theair iserenl characteristios, including biodegradabiity,
biocompalibility, absence of leocty, and some structural similarilies with human bssues, as well a5 fhair

imiplication in the wound repair [4],

Thee mast esed wound dressings are biopalymers swech as chifing chitosan and dedvatives [5,8),
twaluranic acid [7], cellulosa and dereateeas [B), alginate [9). collagen [10]. fiknn [11] ar silk fibrain [12]. In
ganeral tanms and according 1o their applications, wound drassings can ba classified in differand types; ha
film-typsa wound dressings are normally adhasive, wih a whitaness tandency, durable, confermatle, eesy to
manipulate, cheap, semi-permeabile to egpgen and walsr vapour, and oftan impermeabils o guid and 1o
bacterial contaminalion [13). Pelysaccharides are largely used as flm-lype wound dressings due Lo Sei
ability b marnic the sireciune and compesition af the skine When in contact with wound exedaie, these

systams afficiently work on the absorption of wound flids, thus creating a maist envirenment [14],

Galactomannans are polysacchandes widespread in nalure. They are mostly ablained from
kgumincus plants and their purification process generally yields heterogenecus palymers with (1—4-linkad

C-mannapyrancess main chains towhich {1—6-inked o-D-galaciopyrancsyl units are attachad [15).
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Scientific publications about the characterization and application of galactomannan films are still scarce
wihen compared to other polysacchandes. In addition, the main works reported films” physicochemical

properties rather than their biotechnological applications [16,17].

Albuquerque et al. (2014) [18] exiracted the galaciomannan from Cassia grandis seeds, a native
plant in Brazil northeast, An extensive expermental rheclogical characterization showed that the
galactomannan presents flow behaviour, exhibiting shear-thinning zones at low concentrations, and a gel-
like state above the transition liquid-solid point. The ability to provide both liquid and solid features suggests
the use of low concentrabions of galactomannan as films with potential application in pharmaceutical and

biomedical industries,

Recantly, Albuguargue et al. (2017) [19] used the galactomannan extracted from C. grandis seeds at
0.8 % (wiv) for the preduction of films containing different concentrations of lacioferrin, bioactive peptides,
and phytosterols, The galactomannan film behaved as a promising structure for the immabilization of
biomolecules foresesing a great number of possible applications in food and pharmaceutical industries.
Other galactomannans have been successfully used as matrix for immabilization of different biomolecules,
such a5 nanoparticles [18], lipids [17], peptides [20], antioxidanis [21] and lectins [22]. Therefore,
galactomannan-based films with an immakilized biomolecule that improves the wound healing process may

represent & good candidate for the treatment of wounds and should be exploited,

The lectin extracted from Crafyplia molis seeds, also known as Cramall, is a biomolecule with
differant malecular forms that has bean well studied by structural analysis [23,24] and employed in several
bictechnological applications [25]. Preparations containing isoforms 1 and 4 (Cramedl 1.4) have been
reported as potent healing agent in different experimental models [26,27]. In fact, Cramoll present properties
that could enhance the wound healing process, &, g, immunomodulatory [28], antitumor [29], anti-

inflarmmatary [30], and proliferative potential even in cxidative siress situation [31],

The objective of this waork was the development of a potential wound dressing basad on the
galactomannan extractad from C. grandiz seeds, with enhanced wound healing activity by Cramall 1,4
immobilization, MaCl 0,15 M and galactomannan films with or without immobilized Cramoll 1,4 were usad for
evaluate the healing activity in male rats, Further, the epithelial cell praliferation and differentiation procass
wias immunohisiochemically assessed using cytokeratin 14- (CK14) and proliferation cell nuclear antigen

(PCMA-specific antibodies.



148

2. Material and methods

The pods of C. grandis were collected in the city of Angelim, while C. mollis seeds were collecied in
Iimirim, bath of cities in the State of Pernambuco (Brazil). Ethanol 99.8%, acetone PA, sodium chiloride and
phanal were abtained from Vetec Fine Chemicals Ltda. {Brazil). All other chemicals were of analytical grada.
2.1 Extraction of the galactomannan fram C. grandis seeds and preparation of the filmogenic

solution

The galactomannan from C. grandis seeds was obtained according fo Albuquerque et al. (2014) [1E].

Brisfly, the pods of C. grandis were immearsad in distilled water at room temperaturs (25 *C) for 18 hand
then separated in a half part, revealing the seeds, which were removed and dried until reaching a constant
weight. The dry seeds were bodled in distilled water 1:5 fwiv) at 100 °C for 1 h and conserved in water at 25
oz, for 18 h, to facilitate removal of the hull. The residual withowt hull was triturated in a blender with 0.1 M
MaCl 5% (wiv) at 25 °C, filtered through a veil tissue and after wsing a screen printing cloth, and precipitated
with 46% ethanal 1:3 (wiv) for 18 h. The white precipitate obtained was washed with 100% ethanal 1:3 [wi)
for 30 min and two times with acetons 1:3 (wiv) for 30 min, fillered on screen printing cloth between each

washing and finally dried until constant waight. Tha dry precipitate was milled and called galactomannan,

Pilot experiment indicated that low concenirations of galactomannan [< 1.0 % (w/iv})] were able to
produce films, however filmogenic solutions containing polyvsaccharide concentrations below 0.8 % (wiv)
produced brittke films, Thus, the filmegenic solution was prepared in distilled water with galactomannan at 0.2
o (wiv) and ghyceral at 0.2 % (v}, under magnetic stirring (500 rpm), for 12 b, at 25 °C, o achieve thinner,

mare flexibla films.

2.2 Extraction of the lectin from Cratylia mollis seeds and immobilization on the filmogenic solution

The lectin extracted from C. maoliz seeds, known as Cramaoll, containing its iscforms 1 and 4
(Cramoll 1,4), was obtained according to Correia and Coslho (1995) [23]. Briefly, the seads were dried at 25
°C and crushed to obtain a flour, which was dissohed in 0,15 M MaCl 10 % (wiv), under magnetic stirring
{500 rpmy}, for 18 b, at 4 *C, Thus, the chtained saline extract was fractionated with ammonium sulphate (0
40% and 40-60%). The precipitate obtained from the 40-60% fraction was dialysed and purified by affinity

chromatography on Sephadex G-T5 column.



149

Cramell 1,4 was immebilized by entrapment as fallows: 0 - 0.5 ma'mL of Cramedl 1.4 were added to
the filmogenic solution under magnetic stimng (500 rpm), for 30 min, at 25 °C, and the pH was adjusted to

5.8. The final solution was cast onto a 90 mm diameter Petri dish and kept at 30 °C until drying.

2.3 Cytotoxicity assay

The cytatoxic activity was determined by the bromide method [3-(4, 5-dimethyithiazol-2-y)-2.5-
diphenyltetrazalium bromide] (MTT). Volumes of flmogenic solutions {200 plL) containing galactomannan
0.8% (wiv), added to ghvoarol 0.2 % (v} and different Cramoll 1,4 concentrations (0.1 - 0.5 mgimL), were
prepared under sterile conditions; then, the solutions were placed in 98-well plate and maintained at 25 "C in
order o abtain the films, The dried films received a suspension of Vera cells with 10° cells/mL (monkey
kidney fibroblasts) in RPMI medium, and the plate was incubated for 24 to 48 h at 37 °C. Subsequently, 5
magimL of the MTT stock solution was added o each well to stop the incubation time, After 3 b, the RPMI
medium and the MTT excess were aspirated and 2000l of dimethylsulfoxide (DM30) were added to each
wall io dissolve the formazan crystals, whose quantity was measured at 585 nm absorbance [32]. All

experments were repaated three times with three replications per expariment,

2.4 Biclogical activity

The binlogical activity of the lectin and its stability after the immaobilization in the galactomannan film
weare evaluated via hemagglulinating activity (HA) according e the methodology described by Correia and
Coelho (1995) [23]. using a suspension of rabbit erythrocytes at 2.5 % (wiv) treated with glutaraldehyda. The
HA was tested for a Cramoll 1,4 (0.5 mg/mL) free sclution and the Cramoll 1.4 immobilized in the

galactomannan filmogenic solution, being expressad as logqs in the results.

2.5 Immobilization of Cramoll 1,4 in the galactomannan film

The immabilization of Cramall 1,4 (0.5 mgimL) in the galactomannan film was confirmed by
determining the compasition of chemical bends through Fourier Transformed Infrared (FTIR) spectroscopy
on & VERTEX 70 (Bruker Optics, USA) speciromater in Attenuated Total Reflectance mods (ATR). The

specira were scanned batween 4000 and 500 cm™" using 16 scans at a resclution of 4 cm™.

2.6 Surgical procedure and treatment groups

All experimental procedures involving animalks were approved by the Animal Ethical Committes of

the Universidade Federal de Pemambuce (protocol n? 23078.027752/2012-81), The rats were carmied out in
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the LIKASUFPE vivarium and kept in individual cages in a macra environment controlled with ad libitum
supply of water and food, complying with the standands established by the Brazilian College of Animal

Expanmentation.

Forty-five male Wistar rats (90 — 120 day-old, weighting 250 — 300 g) were divided into exparmental
groups (n = 15) and anesthetized by inframuscular injection with xylazine hydrochloride 2 % (wiv) and
ketamine hydrochloride 10% (wiv) at 1:1 ratio. After the anaesthesia, each animal was shaved on the dorsal
thoracic region and the clean skin was marked for the production of cutaneous wound, Aseplic denmal
wound (& = 0,8 cm) was made by skin incision and divulsion of epidermal layer under antisepsis with
povidong-iading 1% (wiv) and sterile solution of NaCl 0.15 M. The lesions were treated according to the
group o which the animal belonged: controd group, treated with MaCl 0,15 M; test 1 group, ireated with

galactomannan film; test 2 growp, treated with the film with immobilized Cramodl 1.4 (0.5 mgfmL).

2.7 Healing activity evaluation

The healing activity was assessed according to the methodology described by Maonteiro et al, (2007)
[33]. After surgical procedures, the animals were dinical evaluated daily for observation of the following
parameters; edema, hypereamia, exudate, primary and secondary crusis, detachment and re-apithelialization,
On specific days (3, 7 and 14), a visual proof of the wound healing pattern was recorded by taking digital
photograph from a constant distance at the indicated time point. The time taken for full re-epithelialization of
the wound biopsies was noted, the rate of contraction and surface area was measured by the standard
planimetric methad, by tracing the wound on fransparent graph sheet. The percentage of wound confraction

was caloulated using the following farmula:

[wound area day O = wound area day {n}] "

wiound area day 0 100

4 weound contraction =

where n = number of days (379, 79, 14 day}, Then, five animals fram each group were sacrificed following
the surgical procedure, using lethal doses of sodium thiopental (200 mg.Kg-1). Skin fragments were
collectad with a wide margin (£ 1 cm} from the criginal lesion and stored in 10 % (w) fermaling according to

Aragac-Meto et al, [2016) [34],
2.8 Histological analysis

The skin lesions induced in rats undergoing different treatments were located, sectioned, and set in

10 % (wiv) buffered formalin. After setting, the samples were washed with water, immearsed in 70 % (wiv)
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ethyl alcohol for 3-4 days and embedded in paraffin. Fiva-pm thick parafiin seclions were taken and stained
with hematoxylin & eosin (HE). Histological analysis of the skin sections was camied out using a light

microscopy system Zeiss (Axio Scope Al) with Axion Vision software (40 < Magnification).

2.9 Immunohistochemical analysis

Sernal sections were immunohistochemically processed by the method described by Hosoya et al.
(2008) [35]), with some modifications. The sections were subjected to autoclaving, while immersed in citric
acid buffer (pH 6.0}, for 15 min at 121 °C for antigen retrieval. After that, they stained for 20 min at room
termperature (25 "C) and were subsequently treated with 0.3 % HzOz in & solution of 0.1 M phosphate
buffered saling (FBS, pH 7.4, for 15 min at room temperature in order o inactivate endogenous peroxidass.
Then, the sections were pre-treated with goat serum for 30 min at reom temperature and incubated with
primary anfibodies for 18 h, overnight, at 4 *C. Mouwse monoclonal antibodies against rat Cytokeratin-14
({CK14, 1:200) and rat Proliferative Nuclear Cell Anfigen (PCHA, 1:400) were employed. The seclions were
rinsad in FBES and consecutively reacted with biotinylated goat antibody against mouse 1gG {secondary
anfibody). They were then allowsd to react with horseradish peroxidase (HRF}-conjugated streptavidin, The
immuns complexes wans visualized using 3,3 -diaminocbenziding tetrahydrachloride (Liguid DAB Substrate
kit}, The immunostained secfions were counter-stained with Mayer's hamatoxylin (Lab Vision, CA, USA),
dehydrated with xylens and mounted with Entellan® (Merk). Immunohiztolochaemical analysis was camried out

using a ight microscopy system Zeiss (Axic Scope A1) with Axion Vision softwars.

2.10 Statistical analysis

Statistical analysis wars performed using two-way method of analysis of variance (two-way AMOVA).
The statistical significance was sef at § % (p < 0.05) and the software used for data entry and processing

was the Graphpad Prism for Windows, version 5.0 from Graphpad Software, Inc,

3. Results and discussion

3.1 Cytotoxicity evaluation

The immumne system is challenged constantly by adverse factors able to cause diseases to which the
medicing still has imited tocls for freatment and prevention. In this context, products from natural sources

are generating renewed interest in scientific research for the development of new treatmeants [346].
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Macrophages are immunologic cells with essential role in maintaining homeostasis regardless the
varnations in external conditions, Whean an injury occurs, macrophages become the predominant cell
population before migration and proliferation of fibroblasts; they also atiract addifional cells related to the
healing process and regulate the proliferation and chemotaxis of fibroblasts, the collagen synthesis and the
migration and replication of endoihelial cells [36], Regarding the importance of the properties of immunologic
cells in the wound repair, the usage af fibroblast cell lines to evaluate the toxicity of products suitable for
bictechnological applications is a considerable factor in the biclogical characterization of potential wournd

dressings.

Cell viahility of the galactomamnnan film and the film with immaokilized Cramoll 1,4 in different
concentrations were calculated as a percentage of viable cells that were treated and compared to the
unireated cells 100% viable (positive contral) for 24 and 48 h, Mone of the films showed significant
cytotoxicity when compared to respective untreated cells (Fig. 1). These results cormoborate previously
reported works showing that Cramall did not induce apoptosis or toxic effects in a range of normal cells, for
instance immune and proliferative cells [28,31,38] and Vero cells [31], Moreover, these findings encouraged

us to test this new formulation {the film with immobilized Cramoll 1,4) ina wound healing modeal.

E3 48h of incubation

100 mp EE3 24h of incubation

Cell viability (%)
8

?

A B - 1] E F G
Positive control and samples tested for cylotoxcity evaluation

Fig.1. Cell viability for A: positiie control; B: galactomannan film, C: galactomannan film + Cramall 0.1
mgimL; D galactemannan film + Cramaoll 0.2 mg/mL; E: galactomannan film + Cramell 0.3 mgimL: F:

galactomannan film + Cramoll 0.4 mgimL; G galactomannan film + Cramaoll 0.5 mgimL.

The galactomannan film was non-cylotoxic and presented cell viability of 85,80 + 26 27 % and 101.2

+ 16,07 %, respectively after 24 and 48 h of incubation. The film with immobilized Cramodl 1.4 in different
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concantrations (0.1 to 0.5 mo/mL) presented similar behaviour with cell viability continually increasing with
the increase in the concentration of immaobilized lectin, Our resulis suggest that the immunomaodulatory and
mitogenic properties of Cramall 1,4 allowed fibroblast cells to exercise their activity in healing process. In
addition, the cytotoxicity evaluation was performead to simulate i vivo processes that usually accur whan any
substance promotes wound healing and tissue regeneration, With this result, the samples were test for other

&ssays, 85 one can confirm in the following results,
3.2 Stability and successfully Immobilization of Cramoll 1,4 into galactomannan film

Classified as part of the mannosai/glucose-specific binding group, Cramall 1,4 is a lectin that binds
specifically these monosaccharides and, when that occurs, deploy several biclogical effects [25]. HA is a test
for determining the lectin presence in a sample by forming a network agglutination betweaen lectin binding

sites and carbohydrates of the erythrocytes surface [39],

Cramall 1,4 at 0.5 mg/mL was chosean to be used in the following anahyses due toits
immunomodulatory and mitogenic pattern, as well as the percentage of viable cells already presented on the
cytotoxic evaluation, The HA was made to a Cramoll 1.4 free solution (0.5 mg'mL} which was benchmarked
fo 100 % HA, The HA for the lectin free solution and the galaciomannan film with immobilized Cramall 1,4 (&t
0.5 mg/mL) were 3,31 and 3.0, respectively, The residual HA canfirmed the stability of Cramall 1,4 afier
immobilization because the lectin retained 90,94 % of its initial HA, The galactomannan film withoui

immobilized Cramall 1,4 did not show amy HA,

FTIR was used in order fo evaluate possible chemical inferactions between Cramall 1,4 and the
galactomannan film, in addition to modifications in their structure (Fig, 2). Tha FTIR spectrum for tha
galactomannan film is observed in the black ling, which is similar fo other galactomannan spectra [18]; this
result confirms the nature of the polysaccharide, i.e., the galactomannan extracted from C. grandis seeds.
Farticular differences could be abserved for the flm with immaobilized Cramall 1,4 (observed in the red lime of
Fig. 2}, According to the Inerature [40], characteristics amide | band coresponds o C-0 streiching near to
1640 cm! and amide |l band corespands to C-N stretching and N-H bending near to 1540 cm! propasing
the identification of proteins. The shifting cbserved for the peaks 163447 and 153543 cm™’ can be related to
the results reported for idenfification of proteins by FTIR, thus confirming the presenca of the lectin after the

immobilization process.
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Cramoll 1,4 was proved to be a stable biomolecule after the immobilization process in different
supports. For example, Albugquerque et al. (2016) [41] evaluated Cramoll 1,4 contained in C. grandis seeds
galactomannan gel [1.7 % (w/v)] by rheometry, pH, colour, microbial contamination and lectin
hemagglutinating activity along time, They suggested that this gel is a promising immobilizing matrix for
Cramoll 1,4 and can be further exploited for clinical and cosmetic applications. Silva et al. (2016) [42]
developed a biosensor for metastatic disease diagnosis and demonstrated that Cramoll 1,4 was able to
distinguish the degree of staging prostate cancer, providing the diagnostic differentiation of benign and
malign hyperplasia. Avelino et al, (2014) [43] described the development of a biosensor composed by
Cramoll 1.4 immobilized by electrostatic interactions on hybrid nanocomposite {(gold nanoparticles and
polyaniline) to distinguish abnormal glycoproteins of sera from patients infected with dengue serotypes |, |l
and |ll. Considering the broad range of Cramoll 1,4 biological activities and possible chemical interactions, it
was important to guarantee the presence and stability of the lectin after the immobilization process. In our
case, the successful immobilization of Cramoll 1.4 on the film matrix is an important feature to ensure the
release of the lectin biological activities.

0‘7

1M AT o
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024 1535 a3 et |\ J

Wavenumber (em ')

Fig.2. FTIR spectrum of the galactomannan film (black line) with immobilized Cramoll 1.4 (red line).

3.3 Rate of wound contracture and macroscopic evaluation

Percentages of wound contraction for control and tested groups are shown in Fig. 3A. The
comparison between the wound area on the surgery day and on the sacrifice day was expressed as
percentage of retraction and analysed statistically using two-way ANOVA. The results showed that the tested
groups were significantly different (p<0.05) from control on days 3 and 7. Furthermore, control group

showed the slow rate of wound contraction for the entire experimental interval. There was a significant
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increase (p<.05) in the percentage of wound contraction in the test 2 group on the Tih day, howeaver all of

the groups showed same wound contraction and re-epithelialization feature at 14 days,

Regarding the clinical cbservations (Fig. 2B}, fram tha first to the third day after surgery, all of tha
studied groups presented crust with edema and hyperemia. Further, control group presented exudate
ihroughout the first two days of the healing process, which was not observed in animals of the tested groups.
The presence of exudate indicates an intensa inflammatory responsa, which means more pain and confirms
the difficulty to eat and drink of these animals. The galactomannan film and the film with immobilized Cramall
1,4 worked as hemostatic tampons, protacting the wound from fluid loss and microbial contamination [44].
Comparing the tested groups, test 2 group showed less intense edema and hyperemia and an accelerated
crust detachment. This fact could be related to the anti-inflammatory and wound healing activities of Cramoll
1,4. These characieristics result in significant reduction of pain and edema, as well as a better circulation fo

the injured site.

It is possible to observe in Fig. 3B that wound closing in tested groups happened faster than control
wounds after the same fime paints, According fo Ranjbar-Mohammadi et al, (2018) [45], tha quicker wound
closure facilitates the biological event of healing by joining the wound edges. Due to the inherent
characieristicas of a pohysaccharide, seems that the galactomannan confnbuted to the healing effects and
promoted a faster wound healing, About 10 days, all animals presanted re-epithelization, however it is
important to paint that Cramell 1,4 improved significantly the wound healing when compared to the control
group, and the wounds of test 2 group were complately closed with 11 days of the experment. Finally, the
scar tissue formed after the surgical procedure was much reduced intest 1 and test 2 groups whan

compared to the confral, and its coloration was paler and more similar to mature surrounding tissue.
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Fig.3 (A) — Percentage of retraction of wound area for control (treated with saline 0.15 M), test 1(treated with
galactomannan film) and test 2 (treated with the film with immobilized Cramoll 1,4): The bars are expressed
as mean + standard error (n = 5), “Represent significant difference between test 1 and control; "Represent
significant difference between test 2 and control; “Represent significant difference between test groups
(p<0.05). (B) — Images representing the wound healing for control, test 1 and fest 2 groups.

3.4 Histological observations

Cellular observation of wound tissues was possible by HE staining for control and the tested groups.
The formation of epithelium, connective tissue, inflammatory response, fibroblast proliferation and collagen
deposition could be seen in Fig. 4. On day 3, HE stained on tissue sections of control group showed
inflammatory infiltrate, few fibroblasts and a dysmorphic protein layer directly in contact with the wound area;
there was no evidence of collagen and epithelium extract for this group. The tested groups showed less
inflammatory response and a slight deposition of collagen, confirming the quick healing effects of
galactomannan and Cramoll 1,4 on full wound compared with control in the same time. It is important to

highlight that the inflammation stage in wound healing process occurs shortly after the injury, so the immune
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sysiem components act by remaoving damaged tissue and bacteria from the wound. Galactomannan and
Cramaoll 1.4 had absorb the protein |ayer on the wounds of the tested groups, thus enhancing the healing

process and confirming the behavior also observed in macroscopic evaluation (see Fig. 38).

On the 7" day, HE stained histopathological sections of all of the groups showed moderate
inflammatary infilirate; however, some particular differences could be observed for the tested groups. The
connective tissus is fibrous in nature with less inflammatory components such as lymphocytes and blood
vessels, which clearly indicates that galactomannan and Cramoll 1,4 improved a faster healing by preventing
the proflonged inflammatory phase. it is possible to ohserve the presance of collagen for all of the groups, but
collagen with much fibrils and moderate epithelial layer was formed in wounds that were treated with the film

with immobilized Cramoll 1.4 (test 2 group).

On day 14 after surgery, ihe wounds of the tested groups showed higher degree of healing
comparad with the control, a5 confimed by macroscopic evaluation (see Fig. 3). The inflammatory
components already ohsaerved for all of the groups in the 37 and the 7" days were substituted by a
connective tissue with collagen fibers, but the tested groups showed complete epithelialization with focal

acanthosis, indicating a good and complete healing, while the control growp presented rare epithelialization.

Owr results agree to which has been reparted for other works about wound healing experiments
employing polysaccharides in association with different therapies, biomalecules or cells. In general, they
reported that their compaonents accelerated the fransition from the inflasmmation and tisswe granulation
phases of the wound healing process and enhanced mature scar formation and extracellular matrix
remadaling, leading to a faster wound contracture and closure. For example, Ranjbar-Mohammadi et al.
{2018) [45] worked with & scaffold of gum tragacanth, curcumin and cells, and observed after 15 days a
weound closure with well-formed granulation tissus, Aragac-Meato et al, (2016) [34] evaluated the effect of a
hrydrogel based an cashew tree (Anacardivm occidentale L.} gum and chitosan associated or not with low
lewel lasar therapy and concluded that the hydrogel contributed for & most effective wound healing and
madulation of the inflammatony process until 14 days, The healing mechanism of the polysacchande
extracted from Caesalpimia ferrea stem barks was investigated by Pereira et al, {2016) [2], who observed the
complete cutaneous healing acquired by topical application {during 21 days, twice a day) at day 10.
Tabandeh et al. (2014) [48] evaleated the skin wound repair of rats using a gel containing polysaccharides of
Aloe vera and cbserved wound closure in 15 days. In this paper, the fact that the films were only applied on

the day of the surgery, in addition to the presence of collagen in the tested groups already in the 3 day
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could be considered as a great advantage for this matrix. It is also important to highlight that the wound
repair observed in microscopic evaluation, confirmed by the contraction observed in macroscopic results,
was an important characteristic for validation of the galactomannan as a healing agent.

7 days

Fig.4. Cellular observations of control (treated with saline 0.15 M), test 1 (treated with galactomannan film)
and test 2 (treated with the film with immobilized Cramoll 1,4) at 3", 7" and 14" day of treatment.
Dysmorphic protein layer, inflammatory response, collagen fibers, connective tissue and epithelium were
indicated by blue, red, yellow, green and black arrows, respectively. Scale bars: 100um,

3.5 Immunohistochemical analyses for CK14 and PCNA

The immunohistochemical analyses for CK14 and PCNA in the wound tissues were performed for all
of the groups using DAB and hematoxylin staining. PCNA is able for detecting the proliferating cells, while
CK14 is for epithelial differentiation, Cytokeratins are major intermediate filaments in all types of epithelia
and are the most fundamental markers of epithelal differentiation. CK14 is a marker for undifferentiated
keratinocytes and disappears at the onset of differentiation; it is normally expressed in several layers of the
epidermis (basal and suprabasal layers), being expressed differently in the epidermal tissue during the re-
epithelialization process [35,47]. On the 3 and 7" days, no reactivity was observed for CK14 in all of the
groups. On the 14" day, the results for immunohistochemical analysis of this antibody showed that there is a
mark representative of the epithelium, i.e., CK14 was contained in the basal layer of the epithelium for all of
the groups; however, this reaction revealed a more stratified tissue in the wounds of the tested groups, In
addition, the regenerated epithelium of the test 2 group reacted strongly with antibodies for CK14 throughout
the entire basal layer, thus the reaction was more immunopositive when compared to the test 1 group (Fig.
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5). CK14 increased with the increase of cellular proliferation and tissue differentiation. This result agrees with
those observed in microscopic and macroscopic evaluations until 14 days, and with Seltmann et al. {2013)
[48], who reported that high levels of CK14 are known to lead to proliferation in viva and found close relation
with skin tensegrity. The same observations were reported in oral wounds during the re-epithelization

process of mucosa [35].

To explore the callular mechanisms far the acceleration of wound haaling by galaciomannan film and
the film with immobilized Cramoll 1,4, PCHNA was used as a marker of cell proliferation by
immunohistochemical analysis. As already observed for CH 14 results, there was no reactivity for FORNA on
days 3 and 7 for all of the groups. On the 14™ day, we chserved a similar behavior of the above mentioned
immunchistochemical result: the control group showed a focal response in bath stromal tissue and epithelial
layer, while the tested groups showed a diffuse response. |t is important to highlight that test 2 group had a
sironger reaction when compared to test 1 (Fig. 5). The behavior cbserved for test 2 group corrobhorates the
results already ohserved in the cyioloxic assay, e, that Cramoll 1,4 immobilized in galactomannan-based
films could display efficiently its biclegical activities, including mitogenic patterm, immunomodulation, and

wound healing agent,

Up to 14 days of expernment, all of the groups siill showed a focal response at the basal layer of the
re-apithelialized tissue, but intense diffuse response was observed at tha stromal tissue and the basal layer
of the re-epithelialized wound of test 2 group, which suggests that the haaling process is almost finalized,
Hence, the galactomannan film can be effectively used as wound dressing, especially as an alternative for
synthetic ones; additionally, the wound repair can be stimulated and acecelerated by the incorporation of

Cramoll 1.4 into the matrix.



Fig.5. Immunohistochemical observations of CK14 and PCNA in control {treated with saline 0.15 M), test 1
(treated with galactomannan film) and test 2 (treated with the film with immebilized Cramoll 1,4) at 14" day of

treatment. DAB and hematoxylin contrast. Scale bars: 100um.
4. Conclusions

In this work, galactomannan films with or without immobilized Cramoll 1,4, proved to be an effective
alternative to replace synthetic wound dressings in healing of wounds made on rat models. The lectin was
successfully immobilized in the galactomannan film, preducing films with 80.94 % of the initial HA of Cramoll
1,4 and cell viability exceeding 80 %. In what concerns the wounds of the tested groups, there were
observed improved granulation, epithelium formation and collagen regeneration. These results could be
asscciated with the innate properties of the galactomannan, which can introduce faster signalling pathway,
resembling natural extracellular matrix and attracting fibroblasts to the derma layer. Moreover, the
immunomodulatory and mitegenic characteristics of Cramoll 1,4 accelerated wound healing process, as

confirmed by cytotoxicity evaluation and immunohistochemical analyses.
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Abstract

The immobilization of lecithin nanoparticles containing quercetin in
galactomannan-based films emerges as a promising strategy to increase the
absorption of quercetin through the skin. This work aims evaluating the effect of
different concentrations of lecithin nanoparticles containing quercetin on the properties
of galactomannan-based films obtained from Cassia grandis seeds. Nanoparticles
suspension was obtained by injection of lecithin in distilled water. Quercetin was
incorporated at different concentrations. Lecithin nanoparticles (LNp) and quercetin-
loaded lecithin nanoparticles (QT-LNp) were analysed by dynamic light scattering and
zeta potential. After the characterization, QT-LNp (75pg/mL of quercetin) was
immobilized at different concentrations in galactomannan films and submitted to
analyses trough colour parameters, solubility, moisture content (MC) and water vapour
permeability (WVP). LNp was statistically smaller when compared with those with
quercetin above 50 pg/mL. All LNps presented low polydispersity index even
considering their significant differences. LNp with and without quercetin presented
similar values for zeta potential. All of the studied films had a strong whiteness
tendency, a yellowness appearance and low opacity values. The incorporation of QT-
LNp in galactomannan-based films did not lead to statistical differences for solubility
and MC, while for WVP the results were significantly different. Galactomannan-based
films from C. grandis showed to be a promising structure for the immobilization of

lecithin nanoparticles containing quercetin.

Key-words: encapsulation; quercetin-loaded nanoparticles; polysaccharide.
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1. Introduction

Natural or synthetic polymers are molecules whose chains are longer and able
to produce continuous matrices vital for structuration of films, membranes and
coatings. The preparation of films from biodegradable materials has aroused the
interest of the scientific community in recent decades, especially due to the importance
given to the replacement of synthetic polymers. Films developed from polysaccharides
act as excellent barriers to oxygen due to packing of molecules, forming a structural
network ordered through hydrogen bonds; however, there are hygroscopic
characteristics that can reduce its potential for many applications (Albuquerque,
Coelho, Correia, Teixeira, & Carneiro-da-Cunha, 2016; Yang & Paulson, 2000).

Galactomannans are polysaccharides derived from leguminous seeds
composed by a central core of (1 — 4)-linked D-mannopyranose units to which (1 —
6)-linked D-galactopyranose units are attached. They are an essential hydrophilic
material with a variety of properties, such as nontoxic, biodegradable, inexpensive, and
readily available. Albuquerque et al. (2014) extracted the galactomannan from the
seeds of Cassia grandis, a typical Brazilian tree, and performed an extensive
rheological characterization, demonstrating that this polysaccharide presents a fluid
behaviour; specifically, the concentration of 1.7% (w/v) represents the fluid-gel
transition of the galactomannan. More recently, Albuquerque, Cerqueira, Vicente,
Teixeira, & Carneiro-da-cunha, (2017) used the same galactomannan for the
production of films containing different concentrations of bioactive compounds and
concluded that the galactomannan matrix showed to be a promising structure for the
immobilization of biomolecules, pointing at a significant number of possible
applications in food and pharmaceutical industries.

Biologically active molecules such as proteins, peptides, saccharides, lipids,
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drugs, hormones, cell surface receptors, conjugates, nucleotides and nucleic acids can
be immobilized based on physical or chemical linkages on polymeric supports.
Applications ranging from the food to the pharmaceutical industry have used films
based on galactomannans as matrices for controlled release of compounds
(Albuquerqgue et al., 2016; Bassi & Kaur, 2015; Jian, Zhu, Zhang, Sun, & Jiang, 2012;
Rossi et al., 2016), however, in what concern our knowledge, no work have described
the immobilization of quercetin in galactomannan matrices.

Quercetin, 3,3",4",5"-7-pentahydroxy flavone is one of the most abundant
flavonoid in plants. In spite of this wide spectrum of pharmacological properties, the
use of quercetin in pharmaceutical field is limited due to its low aqueous solubility and
instability in physiological medium. These properties of quercetin result in poor
bioavailability, poor permeability, and instability, which may difficult its absorption, for
example, through the skin. One-way to circumvent these problems is to entrap/adsorb
the quercetin into biodegradable polymeric systems (Kumari, Yadav, Pakade, Singh,
& Yadav, 2010).

Lecithin is a mixture of phospholipids of vegetable origin comprised mainly of
phosphatidylcholine and phosphatidyl-ethanolamine, and it is considered a safe and
biocompatible excipient, already used in many pharmaceutical formulations (Senyigit
et al. 2010). The demand for encapsulation systems continues to grow as the industries
needs to preserve the benefits of active compounds and deliver them at specific
conditions. The development of polymeric systems at nano-scale is increasingly being
studied for their attractive properties, e.g. ability to encapsulate different bioactive
compounds, large surface area, and response to environmental changes (Bourbon,
Cerqueira, & Vicente, 2016). In this sense, the technological development of a system

composed of lecithin and quercetin in nanometric scale emerges as a promising
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strategy to increase the penetration of quercetin through the skin in a controlled
manner. In addition, the immobilization of the system in galactomannan-based films
may enhance its permeability across the stratum corneum due to the bioadhesion of
the polysaccharide.

During this work, quercetin was incorporated in lecithin nanoparticles and
characterized by particle size and zeta potential measurements, and encapsulation
efficiency and loading. Then, the effect of different concentrations of the system was
evaluated on the properties of galactomannan films from C. grandis seeds. Colour,
moisture content, solubility, water vapour permeability, and water contact angle were
performed on the films aiming the development of a matrix valuable for a great number

of industrial applications.

2. Materials and Methods
2.1 Materials

Soya lecithin (Lipoid S45) was kindly provided by Lipoid (Ludwigshafen,
Germany), 99 % ethanol and quercetin from Sigma Alderich. The pods of C. grandis
were collected at the rural zone of Pernambuco state, in the city of Angelim (Brazil), in
July 2011. Ethanol (99.8%), acetone (PA) and sodium chloride were obtained from
Vetec Fine Chemicals Ltda. (Brazil). The solvents used were of analytical grade and

all other reagents were purchased from Sigma (Steinheim, Germany).

2.2 Nanoparticles preparation
Nanoparticles suspension was obtained by injection, drop by drop, during 2 min,
of 2 mL of ethanolic solution of Lipoid S45 (25 mg/mL) in 23 mL of distilled water under

magnetic stirring (600 rpm). The suspension was leaved in magnetic stirring for 8 min
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and then submitted to a vigorous shaking on a Vortex mixer for 2 min at room
temperature, being called LNp. The incorporation of quercetin at different
concentrations (0 - 150 pg/mL) was performed by prior dissolution in the ethanolic
solution of lipoid S45 and subsequent addition into distilled water as described above.

Finally, quercetin-loaded lecithin nanoparticles were namely QT-LNp.

2.3 Physicochemical characterization of the nanoparticles

The hydrodynamic diameter (size-average) and polydispersity index (PDI) of the
nanoparticles were determined by dynamic light scattering (Zetasizer Nano ZS,
Malvern Instruments, UK). The samples were analysed in a folded capillary cell.
Detection of the scattered light was carried out at 173° (NIBS = non-invasive
backscatter detection) and temperature of 25 °C. The zeta potential was measured by
laser Doppler micro-electrophoresis using a Zetasizer ZS Nano (Zetasizer Nano ZS,
Malvern Instruments, UK). The samples were filtered with 0.45 pm syringe filter
(Minisart® High Flow, Sartorius, Gloucestershire, UK) to eliminate eventual particles
above 450 nm and compared to the samples without filtering. At least five replicates
were performed for each sample and the results are given as mean * standard

deviation of the values obtained.

2.4 Quercetin encapsulation efficiency and loading

The quercetin encapsulation efficiency and loading of the Np were conducted
according in a ultracentrifuge at 180000 g over 30 min and 4°C (Microultracentrifuge
Sorvall MTX 150, Thermo Fisher Scientific, Germany). A sample of QT-LNp
suspension was measured with a microplate reader (GENios, TECAN, Switzerland) at

373 nm, obtaining the total content of quercetin. The same volume of QT-LNp after
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ultrafiltration was accurately taken and determined under the same condition, and the
total amount of free drug was obtained. The content of quercetin loaded in LNp was
calculated by subtracting the total amount of quercetin and the amount of free quercetin
in QT-LNp suspension. The encapsulation efficiency of quercetin (EE) and quercetin-

loading (L) were calculated by the following equations:

EE (%) = x 100

Wtotal

x 100

L (%) = WLNp

where Ws was the amount of quercetin loaded in LNp; Whota Was the total amount of

quercetin in the LNp suspension; and Winp was the vehicle weight.

2.5 Film preparation

The galactomannan contained in C. grandis seeds was obtained according to
Albuquerque et al., (2014). Briefly, the purification process was performed by
immersion of the pods of C. grandis in distilled water at 25 °C for 18 h; the pods were
then separated in a half part, revealing the seeds which were removed and dried until
reaching a constant weight. The dry seeds were boiled in distilled water 1:5 (w/v) at
100 °C for 1 h for enzyme inactivation and maintained in water by 18 h at 25 °C to
facilitate removal of the hull. After that, the hull was removed and the residual was
triturated in a blender with 0.1 M NaCl 5% (w/v) at 25 °C, filtered through a veil tissue
and after using a screen printing cloth, and precipitated with 46% ethanol 1:3 (v/v) for

18 h. The white precipitate obtained was washed with 100% ethanol 1:3 (w/v) for 30
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min and two times with acetone 1:3 (w/v) for 30 min, been filtered on screen printing
cloth between each washing. The precipitate was dried until constant weight, milled
and finally called galactomannan.

The film forming solutions were prepared in accordance to the methodology
described by Albuquerque et al. (2017). Briefly, the filmogenic solution was prepared
with 0.8 % (w/v) of galactomannan added of 0.2 % (v/v) of glycerol at 500 rpm, 20 + 2
°C, for 12h. QT-LNp (75ug of quercetin/mL suspension) was immobilized at different
concentrations [0 — 0.5% (v/v)] in the film forming solutions and left under magnetic
stirring at 500 rpm for 2h. A constant amount of 15 mL of each of the obtained film
forming solutions was cast onto 90 mm diameter polystyrene Petri dishes and dried in
an oven at 33 °C for 9 h. Finally, the films were maintained at 20 °C and 54% relative

humidity (RH) until further characterization.

2.6 Film thickness

Film thickness was measured with a digital micrometer (No. 293-561, Mitutoyo,
Japan). Five different randomly chosen points were performed on each film and the
mean values were used in the calculations of water vapour permeability (WVP) and

mechanical properties.

2.7 Colour and opacity

Colour and opacity were determined using a digital colorimeter (Konica Minolta,
model Chroma Meter CR-400, Osaka, Japan) calibrated at illuminant C with a white
standard. The parameters determined were L* (L* = O [black] and L* = 100 [white]), a*
(-a* = greenness and + a* = redness) and b* (-b* = blueness and + b* = yellowness).

These parameters are the ones recommended by the International Commission on
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lllumination. Films opacity was calculated as the ratio between the opacity of each
sample on the black standard (Yb) and the opacity of each sample on the white
standard (Yw). Five measurements were determined at random Yb and Yw and an
average of them was used for calculations. The experiment was done in triplicate and
the results were expressed as percentage and determined through:

Y (%) = (Yb/Yw) . 100 Equation 1

2.8 Moisture content

The moisture content (MC) was expressed as the percentage of water removed
from the initial mass sample. MC was determined gravimetrically by drying the films at
105 °C in an oven with forced air circulation for 24h. The experiments were performed

in triplicate.

2.9 Solubility

The measurement of solubility was determined according to Gontard, Duchez,
Cuq, Guilberts (1994). Triplicates of each film were cut with a circular mould of 2 cm
diameter, weighted and dried at 105 °C in an oven for 24 h. After reweighting, the films
were placed in cups with 50 mL of distilled water, sealed over with parafilm and
homogenized at 60 rpm for 24 h. The non-soluble part of each film was dried at 105

°C for 24 h and weighted again.

2.10 Water vapour permeability
Water vapour permeability (WVP) was determined gravimetrically based on
ASTM E96-92 method. The film was sealed on the top of a permeation cell containing

distilled water (100% RH; 2337 Pa vapour pressure at 20 °C), placed in a desiccator
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at 20 °C and 0% RH (0 Pa water vapour pressure) containing silica. The cells were
weighted at intervals of 2 h for 10 h. Steady-state and uniform water pressure
conditions were assumed by maintaining the air circulation constant outside the test
cell by using a miniature fan inside the desiccator. The slope of weight loss versus time

was obtained by linear regression. Three replicates were obtained for each sample.

2.11 Contact angle

The degree of hydrophilicity of the nanoparticles was measured by the sessile
drop method in a face contact angle meter (OCA 20, Dataphysics, Germany). The
methodology was based on Mahaling & Katti (2016) with some modifications. 1 mL of
the nanoparticle suspensions was placed on a glass slide to form a particle thin film
and allowed to dry at room temperature in a desiccator. The samples were taken with
a 500 pL syringe (Hamilton, Switzerland), with a needle of 0.75 mm of diameter.
Measurements were made in less than 5 s. Thirty replicates of contact angle
measurements were obtained at 24.0 (= 0.2) °C and ~65% humidity, then calculated
using the inbuilt software of the instrument. Contact angle for galactomannan-based
films with different concentrations [0 — 0.5% (v/v)] of QT-LNp (75ug of quercetin/mL
suspension) were evaluated as described above, in addition to a new measurement at

30 s to evaluate the pattern of hydrophobicity of the films.

2.12 Statistical analyses

Statistical analyses were performed using Analysis of Variance (ANOVA) and
linear regression analysis. The Tukey test (a=0.05) was used to determine any
significance of differences between specific means (GraphPad Prism 5.00.288,

GraphPad Software, Inc., San Diego, CA, USA).
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3. Results and discussion
3.1 Physicochemical characterization of the nanoparticles

The average size and polydispersity index analyses with fundamental
importance for nanoparticle’s characterization, since they directly influence
parameters such as loading, release, and stability of the compound inside
nanoparticles. It is known that the smaller the particle is, the greater is the exposed
surface area, which leads to a faster release of encapsulated drugs. Smaller particles
also have an increased risk of aggregation during a period of time, being important to
reach the production of particles with a low PDI, this achieving maximum stability by a
better control (and lesser dispersion) of particles’ size. In this sense, it is important to
mention that the reproducibility of parameters such as stability and release is directly
connected to a low PDI (< 0.4), since a high PDI means that there is no uniformity in
the size distribution of the sample. (Souza et al., 2014).

Quercetin concentrations in LNp, their average size and polydispersity index are
presented in Table 1. Regarding the results of Z average, it is possible to note that LNp
was statistically smaller (p<0.05) when compared with those of concentrations above
50 pg/mL of quercetin, while for QT-LNp 25 no difference was observed. In addition,
increasing quercetin concentrations above 100 pg/mL lead to higher values of average
size. The results related to polydispersity index showed that all of the nanopatrticles
presented low PDI (£ 0.29) even considering their significant differences. LNp
containing 0, 25, 50, and 75 pg/mL of quercetin were homogeneous, however
formulations with 100, 125, and 150 pg/mL showed signs of instability (precipitation):

100 and 125 pg/mL after 72 h, and 150 pg/mL after 48 h (Fig. 1).
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Table 1 - Size-average and PDI for LNp and QT-LNp with different

concentrations of quercetin (ug/mL).

Sample Z average PDI

LNp 94,26 +0,8234°  0.2679 + 0,003985P¢
QT-LNp 25 93,85 + 4,343¢ 0.2784 + 0,01159¢d
QT-LNp50  100,2+0,5670¢  0.2355 + 0,0099692
QT-LNp 75 100,5 * 4,569¢ 0.2754 + 0,01242¢4
QT-LNp 100  104,1 + 4,214¢ 0.2828 + 0,007239¢
QT-LNp 125  114,0 + 1,045 0.2693 + 0,006865¢

QT-LNp 150 131,8 + 3,4692 0.2571 + 0,005259°

adDjfferent superscript letters in the same column indicate a statistically

significant difference (p< 0.05).

QT-LNp25 QT-LNp50 QT-LNp75 QT-LNp100 QT-LNp 125 QT-LNp 150

After 48h

Freshly
prepared

Fig.1. Profile of precipitation over time for QT-LNp with different concentrations

of quercetin (ug/mL).

Zeta potential is related to the surface charge that can influence the stability of
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suspended particles through electrostatic repulsion among them. All LNp with and
without quercetin presented zeta potential values around -45 mV (Fig. 2), with no
statistical differences (p<0.05) among them. The negatively charge could be

associated to the phosphate groups of lecithin.

Z potential

Quercetin [ug/mL]

Fig. 2. Z potential for LNp and QT-LNp with different concentrations of quercetin

(ug/mL).

3.2 Quercetin encapsulation efficiency and loading

Encapsulation efficiency and the loading of the compound depends largely on
its solubility in the matrix (Kumari et al., 2010). The encapsulation efficiency of
quercetin into lecithin nanoparticles (Fig. 3A) presented better values for
concentrations above 75 pg/mL. Fig. 3B shows that increasing the quercetin
concentration in the formulation resulted in improved quercetin loading, however, as
already mentioned in section 3.1, formulations containing more than 75 pg/mL of

quercetin showed signs of instability; therefore, nanoparticles with 75 ug/mL of



quercetin were chosen to be used in further analyses.
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Fig.3. Influence of quercetin concentration in the encapsulation efficiency (A)

and loading (B) of the nanoparticles. All determinations were performed in triplicate

and the results expressed as mean + standard deviation.

3.3 Colour and opacity

After the nanoparticles characterization, QT-LNp 75 (with 75 pg of quercetin/mL

suspension) was chosen to be used in films characterization due to its stable pattern.

Table 2 shows the films with QT-LNp 75 at different concentrations [0 — 0.5% (v/v)] and

their thickness values.

Table 2 — QT-LNp 75 concentrations used in films formulation and the

corresponding values of film thickness.

Thickness (mm)

Films QT-LNp 75 (v/v)
A

B 0.1%

C 0.2%

D 0.3 %

0,046 + 0,004
0,051 + 0,0012
0,058 + 0,0022

0,056 + 0,0082




E

F

0.4 %

0.5%

0,051 + 0,0022

0,054 + 0,0082

abDifferent superscript letters in the same column indicate a statistically

significant difference (p<0.05).

Colour and opacity are important features for the acceptance of products from
pharmaceutical or food industry. So, the measurement of the colour of the products
potentially valuable for the industry is an important point at the physical
characterization. Table 3 presents the colour parameters and opacity of the films. All
of them had a strong whiteness tendency, represented by L* coordinate values. The
presence of QT-LNp 75 at 0.5% (v/v) decreased (p<0.05) the redness appearance of
the films, even considering their evident yellowness tendency. All the studied films

presented low opacity values with no significant differences between them.

Table 3 — Color parameters L (luminosity), a* (-a* = greenness and +a* =
redness), b* (-b* = blueness and +b* = yellowness) and Y (opacity) for (A) the
galactomannan-based film without QT-LNp 75 and (B-F) with different concentrations

of QT-LNp 75 (values expressed as average + standard deviation).

Films L a* b* Y

A 95.62 + 0.402 0.35 + 0.06b¢ 7.93 + 0.612 12.30 £ 0.322
B 95.66 + 0.222 0.35 + 0.01b¢ 7.46 + 0.092 12.59 + 0.262
C 95.77 £0.222  0.30 + 0.012b° 7.24 +0.332 12.49 + 0.242
D 95.01 +£1.092 0.39 + 0.04° 8.17 + 2.082 12.11 + 0.362
E 96.05 £ 0.312 0.27 £ 0.032°¢ 7.46 + 0.992 12.27 +0.292
F 95.84 +£ 0.422 0.25 £ 0.042 7.25 + 0.362 12.62 £ 0.142
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aCDifferent superscript letters in the same column indicate a statistically

significant difference (p<0.05).

3.4 Moisture content, solubility, water vapour permeability, and contact angle
Moisture-binding abilities of films can affect significantly their physical and
barrier properties, thus the knowledge of the content and affinity of film matrix to water
is a key parameter when choosing a film for specific applications. Table 4 shows the
values of moisture content (MC), solubility, and water vapour permeability (WVP) of
the films without QT-LNp 75 immobilized (A) and those with different concentrations of
QT-LNp 75 (B-F). The incorporation of QT-LNp 75 in galactomannan-based films did
not lead to statistical differences (p>0.05) for solubility and moisture content, while for

WVP the results were significantly different.

Table 4 — Values of solubility (Sol), moisture content (MC), and water vapour

permeability (WVP) of the films.

Films Sol (%) MC (%) WVP x 107 (g h-1 m-1 Pa-1
A 77+ 82 17 12 7.27 +0.802

B 68 + 102 19 + 22 8.07 + 0.632¢

C 77 + 42 22 + 32 10.44 + 0.48b<

D 75 22 27 + 52 11.41 +1.05°

E 54 + 222 28 + 92 9.72 + 0.57abc

F 73 +132 23+ 22 9.94 + 1.46b¢

acDifferent superscript letters in the same column indicate a statistically

significant difference (p<0.05).
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The determination of the contact angle (CA) is a simple way to evaluate
materials” degree of hydrophobicity, even layered on a surface or immobilized on a
ready-surface. Commonly, if surfaces have CA values less than 90° they are
considered hydrophilic (Albuquerque et al., 2017; Ma, Hu, & Wang, 2016). Fig. 4 shows
CA values for LNp and QT-LNp in different concentrations of quercetin, demonstrating
the higher hydrophilicity of the nanopatrticles. It is possible to observe particular

differences by increasing quercetin concentration above 75 pg/mL, which lead to

higher values of CA.

204

Contact angle (°)

Ao R o R
[QT] in LNp

Fig.4. Contact angle values for LNp and QT-LNp (after incorporation of

guercetin between 0 and 150 pg/mL).

After LNp and QT-LNp in deferent concentrations were characterized by CA,
this work proceeded with the immobilization of QT-LNp 75 on the galactomannan film
forming solution. The (A) galactomannan film without QT-LNp 75 and the ones (B-F)

with immobilized QT-LNp 75 were measured also at 5 s and additionally 30 s, to
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understand the pattern of hydrophobicity of the samples over time. The results
presented in Table 5 demonstrates that all of the films were essentially hydrophobic

with no statistical differences between them and when analyzed over time.

Table 5 — Values of contact angle (CA) measured at 5 s and 30 s for (A) the
galactomannan-based film without QT-LNp 75 and (B-F) with different concentrations

of QT-LNp 75 (values expressed as average + standard deviation).

Films CAat5s CAat30s

A 113.5+9,572 1115 +2.612
B 114,2 + 5.932 119.1 +3.472
C 108,3 + 4.362 112.2 + 3.042
D 108,2 + 3.982 114.2 + 6.022
E 112,8 + 7.032 115.6 +6.222
F 113,8 +4.812 117.1 +3.782

acDifferent superscript letters in the columns indicate a statistically significant

difference (p<0.05).

4. Conclusion

Quercetin has been successfully encapsulated in lecithin nanoparticles using a
simple technique. In addition, galactomannan-based films from C. grandis showed to
be a promising structure for the immobilization of lecithin nanoparticles containing

guercetin and a permeability enhancer of quercetin across the skin.
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Figure captions

Fig.1. Profile of precipitation over time for QT-LNp with different concentrations of

quercetin (ug/mL).

Fig. 2. Z potential for LNp and QT-LNp with different concentrations of quercetin

(Mg/mL).

Fig.3. Influence of quercetin concentration in the encapsulation efficiency (A) and
loading (B) of the nanoparticles. All determinations were performed in triplicate and the

results expressed as mean = standard deviation.

Fig.4. Contact angle values for LNp and QT-LNp (after incorporation of quercetin

between 0 and 150 pg/mL).
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5 CONCLUSOES

Os resultados obtidos permitem concluir que:

e Os géis de galactomanana, sem ou com Cramoll 1,4 imobilizada, apresentaram
estabilidade ao pH, cor, parametros reoldgicos e auséncia de contaminacgao
microbiana ao longo de 30 dias;

¢ A atividade hemaglutinante da Cramoll 1,4 imobilizada no gel de galactomanana foi
mantida a 90% da sua atividade inicial durante um periodo de 20 dias, diminuindo para
60% apos 60 dias;

¢ Os filmes da galactomanana extraida das sementes de C. grandis com Cramoll 1,4
imobilizada n&o apresentaram citotoxicidade e mantiveram 90,94% da atividade
hemaglutinante inicial da lectina;

¢ Os filmes de galactomanana sem e com Cramol 1,4 imobilizada, quando utilizados
como curativos topicos, aceleraram o processo cicatricial de feridas, destacando-se
agueles contendo Cramoll 1,4. Provavelmente as propriedades inatas da
galactomanana podem ter induzido uma via de sinalizacdo mais rapida, imitando a
matriz extracelular natural e atraindo fibroblastos para a camada da derme;

e A imobilizacdo de compostos bioativos tais como lactoferrina (Lf), peptideos
bioativos (BAPS) e fitoesterois em filmes da galactomanana extraida das sementes de
C. grandis resultaram em filmes com superficies mais rugosas e afetaram suas
propriedades mecanicas, o que melhorou a rigidez dos filmes;

¢ Quercetina foi eficientemente imobilizada em nanoparticulas de lecitina através de
uma técnica simples e rapida;

e Aincorporacdo de nanoparticulas de lecitina contendo quercetina em filmes a base
de galactomanana n&o afetou os parametros solubilidade e teor de umidade, contudo
afetou a permeabilidade aos vapores de agua,

E finalmente, a galactomanana extraida das sementes de C. grandis € uma
promissora matriz em forma de gel e/ou membrana para a imobilizagcdo de

biomoléculas, para utilizacéo nas industrias farmacéutica, cosmética e alimenticia.
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Hymemarn courbaril var courbaril seed xyloglucan was efficiensly extracted with 0.1 M NaCl, Tollowed by
ethamol precipitation [yield = 72 £ 5% wiw]. Its amorphous structure was identified by the pattern of
XK-ray diftraction. The monosaicharide composition was derermined by GO/MS analysis of the alditol
acetabes amd showed the coourrence of glucosecylose:galactosezarabinose (40:34:20:6], One-<{10) and
rwi-cimensional-{ 200 KR spectra conlinmed a cepral backbone compaosed by 4-Tinked f-glucose units
partially branched at pasition & with non-reducing terminal units of e-xylose or fi-galactose<] 1— 2 -a-
wylose disaccharides, The xyloglucan solution was evaluated by dynamic light scattering and presents a
polydisperse and practically neutral profile, and an 005 and 1,08 [wilv ] the solutions hehave as a viscoelastic
fuid. The polysaccharide did not show significant antibacterial or hemoelytic activities. Overall our resuls
indicare that xyloglucan TromH. courtamiis 4 promising polysaccharide for food and pharmaCeutioal

Kyloghean imdustries.

£ 2014 Elsevier BA. Al rights reserved

1. Introduction

Polysacchandes are polymers widespread in nature and syn-
thesized in high armounts by plants and microodganisms, They are 3
source of biopolymers generally non-toxic, bindegradabde, and bio-
cormpatible, sometimes exhibiting properties of bicrecognition [ 1],
The polysaccharides have a wide range of chemical structure and
physiochermnical properties thar cannot be easily repraduced syn-
thetically, Thus, the passibility to obtain these compounds from
natural sources renders numernsus polysaccharides, which often
present a lower cost than synthetic polymers | 2],

Hyloglucans are branched polysaccharides usually found in the
primary cell walls and in the higher plants seeds with structural and
storage funcriens, respectively. They have a 4-linked P-p-glucan
backbone, substituted at position 0-6 by branches of o-o-xylase o
of f-p-galactose-1—+2-n-p-xylose disaccharide [3- 5], Xyloglucans
can be extracted fram seeds of different species such as Copailera

* Corresponding authar. Tel.: #5355 B1 2105 85800 fax: =55 1 2106 8576
E-omail agddria: g oedulpe br (MG, Cameine—li-Cunha)

lengsdanfil. Hymenoea courbaril and Tamarindus indica that are
combinad with the same strectural groups, but the proportion
and amrangement of these groups give a Ane structune that varies
according vo the species and even within the same species |G-

Ayloglucans can be used in food, medical and pharmaceutical
industries, even o biotechnolegical processes |49), due to its char-
acteristics, such as Newtonian fow behavier in the wide range of
shear rate, water-holding abllity and their resistance against hear,
salt amd pH regimes [10],

H. courbaril war. courbani belongs te Caesalpiniaceae family
that occurs abundantly throughout Braxilian forests [110 It is
undemanding regarding fertility and soil medsture. besides it is
important lar the recovery of deforested areas and afforestation
of large parks and gardens [12). Each tree produces an average of
10 kg of seeds/year that are a source of xylaglucan | 11-13].

This work aims to extract and purify xybeglucan from seeds of
H. courbaril. Furthermore, we intend (o determine e siracture
of the polysaccharide and its rhesdogical propertics, complement
by evaluation of their antimicrotdal and hemolytic activities, in
order i determine the potential biotechnological applications of
the polysaccharide.
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2. Marerials and methods
21, Murerals

The pods of H. courbard! were colleoted inSeprember 20100 the
Pargoe Macional de Catimban, Duique-Pernambascn. Drazil, Bogani-
cal ideniafication was made by deposilivg Lestimony specimes in
the Herbariuen of the Institued Agrondmico de Permanmnboacn (IS
48991 Brazil. Al the chemicals were of analytical grade.

22, Extracrien and puribostios of avleglucas

The sykehecan from the seeds of B ourbard] was abtained
by the metkesd of Alhuquergue 7 al, (20041 [14], The seeds were
manually removed from dry pods washed and bolled o distilied
vaater at 100 for 3 min for enzyrme inactrvation and softening of
Che halls, Afer s pericad, Che holl was remed and sesds were
dried ar 60°C o constant weight (s ). The dry sesds were -
rated wath 0.1 mol L Mac) [ 155 Owiwl] &t 25°C in an industrial
Ilender (BYodel TR-02, Metalirgics Siemsen Lida, Santa Cakprirg,
Rrazil] and this crude exrracs olsined was subsequently en-
trifuged ( Thermo Fisher Sciemtific Soreall ROG. WUSA) for 20min at
150 = g, The =upermatant was filbered through a woil besee, fol-
Iivcai] B @ e TEARi0On using s<réen printing ciegh (90 thre s
ryper], ared precipicaced wirh 46X echanol [1:3 (viv)] for 16 h. The
precipitace was filbered on soreen prntieg doch O100 hresd typel,
waas hisd weith 1HEE etharesd |15 Cahel] Tor 30min aml teice with
acetnie PA 123 (vl Ter 30 mis, Bleened an screen princing <loth
[ T10 chread rype] Berwesn sach washing and finally dried ar 60T
ungil constant weesght [my) The dry precipitabe was milled and
sborread in amlser glass Bodikes,

The yield af the exrraction in mass was dersrmined as the racio
of the fimal mass of the precipitate poswder (my] by the instial mass
of the dry seeds (my)and expressed as X (wi'se]. The fotal content
ol cartsadyadrane amd profeim in the precipitansd posder was dener-
maned by the phenol sulluric =cid metded | 15] and Bty Bradiord
method |16 | respectrely.

A7 Srucmiral diaraceerizoion

250 G filradion cdromealogramy

Mylogucam (1 mg) was applicd o a Superose & <olummn
|30 = 1 om) from Pharmacia, iniked o a HPLC (kegh performance
liguid chromatography) system, equilibested with 05maoll!
AR Eatn (5,1 Thi codumin wias elitid with i samn
selucion at & Nlow rape of OS5 malmin-!. The eluEnt was meeitored
simmultaneously by absorbarce at 280mm and by differential relrec-
Liver indes, The colums was calibrated sath deatries with geoerage
Felir ol SIHT amed 50 &k,

252 M-rap polrernd
xray diffracrion pammern of the wyloglucan was obained using

A Bruker DB Sdvance (Germany) dilfractometer [20 kY, 300miA)
eqquipped with Culo radiabes ab wavelengih of 00154 nem, The mea-
sUrETenrs were carried ool for &n angular interval varying Ffromm
5-BIF [ 29 range), scanming rateod 5° min- !, stepof 02 and 2 5 per
step. The bozal diffracted area and the area wncder the crystallinity
peaks were evaluated by imlegratiem alter comrecting the daty for
absorpticn v arder po dersrming che polysaccharide crgstallinicy.

213 Mensacckaride oompasinan

After acid hydrolyss of the sylaglucan [5 med L7 iriluoroacetic
wcid for 2 bas 100°C), the aklibod scetate derivacives weere anahvzed
by gas-liguid cheomatographyimass spectrometry [GOMS-0P2010
Shimadeu, Japan | 17],

al jurnalaf i

abrmoder T153015) 12-180

234, Methplarion ssalyss

Hyloglucan [5mg) was subgpected 1o tweo rounds of methyla
tigm 18] The methdated pobeaochande was bydodlyzed wsth
Sl LV erilluciaceic ackd for 2h oar 1 C, reduced with
borobydride, and the alditols were acerylabed with acetk anfy-
dridepyridine {021 wivl The aklitel acetates of the methylated
sugars were dissolvedd in chleroform asd analyzed in a gas chio-
malngrapdy mass speciromerry unit [GEMS-QPF3010 Shimadoo,
Jagan] with a Bestek columin BTC-5381% The sample was analyzed
wsing asplit ratio ol 3 The carvier gas was heliom and J tempera-
e wradient off 110°C oo 250 °C, with vakarion of 20 min- L The
temperatures of che imgector, ion source and incerface were HE0°C
B0 and 230°C, respactively.

Dilferest perisds ol e For Badielysis of the metbylaned
polysaccharide were ested [Iram 1 @ oo 4 h] o arder 1o s
total hydrolysis of the constituivee units bui without signifcant
kst ol mylose residues, Tess hours were chosen g the appropnated
tiere: T thee higdralysis,

235 Muchear mges e eSO sproirascapy

One (10 and two-dimensional (2D} specira of the xylkogle-
cam were reconded usirg 2 Broker DREX S MHz apparatus wsth
a rriple resonance probe, as described presiously [ 10,191 Approx-
imately Smg of each sample was dissoleed i 0.5 mL of S8.9%
dewterium oxide [Cambridpe leotope Laboratory, Cambmidge, Ma
LIEAL ANl spaeciva weere recoeded @ 50°C with HOD (d@euterared
warer exhibring a peak due 1o exchange wizh residual HyO) sup-
pressaon by presaturatcr. For 10 'H MME spectra, 32 scans were
recordid, using an inker-scan delay equal bs 1 & For 20 'HYYH
TOCSY (tatal correlamed spectrascopy] and THI HEQC (het-
sronuckear single quantum cohenenos | SXperiments, spetnd wers
recorded wsing stabes TPPI [ tirne proportion phase incrementabion )
Tor guadvanane detection in the indivect dmension, TOORY specira
were rum with 406 < 800 podmds with a spinlock Beld ol 10 kHz
and a mixing time of 520 ms. Two=dimensonal "H)"'C Multiplicite-
Eclited HSC spectra were reconded ot 580 C with BOD suppmession
by presansration, with 256 scans, The increment number setup
was set to 64, and staces-TFP were used lor quadrature depec-
tiom in the imdirect dmmension and run veith 1024 « 256 poings wath
wlelsally optimized alvermating phase meotangulae pabes (GARF)
for decoupling. Chemical shilts sere displayed relaive oo exner-
nal trimethey-silyl propiomc aod at O ppen for "H and  relative to
methanol for V'C

S L-pevenrial and dyasri ek warrering (DL5)

BLS and L-potertial () measurements were carried out weih
ther xyloglucan solubmoe 0058wl in water at pH 58 adgusted wsth
LB BaOH, The medsusrements were cariied our on a 2etasizer
Mars F550 [ Malvem Instraments, UKL The DLS cumulants anal-
w=is | 10 =cans ) provides the characierization of & =ample theough
thise s apgrarest 2-average hvdresdhmamie dismeter [Bh) Foe the
particle or molecule size [nm). The width paramener, known as e
polvdispersiy imdex (POIL was Setermined rom the intensicy of
scatbered Febd { Axed angle of B0 ) gk 25 °C The 2-average diamseter
5 thi mean hydrodynamic diamsner [ maelecsbe size), determind
from the intensity of scartered light. This measusieg was carried out
in griplicate with samples analyzed in a period of 144 howeith inger-
wals ar 48 I for each analkysis, The {-pedential values were caliulated
using the Smaluchoswski squation |20, Each sample was analyzed
ina folded capdilary cell. The resulis are given as average = standand
deviation
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LB Arrsda it el / foreroonianal Jorsal of Bisfegia) Moacroom sk 71,/3015) 12-18 n
25, Rhiealoginal ssasuremenls a5 q 3 o]
The rhseclogical praperties of the sdeglucin squissus solubces a0 = =t Lag)

ar QS and LIE]wi ] werne comducred in a seress conorlled rheome-
e [Amion Paar MOR 301, Austria) equipped with two conceninc
cylimder geometry cell with outer diameter (oud.)=28mm amd
ingernal diameter [id]=248 mm with remperanan ooniralkiad ar
25 "C Measuremnents were perfonmied and 50 palnes wene acgusnsd,

25,1, Rotatiomal Dow

Conrinusus shedd Tesrs wene carmied ol over a shear rate )
rarge of 1=1000s ! o measure the apparent wisoosity (01 The
pings were acquired while simultanecusty collecting viscosicy
dara,

252 Osoillstory Mo

Crynamic escillatory modi measurermerds were conducted vary-
ing rhe applisd corgueldelarmarion angular Meguency (w) fnem 1
b0 300 rad 51 Storage (7] amd boss (57 ) moduli samphe responses
weere recorcked duormg the freguency seeep 2t & rate of one acqui-

sition #ery 5 e The sirain defoomsation amplinede [ was fized ar
1§

253 Sirews-ainir

The rheome ter was operaced in oscillacony e, For a fxed
Irequency s =27 - rads~! an externally applied shear sressiT)
weas varied from 1 bo 200 Pa and the () amed (67 modul sample
pepOnE e v redardind Oesk acquariilion was carried oul qwiry 5 5,

2% Mpksgicn! octfvites

2 1. Antibacnerial acriviry

Grami-negatlve straims | Eschericbhy coll [UFPEDA 2241 Fiedsieiio
prneumonize [UFPEDA 359G, Solmenela emteriimdts [LIFPEDA 4140
Patiidowhaiing adriigrass (UFPEDA 416), Prodews vulzavis [LIFPEDW
740| and gram-posicive scraine |Seaphylococons aurcus [LFPEDA
02 BroiVus suiois (UFPEDNG 86, Microoooous lutess (UFPEDA 100},
Enleroroorus frecals (UFPEDA 138 were provided by Cuolure
Collection of Microargamssms af Deparoment of snnibctics, Uni-
sersdade Federal <= PFernamibuco (UFPEDA L Bacteria Sirains were
groeen in shaker flask= (250mL) contaming Hubment Broth aned
iitcalated cyernight i an celiral shsakes a1 100 pin and 370 The
I T 55 CONCAMTation was determined mezeuring the suspenain
turbidity ot 00 nmy and then converted o colony forming units
[P =105 CAU pal - " pusieg appropriate calibration corees [ qurbidiy
equivalent 05 im the MeFarland scale), Byloglucan antibacterial
activiny was investigaced by the disc dilfuskon meihod |21, using
20l of sybeglucan solution [(L5% whe) andd positeee controls con-
Lairring seoimicin amd clisslamicin [batly with 10 pgidisc] All nests
wiere carried out i eriplicane.

262 Hemalyiic notivily B ooty evnlsation

The hemalyr sorriny was deermined aocording oo a liner-
ature method |22 The red bood cells were dilmed i saling
sojution bo chtan a 1% =uspension (v amd 1.0 ml was mized
with Ol of syfeglucan sebaion (025-20mgmd-" in saline),
Thee mdnimuer and maximam BemolyTic Conenods wWene suspenshon
of red blood cells containeng saline {Femobss 0% and Tricon X-
10} 20l [hemabysis 1005], respectively. All experiments
waene canmied our in eiplicane and the resalrs expressed s aeer-
e+ standard deviation. The hemohtic activity was sxpressed in
relation to Tritem ¥- 100 and caloolabesd by the fodlowirg squation:
Hemodytic activity (%)= (A5 — Ab]TAC - Abj o 100, whin A i the
abrorbance of the oongral, A & the absorbance im the presence of
the xploglucan solution amd Ab is the absorbance of Trigon X-100
siflukion,

RID {miV)
& o
=

i) =%

L]

vl v, [*
20 2% 30 3%
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Fig- 1. el Bliralban brimutagra phy Dnorolsrs 1 i 2 mdicate the dufon sabuses
af dradras with 300 a8 50k Da. resperi ey L

0 15

27 Sratisticn) analyses

Stagistical analyses were carfed o using Analysis of Vari-
ance | AMOVE ) Companisons beiween sampdes were analyvzed using
Skudent's i-fest Stabtstical sgraficance was establshed ot p <005
(Gragh Pad Prism, wersion &, 201 2, LISA]

3. Resulis amd discuszion

1. Exmoction ami pekd

Wost methods for extracton of syloglucan from seed s described
in thee literature comsist o Even basic ages, wherne the Eribarated
sevds pass by agueous exmmaction, Tllowed by purificarion usisg
dlcohalic precipitation | 8,2324 ]

In the present work extrachon with Nall was used because i
incrieases i sadubilivy ol e comtamina ting Tree profeins [saving i
effect ], The crude extract oboainsd was Iy cencrifuged e
rerrecve the residus, in agreement #ath the literabure |5 ). 'Washirg
wilhi ethanal removed contaminanl, while washing with acetone
peamiteed Further remssal of praeing, These washes swith eians
amd acebore akso promote detyrdration of the polysaccharide, thus
contributing fo preparation of g complete dried sample. The extrac-
Tin viedd wias 724 5 (v related mo dry waight of the seeds
beedegg 81 4+ 7 of this mass of polysaccharsds comtent and by Brad-
ford method | 14 no prodein was detected.

We believe that our methodology allowed us bo achieve o high
wad which & Gr abeye those of provious works, such s 1555
|24 and BT 5| Different extraction tmes for Ky koghacan werns
compsared and demonstrated a varigtion of yiekl from 54 to 40682
|25 Hiwwewver, these authors did ool menrsss <hearly if oo yeld
are rélated te malse or dry weight of che seeds,

R G filrarian ehnamargraply

Gl filtratkon chromatograpky reveals that xyloglucan is a pahe-
disperse polysaccharide wilh average molecular mass =500 kDa
(Fig. 0] Clearly ne degradarion occurmed daring excracion and
purification of the polysaccharide. The absence of fractions wwth
the absorbamce ot Z80nm confisms thet the xyloglucan does not
COnrain comlamisant predeins,

33 Parterns of K- ey difraction

Heray deffraction profile (Fizo 2] shows characreriscics of
amrphous structures weith o sharp peaks. X-ray diffractogram
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3 Tredtn [ el Tor Taen Thaels ] ML 1 15000
PR Fantemmof %- s e on of the syl ogl camebeai sed from B, ossrien] seads,

presenited a typical peak at approximately 26'= 200, simalar o chose
fomrsd For a syboglucan from Gokye Pood amd Chernical Co. L. |25
and a galacrosylesglucan exirased Trom Tamarnieed seed [27]

It i kmcewm chat crystallies: sCnechares gemerate sharp narroe
diffraction peaks while amorphows componends generatea broad
o, The interpredation of Bresd amorphous peaks of several amor-
phass sonachanes B0 -ray scammering profile is SiMoult and henoe
the ratio beitvween these mmiensicies is wsed o calculate the index
of crystallmity in the material [ 2681 The crystallini by indes, related
with the aigement of ielecubis in a pariche soeciue | F0], was
caloulared Eroen X-ray diffraction profils lor the xyloghacan, giving
awalue of 0,37, Furibermare. the crystallinity depends on how the
material is driigd or prepared. and that thedrvong process can lead bo
a BsrrTeT adganization of the chain, Chis increasing the erysrallinicg
of the material (301

14, Monsaccharidy composiion

The monosaccharide composition of the syloghican was deper-
ol D oo gas-ligeid chroenatagraphyimecs spectronmelny
anadysis of the aldinl acetates formed alter ackl hpdrolysis, yield-
ing {in Twiw|: gluccss [$TL) xylose [341T) galactose (20%] and
arabinoss (GX ],

Gliicass, aylose amd galactoss weie deticred wirth a molar
ratio of -3:3:2 respectively. Minor amount of araninos: was also
detected (6% L Mo cther sugar was detected up to a limag of <2%
st ol dry weemel, The brasching pattern of syloglucan Tram &&l-
lerent plant species was valuated and demonscraced that some
wylogucans have am additional arsbanose writ linked o the galac-
bome residuwes at the non-reducing emd of the side cham [ 17], Kay
B Petkowicr [ 25] suggest thal the presence of arahinose is due
to o-purified arabinan, which cormoborates our result. They also
confirmed the abeemce of arabinose residues in shorter exiracton
processes, whake ol hers workers [ 51 1] descrilsesd arabinose races
I ey kol ans from seeds,

15 Methplation aealyst

The substicution of Bydroxyl free radical by methyl is
accomplished m methylation analysis, where different S-methyl
derivatives are oldaimed alter Bydrolysis and acerylation. The
merthylacion of this polysaccharide, fodlosed By acd hydrodysis and
acetylation of the alditols. yiekds the denwatives units shown m
|l 1.

The sructure propesed for the pedysaccharide was Based an
aur sxperimental data [methylaton and MMRE analysis) and also
on liberatuwre informatecn [ 5.07.92] as sumemanized in Pz 5

© ©

-th'_I:_rc 1-+4Glc 1-hﬂGl|5£ 1-»
+ ¥

1 1
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v
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Fig. 3. Fropased araorane i the epkaghecsn inder iyl

T rypiess of undes fodsnd in thie polysaccharsde are shiown in Fig 3
and confirmed im Table 1. Clearly the preponderance of 2,3 6G-gri-0-
methgd and 2,5-0i-0-methyl dervatives from ghocose indicates that
thar pre ponderant siruoture is compased of d-linked [unic 11} and
4 Gesubszivuted units [unit Tof this sugar. The presenoeof these ran
derivatives was also observed ina very simmlar propoation im the
wyleglucan frgm Guilboeetis hivesnilidia [Moric,) L Leanard [9] and
in the yloglucan mom H. courbaril seeds |13 L confinming $-Enked
ghocose residues as typecal of xyloghican cellulosic backbones.

Galactose ccgurs a8 33 406-betra-0-methy] derivative. indicat-
ing thart rhis sugar is a8 non-redsing terminal Cenit ). Teeo thind
of the aylose units oooar as 2,3 4-cri-0-me thyl dervative. indicating
non-redscing terminal branches [(umit VL a= galactose. Gne third of
wylss redidues gocur a8 3 4-i-0emerhyl derivatives, meaning thal
the structure presents 2-linked wylosil unics [unic BT, OF course,
it aldited acetate denvairves from 2,3-di-00 and 3d-di-O0-methyl
wylo=es are the same compouand. We abiribubed our resols o the
EA-di-0-rerhyl sylocs Based oo linsranere daca Tor similar £oims-
pounds |5,11.32 | and abeo on cur own MR data [ ses next seczion

The detection of 2,5-di-0-methy] ghocose m approgimately the
Aarre proporlics a3 Che s of Beri-methyl derivative Mo galac-
s + -t hyl derivacives [rom gylose, agrees with the scroctune
proposed for the polysaccharkle, contaim a cemtral core of 4-lnked
ghocose unsds (urnt 1), partially branched a8 postion 8 [umi 1L Twe
thand) of rhie xylose usits [unit W) amd the toralicy of Che galacnrs
units [unic I%) ocour as non-reducing tenminal. One third ol the
wylose units (unst 0] are 2-linked intermediate residoes on the
branches,

Thee overall recoweries of methylaced aldicol aceraces were in
good agresment with the monosaccharide composikon obtaimed
for the native polysaccharide after bydrolysis, reduction and acety-
lation [Section 4. Arabinose, which & presnd o small amcan
in the pofysaccharide, was B detected even when we employed
dilferent periods of lydrolysis [from 1Tupiodhl

LA Merkear MOgNeTic Tesannoe SpeTaisony

The structure of the xyloglucan from M. courbanl was invesi-
wared using crw-dimevrianal | 10] and rac-dimeional (0] RWR
specira. The 10 TH-HME specirumm (Fig. 44) showed thres signals
inthe anomeric region: one at 517 ppm, ascribed bo substituted a-
wylose urts [Nl 1 onit s e 51 another at 4598 pom bo bermmenal
non-redissing ae-wylose [Nyl danir Vin Fig. ) and Amally rhe sig-
nal ot .58 ppm, which is an sverlapped of B-glucose + J-galactose
amomeric profons (uniis LI+ im0 bg. I Mo signals assipned (o
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Fig- 4. Dre-dimensdensd "H-RER (AL VCMMWE 0] and cvo-dinensona TC-TH
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corben/proann are in Mee [phase dgrale) and fhoss Trom CH; Dngeees Damipha sl
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Pared

cerlaminant peeleis were ohsersed infhe 10 TH-MMR Spedrrum,
suich as signals from aromars amino ackds ar 60-F0Oppm.

The edited "5C-"H HSQC spectnem [Fig. 401 allcwed s bo dis-
tinguish the anomeric signals from B-galpciose (10503 amd 4,50
TV ppen ) (it TV and Pe-glucese [ 10302 and 458 '*C{VH ppm)
|units | and 1), whéch wers coincidens im the proton specira Signals
from CH ooour in phase (posative peaks in blwe] while those from
CH: ogowr as anti-phisss [negalive peaks in green] This specinum
allmwed us b0 kdentify signals from CE/HE |57.303.90-4.04 ppm),
ascribed to [§-glucose and [B-galactose units, and those from C5HS
[E2A)558-3. 76 ppen ) of m-sdose, Sipnals Trom C8 [ 7075 pom | anxd
s ol O (62,30 ppm) Trom B-glecose, a5 well as signals from C2
of some a-xylose units (BB ppm, Xyl'), were shifted downfield
cormpared with non-gheeosylated uniis [compared chemacal shifis
T unirs vV e Talde 2 and alseBeraturedata | 120 ] No signaks
ascribed to non-reducing P-arabinofuranceyd units wene absenied
at 10F5.3 ppe This cype of mesidee was reported in other plant
pilysaccharide | 25], They may ocoar only in minor ameants inaur
wyloghucan prepararion amd mod derecred on e NME speoimim

The "H-"H O06Y amd "H-"H TOCSY specira (Fig 50 allowed
us to sderdify the chemical shifts by =calar coupling of the span

systems, The COSY spectrum (Fig 541 confemed the auelappeg
of the anomeric signaks from [-galactose and P-glucose anits at
A58 ppm. The TOCSY =pectrum (P 5B allorwsed us bo sdengify the
Four spin sxefems ard 9 derermane i pratin Chemsical shiflis
(Table 2} Howewer some signals from [-glucose and [-galacose
are coancident. Farthermore the chemmcal shafis of H2 and HY from
Pe-gralaciiose wrils e very close as well a5 the chemical shilts of H3
and H4 frem {-glicose,

The backbone formed by 4-linked B-o-glucan i common oo
all zvloglocans. but comsiderable differences are chserved in the
Branches of ke pelysaccharide, sgch as srangeoens in mumbsr,
positecn and type of residues. This wariation i a conseguence ol
interspecific warations [ 4] and alsoof the extractson methods |25 L

In conclusion, the "H and "C chemacal shifts shown in Tabilke 2
WA R MELAE Do s e ot For a plant polysscciaride oomgessd
of a cemitral backbone, contalnang d-linked f=glucose wnits (unit 1L
partially bramched at position & [unit 1] | 52]. The polysacchamde
alss is haghdy bramched, containing B-galacress amd oo-gylose as
non-rediscing terminal unics Junit IV and W respectively) Fher-
maore, residues of 2-linked -xybese are also found a5 intermediated
residpes in the bramches (ueat 1],

32 [-petentin and dynarmic b soattenng (DLS)

The information obtained by C-potential and Dynamic Light
Ecattering (DLS] are crascial to indicabe the ooourrence of stable
Tunaticnal nanasrociures |13 ] PO obdained by OLS, 18 4 measure
af the size distribution width, When polydispersiny equals 2era,
the sample is monodisperse. Walwes of PO close to or abowve 05
represent heterogeneous solutions in relabion bo the particle size
amd ane Charadterisic of samples canside the casdlands [34] The
term “particle” represents the molcule of polysaccharide, which
stay deperses mniodiluted solution. This berm has been used in the
literature for dilferent polysaccharides (351 For o syloglecan sole-
Hoam LS (v an pH 5.8, Z-average and PO wene 206,00 & 12,40 nm
amd 032 + 002, respectively, indicating a reasonately pobed (s perse
solutson. Z-averages values of 170 nm |24 and 80mm [25] were
e e For wleglucan frcem M. cosshioed seeds at | mg ml- 1 ahich
are lower concenorations tham ours (0USE wiv), & well as the dif-
ferent method for extraction.

L-potendial of syloglucan was evaloabed im0 ceder B0 deter-
mine the charges of the polysaccharide; a C-potenrial value of
-113+£027mY was found, thars showing that xyloghecan is 2
practically meutral polyssccharde. The poly=acchandes may be

constigled either by polycatioes or by palyanions, depending on
thezir lenecrional group, ard may also be nearal, which is the case

of differenst types of polysaccharides with a higher contens of mane-
nose and galactose units, with { - potentzal vabees between -157
amd =31 mh 33 I chis waork the clbaindd xyloglocan fhows 3

structure composed by gluccss (0%, kyloss [ 34%], palactose |20 )
amed arabiress (%L typical of @ neutral polyssccharide



227

16 LEE Arrada ei ol / forercerianal Joursal af Biofegioal Macromalender 71 201511210
Wakile= 2
Y died "0 olemacal dhols of e oics Modisd i Hhee apbeghilain Tieon ML caa bl deeds
Sireiuee Kb cal dhalis Lknifs CHIH1 C1HT C1HE CAIHe CHIHE I HE
Bl 111 (LERIAIEEE FAESIaaE PR T LR TE LA RS B0 -a0
B-U-Calp [ 104131450 2384 TAREE ELATEE TAERT HILE4 R0 LEE
n-D-Rylp m BT T T1OEATE LI ELARI-ATE
a-D-Nyly’ W AT BIEILT TR T ALALIE-LTE
* Ses Fig
®eost | WG “
b b 1 gl
Fii '“""'"i‘ Ha-agl Eiﬂﬂ-:lll T
! L | | g M s
_' } e i g i
! | 3 :
I i
l E 0 ar
i ¢ t. I aa
' :{ ' v ; ::t;_ -
3 i f & | as
. -G Hi-mjod
i an
N e
o o "
i ¥ . [
i -
LB L LR ] ak L 5] i3 LR ] vk [

FE % "H-TH OUSY ] and VR TE TOOSY (B spesiza of @he mydogd oias from B oo bk’ seeds. Sul and Xl repoesemnl lporisdated 1] and samn-g sy Laiend | Xp1) aybawe
[N ypsivrms irsced in pek and geees, respeciteely L The mnadere pn vpsiere al gloome ard palasciose ivireed ineed.

L-potenisal walues are also refaved to the stabilicy of sclutions, As
a general rule abeolute values of {-potentigl above GOmY madi-
calg an exodlent srtabiliy, Frcas S0 1o 30 ane phyracally crabds,
T 30 to 5o ane ar the limic of stabliny and Below 5 m% noc
stabde and there 15 a strong likelihood bt form aggregaies |26,
Thisreficas:, the result oblaimed with the syloghecan [{-potential
vadeir = — 10,3 o+ 027 ] indicane=s e peodysacchadide soduations an:
stabde. This solution was clear and trarsparent without the pres-
ence of appregates demonstrating the total dessaluivon ared stability
of this sysiemm

Palysaccharkde concemtragion is the Faczor that mostly aflecrs 2-
average and {-potential walues [ 230 Amionic gy leghocans obdained
[rinr ke Posoed and Chemical o, Lid [ Fukusisme, apan =hoeed £-
potendial walues of — 2.7 4 1ET |35, bt e aanhers waorked with
o corrsenirated ml.l.nlm-:l':-il.lh;lm:an | 10w i) amed it a hoser
pH [4.5] than in our work, which may explain the different results
Uhisy rigented

1% Rhealogical analyses

The heralngical Behavior of the xyloglucan ar congenirarans of
.5 and 107 (v | was Investigated by rotacional, non-desnctive
osolllatary and stress-sirain stedies in order to evaluate it= perior-
e anel perleniial i a biolechesdsgical product,

Most part of the rheological characcerization of xybogiscans
from different scarces investigates flow properiies of this polysac-
charide by mizing with other campanents | 37-59] or dhemical
il | 23 24,400

The rotatiomal Bow sudies were performed om the xyloghocan
with the apparent viscosity 4= & hanction of shear rate [Pz, 645 For

boith concentraions. the system behaves as a Mewbonlan fluid for
muost part of the shear-rate interdaal in agreemaent with data from
i liceratmie |41-4%], Thisd authais show sSykoghedsn aquiois
solutiones exhibicing cypical Bewnonian behavior ar ow oenoenra-
Hons [ <0L5% wiw i ared shear-thinming Behavior for concendrations
wsually bagher than 1% (alvl

In addicion e the properties of stahilicy againso Feat, pH and
shear, uybogiucan cannot form gel simply by changes in its concen-
tratiom Although there s an incresse in ot viscosity, xyloglucan
#els are forenid anly i Che presesce of aleahal or high levels of
Sugar | 10,42 44,

Furtherrnare, the properties of xyloglucans in water. such as
solubility, visiossly g pelling abibiy, are closely related to ther
chemical seruerunes, This [y ofTehavior i expecred for mosr paly-
mer solutions and was alresdy observed lor other polsacchand:s
composed essergially of gluoose, xylose and galaciose [ 2340,

Th acallatary SAudies i asured O and G asa Do Uidon al the
oclllanory angular freguency [Fg. SB) ane simdlar o the beha-
tor observed lor others nagive syloglucan soluiores |23,41 4546
For the e concentrations tested, G was higher than & or low
I, inadicating that thee svatem has a liguid behavics whe
dissipanes maost of the energy exemnally appdisd. G and G contins-
ously increase a5 a function of osollabing frequency. 5o it 15 possiblke
Dbt A cross-oaer belween [he mosduli; b Thie Crose-canern,
amelasti: hehavior sets in e > Gty pical Tor a<onceneraced polymer
snluimom |47,

The ability &0 provide both behaviors betyeen iguid and solid
Alanes sUgREAs thic wse of ol tatiee syloglicam with 0.5 and 1,0%
(v | concenerations as fllms| coarings widely usefal in many indus-
tries a5 & bindegradable matenal.
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Shear Stess (Pa)
Fig 6 Meoopcd andlpsds of the seletiors oMained from the xpogiocan of the o, tums«dil&i(ﬂlmlwIMIWWIMVLMIW

D sadies af appurenl wscon ity 45 2 fuscton of shear-rate, (B osciBalory stadies measurrng G1Red syvobob ) and C Jogaon symbads ] as ¢ f)

MO MEn epeTimert meanrrng G and C a2 ferxction of diear siren.

Fig, 6Cshows a stress-strain experiment where G and G are
measured as a function of shear-stress and increase as a funcrion of
concentration with G > G for the entire externally apphed stress
incerval. Similar behavios has been observed for the oscillatory
measurements (see Fa. GB) confirming that the system Is essen-
tially 2 Newtonian liquid for moderate apphied stresses and cannot
sustain elastic linear deformations. Both a1 QU5 and | € concentra-
tions It behaves as a viscoelastic Bguid where the G contribution
has a constant value (Newtonian behavior) for a nite stress inters
val whereas the G contribution decreases as 3 function of stress
wirh & > G for the entire stress inferval

19 Blokgical ocrivines anmbogresial amd hemolyic

Antibactenal actiity of xyloglucans was not tested previously.
We now tested this possibile effect but did not abserve any action
of the xyloglucan as inhiditor of bacterial growrh. Perhaps the
monosacchandes from xyloglucan could serve as carbon sowrce for
mucrobial growth. differemtly from that observed e.g. for chutosan
|45], thar exhibirs antimiceolial activity,

The bemolytic actnity of xyloglucan was performed 1o rale out
a possible mechamesm of toxioty and to check the safety of the
polysaccharide. thus indicating if 3t s suitabilaty for pharmaceutical
Peeparanons 1491 o hemolyric 1ests the compounds ane considernsd
roose when the hemolysis contents equal o surpass 50%, the so-
called By [20].

cy and (C)

OQur results showed that solutions Triton X- 100 at concentration
raging from0.25 to 200 mg mL ' presented HCxy, from 5070 £ 004
10 1000 based on the highest hemolytic effect observes] Significant
hemolysis was mot detected at these concentrations of xylogle-
can, with HCsg of 5404032 to 6.10 £ 008X, thas leading to the
conchusion that the polysacchanide is devoid of hemolytic activity
and therefore shows potential foc application in the health industry
without apparent takiry.
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EEEu- BrEn ERpETITETE meanemg O and G anda lereienal shess sirem.

Fiz. &Cshows a strest-strain saperiment whene G and G° are
measured &= 4 fumctson of shear-stress and increass as a function of
orcemiration with & =G Tor the entire extermally spgled =riss
interdal, Similar behavior Bas been abserved Tor the oscillatory
measuremenis (see P B n:-nﬁrn'u.n;; that the sysiem is essen-
tially & Mewsdonian ligquid for moderate apphed stresses and cannot
susnain @ lastic linsar deformatices, Bothy o1 005 and 1 0% candentna-
rans it behaves as a viscoelasoic lguaid wherns the & congribution
has a constant valwe (Mewionian behawior] for o Bnite siress inter-
vall whereas the G contribution decreases as o function of =res
willh & = 7 fof Chie EnEine SORess innerval

15, Rioksgiond acreeinies: anriacne rial aad hemolpic

Anbbactenal acivaty of xyloglucans was not bested previously.
Wi nowy tested dhis pessible effect but did not obseryve any action
af the syloghican as inkilimr of hacterial groswch, Perhaps che
measacchandes from xyloglucan could serve & carbon source for
mcrabial growth, differemtly from that observed eg. for chitosan
|45, that exhibir: anvimicrelsbal activiry,

Thie Feemeolvtic sctiviny of syloglucan was performed to ke out
i possible mechanesm of woxiody and to check the safety of the
polysaccharide. thas indicating ifof i suitabiligy for pharmaceutical
e padatices |49 bn hemolyis reses e com poinds an oonsidered
poaks wihen the hemedysis convenits squal or surpass 50T, the so-
called HE 5 |40].

Owir results showed that soluckons Trion - 100at comceniration
raging fromi 25 o 200 mgml ! presented HCayn from S0000 4 000
Ao A0S B sed) on the highest hemaolyic efect abserees), Significant
hemalysis was st detecred ar these concenrrarions of syloglis-
can, with HCsp of 540£032 jo 610+ 008% thas leading o e
conchusion that the polysaccharide is devoid of hemaolytic activity
ard thsepefare shows potestial or applicatian in the leabih industey
Withas JEPArent s icy.
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Arvivde bioens

Reveiasd 38 Agrl 2015

Rexebaed Il pevied form 14 digest 2015
Aot plead 14 Siggas 2N S

fremlabl snline A1 fagsl 2005

s Do ] bersaed o Pwo natural pelysacchariies wis poepaned in sqeesus mediam with 158wk
Kkl oettnnan | rean Caiadd grasdp seods) dnd dilesinl oo il ralisns & v-Larmageenan (L3, 04 aed
LS v T CarCly [0, 01 carsd L2 Pell) ot ol 500 55 dead 000 asingg & Tl Tacpsrial disign based o -
ohogical parasscters The b farmularon was abtained wath 1706 Py ] galacosmannan asd 055wk
E-Camageenan, centdning 03 M CaCly o pH S0 Muckear magedetic resenance and scansing elecirms
mnonesco oy w hiene used in erder 1o characrenize the ypdroged Toemobation. A sBell 1iFe ssdy was carmied

:?‘-;::I'l“::;‘hilmfﬂlhl el with Chis farmalation aloag 20 days- period of swerape at4-C evaluating gH, color, microbial concam-
Cossle grondl ination and meslogy. This Medeogel showed no dgnficant changes in pH, ne microbial comamination
Vegeral pehpaccharides and became more translucent aloag the aging. Asalysss by rreclear Magretic resonance and riosogy
Fhvea kg showed a larger arganization of the polyaccharides i e Bydroge] marris. The reoslrs demonsirated
Y] thar thds hedroge] vwas stable with possible applicacions in medical and cosmetic fekds

£ 2005 Elwier Led A0 righes ressrasil.
1. Introduction Biscomparibiliy hase artracted arention in drg delivery appi-

Hydrogels are macromalecular neraorks formed from matu-
vl ur synihetic hydrophilse podymers that can ab=ork and retsn
a signilicant amount of warer withoul dissoling [Lelnaoui &
Felooa lal=Peloestela, 2004 Shmeed, 20131 The bydrogel resstancoe oo
diz=clution anses from omss-links between netveork dhains while
thiar ability s absorh wager ariges Togms hydiephilic fundcional
groups discribubed along the polymesic hackbore [Anmed, 2013},
Due to the comnbination of solikd-like properties from the macro-
mwcdecalar nefveork and bigquid-like properties fram the absorbed
wialer, pdrogels exhitin viscoelasticicy resemiing that of belog-
Ical tiz=ee, bn addivkon to these rheckogical properties, their high

* Comepmdisg arhor  Urisenddade Todernl de Fermanbien, Baguimics,
o Prel, Eersen Pega ale, SOAA0-4A0 Recife, PR, Brasil Tel: «55 A1 Z1258547;
Fam; 455 B1 31503576

Eermadl aebdrsar g | 350 gmial oo (LG, Cammee nosla - Ci bl

T ko g 4 0, e 6 b L 36 S804
OV 4B 1 P Ho 23015 Ehewir LIl Al nghis mservedl

catlons (Da-lozzo et al, 2003, pharmaceuticals {Laurdn &0 al.
20114}, biomedical applications {Kemawy, Kamours Mohy Eldin, &
El-ttedigy, 20041 tigsme engineering and mepeveralive mdicne
[ Hisang, He, & Warg, 2013}, diagnostics [Reyakhanova e al., 214],
wound d ressang [ e Cloco ef al - 2014 separation of biomodenales
arells [Ahmed et al . 54, bamer materials to regolabe Bological
adBpicie [hang er al, 2011}, and Biossnsors (Lio o al,, 206 5]
‘When forming hydrogels, polysaccharides of narural origin
have improved properises inoom panson #eth synthetic polymers
thlarganra, Praresd Ko, 8 Shivakormar, 200070 Smooeng matural
polImETE Chine ane Chie @elling Py e A A0S &5 <ok e nas, and
als chickening polymers, such as galactomannans, that, aithough
not produceng neteork mal cross-links. possess gel properies
abpve o sgeecialic cossdemiration, Kappa-darageenan (el s
obtained by alkaline exiractsn [or by modilcation of arher car-
rageenans] from red seawsend [ Rhodophepcese | {Frajapate Mahen
Jern & Solanki, F004 % Wathout chemacal modifications. it has the
abdliny o Fodms a soong three-dimensional neraark in presence of
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comnlirions (K* and Ca*F vwhen com pared with other types of car-
rageenans [lambda-camageenan], €0 is composed of aloermaring
resklues of J-linked B-D-galactopyranose 4-sulfate and 4-linked
3 G-ankydro-e-p-galactogaranose residwes [Prajapadi et al 2004
Finbsivo e al, 20010 Dy 03 i3 Begh hgdrophilicing, sechanical
strength, biocompatibilicy and biodegradabiliny, this palymer has
been micstly used i focd indusiry as gelbing. stabilizing and thick-
erver agenl (Cima, Cotieler Alese, B Dima, 200471 Moo b it
has alsad bee used D redhece of Toeeliminans exiciny in biomedical
applicabions (Muahamad, Fen, Hul, B Mustapha, 20111

Galactomannans are wicespread poly=accharides commanly
estracted from the endosperm of sumeras seed plands (par-
cicularly the Leguminssoe] which develop energy-ressnee and
hydration functions [Praapati et al., 20135 The galactomannan
ewlracted Fromn Cossm grandis seeds have a core conitileted by
A-linkied f-r-manmepyranose with a repeitive single Branch of -
p=galactopyranosyl anits linked to positon & of the central chan
[Albamguergue et al, 2074 % Due fo #s high molecular weerghs, water
sislubsilery, noii-ioni character, Bocompatibiling and g propenies
I Buigleer comwcenitrations, this polysaccharide can be used in Tood,
pharmaceucal, becrmedical cosme e, texibe and pagser incdusres,
expecially a5 an emubnom stababizer [Albugoerque e o, 2004
PFinhatirn &1 al,, 201 1]

warious hydrogels Sonmulated from naparal polymers have been
used in medustry, Hoseyer, it has become clear that hydregels con-
sisling of single polyiser arrargements canmmsl el entaely the
demands in perms of bath propermies and performance (Ahmed,
20141 In order to improve gel properties. new bydrogels based on
bwo or more polymers have been developed inthe lesd vears (Jang
e al, 2004 Dias, Li, ¥han, Duan, & X, 20148 Soanes o al, 2004
Dash, Foston, & Ragausias, 2060 3; Farcins 2t al., 20121 Somerimes,
chemical modificabson im involved polymers, dhemical crosshinks
andfoe physical inleralioers i necessary, Such mised sysienms
include polymer bends, copelymen, interpenerating or semi-
interpenebrabing polymer networks. with desirable properties (Lu
ebal. 2004 Ly et al. 2004; Vodpong et o, 2014; BRattacharrs &
Ray. 201 4],

Along the wears, the use of rheclogy for charactenzation of
viscoelastic properties in the production and apphcation of poly-
e materials such & pels sl hpdrogels hie been assential
[Albisgeerque er al., 2014; Jang e al, 2004; Dash & al, 2003
Samcdolkn, Macricandl, Albaique, S Coveslo, 2007 L The Bydrogels
behawior during Aow and applied stress are importang goality
citrol paramitens risponsible for masntaingng the prodecrs sipe-
riority and Encrease ivs shell e, In this work we have deseloped
a mewe hydrogel based upon optmized rheclogical characteristic
ol & migture of w-Carrageendgn and galaciomanaan from O grandis
seids. This oprimizacion was & hieved via a full Tacnoaial design ar
by wehich changing pH and both W and cackon concentratikans, the
hydrogels formed were theologicaly tested. In addition fo a pri-
mwary ¢haractenzaion of the e ypdroged, shell life stdies were
alsn carried oul [0 guarantes |ts Ssapares during siorage, maldeg o
viagkdz in biomaterial imdustry applicationes

& Material and methods
1. Mareral

The pods of O grandis were oillected o the roral zone of Per-
nambics Sare, i the city of Angelim (Brazil], in July 200 1. Ethanol
40,85, aceions PA, Mall and phenol were obtamed rom Yete: Fine
Chemacals Lida [ Brazil . s-Carrageenan was purchased from Sigma
AklIrich (UL A L AL onrhser chemicals wiens of amalyrscal grads,

22 Extraction of rhe gakvemannan fram C. grandic sseds

The galactomsannan from O grongdis seeds was exiracted and
puirificd acarding ro the merhod describid by Albiguerdgie o al
(200 4L Briefly, dried seeds were bolled in distlbed wacer 1:5 [wiv)
at 100°C for 15 and maintained for 1%h at 25 °C to facilitabe
il o Ui Dl T evdbons prisrin plirs i, werne Rriburatid i a
Dok weitho 0.1 W MaCl 55w har 257 C filtered and precipitaned
with 46% ethancl 1:3 [viv) for 24 h. The precepitate was flkered
again, followwed by & weash with 100 athancd 1:3 [(viv]) and bace
with acetone P 1030w, wirth filoraricds Bersssen each washing.
The precipitated galaccomannan obtained was dried in an oven at
100 aned finally pulvereed amd keps inoa dry place unial furiher
UsE

23 Hydregid prepararion

Srock solutions of ®C in défferent concentramons [0.3, 0.4 and
095w ] ard galactomannan | 175wy e e prepared & kngwn
wolame of kO was added inte a beaker In addizion o a2 known
concentration of CaClk. The solution was maintaimed under mag-
nedic stirring (BS0rpm), 2t 50°C during 20 mine The addigion of
Ll |00 [wfw ) of the Meal wolums of desired mixrane] was pec-
25zary 10 (gnite a crosslinkdeg process. In order o evaluate the
latter process, hydrogel samples with three Cally concendragions
were acually ulilezed: OB 01 M, and 02 M ATer that, a well-
known wolime ol galacismannan solition, was added into e
beaker containing the K+ Catk: soluon at 1mifmin fow rage.
using a needle syringe (277G, The mixbare was left stoming amsder
BS0rpm ar S0°C, during additicmal 0min, Several gamples weie
prepared from the miarure adpesting their pH oo 50, 5.5 or 60 usieg
4 10 HE solution. These final samples, nos named bydmogels.
waere disdribubed in o gell cultpre plate [S-wsll plate) ad stoned
ar 440

237, Experimental design and setistical analysis

The best hwdrogel mixbare was selected by monitonmg ihe
influence of the Following mdependently controlled paramiters;
g-carragienan [kC] and CaCly (Ci) concenpraricns, pH onea e
measared complex wiscosity [07) viscous-elastic modull ratie
(GG = fan &), and the phase trarsiton berperatune [T L The study
war condeed employing a 27 Tull Tactarial dhisigm [Si Saappbe-
mentary materia}, in addition 1o a4 ceparal point in quadruplicars
i alkorey for the esbimation of pure experimental ermor, The resualis
were stabihcally wabichated by an analysis of vamance [AROVAL a1
asignificance level af @< 005, All statisgical and graghical analyses
were carrkd out with the Stistica 8.0 program | SaiSoft Inc. BO0E,
Tulsa, OK, USA)

24 Wdrege chepracerisation

241, Nucler maEmenc resonmoe specirescapy

One dimensiomal (107 "H HME spectra of the pohy=iochamndes
aridl hpdvogel s were regondid usieg & Brokes DRY GO0 MHE appara-
s wirh a eriple resonance probe, 35 described provicasty by Tovar
et al. (2012 L Approcimately 5 mg of sach samples was dissahved in
05 ml of 950% deuterivm oxide [Cambridge Isotope Liboratory.
Camnbridgs, MA LEAL Thie spoectra wiers recodded ar dilfareni rem-
peranares (25 C o 55 °0) with HOD { deucera ped wacer exbibiting 2
peak due to exchange with resdual B0 suppression by presatura-
lics, For MBME sgseciva, 32 s0and were redorded sing an inbér-scan
deday equal to 15 and the chemical $hifts were displayed relagive s
extermal trimethyl-shylpropecnk acd a8 0 ppm for "H The range of
temprature was made m crder to obserne the erperaturs: infle-
#ce ot T hydrogel marri
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242 MEOSLACmENTs

Al rherological measure ments were carried out, in briplicate for
each sample, according fo Proheirs et al |50 ) using & chesmmister
MCRINN [ Anitca-Pagr, Austrial, in a parallel plane geometry [dism-
eter: 25mm) cell with 2 gap berween plares of 1mm In order
b chetermine the appropriate strain o linear viscoelashc regime,
prelimimany serain swesps wene camnducted aldilferent leguendies
[OLE, 1.0 and 1000 HE] for variable scrains ranging lrom 0.1 to 10T,
Frequency sweeps were carmed oot within a L= 100H: rangs:,
mwainkamning a linear vescoelastic regimse (0025 skrain delormabon),
Mrenver, thi pdrege] vwas restied fof cemperating srabilicy {see
Supplementary marerial) & oscillaory made [ requency = 10Hz]
for a range of temperabure from @ o T0°C, at a rate of 5°Clman
increase, Linkesa explicitly sentioned, all dweslogical measose-
menLs were conduced ar 25

243 Srabiliy and shelf ife states

Triplicates of the mosl stable hpdroge] [Fellowme  full Tado-
rial rest criteriom—ser Supplementary marerial) were storaged ar
4°Cin stenke peari dishes {35 < 10 mun ) ared during 93 diavs-period,
a shelf life shady weere carried out by pH, colommetric, rheologi-
cal merasurements and microhiological asalysiz, Afrer 1, 5, 00, 20,
30, 60 amd 90 days, che hydrogel samples were raken randamly.
To evaluate the miorebiclogical comtaminaiion of the hydrogel,
analysa s of mesophalic sercbes, peasts and maokls, lscte soid hacte-
riaand peychnetraphs wene carfied according o the methodislogy
described by ihe Compendiam of Methods for the Microbiologl-
cal Examination of Foods (Yanderzant & Spletsioesser, 19921 The
I rogels opscing was determined wusing a Minolta colar et CR
40); Minolia, [apan) and according o the Humterlab color scabe.
Folkoveaing this method the degree of opacity [Y) was caloulaned
as the ratio bepwesn Uhe opacily of each sample on a Back =tan-
dard (¥ amd e opacity of each sample an a whice standard
| ¥l Ma'.lrragt-:-fﬁrrdummmr ¥ and Y medsuare ments wWas
used for calculabions. The resulis were expressed a= a percentages
¥R 1000 0 Feel The rheaksgical measurements were performed
at described hefore,

244 Sconaier elecinom microscapy [5EM]

The FEM sanrface scans of the bypdrogel were oeddoited on a
scannéng electran micrescope B0 LEES (ZEISS, Germany] with
an accelerabing voltage of 10KV weder vacuum condizions. The
hydrogel samples were preparesd 24 b belore measuremnents, For
each sample ingennal Matris semeDune analysis, 3 oress-saotion of
the bydrogel was yophilized utilizing the cryofracture method.
The lyophalized =amiple was aifached fo 2 covershap wia a coaned
thin Mm of chremiom and carbon The costing also weorked to
prEvene che accumilation of static sleomic charge on the surface
during electron irrsdiation and bo avold scanning faules ared cther
image artifacts. The samples were sprayed with oolloadal pokd par-
ticles and then ki deying ar roam femperature (35 Ch Belve
SCANMEnG,

3. Resules and discasshon
11, Hwdrope! charscierizabion

In order o obdain an oprimized bydrogel by mixing the galac-
bomannam from L prandis seeds and k-carrageenar a full factorial
design ¥ s peer N eee Supplementary matenial), According
o rhie ressilis, ivevas possible vo obain a scabde hydregel compased
by 1.7% fached of galactomanean and 05T [wiv] of k-carragesnan,
with 028 of Call at pH 5.0 which was capable of supporting
higher temperarune [S06C)

B A pa B

- T
=i

YL/
i
|

4
|

4
Vannw
/

N MY
| Ii &
| .
| I
ol #
[¥] [ an T il [ s in
L': T D e |-:-r
[Es] I'l-'.' .rlr"
i i
e R A v I a
| 5 ALY #
Hi=LL.,"
L & |
| b |I | y : o
| ! lﬁh I.| S
. ] e
| ] m_—
ot P

R

B R oAb omE g

Fig. 1, Cne-dmeraimal 'H AR speara (4650 ppom regland of thee parifisd ga ba-
RAPLARL s-LarpeEian 3nd of Aednegs obesned By the mdenine of hes: DA
el ocharides an 45 o AL The St af Derngesand e waristlsn wn obreryved by
ke ok howionlal lmes on e TH ckersieal SRt pleerved in e dping of
ponfid palectomanean (B, e-carmaggeenan | and he Bydrog (0]

1.1, Mudlear magsenc resoaanoe | MMR) specitescopy

We characierized the hydrogel formed by =-carmageenan and
galactesnasnas using 10 TH MMR spectrosospy, The TH ol
ical shifts of these rav polysaccharides are similar irrespective
ther spectra were run using purified polysaccharide solubors or
hysdresgel. Fie 1 ememplifies this obsesvation for the 46-53ppm
reginn of the spcita nan ar 45°C, In this region, we can easily
idemitify the anomeric protons of the w-galactopyranosyl (e-G1)
anad B-mannopyrancsyl (3-8 0] et ak 5,11 and 484 ppam, respec-
tively. of the galsctssansan (battam spectrum in Fie 145 0 s
ales possible po visualize the anomeric protons of the 3,6-anhydno-
aegalactose [w-K1] and of the fB-galactopyranosyl unit [[E-K1] at
B9 el 472 ppm. respectively, of the s-<camageenan [middke
apicign ar 45°C im Fig 1AL We can alse idenrily HE of the 4-
sullared [-galactose ([-Kd] due to the characreristic downfield
zhift of the 4-sulfation =te. These results sre inaccordance with the
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Tabie 1
ol pardiveters L aned ¥ how thee galaota ma i be -Ca iragziainan Peadioged aboag 0
day-pEnml

ags [ ¥IE

Isi BLEE L DA 1442 & 3B
2ith TATZE ke 1970 1340 & T
10eh WOLEG b 231 T0AT & S
15ch WO & 3FT A% + G3F
MEh B35 & BAR 030 & G2
= Lu] B a5 (AR o
S B 18 1108 & G

L (gher ¥ iEsidpaciye Walies eapieissd 35 an aesgs + slamband desarian ¥
Crilferin] supsric i pl Kevs i 0 sd e Coluima medBoile @ Slalo Rdl by seplionnt
dhlkrenee {p= OOE L

stlution NMRE analysis of galactomannans and farmageenans previ-
ously reported in liberature (Albugquergue ef 2l 2004: Cherg et 2,
206135 Yo, W, TRang, & Da, 20014; Farias el al,, 2008; Bosos, Segne,
Mlierrus, CosaTo, & Paclertl, 2005)

These characteristic T8 MME signals of the galactomannan aned
w-carrepseran show ne sigrificant shifts in the 'H NME spec-
rrom of the Tpdnege] [Top Spicomsm in Fg. 1), encept for & veny
meadest - 002 ppm upteld shilt of B-K4. Possibly this is a conse-
quence of inderaction of 4-sulfste groups with calcam ions in the
hydrogsl Feaemulation, These rssllz indicse hal e-Camageenan
and galacromannan form a physical type Bydrogel, concaning
semi-inteEnpene trabing polymer netveork | SEME-IPN), Clearly, these
prlysaccharides did not Torm a chemical type hwdrogel, which
wintld result in shifts of their "H-simals.

We also irvestigated the impact of temperature o the 'H spec-
tra of the purified galactommanmam (Fig. 10] aml w-camageenan
[Fig. 1C] and of hydrogel (Fig 100 The "H signals show marked
dovinfeld shilts &= the temperature ncreases from 25°C @ 5590
|=hifts mndicated by horizomtal broken bmes in the Panels]. How-
ever, more signifcant, the shifs are simmilar on the spectra run with
the puirificd polysaccharides salutions [Fg. 1B and C) of with the
hydrogsd (Fiz. 1. Some 'H signals are broad or even mot identi-
fied a1 25 °C, espeoally those of the F-anomers, mosthy because of
Ul intésferende af HOD sagnal an thid e peratre and of the water
suppression by presataracion. This (s particularky relevant o the
TH mpecira of the hydrogel at 25°C and 35°C (botiom panels ;m
Fre 100 which sugpest strong inbermodecslar inberscton and self-
nrganization of te polysaccharidies im the gel stame, The 'H signaks
wiene revowersd as the temperature increases, indicating disrup-
tion of the self-orgaraeation due to the mcreased dynamic of the
pelysascharides solalicns, This woa pypical phenamendn of viscesn
solutions abitained with maoremobecules [Shapio, 2000,

102 Smbitiy and Srel i evoluetion ol the hpdroge!

Thie pH i an impdtast paramerer G ealuation of sabil-
iy and becoompatbaity of bydrogel The hydroged formed wsing
galactomannan and k-carrageenan showed am average pbl= 500,
withaul significanl varialices [p<0051 According f0 Segara,
Camarge |unésr, Bagatin, amd Camgs: [2010), this pH ramge i oon-
sidered suitable for vanows applications, especially in cosmetics,
[ arel pharmaceutical indusines, Adosrding b the micrebiolog-
Teal amalysis, there veas no obeerved miroonganism growth inany
of the experimentation days (data not showm). The colorimeoric
results for the U and ¥ parameters are shown in Table 1. L demctes
Ul Night cesnlent innetha sampde, The cpaciiy { V) is anether impor-
tand characteristic that indicates the capacicy of hinmarerials o acc
as 3 barrier agairest light. and it is also a way o relabe the magor or
manar degree of misabality of polvmers [Li B Shomiso, 2006)

The experimental results have shown a sEmificant increass in
luminosity of approaimacely 24 along the coarss of the measure-
ments Bolloesed by o restuction of opacityof 29%, Om the first days it

is mast Ikl that the Fydrogel i on a ghobalarjdoutie helix stags
which scatiers light more effinenthy. Wich the aging of the hydno-
gl a8 it keeges reacting with the free calisam soms, these Belices
ATarT AgETegaling amd OrEanizing in jumcrion mones in a way that
reduces scattering and pars 0 more transparent. This comport-
ment was alsoobseryed by the changes inopacity, which exhibited
a redis i unlil the 300h day, with a semnall incresss Al the faal
of the experimental mme [0 and 90 days ). This confrmeed he
reargamzation of the polysaccharide chams of che hvdrogel that is
reflected in g b opagque macrosopes sampde, iF 15 more frans par-
e, & similar ohservarion was reported by Silva Pereira, Canvalho
anad Ferrua (2007 ], who showed that starch gels sulfer structural
change=s along its formatien with decreasing opacity.

313, Rheamiry

Thee bydirogel rhecdogical studies are depicted on Fig. ! Flg. 24
shows an gacillatory expenment where the elastic (storage], G
anad dissigacion (loss] &, moduli @ monircned as a Tuscion of
the cacillatory frequency. Regarding hydrogels, onoe the crosslinks
betweeen the different chains of the polymers are established, the
medwnrk T clained shows a solid visooelastic behavior and,
sometimes, a pureelastic be hawhor (Henniok & van Nosonem, 20002;
Cuggmo et al., 20081 This can be visualized in Frz. 1A, which shosws
i as a lunchion of the oscillatory frequency. For lorger pen-
s ol el spnrage, the gel marnix is reinforeed and, in addician ne
&, the values of individual moduli domot wary substantiaily
with frequency. These characteristics are a pristine =gnature of
gl iheclogical Behavicr, Visually the hpdrogel is selaqamding [see
Supplementary marerial L For shoet shell scorage periods, alithough
& x G amd the peld bebavior sl preserved, the data indicate that the
long-range rebwork strocture 1 red fully developed, For insgance.
ar higher frequaencies, ot Socege and loss meduli increase indi-
cating the presence of a small length scale structune, In B 28
it elastic modubes & increases oo steeply in condrast o owhat
i engecied Tor conlimdns pels bnslesd s belavior resensdles
thar ol a packing of emulsion droplers a8 the jamming (ransifcn
It = important o rote e classcal gel behavior (paralkd O o
&7 2= a Function of frequency] cocurs above the 15 days storape
pericad, I addiion, s gel Tormed can be considered & srong gel
when compared b the pure galactomanan gl | Albuguergue et al.
H114) Therefore, during the shalf storage (4°C storage temper-
Ature] period the gl kng-range stnachare = corsalidated. These
resulns were similar e those ehaimned by Fioheine eral (200 1), whae
reported korg- range gellifl catkon for mistures of K-carrageenanand
galactomanman extracted from Gladibsio roconthos seeds (G000
respectively] and Saphora aponioa (60740, respectively)

Macrascopic hydrogels can suppodt onldy & limited amouant of
siress and break when stress or strain exceeds some vielding hmic
The data shove the two main charactierisises of the Tormed gel: 2
linear elastic region whens & is constant regandless of thie soness
applied; and a veeld stress where the gel stroctune is destroyed and
b syrsbern starts Aowwing [ Dz 201 Although G and & kose meaning,
ar nodlissear fegions, wie will consider The peant a0 Thee oo e,
when =57, a5 the stress necessany o viehd Conversely & doss
not show a linear region Instead there =5 a weak overshoot at fhe
crossover paink This evershool does nod exist im pure galacioman-
nan sampdis Trom C grandis [Abasguergues o al., 2014) and i st
likely duse po the existence of long chains in the kecarmageenan a5
al=o found in xanthan gum {Hom, Kem, ahn, & Lee, 20021 Dour-
ing a stress test, in codier 1o keep esillativg Tregquency fised, a5 the
SITERS {STa8N ) Increases the shear race has o increase. Sow siric-
ture relasabon depencds on the appdied shear rate and gets faster as
b shwear rabe increases, That explaans the increass indissipation &
a% rhe sERess increasds, Howsewer thiens is a peak an the paint whine
the shear rate reaches the oscillating freguency causing dissipation
o b come inefficeent. Overall the imcrease in boes=_ G, or storape, &,
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mszcduili ik a fumection ol the scorage tme{Fig. 20) cormoboranes what
was previously discussed about am increase in the organizaton of
the pulysaccharide chaing in the hydrogel matriz,

The elastic medualus for day 1 05 very similar o the & Tor
pure galactomanan. it is worth noting that the galaotomanan -
carragenaran commbination is stiffer - higher & - but bess bougher,
i@, the ares & % stiess @5 smsaller than that of the pure galic-
vomannan {Albuguerque ef al., 2014) The accommodation of the
incerstitial entangled galacomanman netveork reduoces the elastic
medulus G - there = 4 losser energy requared o defform the met-
wanrk - ar thad saimee Cimas Chat it increases thie dissiparion via e koss
macdulus lacally. Finally, as the shelf storage period increases, there
wears an imcrease m ihe stress where the crozsover between elasic
aril wisim mesdluli segurved [Fig, 200 These mesulrs comma e
thiose presemted in Fig. 20, indicating that the bydregel macnis wias
gesting more organized and soffer along the shelf storage penod.

A, Scanning electron micrasoopy (SEM)

Studies of =camming electron microsoopy were carried out to
characterize the microstrscture morpbodoey of the freeze-dried
galactomannanim-£amageenan wdiogel. Fig 3 shows the SER
Iimages of the surface and macris of the ydrogsl at the 15t day
after preparation amd after 90 days of storage at 4°C In the 15t
day. the susface image indicates a rongh and wirey morphology
[Fig. AL I concrase, the malrixn shows a 30 merwsaork, composed
of 20 felded sheets, allowang for a reasomable incerconnecison
bartween macropores [Nz SBL The roughness on the surface of the
hgdrogs is amribued W rhe presenoe ol galaneenamman {Lombardi
B Bfercd, 20030 I can also be obsersed an ieterconnection beween
paores that could be assigned to the crosslinking network formation
Lelreien LB saal Tt e groasp Trom e-carrageenan chains and Ca™2 e
I thae Frydinoge] fermailation, Pore connectivitg dersmauines e sasy
fowe of drugs and indicabes i the hydrogel is appropriate for Elssue
engineering applications [Varghese, Chellappa. & Fatbima 20041

Afrer B0 diges of stemage ar 4°C barh surface andd mariz of the
hydrogsl changed (Fig. 3C and 0. The surface of hydrogel became
less noaxzhi and the pores in the matnx became larger than e frst
day. This combl Bsz attribubed bo the argani zation of Uhe polysasccha-
ridie chains in thim hilices Chat Stams 10 aggregace, thus reducing
the fikers, and increasing the pores of the hydrogel magris. Besides
the fack that the porosity created by cryofracture method does not
viespresent the Baadeamed porasity since the lpaphilization pracess
creates amifaces, the SEM analysis of the hpdrogel remains inter-
esimg simce these artifacts are linked to thee real strechores amd
Lhe shemily off the hydrogels, The sume observation was reported
T pheimreccenesitive chitcsan hyd rogels [Aesaqd, Maire, & Lerouge,
201151 The differences observed along the 50 days-period suggesis
that the hydnogel morphokogy can be modified by the aging time
and depending on the targeted applicanss, a amaller or larger
pornsicy may ke mare laverable, gheen that porosity indluencoes the
drug release and cell irveasion in =sue regeneration applications.

4. Conclusion

Aconrding e rhe resules cbeaingd of a Tull Tacramal design
2 based on rheslogical parametsrs, it was possible to obtain &
stabde hydrogel comgeosed by 1.7% (wi'v] of zalactomarman | from
. grarndis seeds] and Q5% [wiv) of e-carragesman, with 028 of
CaCly at pH 500 This hydroge] showed & temperamne resistance
ungil &2 °C without losang its shape. Furthermore, there were no
significant changes im p#l and no micrebial contamanation, Mey-
erthe lisss it was ahsered 2 decreese in opacity amd an i rease in
the transparency along of the 90 days-period of storage at 4°C. The
nuc lear magreetic rescmance has indicated the absence of covalent

bonds which classily the investigated hydrogel as a physical gel,
and confirmed that the temiperatore plays an important roke in the
maintenance of this physical gel matmn stabilsy, Furthe rmoee. the
therma-rhisological reszs confinmed a higher arganizagion of e
polysacchandes i the hydrogel macris over the sporage period
with the elastic modulus always higher than the viscous modubas.
Thie SEMA anaias of the baedmge] mardin showed intercannecned
macropone architecture with a rough surface. These pore matria
inberconmections may |ead bo.an easy flow for biomolecules as well
4= sgalfeld matrices for tizsue engineering, These results hoeved
thar this hydrogel has gooed and stable physical propemies with
potential applicaton i medical and cosmetic industries.
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