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RESUMO

A doenca periodontal frequentemente resulta em danos ao aparelho
de insercao dental e as intervengdes ressectivas sdo indicadas a fim de
interromper a destruicdo dos tecidos, porém estas intervengbes guardam
limitagdes significativas. Procedimentos regenerativos sdo propostos com o
intuito de repor as estruturas perdidas no contexto das técnicas de regeneracao
tecidual guiada (RTG) e regeneragao éssea guiada (ROG) e frequentemente
associam substitutos 6sseos e barreiras fisicas visando maior longevidade e
melhoria do padrdo estético. Este estudo apresenta o amido como um
biopolimero que gelatinizado produz filmes que sugerem sua utilizagdo como
material de barreira. Filmes biodegradaveis de hidrogel de amido de fécula de
mandioca foram preparados incorporando glicerol nas concentracdes de 0,15,
20, 30 e 40% com objetivo de estudar sua viabilidade. A caracterizagado dos
flmes de hidrogel por microscopia (MEV), analise térmica (DSC),
espectroscopicas (UV/Vis., FTIR, DRX), mecanica (Tragao), além da analise do
intumescimento, degradacao e difusdo de proteina (todos em pH e temperatura
fisiologicos) mostrou que a incorporagao do glicerol em até 20% atribuiu aos
filmes um carater plastificante, e em concentragcées mais elevadas conferiu uma
maior interacéo do glicerol (reticulagdo) com as cadeias de amido e um tempo
de degradacéao que viabiliza a utilizagado destes como barreira fisica em RTG e
ROG. Os filmes apresentaram resisténcia mecanica, maleabilidade e
permissividade a difusao proteica nos ensaios in vitro, que vao ao encontro dos

atuais atributos que norteiam a utilizacdo desses recursos em biomateriais.

Palavras chaves: hidrogel de amido, reticulagéo, terapia periodontal.



ABSTRACT

Periodontal disease often results in damage to the dental insertion
apparatus when resective interventions are indicated to interrupt tissue
destruction, but these interventions have significant limitations. Regenerative
procedures are proposed with the purpose of replace the lost structures in the
context of guided tissue regeneration (GTR) and guided bone regeneration
(GBR) techniques and frequently associate bone substitutes with physical
barriers aiming at greater longevity and improvement of the aesthetic pattern.
This study presents the starch as a biopolymer which gelatinized produces films
that suggest its use as a barrier material. Biodegradable cassava starch hydrogel
films were prepared incorporating glycerol at concentrations of 0, 15, 20, 30 and
40% aiming its application at dental regenerative procedures , with the objective
of studying their viability. The characterization of hydrogel films by microscopy
(SEM), thermal analysis (DSC), spectroscopic (UV / Vis., FTIR, XRD),
mechanical (Traction), and analysis of protein swelling, degradation and diffusion
and physiological temperature) showed that the incorporation of glycerol in up to
20% attributed to the films a plasticizer character and in higher concentrations,
conferred a greater interaction of the glycerol (crosslinking) with the starch chains
and a degradation time that allows the physical barrier in RTG and ROG. The
films presented mechanical resistance, malleability and permissiveness to
protein diffusion in the in vitro assays, which meet the current attributes that guide

the use of these resources in biomaterials.

Key words: starch hydrogel, crosslinking, guided tissue regeneration.



1. INTRODUGAO E REFERENCIAL TEORICO
1.1 Doencga periodontal

Infeccbes periodontais e carie dentaria sdo doencgas induzidas pelo
biofilme e indiscutivelmente sdo as doencas infecciosas mais comuns em
humanos. Os microrganismos que causam a doenca periodontal residem em
biofilmes existentes nos dentes ou em superficies epiteliais. A situacao se define
pelos microorganismos colonizando uma superficie estavel e mantidos proximos,
ou mesmo intimos dos tecidos moles, porém fora do alcance dos mecanismos
de defesa do hospedeiro, representando uma ameacga'. Os microorganismos
A.actinomycetemcomitans, P. gingivalis e T. forsythia s&o patégenos
periodontais designados pelo “Consensus Report”, 1996, no Simpoésio Mundial

de Periodontia?.

Socransky et al, examinaram mais de 13.000 amostras de placas
subgengivais e demonstraram a presenga de associagdes especificas entre as
espécies. Seis grupos intimamente relacionados foram reconhecidos e
designados por cores. Os complexos amarelo, verde e roxo sédo colonizadores
primarios de superficies dentarias cujo crescimento precedem a multiplicagcao
dos complexos laranja e vermelho predominantemente Gram-negativos e que
juntos compreendem as espécies consideradas principais agentes etioldgicos
das doencgas periodontais. O estado da doenca e a profundidade da bolsa
periodontal sdo fatores do hospedeiro que junto de outros fatores como padrao
genético do individuo, fatores ambientais como tabagismo e dieta, condigbes
sistémicas como diabetes e obesidade e até mesmo localizagdo geografica
podem determinar variagbes na composicdo do biofilme3. As substancias que
levam ao dano tecidual e consequentemente a progressdo da doenga sao
designadas como fatores de viruléncia, sendo que o patdgeno P. gingivalis
produz uma série de proteases incomuns incluindo aquelas que degradam o
colageno?, imunoglobulinas® e fibronectina® entre outras. Baseada na presenca
do biofilme e em fatores que modificam o estado inflamatério da gengiva, a
gengivite induzida pelo biofilme é considerada a forma mais comum de doencga
periodontal’. Ela se caracteriza por sinais clinicos de inflamagdo gengival

envolvendo mudangcas no contorno, cor e consisténcia e volume devido ao



edema ou fibrose, estando estes associados a um periodonto firme que néo

apresenta perda de insercdo ou de osso alveolar®.

Considera-se que a periodontite inicia se com uma gengivite induzida
pelo biofilme, uma condigdo reversivel que sem tratamento, pode progredir
sendo que nem todos os sitios que apresentam inflamag&o gengival progridem
para periodontite pois tipos especificos de respostas inflamatérias na gengiva
sao necessarios para iniciar a destruicao do tecido conjuntivo da insergéo apical
para a jungao cemento esmalte. O calculo subgengival esta invariavelmente
presente nos sitios doentes e tem relagéo direta com a higiene oral e niveis de
placa. Estudos longitudinais demonstram que apesar da placa bacteriana iniciar
e manter a periodontite, sdo os fatores do hospedeiro que determinam a

patogénese e a progressao da doenga®1°.

Uma nova classificagao para as doencas periodontais foi proposta no
Proceedings do Workshop Mundial para a Classificagdo das Doencas e
Condicdes Periodontais e Periimplantares, realizado em novembro de 2017 e
que posteriormente, em junho de 2018 passou a substituir a classificagdo de

1999 vigente até entao™".

1.2 Terapia periodontal

O tratamento de pacientes acometidos pela doenca periodontal,
passa por uma fase inicial associada a causa cujo objetivo € interromper a
destruicdo dos tecidos. A raspagem € o procedimento que objetiva a remocgao
de placa e calculo da superficie dos dentes podendo ser a instrumentacao
supragengival e ou subgengival. O debridamento radicular consiste na remogéao
de placa e calculo da superficie radicular sem a intencional remoc¢ao da estrutura
dental’? e visa a resolugdo da inflamagdo gengival, a interrupcdo da destruigéo
progressiva do aparelho de inser¢cdo, bem como o edema, a hiperemia e a
consisténcia flacida dos tecidos, tornando possivel uma avaliagcdo dos reais
contornos e profundidade de bolsas'. A terapia cirirgica € considerada
coadjuvante por facilitar a remog¢ao dos depdsitos subgengivais e o controle de
placa pelo paciente. Estima-se importante que a superficie radicular exposta seja

biologicamente compativel com o periodonto saudavel a partir de um



condicionamento que inclua a remogao bacteriana e de endotoxinas na jung¢ao
cemento dentina™. O condicionamento ou biomodificagéo radicular por meio de
substancias como o acido citrico, acido ortofosforico, a tetraciclina e o EDTA s&o

amplamente citados’®.

Tanto a terapia periodontal cirurgica quanto a n&o cirurgica, resultam
em recessao da gengiva marginal apos cicatrizagao'®. Em casos avangados de
periodontite isso pode levar a estética deficiente em dentes da regido anterior,
particularmente quando s&o empregados recontornos 0sseos para erradicagao
dos defeitos. Por outro lado, os referidos casos sem a técnica do recontorno,
podem resultar em bolsas residuais de dificil higienizagdo durante a manutencao
pos tratamento. Essa limitagdo na resolucéo dos casos pode ter uma melhor
expectativa quando do emprego de procedimentos cirurgicos regenerativos,
através dos quais, a perda de insergao periododontal nos defeitos 6sseos pode
ser restaurada. A terapia regenerativa tem sua indicagdo baseada na melhoria
da fungao e prognostico a longo prazo, bem como melhoria no padréo estético'”.
Dentes com envolvimento de furca, também obtiveram um novo prognéstico
quando a cirurgia ressectiva pouco pode acrescentar em termos de reinsergéo
nessa regiao, considerada de dificil acesso a uma instrumentagdo adequada

devido a anatomia com concavidades e sulcos’é.

1.3 Regeneracgao tecidual guiada

Gottlow et al'?, avaliaram a estabilidade de nova inserg&o periodontal
conseguida através de procedimentos de Regeneragao tecidual guiada, (RTG)
e os resultados indicam que o ganho de insergcao, obtidos podem ser mantidos
em uma perspectiva a longo prazo. O potencial clinico da técnica de barreira de
membrana foi reconhecido pela equipe de pesquisa de Karring e Nyman?° que
avaliaram varios estudos experimentais e clinicos que consolidaram as bases de
uma nova abordagem complementar em Terapia Periodontal. A RTG
desenvolvida para a regeneracgéao de tecidos periodontais perdidos pela doenga
inflamatdria foi amplamente estudada, a criacdo de espacgo entre as superficies:
interna da membrana e radicular, dando preferéncia ao crescimento coronal de

células do ligamento periodontal poderiam ser alcangadas. Uma nova deposi¢céo



de cemento a partir de cementoblastos, a deposicao de tecido 6sseo pelos
osteoblastos e entdo a deposigdo de fibras colagenas por fibroblastos que
orientadas de modo funcional se inserem ao cemento e ao 0sso alveolar seriam

esperados a partir desse novo dispositivo ligamentar?'.

Nas técnicas de RTG sao utilizadas barreiras teciduais no intuito de
anular a interferéncia de células indesejaveis provenientes dos tecidos
adjacentes durante o processo de reparo visto que com a deposigao de fibras
colagenas pelos fibroblastos a neoformacao dssea nao se efetiva pois o espago
ndo foi fisicamente preservado??. Este principio inicialmente denominado
Regeneragdo Ossea Guiada (ROG), foi descrito por Boyne?® e Bassett?* que
aplicaram filtros laboratoriais de acetato de celulose microporosos (millipore)
para a cicatrizagdo de defeitos corticais e em reconstrugdo 6ssea facial,
respectivamente. Esta abordagem tem sua ampla aplicabilidade nas
modalidades cirurgicas odontolégicas de regeneragéo dos tecidos periodontais
lesados pela progressdo da doenga, regeneracdo de lesdes periapicais?®25,
reconstrucdo de rebordos atréficos?’, deiscéncias Osseas ao redor de

implantes?® e instalacao de implantes imediatos?°.

Em 2002, o “European Workshop on Periodontology” e o “Workshop
on Emerging Technologies in Periodontics™, forneceram uma extensa avaliagao
sistematica da evidéncia de tecnologias atualmente disponiveis, a qual inclui

membranas de RTG, enxertos e materiais biologicamente ativos.

Figura 1. Terapia Regenerativa.
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Fonte: Regeneracao de defeitos 6sseos. Disponivel em:
http://www.dentarmed.pt/pt/news/cirurgia-plastica-periodontal. Acesso outubro
2018.
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Um material de membrana documentado para o fim da
osteopromocéo é o politetrafluoretileno expandido (e- PTFE), um material inerte
e com extensa historia de uso na medicina clinica e seu uso esta ilustrado em
um relato publicado em 1988 por Dahlin et al.3'. Os resultados mostraram reparo
0sseo completo quando comparados ao grupo controle que se mostrou com
pouca neoformagdo éssea nas margens do defeito devido a proliferagdo de
tecido conjuntivo frouxo. Além disso a inatividade quimica e biologica das
membranas de e-PTFE foi demonstrada pela auséncia de reagao tecidual
adversa. Outra possivel explanagdo sugerida por Schmitz et al.3?, é que a
ocorréncia da ndo unidao 6ssea pode ser devido a uma falha das células
designadas para a calcificagdo da matriz que estdo presentes no local,
supostamente causada pela auséncia de crescimento 0sseo adequado, derivado
este dos fatores de crescimento e também de diferenciagao celular nesses
defeitos 6sseos. Experimentos in vitro demonstraram que fibroblastos produzem
um ou mais fatores soluveis, inibidores da diferenciacdo de células 6sseas e
osteogénese3. Muitas pesquisas focaram no potencial osteogénico dos
implantes de o0sso em pé desmineralizado. A restauracdo de defeitos
esqueléticos por osso natural, (enxerto 6sseo autdégeno fresco) permanece

sendo o resultado alvo a ser alcangado3.
1.4 Principios biolégicos e engenharia tecidual

A eficacia de todos os recursos clinicos com a filosofia da regeneragao
dos tecidos depende do pequeno grupo de células progenitoras presentes no
sitio tratado capazes de gerar novo tecido. Um esforco em criar ou induzir a
formacdo de um tecido especifico em local definido por meio da selegao e
manipulagédo de células matrizes e estimulos biolégicos agregam o conceito de
engenharia tecidual. Enxertos, membranas, matrizes, fatores de crescimento ou
citocinas s6 podem contribuir para a geragao ou integragdo de um novo tecido
pela sua influéncia no comportamento das células. Nenhum novo tecido pode
formar-se sem a atividade de células viaveis®>. Os novos conceitos de terapia
celular devem estar associados aos classicos principios de manutencdo do
espaco, arcabougo mecanico e oclusao celular. O arcabougo mineralizado com
estabilidade mecanica e alto potencial de revascularizacido e osseoconducao

deve ser considerado®®. Ja a interconectividade dos espacos proporciona meios



para a migragao de células, angiogénese e possivelmente a remodelagao 6ssea.
O crescimento do numero de células que povoam o local tratado depende da

difus&o de nutrientes e oxigénio37-38:39,

Xenoenxertos como o Bio-Oss® atuam nos estagios preliminares da
diferenciacdo de células mesenquimais contribuindo para a formagéo dsseaC.
Esse biomaterial € muito proximo ao osso humano, devido a sua estrutura,
interconectividade e porosidade. Por ndo conter células, histologicamente é
chamado de tecido mineralizado n&o vital, podendo substituir o enxerto 6sseo

autogeno em varias situagdes?*!42:43.44,

Figura 2. Cirurgia regenerativa associando substitutos 6sseos e membrana.

Fonte: Regeneracion Osea. Disponivel em:
http://federacionodontologicacolombiana.org/contenido/focadmin/files/Portafolio
%20Diplomado%20Regeneraci%C3%B3n%20%C3%93sea%20Tisular%20Gui
ada.pdf. Acesso outubro 2018.

A fim de selecionar materiais que melhor se enquadram em
aplicagbes clinicas, fez se necessario atentar-se aos requisitos funcionais dos
biomateriais utilizados na elaboragdo de barreiras. Williams*>4¢ define a
biocompatibilidade como a condicdo da relagao existente entre um biomaterial
em um meio fisioldgico, sem que o material afete o organismo, da mesma forma
que o ambiente do organismo nao afete contraria e significantemente o material.
Materiais sintéticos utilizados ndo sao geralmente considerados antigenos
potentes, porém alguns dos componentes de certos polimeros, em sua maioria
mondémeros residuais podem provocar reacado de hipersensibilidade tardia em

pacientes*’. Os materiais poliméricos comumente sugeridos na constituigdo de
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membranas, os acidos polilatico e poliglicolico, degradam-se pelo processo de
hidrolise, contudo durante o processo eles perdem sua integridade mecanica e
fragmentam-se tendo um efeito tecidual local, podendo conduzir a uma
reabsorgdo Ossea verdadeira*®. Biomateriais derivados do colageno podem
dependendo da forma pela qual o colageno doador é processado, ter um efeito
significativo na estrutura, nas propriedades mecanicas, no potencial
imunogénico e finalmente no tempo de degradagao. Seu potencial imunogénico
pode ser minimizado pela redugao de residuos de telopeptideos, ou por ligagcbes

cruzadas*®.

A capacidade de um material alcangar integragdao tecidual é
determinada, num grau significante, pela natureza da resposta celular ao
material. A insercdo e propagacao de fibroblastos, como precursores
indispensaveis para a deposi¢céo e subsequente integracdo tecidual promovera
uma integracao orientada de tecido conjuntivo gengival que inibira ou retardara

a migracao epitelial®®.

A capacidade oclusiva das membranas foi avaliada por Karring,
Neyman e coautores em uma sequéncia de trabalhos nos quais foi sugerido que
membranas utilizadas em regeneragao 0ssea tenham propriedades porosas e
permitam a transferéncia de nutrientes teciduais fluidos e gasosos ao
enxerto®':%2. Hurley et al.?3, incluiram membranas compostas de borrachas de
silicone nao porosas em fusdes experimentais de espinhas em que os locais
tratados com tais membranas fracassaram na cicatrizagdo. Portanto, uma
estrutura de membrana que permita a difusdo de substancias importantes e

ainda encontre outras fungdes requisitadas constitui-se um alvo a se alcancar.

A membrana elaborada para a ROG deve apresentar caracteristicas
como a criagdo de espago, manutencao de volume e geometria adequados
suportando seu préprio peso e resistindo a pressao exercida pelo tecido
sobrejacente visto que o colapso da membrana resulta em prejuizo a
regeneragdo®. A formagédo de um osso embrionario inicia-se na superficie da
matriz éssea,*® e se propaga em direcdo ao interior do defeito e depende dos
indices de revascularizagdo e do recrutamento de osteoblastos®.Dessa forma a
distancia a ser percorrida pela regeneragao 6ssea determinara o tempo em que

a membrana devera permanecer no local e funcionalmente intacta.



Nos estudos de Pelegrini et al®’, O uso da membrana Bio-Gide®
demonstrou um incremento nos resultados regenerativos, provavelmente por
prevenir a invasdo indesejavel de tecidos adjacentes ao defeito 6sseo. Nos
grupos experimentais analises histomorfométricas mostraram um aumento na
quantidade de tecido mineralizado vital e diminuigdo da quantidade de tecido ndo
mineralizado, corroborando Busenlechner et al®®. A membrana Bio-Gide® é a
membrana bioabsorvivel com o maior numero de citagdes em periodicos.
Investigagbes cientificas relatam membranas reabsorviveis, com certas
vantagens sobre as membranas de primeira geragdo ou ndo reabsorbiveis®®.
Caracterizacdo de novas membranas sdo comumente realizadas por meio de
tempo de degradacao, por métodos espectroscopicos, morfologia de superficies
e fraturas por microscopia eletrénica de varredura e indice de cristalinidade
através de difragcao de raios X, como se pode observar em estudos publicados

na literatura®.

Em relagao aos materiais utilizados para producéo de filmes como
barreira fisica possivelmente aplicaveis com membranas, o amido se apresenta
como um polimero biocompativel, natural e abundante na natureza, derivado
neste estudo do polvilho ou fécula da mandioca (Manihot utilissima), referindo-
se ao produto amilaceo extraido das partes subterrdneas e comestiveis do

vegetal, sendo este o material foco do presente estudo.

1.5 Amido
1.5.1 Estrutura quimica

Os polimeros naturais ou biopolimeros sdo aqueles encontrados na
natureza, produzidos por plantas, animais € microorganismos ou seja, de fontes
renovaveis. Os biopolimeros sao naturalmente biodegradaveis e tém despertado
o interesse académico e industrial com destaque para os polissacarideos como
o amido, passivel de formagédo de hidrogel e os coldéides. O amido é o
biopolimero mais abundante no mundo apés a celulose e se apresenta em forma
de granulos esféricos intracelulares de 2-100 ym de didmetro. As variagdes de
tamanho, forma, composicdo e associa¢gdes sdo dependentes de sua origem

botanica®’.



Figura 3. Apresentac&o da fécula de mandioca

Fonte: Autora

Por ser uma molécula complexa, de alto peso molecular ele é

considerado um polissacarideo de dificil solubilizacdo, extraido de fontes

naturais como mandioca, milho, batata dentre outras. Possui em sua composi¢ao

a amilose, que consiste em um polissacarideo de cadeia linear e a amilopectina,

de cadeia ramificada. A razdo e a conformagado entre amilose e amilopectina

varia de acordo com a fonte. A amilopectina possui a massa molar maior que a

da amilose e por isso pouca mobilidade das cadeias poliméricas. A maioria dos

amidos nativos contém de 20 a 30% de amilose e cerca de

amilopectina®?.

Figura 4. Estruturas da amilose e amilopectina.
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Fonte: Bona,2007 ©3.

E possivel verificar tanto na estrutura da amilose quanto da

amilopectina a presenga de grupos hidroxila (OH-),

0 que torna o amido



altamente hidrofilico. Em agua fria o granulo € insoluvel devido as fortes ligagdes
de hidrogénio que mantém as cadeias unidas, mas com o aumento da
temperatura a agua é incorporada a estrutura do granulo, que expande seu
volume, fendbmeno este denomidado intumescimento®. Fisicamente muitos
amidos sao semi-cristalinos, (20 a 45%). A amilose e seus pontos de ligagéao
com a amilopectina s&o regides amorfas. A cristalinidade é devido as partes
lineares das cadeias de amilopectina, apesar de também se observar
cristalinidade na amilose, porém isto acontece com o aumento da temperatura

no processo de gelatinizagao®.

1.5.2 Gelatinizagao

A gelatinizagcdo do amido € tida como o colapso e a desintegragao da
ordem molecular dos granulos e depende de varios fatores como o tipo de amido,
a concentracdo da dispersdao, a temperatura utilizada e a intensidade de
cisalhamento durante o aquecimento. Entrando em contato com a agua fria, os
granulos incham ligeiramente (10 a 20%), devido a difusdo e absorgéo de agua
nas regidoes amorfas, sendo este processo ainda reversivel, porém quando a
temperatura é elevada ocorre a fusdo dos cristais, perda da organizagao
estrutural com expansao irreversivel dos granulos®. A lixiviagdo da amilose da
fase intragranular para a fase aquosa aumenta a viscosidade do sistema dando

origem ao hidrogel de amido®’.

Quando o amido gelatinizado € armazenado e mantido a temperatura
ambiente, devido a sua linearidade, ele pode sofrer a retrogradacao, onde as
moléculas de amilose, tendem a se orientar paralelamente, aproximando-se o
suficiente para formar pontes de hidrogénio entre as hidroxilas de polimeros
adjacentes de tal modo que as cadeias atingem um estagio mais ordenado,
provocando assim a diminuicdo de volume e reduzindo a afinidade do polimero
pela agua, o que permite ao amido gelatinizado formar filmes estaveis e
flexiveis®. A utilizagdo de amidos na forma nativa pode apresentar algumas
limitacbes como a inadequacgao das propriedades aos fins propostos, além da
elevada tendéncia a separacdo de fases apoOs a gelatinizagdo, decorrente da
reassociagao das moléculas, com exsudagao da agua de hidratagdo durante o



armazenamento (retrogradacgdo e sinérese)®. A fragilidade é uma propriedade
inerente atribuida a estrutura complexa e as altas forgas intermoleculares de

polimeros naturais.

1.5.3 Plastificantes

Como os biomateriais elaborados a partir do amido s&o pouco
flexiveis e quebradicos faz-se necessaria a adicdo de plastificantes a matriz
polimérica para melhorar suas caracteristicas de flexibilidade. Para o
desenvolvimento de solugdes filmogénicas a partir do amido, sao adicionados
plastificantes que melhoram as caracteristicas do filme, suavizando a rigidez da
estrutura e aumentando a mobilidade das cadeias biopoliméricas, otimizando
assim as propriedades mecanicas’®. A adigdo de um plastificante ao polimero
diminui sua temperatura de fusdo aumentando a flexibilidade dos filmes devido
a mobilidade entre as cadeias, o que modifica as propriedades do material como
a queda do alongamento e aumento do médulo de elasticidade, porém néo altera

a natureza quimica do polimero”’.

O glicerol ou propano-1,2,3-triol € um alcool com trés hidroxilas, sendo

um dos plastificantes mais utilizados na produc¢ao de filmes com amido.

Figura 5. Apresentacgéo e estrutura quimica do Glicerol.
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Fonte: Autora



Ao avaliar o efeito plastificante do glicerol e do sorbitol em bioplasticos
de amido de mandioca, Shimazu et al (2007) comprovou que o glicerol quando
utilizado em baixas concentragdes (< 15g/100g de amido) apresentou o efeito
antiplastificante, ou seja, as interagdes mais fortes entre o plastificante e o amido
estdo acontecendo por interagdes de ligagdes de hidrogénio, que induz a um
decréscimo da mobilidade e da capacidade de ligagdo com a agua’?. Sendo
assim dependendo da concentragdo empregada do plastificante no amido
(geralmente abaixo de 20g /100g de amido), pode ocorrer um efeito contrario

onde a flexibilidade e a hidrofilia sdo diminuidas.

Além da otimizagdo das propriedades mecanicas, os plastificantes
podem dependendo da concentragdo empregada atuar como agente de
reticulagdo, reduzindo a solubilidade dos biomateriais de amido melhorando

assim sua aplicabilidade.

1.5.4 Reticulagao

O processo de reticulacdo ou formacgao de ligagao cruzada, € uma
alternativa para a modificacdo das caracteristicas dos filmes de hidrogel de

amido, principalmente em relagédo a reducgdo de sua solubilidade.

A reticulagao constitui-se em um método de modificagdo quimica ou
fisica que une as cadeias poliméricas, ou liga suas cadeias as de outros
polimeros gerando redes poliméricas hibridas 73. No método fisico a reticulagéo
resulta do estabelecimento de interacdes fisicas entre as cadeias poliméricas.
Estas interacbes fisicas podem ser interacbes hidrofébicas, ligacdes idnicas,
pontes de hidrogénio, formacdo de complexos de inclusdo (quimica
supramolecular) e formagao de complexos de coordenagao metal-ligante. Ja no
meétodo quimico as cadeias sao unidas covalentemente mediante a utilizagao de
agentes reticulantes, que sdo compostos de baixa massa molar com grupos
funcionais reativos 747°. Na figura 6 é possivel visualizar as diferengas estruturais

entre os dois tipos de reticulacéo.



Figura 6. Esquemas representativos das estruturas dos hidrogéis reticulados

quimicamente e fisicamente.

interacoes
fisicas "—

;f ,"’
s
rf i
/ /
/ ]
fd_ﬂ-______ i _
\ -
LY bt
N \\
:

\_‘ “

reticulacoes

hidrogel quimico hidrogel fisico

Fonte: Aouada e Mattoso, 2009 76.

Considerando a hipotese de que filmes obtidos a partir de polimeros
naturais como o amido advindo da fécula de mandioca apresentarem
caracteristicas que podem sugerir a sua utilizagdo como barreira fisica em
situagdes de RTG e ROG, consideramos a producdo e investigagdo desses

filmes de hidrogel advindos do processo da reticulagao.
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Abstract

Periodontal disease often results in damage to the dental insertion
apparatus when resective interventions are indicated to interrupt tissue
destruction, but these interventions have significant limitations. Regenerative
procedures are proposed with the purpose of replace the lost structures in the
context of guided tissue regeneration (GTR) and guided bone regeneration
(GBR) techniques and frequently associate bone substitutes with physical
barriers aiming at greater longevity and improvement of the aesthetic pattern.
This study presents the starch as a biopolymer which gelatinized produces films
that suggest its use as a barrier material. Biodegradable cassava starch hydrogel
films were prepared incorporating glycerol at concentrations of 0.15, 20, 30 and
40% aiming its application at dental regenerative procedures. The
characterization of hydrogel films by microscopy (SEM), thermal analysis (DSC),
spectroscopic (UV / Vis., FTIR, XRD), mechanical (Traction), and analysis of

protein swelling, degradation and diffusion and physiological temperature)



showed that the incorporation of glycerol in up to 20% attributed to the films a
plasticizer character and in higher concentrations, conferred a greater interaction
of the glycerol (crosslinking) with the starch chains and a degradation time that
allows the physical barrier in RTG and ROG. The films presented mechanical
resistance, malleability and permissiveness to protein diffusion in the in vitro
assays, which meet the current attributes that guide the use of these resources
in biomaterials.

Key words: starch hydrogel, crosslinking, glycerol, degradation, membrane,

guided tissue regeneration.

1. Introduction

Periodontal disease is characterized as a multifactorial chronic
inflammatory disease associated with biofilm presenting clinically with loss of
dental insertion apparatus. The treatment aims at interrupting the tissue
destruction in which surgical interventions are presented with the purpose to
promote root decontamination and adjust the periodontal structures through the
resective and regenerative procedures. Considering the limitations of resective
surgeries when using bone reconstructions to eradicate defects (Becker et al.,
2001), regenerative techniques are recommended based on improved function
and prognosis in the long term, as well as improvement in the esthetic pattern
(Boyne, 1964 ).

Gottlow et al., 1986, evaluated the stability of new periodontal insertion
achieved through guided tissue regeneration (GTR). This principle, initially called
Guided Bone Regeneration (GBR), was described by Hurley et al., in 1959. It is
possible to point out the use of tissue barriers in order to inhibit the interference
of unwanted cells from adjacent soft tissues during the cicatricial process (Nyman
et al., 1989). It is known that fibroblasts activity is much faster than the activity of
osteoblasts and with collagen fiber deposition the bone neoformation is not
effective, since the space was not physically preserved (Pecora et al., 1997)
Studies describe the efficacy of the membranes together with the reconstructive
treatment as the result of contact inhibition by the interaction of heterotopic cells
in addition to the exclusion of soluble inhibitory factors derived from cells, favoring



the local concentration of growth stimulating factors, even combined with
properties stimulating the membrane itself (Linde et al., 1993).

Scientific investigations report absorbable membranes with certain
advantages over the first generation membranes such as better biocompatibility
(Williams, 1981), precise cell occlusion (Karring et al., 1985), tissue integration
(Rothamel et al., 2005) and semi-rigidity when positioned at the interface of the
defect and the epithelium (Chen et al., 1997), which collaborate with wound
stabilization (Schwarz et al., 2008), transfer of oxygen and nutrients (Schwarz et
al., 2006). However, anatomical and technical realities of clinical treatment may
result in early exposure of the membrane to the oral medium and consequent
bacterial invasion resulting in acute inflammation that is detrimental to
osteogenesis (Warrer et al., 1991).

Among the materials used for the production of films, starch presents
itself as a natural polymer, abundant in nature and biocompatible (Aggarwal and
Dollimore, 1998), having its structure in the form of intracellular spherical granules
of 2-100 um in diameter and having in its composition amylose consisting of a
linear chain polysaccharide and amylopectin, with a branched chain ratio of 30
and 70% respectively (Sweedman et al., 2013). Starch gelatinization is regarded
as the collapse of the crystalline phase of the amylose grains being an irreversible
process that includes granular expansion, native crystalline fusion, which leads
to loss of birefringence and molecular solubilization (Singh et al., 2007). To
develop of hydrogel films from starch, modifications such as the formation of
crosslinks using the crosslinking process and the incorporation of plasticizers are
necessary for a better control of the dissolution and degradation of the material
when in contact with organic fluids, in addition to the optimization of mechanical
properties (Srinivasa et al., 2007, Kou e Gao, 2018). This work suggest the
preparation of starch hydrogel films using glycerol as a crosslinking and
plasticizing agent and subsequent structural, morphological, spectroscopic and
also physiological pH assays (Ruggiero et al., 2015), analyzing the influence of
different concentrations of glycerol on the behavior of the films with the objective
of studying their viability in the hypothesis of application in dental regenerative

procedures.



2. Materials and Methods

2.1 Materials

Cassava starch (Manihot utilissima) refer to the starch product
extracted from the ground and edible parts of the plant, containing approximately
25% amylose and 75% amylopectin, was commercially acquired locally, and
glycerol from Neon. Phosphate buffered saline (PBS), pH = 7,4 was prepared by
mixing sodium hydroxide (Vetec), sodium dihydrogen phosphate (Carlo
ErbaReagents) and deionized water. Bovine serum albumin (BSA) protein was

purchased from Sigma Aldrich.

2.2 Production of films

The different starch hydrogel films were developed by the casting
method (Gontijo et al., 2018). From the same concentration of cassava starch
(6% m / v) the glycerol was incorporated in the concentrations 0%, 15%, 20%,
30% and 40% (m / v) relative to the starch mass. For each formulation the starch
and the glycerol in the different concentrations were diluted in 100.00 mL of
deionized water and taken to the heating by means of a microwave oven with a
power of 30 W until gelatinization occurred. The remaining solvent (100.00 mL)
was then added and the systems were magnetic stirred for 10 minutes and then
they were kept at a rest at room temperature for 24 hours. Finally the filmogenic
solutions were poured into silicone molds and allowed to dry in a hood for a period
of 30 hours. At the end of the drying time, the resulting hydrogel films were

removed and stored.
2.3 Determination of Thickness and Density
The hydrogel films were cut into 1.5 cm? squares and weighed on

analytical balance. Subsequently, the thickness (t) was determined at 3 different

points using a ZAAS digital micrometer.



The density (d) was calculated from Equation (1), where "m" is the
mass of the film, "t" the thickness (cm) of the sample and "A" the area of the
sample (Mdller et al., 2008)

d=37=— (1)

2.4 Analysis of humidity absorption

The hydrogel films were dried in an oven at 60 ° C for 2 hours, weighed
on analytical balance for initial mass determination (mi) and stored in “zip lock”
plastics. At different time periods films were removed from the plastics, weighed
again to obtain mass gain due to humidity absorption (mn) and stored again until

the next weighing period. The humidity absorption was determined by Equation

2).

Humidity absorption (%) = W .100 (2)

i

2.5 Analysis by Scanning Electron Microscopy (SEM)

The morphology of the hydrogel films was analyzed with respect to
their surface and cross-sectional surface using the CARL ZEISS MOD EVO
MA10 microscope, with an acceleration voltage of 5 kV. Prior to analysis, the
samples were coated with an ultrafine gold layer in a spray coating system and
for cross-sectional surface analysis the samples were previously frozen in liquid
nitrogen and fragmented. Analysis of the swollen films without the freezing and

metallization procedures was also performed.



2.6 Analysis by Fourier Transform Infrared Spectroscopy (FTIR)

The infrared transmittance spectra of the films were obtained with a
spectrometer FT-IR Spectrometer Frontier with attenuated total reflectance

(ATR) accessory, in the range of 4000 to 650 cm-!, with a resolution of 4 cm™".
2.7 Differential Scanning Calorimetry (DSC)

The analyzes were performed on a Q-20 model, TA Instuments, in a
scan. The hydrogel films, about 7.00 mg, were heated from 25 °C to 175 °C, both
at a heating rate of 10 °C min™', under an atmosphere of nitrogen with flow of

50 cm?3 min".
2.8 X-ray diffraction analysis (XRD)

The X - ray diffraction analysis was performed in a ShimadzuXRD -
6000 LabX diffractometer, operating at a power of 40 kV with 30 mA of current
and radiation of Cu Ka (1.5406 A). The 28 scan data were collected from 5 ° to
35 ° at a scanning speed of 1 ° min-'.

The relative crystallinity index (Cl) was quantitatively estimated as
proposed by Rocha et al. (2008), based on the ratio of the area of the crystalline
region and the total area covered by the curve, composed by the area of the
crystalline region ( Ac) and the area of the amorphous region (Aa ), according to
Equation (3):

CI (%) = Aci”Aa .100 (3)

2.9 Analysis of mechanical properties

The mechanical properties of the hydrogel films (tensile strength,
Young's modulus and elongation at break) were evaluated by uniaxial tensile test
using an Instron universal model 5982 mechanical test apparatus with a load cell
of 5.00 kN. The films were cut into strips of 1.00 cm wide by 4.00 cm in length,



fixed in the apparatus and subjected to the stress and strain test with a velocity

of 25.00 mm min-" and distance between the claws of 3.00 cm.
2.10 Analysis of swelling and degradation at physiological pH

Swelling and degradation were analyzed under conditions close to the
post-surgical environment at physiological pH, which was simulated using a
solution of phosphate buffered saline (PBS), whose pH = 7.4 is similar to the pH
of the blood (pH = 7.35).

The swelling behavior was evaluated by the gravimetric method
(Doulabi et al., 2013). The hydrogel films were weighed (wd) and then immersed
in 10.00 ml of PBS at 36.5 ° C. After distinct periods of time, the films were
removed from the PBS, placed on paper towel to remove excess liquid and
immediately weighed (wm). The swelling ratio of the films was calculated using
Equation (4). For the degradation studies, film samples were initially weighed
(Wo), immersed in degradation media containing PBS and incubated at 36.6 ° C
for several weeks. After each time interval the films were removed and completely
dried before being reweighed (wt). The mass loss was calculated using Equation
(5) and the time required for total degradation of the films was determined by the
equation of the line obtained from the graph of mass variation according to the

time (Annex 1).

Swelling rate(%) = 224 100 (4)
w4
Weight loss (%) = % .100% (5)

2.11 Protein diffusion study

The protein diffusion study was performed using bovine serum
albumin (BSA) as a model. For this, a calibration curve was constructed with
known concentrations of BSA in PBS, considering BSA had a maximum
absorption at 280 nm (Zaia et al.1988), (Annex 2).



Diffusion of the BSA protein was analyzed using an identical two-
compartment system separated by discrete hydrogel film samples containing
one-side PBS and a BSA solution with a concentration of 2.00 mg mL"" in PBS
on the other side. At different time periods aliquots of 3.00 mL of solution were
collected at the same point in the compartment containing only PBS solvent and
its UV/Vis absorbance was determined in a spectrophotometer (Shimadzu, model
UV 2501 PC) at wavelength 280 nm, the maximum absorption of BSA in this

solution, determined previously.

3. Results and discussion

3.1 Determination of thickness and density

Biodegradables starch hydrogel films were produced by the casting
method, resulting in translucent, homogeneous, depigmented samples without
the presence of lumps or bubbles (Fig. 1). The flexibility of the films varied

according to the glycerol content.

Fig 1. Hydrogel films of cassava starch with glycerol in the concentrations of: (a)
0%, (b) 15%, (c) 20%, (d) 30% and (e) 40%.

The thickness of the hydrogel films ranged from 0.174 mm to 0.229
mm, with significant differences between the formulations (Fig. 2). The addition
of glycerol led to an increase in film thickness due to the higher mass in the
polymer matrix. With respect to density (Fig. 2) one can observe an inverse
behavior to the thickness data. At the beginning, with the incorporation of glycerol
in 15% and 20%, an increase in the thickness on the one hand, and the decrease



in density, on the other hand, are observed. Until the concentration of 20% the
interaction with the glycerol, does not seem to occur in an effective way, since
the small increase of mass does not imply in decrease of the volume of the
system. Above 20%, this phenomenon begins to reverse, suggesting a probable
process of physical crosslinking, which reduces the empty spaces of the starch

matrix.
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Fig. 2. Effect of glycerol concentration on density and thickness of hydrogel films.

Hydrogel films prepared in the presence of glycerol exhibited thickness
and malleability favorable to handling suggesting adequate application. The
clinical control can be determined by the ease of surgical manipulation, setting a
format favorable to the operative handling. In more complex anatomical
situations, the adaptation of a two-dimensional membrane on a three-
dimensional surface may require of the film certain rigidity or memory to remain

modelled to the bone contour, resulting in a more complete bone regeneration.

3.2 Analysis of humidit absorption

Hydrogel films prepared in the presence of glycerol exhibit increased
humidity absorption, as shown in Fig. 3. This increase is related to the hydrophilic



character of the glycerol that allows a greater interaction of the film with the water

present in the environment (humidity).
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Fig. 3. Humidity absorption of the starch hydrogel films with different
concentrations of glycerol.

It was expected that with higher concentrations of glycerol the humidity
absorption would be higher, but this was only observed for the samples with
glycerol content of up to 20%. This change is due to the intensification of glycerol-
starch interactions, which hinder the interaction of glycerol molecules with water.
This effect confirms the strong crosslinking between starch and glycerol, when
the concentration of glycerol exceeds 20%, as observed in the data of density
and thickness (Fig. 2).

As for the application of hydrogel films, the rate of humidity absorption
should not be a problem, since they can be stored in sealed packages without

contact with the environment.

3.3 Analysis by Scanning Electron Microscopy (SEM)

In order to obtain more information on the morphology of the fiims

under study, SEM analysis was performed. The analysis may illustrate the impact



of glycerol incorporation on the structure of cassava starch hydrogel films.
Surface and cross-section (fracture) micrographs of dry and swollen films are
shown in Fig.4. The images of the dry samples have different structural patterns.
The first two films (A and AG-15%) look very similar to both surface and cross-
sectional images, whereas in AG-20% film the images change radically with the
appearance of striations. For the most concentrated films in glycerol (AG-30%
and AG40%), the aspect changes again. On the surface clarification of the image
occurs as the concentration of glycerol increase.

It is also noted in the of cross-sectional images that the AG-30% film
presents wide vertical channels in all its extension from the surface and the film
AG-40% presents an intense increase of thinner channels in all directions and in
all extension transverse. The micrographs of the swollen samples also show
structural alterations, with the occurrence of large vertical fringes on the surface
in A and transverse in AG-15%. In the sample AG-20%, AG-30% and AG-40%,
the fringes are drastically reduced both at the surface and in the cross-section
appearing greater homogeneity. Another notable fact is the progressive
clarification on the surface of the samples as the concentration of glycerol

increase.
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Fig. 4. MEV micrographs of hydrogel films: (A) surface for dry films (1000x), (B)
cross section for dry films (1000x), (C) surface for swollen films (100x) and (D)
cross section for swollen films (500x).



Based on the superficial texture of the hydrogel films produced and
with respect to the integration of these to adjacent tissues in the repair process,
we can expect them to be viable to this requirement. The biomaterial must provide
a chemical structure that favors the growth of connective tissue or the insertion
to the membrane during the healing process, promoting tissue integration
(Somerman et al., 1991).

Analyzing the micrographs, it is possible to notice that the films,
regardless of the formulation used, do not have pores on their surface and along
their cross section, with homogeneous regions being observed. The transport of
nutrients through the membrane is suggested by the permissiveness to the

protein diffusion in the assays at physiological pH.

3.4 Analysis by Fourier Transform Infrared Spectroscopy (FTIR)

FTIR spectroscopy was performed to determine the interactions
between the starch matrix and glycerol. The spectra of the hydrogel films are
shown in Fig. 5. The films presented spectra in characteristic bands:
a)3467 cm'at3151cm, arange attributed to the stretching of free OH groups
and associated with intra and intermolecular hydrogen bonds formed from
hydroxyl groups of starch and glycerol; b) 2994 cm™ at 2950 cm, range
attributed to the stretching of the C-H group present in the polymer matrix; c) 1690
cm™ to 1589 cm', the range attributed to the water absorbed by the starch
molecules; d) 1346 cm-', attributed to glycerol molecules; and e) 1167 cm™' at
930 cm™", range attributed to C-O stretching at C-O-H and C-O at C-O-C bonds,
respectively (Wolkers et al.,2004; Jaramillo et al., 2016).
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Fig.5. FTIR spectra of the starch hydrogel films with different concentrations of

glycerol.

In general, the FTIR spectra of the films show the same principal main
peaks with some variations in peak amplitude in certain regions, as the glycerol
concentration increases. These modifications are more pronounced in the band
related to hydroxyl groups, which increase in intensity due to the formation of
hydrogen bonds between the starch and glycerol chains promoted by the

crosslinking process.
3.5 Differential Exploration Calorimetry (DSC)

The DSC curves of the starch hydrogel films (Fig. 6) were analyzed to
determine the differences in the thermal behavior of the materials with regard to
the elimination of water. It is observed through the DSC curves that all films have
profiles with occurrence of endothermic peaks, with some changes in maximum
temperatures and intensity, through the incorporation of glycerol. In figure 6 A)
we have the occurrence of an endothermic peak, around 100 ° C, attributed to
the water exit of the structure of the films. Note that films containing glycerol

exhibit a displacement of this peak at higher temperatures in figure 6 B),



indicating that water is associated with the other components of the films, at
different intensities of interactions. Thus, it is observed that water retention
increases as the amount of glycerol in the film increases, except for the AG-40%
sample, where there is a small decrease in temperature. The graph for these data
in figure 6 B) also shows that this increase in temperature occurs more slowly at
concentrations above 20% glycerol and decrease from 30%, validating the
previous discussions, where it is concluded that above 20% of glycerol, there is
a growing attractive interaction between starch and glycerol, which makes the

interaction of the sample with water less intense.
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Fig.6. (A) DSC thermograms for starch hydrogel films and (B) Maximum water
outlet temperature of the films.

3.6 X-ray diffraction analysis (XRD)

The structural analysis of the hydrogel films was obtained by XRD and
the results are shown in Fig. 7. The starch granules have different types of
crystallinity, such as types A, B or C, depending on the length of the amylopectin
branched chains, described mainly due to the double helix formed (JANE, 2006).
The diffractogram of the starch granule showed six main peaks around the
diffraction angles of 11, 15, 17, 18, 20 and 23 ° and a low intensity peak around
the diffraction angle of 5.5 °, which are characteristic of the starch type CA, due
to the greater similarity of the peaks with the type A pattern (Kawabata et al 1984,
Moorthy, 2002). The process of gelatinization of the starch to elaborate the films
resulted in the loss of its structural order, with change in the intensity of the
reflection peaks, remaining only a small intensity peak occurring around the angle
of diffraction of 17 ° for the films A, AG -15% and AG-20% and around 14 ° and
17 ° for AG-30% and AG-40% films.
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Fig. 7. X-ray diffraction patterns of the starch hydrogel films with the studied

glycerol concentrations.

The differences between the films can be explained by the presence
of glycerol, which favors the reorganization of the amylose and amylopectin
chains, through its interaction with the hydroxyls present in the starch molecules.
This process is dependent on the glycerol content, as it can be verified by the CI
data (Table 1). At low concentrations, generally below 20%, glycerol can act as
an antiplasticizer (Chang et al., 2006). In this case, it interacts with the polymer
matrix, but in a less intense way, as seen in the density data, increasing with less
effectiveness the molecular mobility, almost not interfering in the rigidity of this

matrix. Above 20%, however, the glycerol begins to act as a crosslinking agent,



reducing the intermolecular starch-starch forces and thus increasing the mobility

of its polymer chains.

Table 1.
The effect of glycerol concentration on the crystallinity index (Cl), ultimate tensile

stress, elongation at break and Young's modulus of the hydrogel films.

Ultimate tensile Elongationat  Young's modulus
Samples Cl (%)

stress (Mpa) break (%) (Mpa)
starch 12 - - -

A 0.8 48.56 + 0.50 3.51+0.34 2,688.93 + 8.60
AG-15% 0.85 6.17 £ 0.23 47.68 £ 0.15 458.03 + 4.36
AG-20% 0.7 3.50 £ 0.09 86.58 + 0.04 124.55 + 1.51
AG-30% 0.9 3.57+0.16 65.64 + 0.21 37.36 £ 0.79
AG-40% 4.3 2.58+0.13 63.70 £ 0.11 15.65 + 1.36

3.7 Analysis of mechanical properties

The evaluation of the mechanical properties of the hydrogel films in
relation to their tensile strength and deformation capacity were performed to verify
the influence of the incorporation of the glycerol and to correlate the results
obtained with its application. The parameters of the ultimate tensile stress,
elongation at break and Young’s modulus are shown in Table 1. The stress-strain

characteristic curves of the films are shown below (Fig. 8).
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Fig. 8. Stress vs strain curves of hydrogel films (Zoom for films with glycerol).

The incorporation of the glycerol to the starch matrix induced a
mechanical behavior of the films, which varied from brittle to ductile. This change
is due to the plasticizing character of glycerol, which reduces the stiffness of the
polymer matrix, as shown by the values of modulus of the elasticity, causing
sliding between the starch chains and thus favoring the deformation of the film
during the application of the tension. Thereby, it was expected that with the
addition of the glycerol concentration the deformation rate would be higher,
however this behavior is only valid up to the 20% concentration. Above this
concentration the crosslinking effect of glycerol begins to overlap with its
plasticizing effect due to the intensification of its interaction with the starch chains,
which results in the formation of a structure less resistant to traction and
deformation. This effect is also due to the presence of larger portions of crystalline
regions in the structure of the films when high concentrations of glycerol are

incorporated, as shown by the values of crystallinity index (Table 1).



From the results of resistance and elongation, it can be suggested that
the films prepared in this study present favorable characteristics to the application
in the context of alveolar bone regeneration, for example, where the anatomical,
mechanical and technical realities of the clinical treatment may require of the
membrane a behavior which guarantees the creation of space, adequate volume
and geometry maintenance by supporting their own weight and resisting the
pressure exerted by the overlapping tissue and external forces such as
mastication. Membrane collapse results in the elimination of the required space,
which may impair regeneration (Kohavi et al, 1991) or result in early exposure of

the membrane to the oral medium in the course of treatment.

3.8 Analysis of swelling and degradation at physiological pH

The results of the swelling and mass loss studies of the starch
hydrogel films in phosphate buffered saline (PBS) are shown in Fig. 9A). The
swelling process of the films occurs by the spacing between the starch chains
due to the retention of the molecules of the solvent PBS, which promote reduction
in the intermolecular attraction forces, thus increasing the motility of the starch
matrix chains. As the glycerol is incorporated into the polymer matrix, the swelling
kinetics of the films is altered. Films with no and low glycerol content exhibit very
close kinetics, even after a long time of contact with the simulated body fluid. AG-
20% film has a peculiar kinetic behavior since up to 35 minutes in contact with
the fluid, it swells less than AG-40% and up to 60 minutes, less than AG-30%.
But the film AG-15%, from this time, it starts to swell more. In the two films most
concentrated in glycerol, from 20 minutes the kinetics of swelling decreases
significantly to a state close to equilibrium after 2 hours of immersion. The results
also show that the presence of glycerol reduces the swelling ability of the films,
since glycerol acts as a crosslinking agent in the starch, installing itself between
amylaceous chains, favoring these interactions, permitting less space available
for PBS to flow.

Concerning the study of mass loss, which was used to evaluate the
degradation profile of the films, it was verified that the presence of the glycerol
and the concentration in which it is incorporated affects differently the capacity of
loss of mass. After 30 days of analysis, in the film with lower content of glycerol,



AG-15%, the loss of mass was greater than in the film without glycerol (increasing
from 50% to 63%) and in the films with higher contents, AG-30 % and AG-40%,
it was lower (it was reduced to approximately 35% in both). These changes are
a consequence of the double effect promoted by glycerol, plasticizer and
crosslinking. When the plasticizing effect predominates we have an increase in
the mass loss capacity due to the hydrophilicity of the glycerol that favors the
interaction of the starch matrix with the solvent PBS, but when the crosslinking
effect predominates this interaction is difficult since glycerol is interacting
effectively with the starch chains and thus it is not available to interact with the
solvent as verified by the swelling study. The AG-20% film presents a borderline
behavior between plasticizer and crosslinking effects, which gives it the odd
properties as observed in previous characterizations.

In respect to the results of Figures 9B) and 10, we can deduce that the
films produced with concentrations of glycerol from 20% presented degradation
rates compatible with the requirement of tissue barrier, except for the AG-20%
film that despite presenting the lowest loss of mass did not maintain its structural
integrity, exhibiting a gelatinous appearance after 30 days. The films can be
classified as absorbable, considering the estimated period of time for their total
degradation (Table 2). The polymeric materials commonly suggested in the
constitution of membranes, are degraded by the hydrolysis process and are
clearly affected by the environment of the organism, so a degradation that does
not promote damage to regenerating tissues is one of the first functions required
in this category of biomaterials (Bostman, 1992).

In the RTG and ROG procedures the degradation rate is an essential
parameter, since the membrane plays the role of tissue barrier, so it must remain
intact by separating the bone tissue from the connective tissue by 3 at 4 weeks,
a period in which there is probable formation of immature bone tissue at the site
of the defect (Gerzon et al, 2016). The formation of an embryonic bone begins at
the surface of the bone matrix, and propagates towards the interior of the defect
(Hollinger e Chaudhari, 1992). By doing so the distance to be covered by the
bone regeneration will determine the time in which the membrane should remain

in place and functionally intact.
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of starch hydrogel films.
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Fig. 10. Photograph of the starch hydrogel films after 30 days: (A) in solution and

(B) after removal of the solution.

Table 2.
Estimation of the total degradation time in PBS of the glycerol crosslinked starch

hydrogel films.

Estimated end time

Samples R? (days)
A 0.9848 44
AG-15% 0.9691 35
AG-20% 0.9884 92
AG-30% 0.9357 65

AG-40%  0.9737 63




3.9 Analysis of protein diffusion

The results obtained regarding to the diffusion profile and the amount
of BSA diffused by the hydrogel films are shown respectively in Fig. 11 and in
Table 3. As it can be seen in the graph, the film A presents a high diffusion rate
in the period between 4 and 24 hours. As the concentration of glycerol increases,
the diffusion of the BSA decreases. The data also show that in the first 4 hours,
the films A and AG-15% have the lowest rates of protein diffusion (BSA), whereas
the films with higher amount of glycerol presented higher diffusion rates, being
AG-20 %> AG-30%> AG-40%. After 4 hours this behavior is reversed and the
films with higher amounts of glycerol are those that present smaller diffusions,
since in long period of time these films tend to have less permissiveness to the
diffusion of the protein. This fact probably has to do with the greater crosslinking
occurring in high concentrations of glycerol, as seen in the previous results,
leading to a more attractive interaction between the components of the same,
reducing the possibility of BSA diffusion. Furthermore, at concentrations above
20%, the polymer network tends to become denser, as shown by the density data,
and hence less permeable to the protein.

It has been suggested that membranes used in bone regeneration
have properties that allow the transfer of fluid and gaseous nutrients, providing
ample nutrition to the graft (Boyne, 1969). The films prepared with the starch do
not present visible pores in their structure, however, the findings demonstrated
that there is transfer of proteins through diffusion according to the results
presented in (Fig.11). The transfer through the membrane is due to the difference
in chemical potential due to the concentration gradient. The direction in which
these gradients would be established and would be of sufficient magnitude to
result in the diffusion of quantities of physiologically significant substances into
the regenerating tissues still require other studies that quantify and better qualify
these gains.
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Fig.11 Diffusion profile of BSA by means of the hydrogel films as a function of

time.

Table 3.
Amount of BSA diffused through the hydrogel films as a function of time.

Amount of BSA diffused (mg mL"")

Time (hours)

A AG-15% AG-20% AG-30% AG-40%
1 0.02653 0.02359  0.16192 0.02285 0.02396
2 0.02744 0.02396  0.21703 0.13987 0.03553
4 0.04306 0.03388  0.28831 0.17092 0.1204
24 1.9253 1.88067 1.2241 0.21703 0.18249

Based on these results, it was observed that the films presented
permissiveness to the diffusion of proteins that are similar to those organically
present in the regenerative processes of ROG and RTG.

Considering that starch is a natural vegetable material, easily
accessible and inexpensive, because it presents control of the production
process and characteristics that make it biologically viable, the use of starch
hydrogel film is suggested as a resource in biomaterials, although future studies

are needed, such as: cytotoxicity, cell proliferation and in vivo evaluations.



4. Conclusion

Within the proposed methodology and the limitations of this in vitro
study, we can conclude that:

- The hydrogel films of cassava starch and glycerol at concentrations
above 20% present characteristics that suggest that they are applied as a barrier
in ROG and RTG having properties such as, mechanical resistence,
permissiveness to protein diffusion and degradation in a viable period to the
process of repair and regeneration.

- Glycerol exhibits a double behavior since at concentrations below
20% there is a predominance of the plasticizer character and in the
concentrations of 30 and 40% there is a predominance of the crosslinking effect.

- The AG-30% and AG-40% hydrogel films have a stable behavior
maintaining the physical integrity and presenting sufficient degradation time to be

used in RTG and ROG, resulting from the crosslinking process.
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Annex 2.
Calibration curve of the BSA at 280 nm.
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