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RESUMO

A clorexidina (CLX) é o agente antimicrobiano que mais tem sido investigado no controle do
biofilme e sua incorporacdo em cimento de ionémero de vidro (CIV) tem sido proposta para
reduzir o nimero de micro-organismos em pacientes com alta atividade de cérie. Dessa forma,
0 objetivo deste estudo foi avaliar o efeito da adicdo de sais de CLX, em suas formas livres
(diacetato - DA ou digluconato — DG) e incorporada em microparticulas poliméricas de Poli
(&cido lactico-co-glicélico) (PLGA), nas propriedades fisico-quimicas e antibacterianas de um
CIV ativado quimicamente. Materiais e métodos: Microparticulas de PLGA contendo
diacetato (MPDA) ou digluconato de CLX (MPDG) foram obtidas através da técnica de
secagem por pulverizacdo. Os grupos experimentais foram preparados com a adi¢do de 1% de
CLX nas suas formas livres ou microencapsuladas em CIV, no grupo controle do experimento
ndo houve incorporagdo de CLX, constituindo os seguintes grupos: CIV (controle), DA, DG,
MPDA e MPDG. Realizaram-se analises qualitativas de estabilidade da CLX livre,
espectroscopia no infravermelho por transformada de Fourier (FTIR), liberacdo cumulativa de
CLX (%) e imagens em microscopia eletronica de varredura (MEV), seguidas de testes de
tempo de presa, escoamento e resisténcia a compressdo. Para a analise do efeito
antibacteriano, foi utilizado in6culo de S. mutans em meio de cultura triptona de soja (TSB)
enriquecido com extrato de levedura e 1% de sacarose, submetendo os espécimes a formacéo
de biofilme por até 5 dias. Apds 24 h da adesdo inicial e com intervalos subseqiientes de 1 dia,
foi determinado o nimero de unidades formadoras de colénia (UFC/mI) do biofilme formado
sobre espécimes recém preparados (apds 24 h de tempo de presa - Grupo imediato) e
espécimes envelhecidos em agua em 37 °C por 15 dias (Grupo envelhecido). A anélise
estatistica para os testes fisico-quimicos e efeito antibacteriano foi realizada através da analise
de variancia (ANOVA) e Mann Whitney, ambos seguidos por testes de comparagdo de
médias aos pares, com nivel de significancia pré-estabelecido em 5%. Resultados: O DG em
solucdo na presenca do CIV apresentou maior estabilidade em temperatura ambiente e a 37 °C
quando comparado ao DA. A andlise de FTIR ndo mostrou indicativos de reacdo quimica
entre o CIV e a CLX nas concentracdes testadas. As formulagdes microencapsuladas
aumentaram, enquanto que o DG diminuiu o tempo de presa (p<0,05). A inclusdo de DG
aumentou a resisténcia a compressdo (p<0,05) e o escoamento foi diminuido pela inclusdo das
formas livres de CLX (p<0,05). Os grupos microencapsulados mostraram um perfil de
liberacdo mais tardio e gradual quando comparado aos grupos com incorporacdo de CLX
livre. A incorporacdo de CLX mostrou efeito antibacteriano significativo quando comparado



ao CIV puro, porém sem diferenca estatistica significativa quando se compara 0s grupos com
as formas livres ou microencapsuladas, bem como imediatos e envelhecidos. Concluséo: A
incorporacdo de CLX resultou em cimentos ionoméricos com efeito antibacteriano e

propriedades fisico-quimicas apropriadas para o uso clinico.

Palavras chave: Cérie dentaria, biofilme, polimeros e Streptococcus mutans.



ABSTRACT

Chlorhexidine (CHX) is the most investigated antimicrobial agent in dental caries control and
its incorporation in glass ionomer cement (GIC) has been proposed to reduce the
microorganism number in patients with high caries activity. Thus, the aim of this study was to
evaluate the effect of adding CHX salts in their free forms (diacetate - DA or digluconate -
DG) and incorporated in polymeric microparticles of poly (lactic-co-glycolic acid) (PLGA),
in the physicochemical properties and antibacterial action of a chemically activated GIC.
Materials and Methods: PLGA microparticles containing CHX diacetate (MPDA) or
digluconate (MPDG) were obtained by the spray drying technique. The experimental groups
were prepared with the addition of 1% CHX in their free or microencapsulated forms into
GIC, and the control group had no CHX incorporation, constituting the following groups:
GIC (control), DA, DG, MPDA and MPDG. Stability of CHX, Fourier transform infrared
spectroscopy, CHX cumulative release (%) and scanning electron microscopy (SEM) analysis
were performed, followed by physic testing of setting time, flowability and compressive
strength. For antibacterial effect determination, S. mutans was inoculated in culture medium
tryptone soy broth supplemented with yeast extract and 1% sucrose by forming biofilms over
the specimens up to 5 days. After 24 h of initial adhesion and subsequent 1-day intervals, the
number of colony forming units (CFU/ml) of the biofilm formed on freshly prepared samples
(after 24 h of setting time- immediate group) and samples aged in water at 37 °C for 15 days
(aged group) was determined. Statistical analysis for physicochemical tests and antibacterial
effect were performed by analysis of variance (ANOVA) and Mann Whitney test, both
followed by post-hoc tests at a pre-set 5% significant level. Results: DG in solution in GIC
presence was more stable at room temperature and at 37 °C when compared to DA. FTIR
analysis didn’t indicate chemical reaction between GIC and CHX in tested concentrations.
Microencapsulated formulations have increased setting time, while DG decreased it (p<0.05).
DG inclusion increased compressive strength (p<0.05) and flowability was reduced by CHX
free forms inclusion (p<0.05). MPDA and MPDG showed a later and gradual releasing profile
when compared to DA and DG groups. Incorporating CHX showed significant antibacterial
effect when compared to pure GIC, but without statistically significant differences when
comparing groups with free or microencapsulated forms, as well as immediate and aged GICs.
Conclusion: The incorporation of CHX resulted in glass ionomer cements with antibacterial
effect and appropriate physical properties for clinical use.



Key words: Dental caries, biofilm, polymers and Streptococcus mutans.
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1 INTRODUCAO GERAL

A carie dentaria ainda ¢ uma doenca altamente prevalente em varias regides do mundo
(PETERSEN et al., 2005; MARINHO et al., 2013), sendo o seu controle um grande desafio
para a atuacdo clinica na Odontologia e para o desenvolvimento de materiais odontoldgicos.
A busca de novos produtos que controlem a instalacdo e/ou progressédo das lesdes cariosas

impulsiona cada vez mais 0 numero de pesquisas cientificas nesta area.

LesGes de cérie ativas representam um importante sitio para bactérias como
Streptococcus mutans e estes tém sido apontados como os principais responsaveis pelo inicio
das lesdes de cérie (KRZYSCIAK et al.,2014). Isto se deve ao fato deste micro-organismo
estar presente em altos niveis imediatamente antes do surgimento das lesdes e sua habilidade
em degradar carboidratos fermentaveis, promovendo a formacdo de acidos, além da sua
capacidade de viver em ambientes com baixo pH (SVENSATER et al, 2001).
Adicionalmente, sua patogenicidade esta relacionada a capacidade de formar biofilmes em
superficies solidas mediada pela presenca de adesinas e polissacarideos extracelulares
(SENADHEERA et al., 2005).

Na tentativa de melhorar a satde bucal dos pacientes, busca-se realizar a adequacao do
meio bucal, que se caracteriza por uma abordagem clinica que diminui o risco/atividade de
carie pela reducdo do nimero de micro-organismos cariogénicos. Alguns dos procedimentos
clinicos realizados sdo o selamento provisorio de cavidades abertas, eliminacdo de fatores
retentivos de placa bacteriana e uso de antimicrobianos resultando em ambiente favoravel a
paralisacdo do processo carioso, demonstrando-se ser um procedimento eficaz na reducéo do
namero de Streptococos mutans na saliva (VOLPATO et al.,, 2011). No entanto, tais
patdégenos podem permanecer viaveis por longos periodos na cavidade dentéria, o que pode
favorecer a progressdo das lesGes de carie ao redor de restauragcdes e consequente falha do
tratamento restaurador (LULA et al., 2009; FARRUGIA; CAMILLERI, 2015).

Em abordagens relacionadas a pratica da Odontologia minimamente invasiva, uma
remogdo mais conservadora do tecido cariado é sugerida na literatura (PETERS; Mc LEAN,
2001). Tem sido relatado que a remogédo completa da carie em cavidades dentarias prévias a
restauracdo e dificil e muito pouco provavel. Além disso, defende-se que apds a remocao
conservadora do tecido dentinario, ainda haja bactérias residuais no tecido afetado, como
ocorre na técnica do tratamento restaurador atraumatico (ART), onde parte dos tecidos

dentarios desmineralizados é removida apenas com instrumentos manuais (FRENCKEN et
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al., 1996). Sendo assim, o uso de materiais restauradores antimicrobianos seria o ideal para
evitar a propagacdo da carie e/ou céries recorrentes. No entando, 0 uso de antimicrobianos
deve ser controlado, pois a sua administracdo por tempo prolongado pode afetar o equilibrio
biolégico da cavidade oral e levar a resisténcia microbiana (KOUIDHI; AL QURASHI;
CHAIEB, 2015).

O uso de cimentos de iondémero de vidro (CIV) é bastante amplo na odontologia
restauradora. Eles sdo derivados de acidos organicos, geralmente um &cido polimérico aquoso
e um componente de vidro, como o fluor-aluminio-silicato, embora possam ser encontrados
outros componentes em produtos comerciais diferentes (VAN NOORT, 2002;
MOSHAVERINIA et al., 2011). O CIV é considerado um material restaurador de alta
relevancia clinica, especialmente por sua capacidade de adesdo quimica a estrutura dentaria,
sem a necessidade de um agente de unido adicional (LIN; McINTYRE; DAVIDSON, 1992;
YAP et al.,, 2003; YLI-URPO et al., 2005; SIDHU, 2011). Além disso, apresenta estética
aceitavel, adequado coeficiente de expansdo térmica (NAASAN; WATSON, 1998), boa
compatibilidade biol6gica e acdo anticarie através da liberacdo prolongada de fluoretos
(HATTON; HURRELL-GILLINGHAM; BROOK, 2006; NICHOLSON; CZARNECKA,
2008). Estas propriedades juntas promovem longevidade as restauracdes, justificando a
indicacdo do CIV para uma variedade de situagBes clinicas, tais como forramento de
cavidades, cimentacdo de proteses, selamento de cicatriculas e fissuras, reparo de perfuracédo
em raizes e restauracbes dentarias (FORSTEN, 1998; GLASSPOOLE; ERICKSON;
DAVIDSON, 2001; SIDHU, 2011).

Na técnica do tratamento restaurador atraumatico (ART), o CIV é utilizado como
material restaurador no procedimento de adequacdo do meio bucal, devido a sua capacidade
de alterar o crescimento e 0 metabolismo microbiano dos Streptoccocos mutans e pela acédo
do flbor, diminuindo a velocidade dos processos de desmineralizacdo e facilitando os
processos de remineralizacdo dentaria (HAMILTON, 1990; WEERHEIJM et al., 1999;
FEATHERSTONE, 2006; WIEGAND; BUCHALLA; ATTIN, 2007). Acreditava-se que 0
CIV apresentava efeito antibacteriano proporcional a quantidade de flGor liberada, que ocorre
em grande quantidade durante a reacéo de presa inicial, decaindo apos esse periodo, tornando-
se insuficiente para eliminar a microbiota cariogénica remanescente ap0s 6 semanas de sua
insercdo, estando sua acéo limitada ao efeito anticarie (SEPPA; KORHONEN; NUUTINEN,
1995; VERMEERSCH; LELOUP; VREVEN, 2001; MARTINS et al., 2006; WIEGAND;
BUCHALLA; ATTIN, 2007).
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No intuito de melhorar o efeito inibitdrio contra patdgenos cariogénicos,
pesquisadores incorporaram agentes antimicrobianos, como a clorexidina, ao CIV
convencional e obtiveram consideravel acdo antimicrobiana (SANDERS et al., 2002;
TAKAHASHI et al.,, 2006; TURKUN et al., 2008; DEEPALAKSHMI et al., 2010;
TUZUNER et al., 2011). A clorexidina é um farmaco bastante investigado no controle da
atividade cariogénica (EMILSON, 1994; VAN RIJKOM; TRUIN; VANT’T HOF, 1996;
ZHANG et al., 2006) e apresenta acdo antimicrobiana imediata e amplo espectro de agédo
contra bactérias gram-positivas, gram-negativas, anaerdbias, aerobias, leveduras e fungos.
Entre os diferentes agentes antimicrobianos usados para controlar micro-organismos
dentérios, a clorexidina tem sido considerada uma das substancias mais eficazes
(HENNESSEY, 1973; KOO et al., 2003). Seu efeito antimicrobiano ocorre através da
interacdo das suas moléculas catibnicas com a superficie aniénica dos micro-organismos,
provocando alteracbes na permeabilidade da membrana celular e, consequentemente, no
desequilibrio osmético da célula (DELANY et al., 1982; OLIVEIRA et al., 2009).

Para se obter uma adequada atuacdo dos agentes anticarie, é necessario que haja uma
liberacdo em niveis terapéuticos ao longo do tempo (FEATHERSTONE, 2006; MARSH,;
HEAD; DEVINE, 2015), dependendo, frequentemente, da colaboracdo do paciente. Neste
contexto, a libertagdo controlada representa vérias vantagens na administracdo de farmacos,
uma vez que este sistema pode se adequar as condicGes terapéuticas necessarias, por exemplo,
garantindo a liberacdo inicial de farmaco, seguido pela manutencdo de doses eficazes
(BRUCK, 1983). Este sistema aumenta a atividade terapéutica local da droga por um periodo
prolongado, reduzindo o numero de administracdes e, consequentemente, sua toxicidade
(WEISER; SALTZMAN, 2014). Dentre os sistemas de liberagdo controlada, estdo as
microparticulas constituidas por polimeros biodegradaveis, como o Poli (acido lactico-co-
glicolico) (PLGA) (WU; WANG, 2001; MAKADIA; SIEGEL, 2011), dispositivo de
liberacdo que tem atraido a atengdo de pesquisadores. O PLGA é formado por copolimeros
para aplicacdo terapéutica com propriedades favoraveis, tais como biocompatibilidade,
biodegradacdo, bioreabsorgdo, resisténcia mecénica e facilidade de fabricagdo por diversas
técnicas, sendo considerado um material padrdo-ouro no desenvolvimento destes sistemas
para uso clinico em humanos (ANDERSON; SHIVE, 1997; JAIN, 2000; SCHNIEDERS et
al., 2006; Jl et al., 2010; CORREIA et al., 2015).

Um dos principais problemas clinicos do uso de solucbGes de clorexidina € a
dificuldade em eliminar ou suprimir S. mutans por um periodo de tempo prolongado (GUPTA

et al., 2015). Alem disso, esta solucdo confere um sabor amargo forte e desagradavel em
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enxaguatdrios bucais, possuindo, adicionalmente, outros efeitos adversos relacionados ao seu
uso prolongado, como pigmentacdo do esmalte dentério, alteracdo da sensibilidade do paladar
e lesbes na mucosa oral (AUTIO-GOLD, 2008; GUPTA et al., 2015). Sendo assim, o uso de
microparticulas de PLGA carregadas com CHX poderia, alem de manter a biodisponibilidade
do farmaco através da liberacdo controlada, diminuir ou inibir os efeitos colaterais
anteriormente citados, pela possibilidade de ser administrado em doses menores e locais,
contribuindo para o0 uso mais seguro da droga.

A associacao entre o flGor liberado pelo cimento e a incorporacdo de microparticulas
poliméricas de CHX poderia somar o efeito antimicrobiano ao efeito anticarie do CIV,
possibilitando, assim, a ampliacdo da sua aplicacdo clinica. No entanto, o uso do CIV, para
obter efeito antibacteriano, requer uma abordagem cuidadosa, devendo-se inserir uma dose
apropriada de agentes antibacterianos, sem comprometer as propriedades fisico-quimicas do
material original. Estudos mostram que a incorporacdo do digluconato e diacetato de
clorexidina pode aumentar a atividade bactericida sem comprometer seriamente as
propriedades fisicas e mecanicas do cimento (TAKAHASHI et al., 2006; TURKUN et al.,
2008; TUZUNER et al., 2011), porém, a efetividade da acdo antimicrobiana do CIV
restaurador ativado quimicamente contendo microparticulas poliméricas de clorexidina ainda
ndo foi esclarecida.

Diante do exposto, a busca por um material restaurador biologicamente aceitavel e
com propriedades antibacterianas enfatiza a significancia clinica deste estudo, que teve como
objetivo avaliar o efeito da incorporacdo de sais CHX nas formas livre e microencapsulada
sobre as propriedades fisico-quimicas e biolégicas de um CIV restaurador ativado

quimicamente, através de um estudo in vitro.
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2 PROPOSICAO

Esta dissertacdo serd apresentada em um capitulo, tendo como objetivos:

Capitulo 1:

-Avaliar o efeito da adicdo de sais de clorexidina (diacetato ou digluconato), em suas formas
livre ou incorporados em microparticulas poliméricas de PLGA, nas propriedades fisico-
quimicas (tempo de presa, resisténcia a compressdo, escoamento e liberacdo de clorexidina

em agua) de um cimento de iondmero de vidro restaurador ativado quimicamente.

-Adicionalmente, avaliar o efeito desta adi¢do na inibicdo da formacdo de biofilme sobre

espécimes de cimento de ionémero de vidro, 24 h e 15 dias ap0s a confec¢do dos espécimes.
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3 CAPITULO

Esta dissertacdo esta baseada no artigo 46 do Regimento Interno do Programa de Pos-
Graduacdo em Odontologia da Universidade Federal do Ceara, que regulamenta o formato
alternativo para dissertacdes de Mestrado e teses de Doutorado, e permite a insercédo de
artigos cientificos de autoria e coautoria do candidato. Desta forma, esta dissertacdo é
composta por um capitulo, contendo um artigo a ser submetido para publicacdo em revista

cientifica, conforme descrito abaixo:

Capitulo 1

“Incorporation of chlorhexidine loaded-PLGA microparticles and chlorhexidine salts into a
glass-ionomer cement - physicochemical and antibacterial properties.” Weslanny de Andrade
Morais, Jacqueline Santiago Nojosa, Cicero Leonardo do Nascimento Braga, Ramille Araujo
Lima, Francisco Fabio Oliveira de Sousa, Monica Yamauti, Lidiany Karla Azevedo
Rodrigues. Este artigo sera submetido a publicagdo no periodico “Journal of Biomedical
Materials Research- Part A” (ANEXO).



19

3.1 Capitulo 1

Title: Incorporation of chlorhexidine loaded-PLGA microparticles and chlorhexidine

salts into a glass-ionomer cement- Physicochemical and antibacterial properties.

Autors: Weslanny de Andrade Morais?, Jacqueline Santiago Nojosat, Cicero Leonardo do
Nascimento Braga!, Ramille Araljo Lima2 Francisco Fabio Oliveira de Sousa®, Monica

Yamauti®, Lidiany Karla Azevedo Rodriguest

Affiliations:

1post-Graduation Program in Dentistry, Federal University of Ceard, Fortaleza, Ceard, Brazil.
2 School of Dentistry, Christus University Center, Ceard, Brazil.

Department of Pharmaceutical Sciences, School of Pharmacy, Federal University of Amapa,
Macapa, Amap4, Brazil.

*Department of Restorative Dentistry, School of Dentistry, Federal University of Minas
Gerais, Belo Horizonte, Minas Gerais, Brazil.

*Corresponding autor: Lidiany Karla Azevedo Rodrigues

Rua Monsenhor Furtado S/N - Bairro- Rodolfo Tedfilo - CEP 60430-355 Fortaleza-CE
Brazil

E-mail:lidianykarla@yahoo.com

Tel.: +558533668232


mailto:myamauti@gmail.com

20

Abstract

This in vitro study aimed to evaluate the effects of chlorhexidine (CHX) salts (diacetate - DA
or digluconate - DG) free base or encapsulated into poly(lactic-co-glycolic acid) (PLGA)
microparticles - MP on physicochemical and antibacterial properties of a chemically activated
glass ionomer cement (GIC). CHX was not incorporated into control specimens and
experimental materials were prepared by adding 1% (w/w) of CHX loaded-PLGA
microparticles or pure CHX salts into the GIC, constituting the groups: GIC (Control), DA,
DG, MPDA and MPDG. Specimens were evaluated for determining CHX stability test, FTIR
spectroscopy, setting time (ST), compressive strength (CS), flowability (F), CHX cumulative
release (CR) and anti-biofilm activity (AA). Microencapsulated formulations enlarged, while
DG reduced ST (p<0.05). DG increased resistance to CS (p<0.05); and F was decreased by
DA and DG (p<0.05). Microencapsulated groups presented a later and gradual profile of
CHX-release when compared to CHX free base groups. Both CHX incorporating forms for
DA and DG showed significant AA increase when compared to control. However, no
statistically significant differences were found when comparing CHX free base or
microencapsulated forms, as well as fresh and aged material. Experimental GICs have
presented antibacterial activity, without detrimentally affect other material properties.

Keywords: Anti-Bacterial Agents, Biofilms, Polymers, Poly lactic—co-glycolic acid
copolymer, Streptococcus mutans
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INTRODUCTION

The use of glass-ionomer cements (GICs) is quite wide in restorative dentistry since its
invention. They are derived from organic acids, generally an aqueous polymeric acid and a
glass component, usually a fluoroaluminosilicate. It is a relevant clinical restorative material
especially due to its ability of adhering chemically to tooth structure without necessity of any
additional bonding agent.>™ Furthermore, GICs have acceptable aesthetics and anticariogenic
action>® by providing prolonged period of F releasing because its ability to act as a reservoir
of fluoride.>>® These properties, together with its biocompatibility, promote longevity and
make this material useful for a variety of clinical situations, such as pulp protection, bonding,
cementing and restoring. In sealing cavity caries lesions procedures and in atraumatic
restorative treatment technique (ART), 2 where demineralized dental substrates are partially
removed by the use of hand instruments, cavities are usually restored with auto-setting GIC,"®
and recurrent caries inhibition has been achieved.

In an attempt to improve antimicrobial characteristics to anti-caries effect of
conventional GIC, chlorhexidine (CHX) incorporation into this cement has been
investigated.”**? Since immediate antimicrobial action against Gram positive bacteria, Gram
negative, aerobic and facultative anaerobic bacteria, yeasts and fungi has been found, and
chlorhexidine has been considered as one of the most effective and used substances.*** For
obtained prolonged antibacterial effect of CHX it is necessary being released slowly to the
oral environment. In this context, controlled release systems present several advantages in
administrating medicines. These systems can fit required therapeutic conditions, ensuring
initial release of drugs, followed by maintenance of effective doses,'® enhancing therapeutic
activity and reducing drug amounts. One important and usable system is the Poly (lactide-co-
glycolide acid) (PLGA), which is a biodegradable polymer that has great potential as a drug

delivery device.’® PLGA is a copolymer microsphere controlled release system with favorable
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properties such as biocompatibility, biodegradability, mechanical strength and facility to be
fabricated by different techniques.*”™ Thus, the use of PLGA microparticles loaded with
CHX could, in addition to maintaining the bioavailability of the drug through the controlled
release, decrease or inhibit the side effects associated with prolonged use of CHX solutions,
as tooth enamel pigmentation and change in taste,?* for possibility of being administered in
smaller and local doses, contributing to safer use of drug.

The association between fluoride and microencapsulated chlorhexidine can improve
GIC antibacterial properties and contribute for increasing glass ionomer cement applications.
However, GICs for use in antibacterial approach requires an appropriate dose of antibacterial
agents without compromising basic physicochemical properties of the material. To the best of
our knowledge, the association of this material and chlorhexidine loaded-PLGA
microparticles (diacetate or digluconate) was not previously studied. Therefore, the aim of
this study was to compare and to evaluate the effect of CHX salts incorporation in their free
and microencapsulated forms on the physicochemical and antibacterial properties of a

chemically activated restorative GIC.

MATERIALS AND METHODS
The experimental design of study is described in Figure 1.
Preparation of chlorhexidine microparticles

The materials and chemicals used in this study are described in Table 1.

Microparticles were prepared with Poly (lactide-co-glycolide acid) (PLGA 50:50,
Sigma-aldrich, Germany) by means of spray-drying technique® since is the most used for
obtaining dry microparticles.”® Additionally, is very rapid, convenient and has very few
processing parameters, making it suitable for industrial scalable processing.?2* Chlorhexidine

digluconate (DG) (Panreac, Barcelona, Spain) and chlorhexidine diacetate (DA) (Evonik®,
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Barcelona, Spain) were used to prepare two formulations of microparticles, resulting in drug

loading of 4.07% (w/w) for DA and 2.44% (w/w) for DG (unpublished data).

Chlorhexidine stability test

The stability study was conducted based on procedures defined by RE N° 01/2005 and

RDC 45/2012 with modifications.?> %

CHX-stability experiment was performed to evaluate interaction between CHX salts
(DA or DG) in different concentrations, after storing these solutions together with GIC
specimens in aqueous medium. GIC samples were prepared with a polystyrene matrice (6.0
mm diameter x 2.0-mm thick) and put into each CHX concentration randomly selected. One
low (2 pug/mL) and other higher concentration (5 pg/mL) were stored at room temperature 25
°C (R). Other two concentrations (4 and 20 pug/mL) were stored in an incubator (oven) at 37

°C (O) and all solutions were measured at pre-set time intervals along 1,600 hours (66 days).
FTIR spectroscopy analysis

Fourier Transform Infrared (FTIR) Spectroscopy (Perkin-Elmer Spectrum 100, Perkin
Elmer, Shelton, CT, USA) was used to verify the interaction between glass ionomer cement
and chlorhexidine. One sample of each material was produced: 1) DG, 2) DA, 3) GIC, 4)
GIC+DG and 5) GIC+DA. Each material sample was dispersed into a small agate mortar and
thoroughly mixed with potassium bromide (KBr) using a pestle. Pellets of KBr/CHX solution
and KBr/GIC+CHX solution were prepared with a hand press (Hand Press Kit 161-1100,
PIKE Technology, Madison, WI, USA). The glass ionomer was handled according to
manufacturer's instructions, and after setting reaction mixture was brought to the ATR. The
explored frequency ranged from 500 to 4,000 cm™ at 4 cm™ resolution in transmission mode,
looking for the presence of bands related to vibrations modes: 1) Water v HO in (3500 cm™)

and & HOH in (1600 cm™); %8 2) Si-O bands in the GIC: vas SiOSi (1050 cm™) and vs SiOSi
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(730 cm™), which form the vitreous part of the material®"?® and 3) CHX: band characteristic to

vibration modes of amine (cationic) in (1,650 cm™).°
Experimental materials formulation

The conventional restorative glass ionomer cement (GIC) chosen for the current study
was Maxxion R (FGM, Joinville, SC, Brazil). The materials formulations tested in this study
were prepared by incorporating free base forms (DA or DG) and microencapsulated forms
(MPDA or MPDG) of chlorhexidine in the powder of GIC to obtain a final formulations
containing 1% (w/w) of CHX (Table 2). Previously, each powder portion of GIC and CHX
was calculated and weighted in an analytic balance. In the control group, GIC was used
without any modification. Concentrations of chlorhexidine were chosen based on a previous
pilot test, where the amount of chlorhexidine released was monitored. Cements were
manually manipulated according to the manufacturer's instructions (powder/liquid rate) for all
tests at a room temperature (23 + 1 °C) and relative humidity of 50 £ 10% as recommended by

ISO 9917-1:2003 specification.*

Surface morphology of GIC samples with and without microparticles was examined
by scanning electron microscopy (FEM-SEM ULTRA PLUS, Carl Zeiss, Baden-

Warttemberg, Germany) (Figure 2).
Chlorhexidine release measurement

Three samples of each group were prepared with an individual cylindrical polystyrene
matrix (2.0 mm diameter x 4.0 mm tick). The materials were manipulated on a glass plate
during 1 min and the matrices were filled with each GIC formulation. After 24 h of curing
material, samples were placed in a polystyrene tubes containing 1 mL of ultrapure water and
stored in an incubator (BOD- Biochemical Oxygen Demand- TE-391, Tecnal, Piracicaba,

Brazil) at 37 °C. Aliquots of 1 mL were collected, and the same amount was immediately
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replaced with fresh release medium at pre-determined time intervals. Release studies were
carried out for 4,800 h, when sex consecutive CHX measurements presented very similar
values. CHX cumulative release (%) and drug relesed (ug) was quantified in a

spectrophotometer (Amersham Biosciences Ultrospec 1100 Pro, Cambridge, England).
Analysis of physical properties

Physical properties of setting time and compressive strength were evaluated based on
the procedures defined in 1SO 9917-1:2003 without modifications.*® Flowability was

evaluated based in a previously study.*

Setting Time

Three discs (5 mm in diameter, 2 mm thick) were used to determine the setting time
for each type and concentration of CHX. Samples were obtained by dispensing GICs in a
silicone matrice that was covered with a polyester tape and a 1 mm thick glass slide, on digital
pressure was performed during 2 s for accommodation and elimination of material excess.
After losing the brightness, a Gilmore needle with (mass=400 g £ 5 g, flat tip diameter = 1.0 +
0.1 mm) was carefully introduced perpendicularly to the cement surface during 5 s. The
penetration was repeated at 30 s intervals until the needle could no mark the surface material
when viewed at 2 X magnification. Setting time was measured in an incubator at 37 °C £ 1 °C
with 90% of humidity and was defined as the period of time from the end of mixing the
material and the moment when the indenter is not able to make marks on cement surface

anymore.

Compressive strength
Five samples (6 mm in diameter, 4 mm thick) for each experimental and control
groups were prepared using a cylindrical acrylic mould. The material was mixed and

dispensed into the mould with a Centrix syringe and covered with a polyester tape and a 1
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mm thick glass slide, and digital pressure was carried out for accommodation and elimination
of material excess. After 20 min of the initial material cure, samples were ejected from the
matrice and stored in deionized water at 37 °C for 24 h under static conditions until testing.
Each specimen was manually polished without irrigation using grit silicon carbide paper
(Carbimet® 2 - Buehler®, USA) to eliminate irregularities, and the compressive strength was
performed with a universal testing machine (3455, Instron Co., Canton, Mass, USA) at a
crosshead 1.0-mm/min speed and 2 kN load cell until failure occurred. Compressive strength
values (kgf/cm?) were calculated by dividing the load (F) by the cross-sectional area and
converted into MPa.
Flowability Test

In order to determine GIC flowability, a sufficient amount of GIC required to fill a 3
mm internal diameter ring, was dispensed over a glass plate with standard dimensions (5 cm x
5 cm x 5 mm). Then, another plate presenting the same size was placed over the first one so
that a wire material was formed between the plates. A weight of 2.5 kg was applied on the
two plates during 10 min. After this time, the 2.5-kg weight was removed and the biggest and
smallest diameters of the material disks were measured using a digital caliper. To validate the
test, each material was required to produce a disc with a diameter bigger than 20 mm and the

difference between the measured diameters should not be more than 1 mm.®!

Antimicrobial properties
Inoculum and biofilm model

Streptococcus mutans UA159 (ATTCC) was obtained from single colonies isolated
on blood agar plates, inoculated in Tryptone yeast-extract broth containing 1% glucose (w/v)
and incubated for 18-24 h at 37 °C under micro-aerophilic conditions in partial atmosphere of
5% CO,. Mono-species S. mutans biofilms were formed on saliva-coated GIC discs placed in

bath cultures at 37 °C in 5% CO, up to 5 days in 24-well polystyrene plates. The biofilms
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were grown in tryptone yeast-extract broth containing 1% sucrose (w/v) and were kept
undisturbed for 24 h to allow initial biofilm formation. During the biofilm formation period,
once daily the discs were dip-washed three times in a plate containing of NaCl 0.89% solution
in order to remove the loosely bound biofilm and they were transferred to new 24-well plates

with sterile medium.*?
Biofilm analysis

To analyze the antimicrobial effect, discs (6.0 mm diameter x 1.5 mm thick) of GIC
incorporated with 1% CHX in the free (DA or DG) and microencapsulated forms (MPDA or
MPDG) were produced (Table 2). Materials were dispensed in a silicone mould, covered with
a polyester tape and then submitted to digital pressure during 2 s in order to better
accommodate the material. After 24 h of setting time, half of the samples were used for
immediate biofilm formation (Immediate group) and the other half was placed in a 24-well
plates containing 1 mL of distilled water and stored in an incubator (BOD- Biochemical
Oxygen Demand- TE-391, Tecnal, Piracicaba, Brazil) at 37 °C for aging the samples before
started the antimicrobial test (Aged group). Aliquots of 1 mL were collected, and the same
amount was immediately replaced with fresh release medium at pre-determined time intervals
as in CHX released test. Samples were sterilized by exposure to ultraviolet irradiation in a

laminar flow hood during 30 min on each side before starting biofilm formation.

Three discs of each experimental groups (Immediate and Aged) were removed after 1,
2, 3, 4 and 5 days of initial biofilm formation and were transferred to pre-weighed microtubes
containing 1 mL of NaCl 0.89% solution. Biofilms were then dispersed with 3 pulses of 15 s
with 15 s of interval at a 7-W output (Branson Sonifier 150; Branson Ultrassonics, Danburry,
CT). An aliquot (0.05 mL) of the homogenized biofilm was serially diluted (10-10°) and
plated in duplicate onto BHI (Brain Heart Infusion) agar, plates were then incubated at 37 °C,

5% CO, during 48 h before enumerating viable microorganisms. Results were expressed as



28

colony forming units (CFU)/mL and transformed in logip CFU in order to reduce variance

heterogeneity.*
Statistical Analysis

Mechanical properties data were submitted to analysis of variance with one factor
(One way ANOVA), followed by Tukey test for multiple comparisons. Released
chlorhexidine data were analyzed by means a Two-way ANOVA followed by Bonferroni
post-test, both results were expressed as Mean£SD. For analyzing antimicrobial effects, Mann
Whitney test and Unpaired T test analysis of variance was used to detect differences, followed
by an F test for pair wise comparisons. Significance level was set at 5%. The program
respectively used to perform the analyses was StatPlus (Microsoft, CA, USA) and Prism 5.0

(GrafPad Software, Inc.; La Jolla, CA, USA)
RESULTS
Chlorhexidine stability test

CHX stability profile is shown in Figure 3 (DA-3A and DG-3B). Chlorhexidine DA
presented a decrease in its concentration overtime among all the groups. However, this
behavior was more intense in the higher concentrations when stored at 37 °C, as it can be
noticed in Figure 3A. For instance, a bigger decline in CHX levels just after 200 h in the
group (DA200) stored in such condition can to be seen. Intermediate DA concentrations were
stable up to 1,000 h, when the concentration notoriously decreased. The least concentrated
group (DA2R) remained stable during the entire period. DG groups presented a better
performance when compared to DA groups, mainly noticeable within the groups at lower
drug levels (DG2R, DG40O and DG5R), even if stored at 37 °C, and the group DG200

showed an unstable behavior as observed in Figure 3B.
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FTIR spectroscopy

FTIR spectra of GIC in contact with DA and DG (Figure 4A and 4B) showed the
presence of bands related to vibration modes of water v HO in (3500 cm™) and & HOH in
(1,600 cm™). However, in the pure GIC spectrum, lower band intensity related to the vibration
mode v OH in water (3500 cm™) can be observed. In this spectrum (pure GIC) were also
observed vibrations modes related to Si-O bands: vss SiOSi (1050 cm™) and vs SiOSi (730 cm”
1. In the CHX (DA or DG) spetra, the presence of band characteristic to vibration modes of

amine (cationic) in (1650 cm™) was observed.
Chlorhexidine release measurement

Statistically significant differences were found between groups with free CHX and
microencapsulated CHX at same elapsed time (p<0.0001). CHX release profile of GIC is
shown in Figure 5. Mean CHX release is related to CHX type that was incorporated
(F=697.02; p<0.0001) and time (F=82.96; p<0.0001). The groups containing free CHX-forms
(DA or DG) presented a discrete release in the first 6 h and amount of CHX begins to stabilize
at approximately 744 h, without statistically difference between DA and DG groups up to
4,800 h (p>0.05). Groups containing free CHX forms presented lower released amounts

compared to groups containing microparticles after 6 months (4,320 h).

GICs containing CHX loaded-PLGA microparticles showed differences in cumulative
CHX release when compared to control group (p<0.0001). GIC containing CHX loaded-
PLGA microparticles exhibit a late and gradual release after 96 h (4 days) showing statistic
difference in cumulative release between MPDA and MPDG just up to 1,080 hours (p<0.05).
For microencapsulated groups, the highest release was detected in MPDG group. Generally,
the GICs with CHX loaded-PLGA microparticles exhibited higher release rates than GIC
CHX free base forms. Point mass (ug) of CHX released by each formulation material is

shown in Figure 5C. Mean point mass is related to CHX type that was incorporated (F=99.40;
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p<0.0001) and time (F=116.85; p<0.0001). The drug released in (ug) was greatest in the

MPDG group, followed by the MPDA group.

Mechanical properties

Mean values + SD of results are described in Table 3. One-way ANOVA for setting
time test showed differences between groups (F=91.37; p<0.0001). DA did not change setting
time compared with the control group (GIC). When DG was incorporated, setting time was
reduced. Groups where CHX microparticles (MPDA or MPDG) were incorporated
significantly increased setting time, being longest time observed for MPDG group.

Differences among tested groups were observed in compressive strength test
(F=5.17804; p=0.00024). In general, addition of free and microparticulated forms of CHX
diacetate or digluconate in GIC did not negatively alter compressive strength when compared
to control group. DG showed increased resistance. There was no difference in results between
microparticulated groups.

Free CHX incorporation (DA or DG) in GIC decreased material flowability when
compared to control group (F=7.64802; p<0.0001). However, no statistically significant
difference in flowability of microparticulated groups (MPDA or MPDG) compared with
control group was observed. Besides, no difference between microparticulated groups was

found.

Bacterial viability

Figure 6 displays median values, as well as minimum and maximum values of
bacterial inhibition for each studied group, according to the analyzed conditions (Immediate
or Aged). GIC without CHX (control) had no antibacterial activity against S. mutans.
Antibacterial results showed significant differences between control and experimental groups

at all time periods (p<0.05). The addition of 1% chlorhexidine diacetate and digluconate in
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free or microencapsulated form promoted inhibition on biofilm formation. However, no
statistically significant differences between encapsulate and non encapsulated groups were
found, regardless the conditions (Immediate or Aged) and times (1, 2, 3, 4, or 5 days) studied

(p>0,05).

DISCUSSION

Glass ionomer cements have been suggested for restoring carious teeth that have been
prepared with dental hand instruments, where secondary caries and restoration failure can
occur easier over time, since higher level of cariogenic bacteria may be found in caries active
patients.®*** Teeth restored with chlorhexidine-containing glass ionomers showed lower
microorganism counts than those restored with conventional glass ionomer cements, with
significantly reduction in mutans streptococci.’® Since no antibacterial effect has been
attributed to fluoride released by restorative materials,® benefits may be obtained from
combining antibacterial agents with glass ionomer cements to control oral bacteria.

This study showed the addition of microencapsulated CHX could be a great
therapeutic promise in view of its minimal impact on physical properties of conventional
glass ionomer cement. Chlorhexidine stability test was used to evaluate a possible
chlorhexidine adsorption by GIC or drug degradation caused by cement components. A
decrease in CHX concentration over time was observed for both CHX salts, being more
evident for DA, mainly when stored at 37 °C (Figure 3A and 3B). A possible reason for this
reduction is the CHX attraction to the negative groups (COO™ F* and OH™)? present in GIC
matrix, which could bring it to solution and form insoluble precipitates. As a consequence, the
higher CHX level, the higher the equilibrium displacement bringing to instability. The
unstable behavior showed by DG200 might be explained as a constant exchange (loaded-

unloaded) of the drug to the GIC specimen (Figure 3B). Conversely, even if the lower
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concentration groups (DG2R, DG40 and DG5R) may have showed this behavior, it was not

noticeable due to the smaller effect related to drug levels.

In the FTIR spectrum, band related to the vibration mode v, SiOSi (1050 cm™) may
have been deleted and/or displaced when in contact with DA (Figure 4A) or DG (Figure 4B),
indicating changes in type and quantity of modified cations, which act in vitreous matrix
depolymerization;?® or this band might even have been changed and only suppressed by
coincidence peaks with the drug. Considering that in both CHX spectra (Figures 4A and 4B),
when in contact with GIC, amine peaks (cationic) were not displaced (1634cm™),®® this
second hypothesis gains further strengthening. Thus, there is greater chance of interactions
between GIC and anionic components of DA and DG occur in solution, as previously

mentioned.

With regard to handling parameter, groups incorporated with free CHX digluconate
presented decreased setting time, in contrast to a previous study previous study, which
showed increase in setting time when 1%-DG CHX was incorporated in GIC (Ketak Molar
Easymix).% On the other hand, DA group showed no statistically difference from the control
group, coinciding with the findings reported for CHX incorporation as diacetate at 1% into
Fuji Type I.” CHX microparticles groups showed an expanded setting time when compared
to CHX free forms and control groups, this enlargement was more evident with DG use
(MPDG group). A possible reason for microparticulate drug had increased setting time is the
difficulty of reaction between polyacrylic acid and ions of glass particles, since CHX have
this ability to react chemically with ionomer matrix, affecting the initial polymerization.

Small changes in powder/liquid proportions in addition of CHX salts also can

1,37,38

influence the mechanical strength and time of polymerization, which probably was the

case with inclusion of loaded CHX polymeric microparticles. However, changes in setting
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time could be a clinically acceptable time, maybe considering the benefits of antibacterial
action of restorative GIC.

Compressive strength is one the most commonly test used to characterize dental
cements. In this study, for both types of CHX-added materials no significant changes in
compressive strength compared to control were observed, except for DG, whose resistance
was augmented. Flowability of DA and DG groups decreased with CHX incorporation and
groups containing microparticles (MPDA or MPDG) did not significantly change compared
to control. These results are in line with previous studies that have showed incorporation of
CHX diacetate at 2% or greater significantly decreased compressive strength, while no
influence on mechanical strength was determined for CHX diacetate incorporation when a 1%
concentration was used.’*2

In a previous study, no decrease in physical properties of materials were observed
when low concentrations (0.5%) of CHX digluconate were added to GIC. In compressive
strength test, high concentrations (1.25% and 2.5%) by addition of CHX diacetate resulted in
lower values compared to control. Setting time of all experimental groups were not different
of control group, corroborating with results of this study to groups diacetate 1%."* Others
studies show that increasing concentration of antibacterial agent had increasing adverse
effects on physical properties.”%#4

The ability of a restorative material to resist masticatory forces is an important aspect
for its long-term clinical performance. Incorporation of 1% CHX diacetate showed optimal
antimicrobial activity while it did not affect the mechanical properties, quality of connections
and setting time in a previously study.” These reports corroborate with findings in this study,
both for setting time and for compressive strength test, where no significant change in these

properties was observed when added concentrations of CHX diacetate 1% in a direct or

microencapsulated way, except for MPDA group that increased setting time.
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Currently, in order to assess the antibacterial action of CHX-loaded GIC, a biofilm
accumulation model was used for better simulating oral environment and showing the
antibacterial action for these materials. Most researches used agar diffusion tests to assess this
antibacterial effect is important to highlight.”"***** Adding 1% free or microencapsulated
CHX to GIC promoted S. mutans inhibition, a finding corroborating similar previous studies
that used CHX free salts incorporation.”***?3 Recently, a research presented conflicting
results since CHX DG incorporated to GIC at 1% concentration was not able to reduce S.
mutans biofilms when compared to the control group, while CHX DA was effective®
Different antibacterial activity of glass ionomer cements depend of evaluated cement,
bacterial specie and period of evaluation.***#

In this study conditions, the pure form of CHX diacetate can be preferable as a
material which is more stable and can be easily added to powder of glass ionomer cement.
CHX digluconate, when added to glass ionomer inhibits S. mutans growth, but there are

I.** This reduction

reports which can also result in a decrease of physical properties of materia
associated with digluconate form is related to fact that this compound is a liquid and therefore
released faster than powder form (CHX diacetate salts).**

Controlled drug release could be important in minimally invasive treatment approach
to caries control. The main advantage of microencapsulation is an effort to protect drugs from
the influence of its environment (degradative processes) and also serves to regulate the drug

1516 \vithout seriously affecting the physical

release through controlled release mechanism
properties of materials such were demonstrated in this study. However, no different
antimicrobial performances could be observed among CHX free or encapsulated groups in

this study. Consequently, although CHX microparticles constitute an attractive study field

with innumerable opportunities for further research and developmental work, further studies
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are needed to examine interactions between microparticles loaded with CHX and the matrix
of one reinforced GIC that can be stayed on teeth such as restorative material for more than 30
days. Another point to be highlighted is 1% concentration used in the present study was
sufficiently high to exterminate the most of bacterial cells for both free and encapsulate CHX
groups. It can be suggested that lower CHX concentrations could make the efficacy
differences more evident between these groups.

Based on tested condition of this study, it is suggest that more time of analysis and
using other CHX concentration, antibacterial effect of CHX microparticles could be different,
according to cumulative release test, since the concentration of drug used in this study was
lethal, showing no advantage in the encapsulation technique. However, based on the
knowledge that the moment in witch, patients most need for antimicrobial action is when they
are learning to control biofilm (first days of adequacy of oral environment). Therefore,
association of CHX with a GIC shows a good perspective for controlling dental caries

progression and residual caries such as antimicrobial temporary restorative material.

CONCLUSION

- The addition of both CHX salts (diacetate or digluconate) either directly or
microencapsulated forms had the same antibacterial effect being different only with pure GIC
in the immediate use of the material or before 15 days of aging the samples in biofilm of 1, 2,
3,4 or5days.

-Addition of 1% CHX to chemically activated restorative GIC in free base forms should
produce antimicrobial activity and no changed negatively the tested physical properties

comparable to original material.
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Table 1 - Materials and chemicals used in the study

Materials . .
(Abbreviation) Manufacturer Batch number Basic Formulation
Maxxion R Glass FGM, 140612 Liquid: Polycarboxylic acid 45%
ionomer cement Produtos Odontol6gicos, Tartaric acid < 10%
Joinville, SC, Brazil. Powder: Fluor-alumino silicate glass >75%
Chlorhexidine Evonik®, Barcelona, 8320017837 Anhydrous salt
diacetate (DA) Spain
Chlorhexidine Panreac, Barcelona, 9418600021 20% solution
digluconate (DG) Spain
Poli (D-Lactide-co- Sigma-Aldrich,
glycolide acid) - Toufkirchen, Germany STBC263V

(PLGA 50-50)

Table 2 - Description of the experimental groups

Groups Free chlorhexidine and microparticles incorporated
GIC Control
DA Containing 1% (w/w) of chlorhexidine diacetate
DG Containing 1% (v/w) of chlorhexidine digluconate
MPDA Containing 1% (w/w) chlorhexidine diacetate loaded in microparticles

MPDG Containing 1% (w/w) chlorhexidine digluconate loaded in microparticles

Table 3 - Values of setting time (min = SD), compressive strength (MPa + SD) and flow test (mm + SD) of
glass ionomer cement with free chlorhexidine and microencapsulated forms.

Test GIC DA DG MPDA MPDG

Setting Time 7.4+0.6° 5.7+0.5%" 4.6+1.2° 13.4+0.7° 15.8+0.3°

. 9.142.7° 149423  17.5+1.2° 12.04.0°° 9.9+2.4°
Compressive Strength

Flowability 33.414.5°% 23.243.3" 25.145.3" 33.145.8° 31.445.9%
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Fig.1- Experimental design of study.

Fig.2- Scanning electron micrographs (SEM). Surface observations of GIC. A) GIC incorporated with
chlorhexidine loaded-PLGA microparticles. B) GIC without microparticles.

42



A)
20
e, .
] v
= 164
S
=
(@] v
=
- 12 4 Ve
.0 A
5 .
= E v
c v
8 4 () ee00 o vv v
S e® 00 o 44 Ve Y
| EEE B B [ B | [ I | III. n H
I T T T T T T 1
0 400 800 1200 1600
time (h)
B
) = DG2R
e DG40
20-mw w vVvv vyv v v v v DG5R
v DG200
v
= 16 M
£
S~
2 v
= 12
o
= v
€ 87
(O] v
O
c
o
O 4 ™ ee0o 00 0606 060 0000 00 o
t | EEE B B [ I | [ I | HE B B R B R | ]
f g T T T T T ]
0 400 800 1200 1600
time (h)

43

Fig.3- Chlorhexidine solution stability in the presence of glass ionomer
cement in aqueous medium. A) Chlorhexidine diacetate B) Chlorhexidine
digluconate. * R (Room temperature at 25°C); O (Oven at 37°C)
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Fig.5 - Cumulative chlorhexidine release from commercial glass ionomer cement in aqueous
medium. A) Cumulative release (%) during the entire evaluation period (4800 h). B) Cumulative
release (%) at the first 504 h. C) Drug released (ug) of chlorhexidine during the entire evaluation
period (4800 h).
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Fig.6 — Antibacterial effect of incorporation of free and microencapsulated CHX 1% diacetate
and digluconate in GIC. A, B, C, D and E represent antibacterial effect in biofilm of 1, 2, 3, 4
and 5 days respectively. *Identical letter indicate no significant difference between groups

(p<0,05).
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FIGURE LEGENDS

Fig.1- Experimental design of study

Fig.2- Scanning electron micrographs (SEM) Surface observations of GIC. A) GIC

incorporated with chlorhexidine loaded-PLGA microparticles. B) GIC without microparticles.

Fig.3- Chlorhexidine solution stability in the presence of glass ionomer cement in aqueous
medium. A) Chlorhexidine diacetate B) Chlorhexidine digluconate. * R (Room temperature);

O (Oven at 37°C).

Fig.4- FTIR spectroscopy analysis of interaction between glass ionomer cement and

chlorhexidine.

Fig.5- Cumulative chlorhexidine release from commercial glass ionomer cement in aqueous
medium. A) Cumulative release (%) during the entire evaluation period (4800h). B)
Cumulative release (%) at the first 504 h. C) Point mass (pg) during the entire evaluation

period (4800h).

Fig.6- Antibacterial effect of incorporation of free and microencapsulated CHX 1% diacetate
and digluconate in GIC. A, B, C, D and E represent antibacterial effect in biofilm of 1, 2, 3, 4
and 5 days respectively. *Identical letter indicate no significant difference between groups

(p<0,05).
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4 CONCLUSAO GERAL

-A incorporacdo de CLX resultou em cimentos ionoméricos com efeito antibacteriano e
propriedades fisico-quimicas apropriadas para o uso clinico. As microparticulas de PLGA
carregadas com CLX apresentaram um perfil de liberacao lento e gradual do farmaco.

-A adicdo de ambos os sais de CLX (diacetato ou digluconato), nas formas livres e
microencapsuladas, tiveram o mesmo efeito antibacteriano, tanto no grupo imediato, quanto
no grupo envelhecido, com biofilme de 1, 2, 3, 4 e 5 dias, diferindo apenas do grupo
crontrole.

-A adigdo de 1% de CLX nas formas livres (DA ou DG) ao CIV ativado quimicamente,
apresentou um bom efeito antibacteriano sem alteracdes negativas das propriedades fisicas
testadas, quando comparado ao material original, mostrando-se uma boa opcdo de material
para o tratamento restaurador contra a progressdo da carie.

-A adicdo 1% CLX carregado em microparticulas ao CIV ativado quimicamente apresentou
um bom efeito antibacteriano e boas propriedades fisicas, exceto para 0 aumento do tempo de
presa, que poderia ser considerado irrelevante frente a importancia do efeito antibacteriano
apresentado.

-As microparticulas de PLGA carregadas com CLX descritas no presente estudo podem ser
Uteis para a liberacdo localizada do mesmo no tratamento da cérie, quando uma liberacéo
prolongada e controlada é desejada. Sendo assim, mostra-se um material com potencial para o
tratamento resturador em pacientes odontopediatricos e em pacientes especiais com

dificuldades motoras, principalmente na abordagem do tratamento restaurador atraumatico.
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