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RESUMO

Os selantes representam uma medida muito utilizada na prevencdo de cérie e sdo indicados
para pacientes de alto risco a cérie, especialmente, quando ha presenca de dentes com fissuras
profundas, estreitas e retentivas. A clorexidina (CLX) é um agente antimicrobiano de amplo
espectro, que poderia trazer beneficios aos selantes. Este estudo sera apresentado em dois
capitulos, cujos objetivos foram: Capitulo 1) Desenvolver e caracterizar microparticulas
poliméricas carregadas com CLX; e Capitulo 2) Avaliar o efeito da incorporacdo de CLX, em
suas formas livre e microencapsulada, nas propriedades fisico-quimicas de selantes resinosos.
Material e métodos: 1) Microparticulas poliméricas de Poli(acido lactico-co-glicolico)
(PLGA) contendo diacetato (DA) ou digluconato de CLX (DG) foram preparadas, utilizando
a técnica de secagem por pulverizacdo, e caracterizadas em termos de estabilidade,
rendimento de producdo, tamanho da particula, morfologia, eficacia de encapsulacdo (EE),
carga do farmaco (CF), liberacdo cumulativa e resposta antimicrobiana. 2) Dois tipos de CLX
(DA ou DG), nas respectivas formas livre a 1 e 2%, ou microencapsulada (PDA OU PDG) a 5
e 10%, foram incorporados ao selante resinoso com fluor, Bioseal® (BIl), e ao selante
experimental (EX) sem flior. Apo6s a obtencdo das formulagdes dos selantes, realizaram-se
testes de grau de conversdao dos monémeros, avaliacdo da liberacdo de CLX em meios de
dissolucéo e liberagdo de fluoreto. A analise estatistica foi realizada por meio da anélise de
variancia a dois critérios, seguida pelo teste de Bonferroni. Em todos os testes, utilizou-se o
nivel de confianca de 95% (p<0,05). Resultados: 1) A estabilidade do farmaco em solucéo
ocorreu por 50 dias. O maior rendimento de producdo ocorreu nas particulas contendo DA
(mais de 71,56%). O tamanho das particulas variou de 1,01 a 3,07 um, apresentando
microparticulas homogéneas, esféricas e sem agregacdo. O processo de microencapsulacdo
demonstrou EE de 4,42 a 36,67% e CF de 0,26 a 4,07% entre as formulagdes. Observou-se
um padrdo de liberacdo controlada e, apds a andlise microbioldgica, in vitro, as
microparticulas com DA e DG inibiram Streptococcus mutans. 2) No grau de conversdo, a
média dos valores obtidos variaram de 69,74% no grupo BI-PDG10 a 77,69% no EX-DG2.
Nos selantes contendo DG e DA livre, a liberacdo de CLX foi discreta a partir de 6 h, exceto
para 0s grupos EX-DG1 e EX-DAZ2. No selante experimental, a maior liberacdo ocorreu no
grupo EX-PDAG5 (22,91%), enquanto EX-PDG5 (8,00%) e EX-PDG10 (8,99%) apresentaram
as menores liberagdes (p<0,001). No teste de liberacdo de fluoreto, BI-DA1 apresentou a
maior liberagdo quando comparado aos outros grupos com CLX livre (p<0,01). Nos selantes



contendo microparticulas carregadas com CLX, BI-PDAS5 apresentou a maior liberacdo de
fluoreto (p<0,01). Conclusdo: A caracterizacdo de microparticulas carregadas com CLX
resultou em diferentes perfis de liberacdo. A adicdo de CLX livre ou microencapsulada nos
selantes afetou o grau de conversdo, dependendo do tipo de CLX incorporada e do selante.
Grupos com CLX livre liberaram maior quantidade de farmaco no inicio do estudo. Selantes
contendo microparticulas apresentaram liberacdo lenta e gradual. A liberagdo de fluoreto foi

maior nos grupos com microparticulas comparado ao controle.

Palavras-chave: selantes de fossas e fissuras, clorexidina, flior e polimeros.



ABSTRACT

Sealants represent a highly used measure in the prevention of caries and are indicated for
patients at high risk for dental caries, especially when there is presence of teeth with deep,
narrow and retentive fissures. Chlorhexidine (CHX) is a broad-spectrum antimicrobial agent
that can bring benefits to sealants. This study will be presented in two chapters, whose
objectives were: Chapter 1) To develop and characterize polymeric microparticles loaded with
CHX; and Chapter 2) To evaluate the effect of incorporation of CHX, in free and
microencapsulated forms, in the physicochemical properties of resin sealants. Material and
methods: 1) Polymer microparticles of Poly(lactide-co-glycolide acid) (PLGA) loaded with
diacetate (DA) and CHX digluconate (DG) were prepared using the spray drying technigque
and characterized in terms of stability, production yield, particle size, morphology, efficiency
encapsulation (EE), drug loading (DL), cumulative release and antimicrobial response. 2)
Two types of CHX (DA or DG), in respective free form 1 and 2%, or microencapsulated form
5 and 10% were added to the resin sealant with fluoride, Bioseal® (Bl), or to the experimental
sealant (EX) without fluoride. After obtaining the sealants formulations, tests were conducted
to evaluate degree of conversion of the monomers, CHX release in dissolution media and
fluoride release. Statistical analysis was performed by analysis of variance (ANOVA) Two-
way, followed by Bonferroni post-hoc test. In all tests the level of confidence was 95% (p
<0.05). Results: 1) The stability of drug in solution was detected for 50 days. The highest
yield of production was observed with DA (over 71.56%). The particle size ranged from 1.01
to 3.07 um, presenting homogeneous, spherical and non-aggregated microparticles. The
microencapsulation process showed EE in the range of 4.42 to 36.67%, and DL between 0.26
and 4.07% amoung the formulations. It was observed a controlled release pattern. After the
microbiological analysis, in vitro, DA and DG microparticles inhibited Streptococcus mutans.
2) In degree of conversion test, the mean values varied from the lowest DC for BI-PDG10
(69.74%) to the highest DC for EX-DG2 (77.69%). In the sealants containing free CHX
(either DG or DA), the release was discrete from the first 6 h, except for EX-DG1 and EX-
DA2 groups. In the experimental sealant, the highest release was detected in EX-PDA5S
(22.91%), while EX-PDG5 (8.00%) and EX-PDG10 (8.99%) presented the lowest releases
(p<0.001). In the fluoride release test, BI-DA1 showed the highest release when compared to
the other sealants that contained free CHX (p<0.01). In the sealants containing CHX loaded
PLGA-microparticles, the highest fluoride release was detected from BI-PDA5 (p<0.01).
Conclusion: The characterization of microparticles loaded with CHX resulted in different



release profiles. Addition of free or microencapsulated CHX into sealants affected the DC,
depending on the type of CHX and sealant. Resin sealants containing free CHX released a
large amount at the beginning of the study. Sealants containing microparticles showed a slow
and gradual release. The fluoride release was higher in sealants that contained microparticles

compared to the control.

Keywords: pit and fissure sealants, chlorhexidine, fluorine and polymers.
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1 INTRODUCAO GERAL

Os selantes representam uma das medidas mais utilizadas na prevencédo de
carie e sdo indicados para pacientes de alto risco a carie (WELBURY et al., 2004;
AHOVUO-SALORANTA et al., 2008; FRENCKEN, 2014), especialmente, quando ha
presenca de dentes com fissuras profundas, estreitas e retentivas (BERGER et al.,2010).
Nesses casos, ha limitacdo da acdo protetora exercida pela saliva e pelo fldor,
dificultando a autolimpeza e a remineralizacdo dentaria (BUONOCORE, 1971;
SILVERSTONE, 1984; SALAMA; AL-HAMMAD, 2002; FEATHERSTONE, 2006),
favorecendo a retengdo de biofilme e a proliferacdo bacteriana (YENGOPAL et al.,
2009).

As propriedades requeridas para um selante incluem biocompatibilidade,
anticariogenicidade, retencdo, boa integridade marginal, resisténcia a abrasdo e ao
desgaste, e rentabilidade (PEREZ-LAJARIN et al., 2003). Os materiais mais utilizados
no selamento de fdssulas e fissuras s&o selantes resinosos e ionoméricos (FRENCKEN,
2014). Os selantes resinosos atuam através da formacdo de uma zona microrretentiva,
apos o condicionamento acido do substrato dentario e a formacdo de microporos que
facilitam a penetracdo do material selador (FEIGAL, 2002). Devido a sua elevada taxa
de retencdo, os selantes resinosos sdo os materiais de escolha preferenciais para o
selamento de fdssulas e fissuras (KLOUKOS et al., 2013).

Outro fator que pode contribuir na prevencdo de carie é a adicdo de
fluoretos aos materiais, como ocorre em alguns selantes resinosos e ionoméricos. Os
cimentos de ionémero de vidro (CIVs) foram introduzidos como materiais alternativos
para selamento dentario. Diferentemente dos selantes resinosos, a adesdo dos CIVs
ocorre por meio de trocas ibnicas, produzindo uma retencao inferior (FRENCKEN;
HOLMGREN, 1999). Por apresentarem uma taxa de retencdo relativamente baixa
(RAADAL et al., 1996; PAPACCHINI, 2005; BASEGGIO et al., 2010; BHAT, 2013),
os CIVs sdo mais indicados por serem um veiculo de liberacdo de fluoreto do que como
um selante de fissura tradicional (WELBURY et al., 2004). Os selantes resinosos
fluoretados conseguem associar a boa retencédo - inerente ao material - com a liberacéo
de um agente que atua inibindo a desmineralizacdo e favorecendo a remineralizacdo
(FEATHERSTONE, 2006). Alguns selantes fluoretados comerciais podem conter um
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sal de fluoreto soltvel, como o fluoreto de sédio (NaF) (NATIONAL INSTITUTE OF
DENTAL RESEARCH, 1985).

Um agente antimicrobiano extensivamente estudado - que poderia favorecer
o efeito anticarie - é a clorexidina (CLX). Essa substancia tem sido utilizada como
referéncia para a avaliacdo da eficacia de outros agentes antimicrobianos. Sua estrutura
¢ composta por dois anéis clorofenolicos e dois grupos biguanida, interligados
simetricamente por cadeias hexametilénicas (DENTON, 1991). A molécula base é
praticamente insoldvel em agua, motivo pelo qual se buscou melhorar as propriedades
de solubilidade através da conversdo da mesma em formas salinas, tais como acetato,
cloridrato e gluconato de clorexidina (ZAMANY et al., 2003; ZEHNDER, 2006).
Estudos sugerem que um dos cations da CLX se fixa a pelicula adquirida sobre o dente
e o outro fica livre para interagir com as bactérias que estdo tentando colonizar as
superficies bucais (JENKINS et al., 1988). Dessa forma, o efeito antimicrobiano da
CLX ocorre pela atragdo e adsorcdo das moléculas catidnicas da CLX a superficie
celular aniénica dos microrganismos. Essa interacdo promove a alteracdo da
permeabilidade da membrana celular, resultando na perda dos componentes
intracelulares e no desequilibrio osmético da célula (HENNESSEY, 1973; DELANY et
al., 1982; GOMES et al., 2006). Essa caracteristica é altamente relevante para a eficécia
da CLX, que se constitui como um agente antimicrobiano de amplo espectro, bastante
efetivo contra microrganismos gram-positivos e gram-negativos, fungos, leveduras e
virus, bem como possui elevada eficacia contra cepas de Streptococcus mutans (WADE;
ADDY, 1989; MISTRY et al., 2014).

Um dos primeiros estudos a incorporar CLX as resinas compostas avaliou a
eficacia antimicrobiana da CLX em vérias concentracdes, associada a resina, e testou as
propriedades mecanicas desse material. No teste de difusdo em agar com bactérias das
espécies Streptococcus viridans, Streptococcus pyogenes, Streptococcus mutans,
Escheria coli e Lactobacillius acidophilus, demonstrou-se que, no geral, a adicdo de
acetato e gluconato de CLX aos materiais restauradores aumentaram sensivelmente a
atividade antimicrobiana. Nos testes de tracdo, compressdo e resisténcia de unido, as
propriedades mecanicas ndo foram alteradas significativamente (JEDRYCHOWSKY et
al., 1983).

Um estudo in vitro avaliou os efeitos antibacterianos de uma resina 4-
META/MMA-TBB (4-metacriloxietil trimelitato anidro / metil metacrilato tri-n-butil-
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borano), contendo digluconato de CLX em concentracdes de 0,0 (controle) a 3,0%. Este
estudo sugeriu que a incorporacdo de 1,0 a 1,5% de digluconato de CLX a resina 4-
META é o ideal em termos de efeitos antibacterianos e de resisténcia de unido da resina
a estrutura dentaria (KWON et al., 2010). Outros estudos também avaliaram a
incorporacdo de CLX em materiais resinosos, apresentando um potencial de inibicéo
bacteriana (LEUNG et al., 2005; CHENG et al., 2012).

Uma das questdes bastante controversas quando se avalia a associacdo de
agentes antibacterianos na prevencéo de carie € a viabilidade da combinagdo da CLX ao
fluoreto, tanto nas formas de solugdo como em gel (ANUSAVICE, 2005). Na forma de
solugédo, demonstrou-se que CLX, frequentemente, precipita quando sdo misturadas
solucdes de CLX e fluoreto (BARKVOLL et al., 1988). No entanto, evidéncias sugerem
que as acbes dos ions de CLX, carregados positivamente, e dos ions fluoreto,
carregados negativamente, ndo necessariamente se anulam (ANUSAVICE, 2005). De
fato, vernizes que contém CLX e fluoreto podem contribuir para a diminuigdo do
desafio cariogénico em longo prazo (VAN LOVEREN et al., 1996.; TWETMAN;
PETERSON, 1997).

Além disso, a adequada atuacdo dos agentes anticariogénicos depende da
sua liberagdo em niveis terapéuticos ao longo do tempo (FEATHERSTONE, 2006).
Para a manutencdo desses agentes no local de atuacdo, os protocolos clinicos propostos
dependem, frequentemente, da colaboracdo dos pacientes. Estes devem estar
comprometidos com o tratamento para ndo interferir nos resultados clinicos. Para tentar
superar essa problematica e potencializar os beneficios dos farmacos, dispositivos de
liberacdo controlada e sustentada de farmacos poderiam ser utilizados (MIRTH, 1980).

Microparticulas poliméricas sdo dispositivos de liberagdo controlada,
desenvolvidos e aprimorados para o tratamento de diversas condi¢des patoldgicas, onde
um efeito prolongado do farmaco é desejado ou um alvo terapéutico especifico é
almejado. Para a producédo dessas particulas, polimeros - como o Poli(acido lactico-co-
glicdlico) (PLGA) - vém sendo utilizados em sistemas de liberagdo de farmacos. Sua
favoravel biodegradacéao e sua biocompatibilidade o tornam um material padrdo-ouro na
liberacdo controlada de farmacos, sendo uma das principais alternativas no
desenvolvimento de sistemas de liberacdo (PRIOR et al., 2000; BLANCO-PRIETO et
al., 2002; GRAVES et al., 2004; SCHNIEDERS et al., 2006). Para obtencdo desses

sistemas, a técnica de secagem por atomizacdo é a mais amplamente utilizada para
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formagdo de microparticulas secas (JIN; CHEN, 2011). As microparticulas séo
pequenas particulas solidas e esféricas com tamanho que varia entre 1 e 500 pm
(MAGILL, 1990; RANADE; HOLLINGER, 2004), podendo ser produzidas pelo
processo de microencapsulacdo. O mecanismo de liberacdo do farmaco a partir das
microparticulas pode ser influenciado pelas propriedades do polimero utilizado e do
farmaco encapsulado. O PLGA é um polimero sintético que apresenta uma degradacéo
por hidrolise, resultando em decréscimo da massa molecular e reducéo das propriedades
mecanicas do polimero (GOPFERICH, 1997).

Geralmente, utilizam-se dispositivos poliméricos incorporados com fluor
(MIRTH et al., 1982), clorexidina (MIRTH et al., 1989;. YUE et al., 2004), amoxicilina
(SOUSA et al., 2010) ou outros agentes antimicrobianos (FRIEDMAN; STEINBERG,
1990). Suas propriedades farmacotécnicas também foram atestadas na formulacdo de
sistemas de liberacdo de farmacos para aplicacdo em periodontia e endodontia (SOUSA
etal., 2010; DE SOUSA et al., 2012).

Em Odontologia, o tratamento in situ poderia ser de grande utilidade
(COVENTRY et al., 2000) e o desenvolvimento de formulacbes biodegradaveis, que
atuem através da liberacdo controlada, seria importante no controle das infec¢bes da
cavidade oral. Além disso, a protecdo do farmaco frente aos processos fisioldgicos
degradativos e a bioabsorcdo também seria vantajosa, visto que a ocorréncia desses
fendmenos acarretaria na perda da atividade farmacoldgica.

A incorporacdo de componentes dotados de propriedades antimicrobianas
em selantes poderia ser uma estratégia eficaz para modificar a cariogenicidade do
biofilme e inibir o desenvolvimento das lesdes de cérie. Por sua vez, o tratamento
preventivo-restaurador poderia se tornar mais eficaz através do controle da infeccédo por
meio da liberacdo controlada de um agente antimicrobiano in situ. Adicionalmente, uma
combinacdo de flior e da liberacdo controlada de clorexidina poderia apresentar
resultados terapéuticos promissores.
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2 PROPOSICAO
Essa dissertacdo de mestrado sera apresentada em capitulos, tendo como objetivos:
Capitulo 1: Desenvolver e caracterizar microparticulas de Poli(acido lactico-co-
glicélico) (PLGA) carregadas com clorexidina, visando sua incorpora¢do em produtos
odontol6gicos como um sistema de liberacéo controlada.
Capitulo 2: Avaliar o efeito da incorporacao de clorexidina (digluconato ou diacetato),

na forma livre ou carregada em microparticulas de PLGA, nas propriedades fisico-

quimicas de selantes resinosos.
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3 CAPITULOS
3.1 Capitulo 1

Development and characterization of chlorhexidine loaded-PLGA microparticles
for dental applications

Short title: Characterization of chlorhexidine loaded-PLGA microparticles
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Abstract. The aim of this study was to develop and characterize the incorporation of
two types of chlorhexidine (CHX) into Poly(lactide-co-glycolide acid) (PLGA)
biodegradable microparticles to be used in dental products as a controlled release
system. Polymeric microparticles of CHX diacetate (CDA) and digluconate (CDG)
were prepared using spray-drying technique and characterized in terms of stability,
yield of production, particle size, morphology, encapsulation efficacy (EE), drug
loading (DL), cumulative release and anti-microbial response. The drug in solution was
stable for 50 days. The yield of production showed the best result for CDA, starting
from 71.56%. Particle size ranged from 1.01 to 3.07 um. Morphological analysis
showed homogenous, spherical and non-aggregated microparticles. The
microencapsulation process led to an EE in the range of 4.42 - 36.67% and DL between
0.26 and 4.07% among the formulations. It was observed a controlled release pattern
among formulations. The CDA and CDG obtained from the microparticles were able to
inhibit Streptococcus mutans in vitro. The characterization of microparticles loaded
with CHX resulted in different release profiles, which suggest these systems feasible for

different clinical procedures and applications.
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1. Introduction

The great diversity of oral pathogens and the different susceptibility profiles
to antimicrobial agents difficult the individual prescription in dental treatments [1].
Most oral diseases carry a bacterial component; however, systemic antimicrobials do
not show a great role in dental treatment, making the treatment in situ very useful [2].

Polymeric microparticles have been studied for the treatment of various
pathological conditions, where the prolonged effect or therapeutic targeting is desired.
Poly(lactide-co-glycolide acid) (PLGA) is one of the main polymers used in the
development of release systems, mostly due to its superior biocompatibility [3-6]. The
development of biodegradable formulations to control the release of antimicrobial drugs
would be important for controlling the infections in the oral cavity. Additionally, the
protection of the drug from the physiological degradation and bioadsorption would be
also advantageous, since those phenomena could result in loss of pharmacological
activity [7].

The association of the polymeric microparticles to antimicrobial agents in
dental materials may prevent bacterial activity, biofilm formation, demineralisation and
dental caries formation [8-10]. Therefore, the choice of the dental product is also
important, since the release ability of anti-caries substances from each type of material
can be determinant in the development of dental injury [11].

Chlorhexidine (CHX) is an antimicrobial agent extensively studied [12]. It
has been incorporated into various materials, such as experimental polymers [13, 14],
cements [15, 16], primers [17], dental adhesives [18], nanocomposites [19], and varnish
and chip for periodontal treatment [20, 21]. Others studies showed the feasibility of
CHX incorporation, without compromising the physical and chemical properties of the
material [13, 16, 17]. Additionally this association presented a potential bacterial
inhibition [14, 18, 19, 22].

The present study aimed to develop and characterize the incorporation of
two types of CHX into PLGA biodegradable microparticles to be used in dental

products as a controlled release system.

2. Materials and methods
2.1. Materials
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Poly(lactide-co-glycolide acid) (PLGA), Resomer® RG502H, was
purchased from Sigma-Aldrich (Taufkirchen, Germany). Chlorhexidine digluconate
(CDG) was purchased from Fagron (S&o Paulo, Brazil). Chlorhexidine diacetate (CDA)
was donated from Evonik® (Barcelona, Spain). All the other reagents were analytical

standard type and used as received.

2.2. Analytical validation

2.2.1. Standard curve of CHX concentration

Validation was performed to guarantee linearity, precision and accuracy in
the measurements. Concentrations of 1, 2, 4, 5, 10 and 20 pg/ mL were assayed using a

UV-visible spectrophotometer (Evolution 60S, Thermo scientific, Ohio, USA).

2.2.2. Chlorhexidine stability in solution

A stability experiment was performed to evaluate the degradation kinetics in
aqueous medium of these molecules, after storage under different conditions.
Concentrations of 1 and 10 pg/mL CHX were measured after storage in room
temperature (25 °C), incubator (37 °C) and freezer (4 °C). Solutions were measured at

pre-set time intervals along 50 days.

2.3. Preparation of microparticles

Microparticles were prepared by a spray-drying technique. Two different
formulations were tested for each drug (CDG and CDA) with different polymer:drug
proportions. Formulations were prepared in the ratio PLGA:drug of 16:1 (DA; and
DG;) and 8:1 (DA and DG). A blank formulation (PLGA only) was obtained and used
as a reference.

Due to differences in solubility among the drugs and polymer, an
emulsification process was proposed [23]. Briefly, PLGA was dissolved in
dichloromethane (DCM) at 4% (w/v). CDA or CDG were dissolved in 1 mL of Milli-Q
water in another vial. The solutions were mixed in a disperser system (Ultra Turrax T-
10 Basic, IKA Works, Campinas, Brazil).

The emulsions were immediately spray dried in a laboratory spray drier
(Mini Spray Drier Buchi 290, Buchi, Flawil, Switzerland). After the procedure,

microparticles were collected, weighted to determine the yield of production and stored
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into clean sealed glass vials. For further studies, they were preserved at 4 °C. The

storage temperature was based on previous testing.

2.4. Characterization of the formulations

2.4.1. Yield of production

The yield of production of the microparticles was determined according to
the ratio between the obtained mass and the theoretical mass of the polymer and drug

used.

2.4.2. Particle size and morphology

After the formulations were obtained, microparticles size and polydispersity
were determined by light scattering (Zetasizer Nano ZS, Malvern, Worcestershire,
United Kingdom) in an aqueous solution of Tween® 20 (0.1%). Measurements were

made in triplicate.

The morphology of the microparticles was examined by scanning electronic
microscopy (FE-SEM ULTRA PLUS, Carl Zeiss, Baden-Wirttemberg, Germany).
Samples of dried microparticles were placed on double-sided carbon adhesive stickers

and measured with no prior specimen preparation.

2.4.3. Encapsulation efficacy (EE) and Drug loading (DL)

The amount of CHX entrapped within the microparticles was determined
using the solvent-separation method. Thus, 10 mg of microparticles accurately weighted
were added to 0.5 mL of DCM and stirred vigorously, followed by the addition of 1 mL
of Milli-Q water. The samples were then centrifuged for 10 min at 10.000 rpm (NT810,
Novatecnica, Sao Paulo, Brazil) to separate the two phases. The procedure was repeated
until the complete extraction of the drug.

After obtaining the data, EE and DL were obtained by equations (1) and (2)
respectively:

M
EE (w/w %) = % 1)

0

M
DL (w/w %) = ﬁ (2)

MS
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where Mgnc is the real content of drug in the microparticles, My is the theoretical
amount of drug in the formulation and Mys is the mass (mg) of microparticles used in

the assay.

2.4.4. Stability of the microparticles

A stability study of the microparticles was carried out to evaluate the drug
integrity after storage under different conditions. Microparticles of CHX were storage in
room temperature (25 °C), incubator (37 °C) and freezer (4 °C). The amount of CHX

was determined using the solvent-separation method after 15 and 60 days.

2.5. Release experiments

The release study of the encapsulated forms of CDA and CDG was
performed and some physiological conditions of the oral cavity were reproduced (pH 6,
37 °C). The medium was renovated along the required treatment conditions up to 120
days. Dried CDA and CDG microparticles (n=3) were placed into vials in direct contact
with the release medium (1.0 mL of Milli-Q water) and were stored inside an incubator
(BOD-Biochemical Oxygen Demand-TE-391, Tecnal, Piracicaba, Brazil) at 37 °C to
constant stirring. Salivary flow was simulated and the release medium was collected
(0.8 mL) with a micropipette (Eppendorf AG, Hamburgo, Alemanha). The medium was
changed every hour during the initial 6 hours. After this period, collection of the
aliquots was spaced for every 6 hours and just after, for every 24 hours, in every case to
avoid medium saturation. The collected aliquots were measured immediately and

replaced with an equal amount of fresh release medium.

2.6. Antimicrobial activity

To guarantee the efficacy of the proposed formulations, it was important to
evaluate the microbiological response after the technical procedures involved in their
production. Collected solutions used in the release experiments were tested by diffusion
disk technique in plates.

Streptococcus mutans UA 159 and culture medium Brain Heart Infusion
(BHI) agar (Difco Lab. Detroit, Michigan, USA) were used. Lyophilized inocula was
rehydrated in sterile BHI medium, inoculated in BHI agar plates and incubated at 37 °C
for 24 h in a 5% CO, atmosphere (Forma Direct Heat CO, Incubator IR 230, Thermo
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Fisher Scientific Inc, Massachusetts, USA). After that, pure cultures were collected with
a disposable sterilized point and placed into BHI medium. This procedure was repeated
4 times to guarantee proper bacteria response. Cultures were adjusted to a 0.5
McFarland turbidity scale to obtain test inoculants.

Approximately 15 mL of BHI agar were disposed in sterilized plates and
allowed to dry in a laminar airflow cabin (BioFlux Il 120 A1, Filtracom, SP, Brazil).
After that, bacteria were inoculated in the agar surface. Sterilized paper disks (6 mm)
were hydrated with 10 uLL. of CDA or CDG solutions and distributed equally along the
plates. The dishes were kept under the same conditions aforementioned. The inhibition
zones obtained were examined to evaluate the microbiological response of the
encapsulated drug. Negative (Milli-Q water) and positive (CHX at 0.3 pg/mL) control

groups were used to check the bacterial viability and also the sensitivity, respectively.

3. Results
3.1. Analytical validation

From the stability study in solution it was verified that drug levels were
stable for 50 days, despite the concentration (1 or 10 pug/mL), storage condition (room

temperature, incubator and freezer) and molecule studied (CDA or CDG) (Figure 1).
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Figure 1. Stability in solution of CDA (A) and CDG (B); where 1 and 10 refer to the
concentration in mg/mL, after storage under different conditions: room (25 °C),
incubator (37 °C) and freezer (4 °C) up to 50 days.
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3.2. Characterization of the formulations

The formulations obtained for both drugs are listed in table 1. The yield of
production of the formulations showed the best result for CDA (over 71.56%) whereas
CDG ranged between 34.81 and 64.33%.

Microparticles size ranged between 1.01 and 3.07 pm (table 1). The
polydispersity index was averaged in 0.219 and 0.392 for CDA and CDG
microparticles, respectively. The microparticles containing CDA showed a more
uniform pattern for both compositions compared to CDG. Blank microparticles

exhibited a uniform pattern.

Table 1. Main characteristics of CHX loaded - PLGA microparticles.

Encapsulated Ratio Production  Particle Encapsulation  Drug
dru P PLGA: yield size efficiency loading
: drug (%) (um) (%) (%)
Blank [B] 18.91 1.01 NA NA
[DA]
Chlorhexidine 16 1 71.56 16 10.63 0.62
diacetate
(CDA) [DA]
8:1 71.84 15 36.67 4.07
[DG4]
Chlorhexidine 16 1 34.81 3.07 4.42 0.26
digluconate
(CDG) [DG,]
8:1 64.33 1.04 21.99 2.44

The formulation process resulted in microparticles with EE in the range of
4.42 - 36.67%, depending on the drug and on the polymer:drug ratio used. CDA
microparticles showed higher EE compared to CDG. DL varied between 0.26 and
4.07% among the formulations (table 1). The incorporation of CDA also increased the
DL compared to CDG. The increment in both drugs concentration (DA, and DGy) in the
formulation resulted in a superior EE and DL.

The surface morphology of the microparticles was examined by scanning
electron microscopy (SEM). It was observed uniform, spherical and non-aggregated

microparticles (Figure 2).
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Figure 2. SEM image of PLGA blank microparticles.

Concerning the stability study of the microparticles, DG ones were more
susceptible to heat than those containing DA, resulting in a decrease of their content for
60 days under different conditions. Moreover, DA; maintained its loading unchanged

for 15 days, and DA, remained intact for 60 days.

3.3. Release study

The formulations containing higher amount of drugs (DA, and DG,)
presented the highest cumulative release (%) and drug released (ug), in agreement to the
entrapment levels aforementioned. The DA; formulation presented a two-step burst
effect release: in the first 24 h it reached over 25% remaining constant up to 21 days,
and then has increased the release speed. The formulation DA, presented a burst effect
reaching approximately 60% of its content released over the first 24 hours. After that,
its release slowed and remained controlled over the studied period (Figures 3 and 4).

Both DG formulations presented a prominent burst effect along the first 48
h, reaching over 85% and 75% in the formulations DG; and DG, respectively. The
formulation named DG, showed the highest amount of drug released during the
experimental period, reaching 100% when the study was concluded (Figure 3).

In any case, the DA formulations presented a more controlled release
pattern over the experimental period (Figure 4) as evidenced by the drug amount release

at each interval.
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3.4. Antimicrobial activity of the encapsulated CDA and CDG
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As it can be visualized in Figure 5, the colonies of Streptococcus mutans

were homogeneous and the halos’ diameters evidenced their susceptibility.

The assayed samples inhibited Streptococcus mutans in vitro, depicting the
pharmacological activity of CHX (DA and DG) after the encapsulation process. The
formulations DA, and DG, were responsible for the largest inhibition zones (Figure 5)

in agreement to their respective EE and DL.
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Figure 5. Inhibition zones obtained from the release of
CDA (A) and CDG (B).

4. Discussion

The association between CHX and polymeric materials has not been
extensively studied, especially when it concerns the physical and/or chemical properties
of the molecules and the resulting effect on the release ability from the material. Some
studies, related to dental materials, pointed good results after CHX incorporation [13,
16, 17]. However drugs are released more quickly when uncoated [23, 24, 25].
Moreover, PLGA has been extensively used in several applications concerning the
controlled release of drugs [23, 26, 27]. Accordingly, the production of CHX-loaded
PLGA microparticles aimed to obtain a long-acting drug delivery system, which could
be applied in dental therapeutics.

Two types of CHX (CDA and CDG) were used in the present study. CDG is
extensively used in dentistry in a large variety of applications and procedures [28, 29].
In contrast, CDA has not received much attention from the professionals and it is not
explored commercially. Due to the fact that CDG is only available in solution [30], the
incorporation in dental materials becomes problematic. As a result, the production of
CDG-loaded microparticles is undoubtedly a great purpose.

As a requirement to the drug delivery development, in this study the
analytical validation of the methodology applied in the quantifications presented an
acceptable correlation, and demonstrated the stability of CHX in solution under
different conditions. In addition, microencapsulated CHX remained mainly stable
overtime under the same environmental conditions, similarly to another study [31]. The

chosen encapsulation technique — spray drying — generated uniform and reproducible
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populations of microparticles. Therefore, these microparticles are feasible to dental
clinical applications.

The release study showed different profiles for each CHX and also between
the individual formulations. Period and amount of released drug are crucial for the
choice of CHX formulation for clinical use. After the burst effect, the release of the
formulation DA, became gradually sustained. The controlled release of CDA over time
favours procedures which require a delayed release of the drug. Thus, CDA
microparticles could be used in the pure form or incorporated into dental materials. In
contrast, CDG microparticles may be used in clinical procedures that require a high
initial concentration of the drug, such as intracanal dressing, periodontal chemical
treatment, biofilm control and temporary procedures.

Inhibition of Streptococcus mutans was remarkable. DA, and DG,
formulations presented the best microbiological response in the corresponding assay.
The results demonstrated the potential of these systems in controlling the release of
CHX, which could be very promising in dental applications where antimicrobial activity

is required.

5. Conclusion

The development and characterization of CHX-loaded PLGA microparticles
was achieved, resulting in systems with different behaviours. CDA showed a more
sustainable and uniform release throughout the study and could be used in procedures
where long term release of the drug is required. However, CDG microparticles may be
indicated in clinical procedures that demand a high initial concentration of the drug. The
different release profiles, the chemical and biological integrity of the drug make these

systems feasible for different clinical procedures and applications.
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Abstract

This study aimed to evaluate the effect of incorporation of chlorhexidine (digluconate or
diacetate), in its free form or loaded into Poly(lactide-co-glycolide acid) microparticles,
on the physicochemical properties of resin sealants. For the degree of conversion (DC),
sealants formulations were prepared, and samples were analyzed by FTIR Spectrometry.
For the release experiments, samples from each formulation were stored individually,
medium aliquots were collected and quantified chlorhexidine and fluoride releases at
pre-defined times by means of UV-visible spectrophotometry and fluoride-ion-specific
potentiometry, respectively. The commercial sealant containing 2%w/w chlorhexidine
diacetate in the free form (p<0.05) and 10%w/w chlorhexidine digluconate loaded
microparticles presented the lowest DC (p<0.01). Experimental resin containing
chlorhexidine digluconate at 2%w/w in free form presented the highest DC (p<0.05).
Concerning the chlorhexidine release, experimental resin containing 5%w/w of
microparticles loaded with chlorhexidine diacetate presented the highest cumulative
release (p<0.01), while the same resin containing 5 and 10%w/w of microparticles
loaded with chlorhexidine digluconate presented the lowest ratios (p<0.001). The
groups containing microparticles loaded with chlorhexidine diacetate at 1% and 5%w/w
showed the highest fluoride release levels (p<0.001). DC, chlorhexidine and fluoride
releases varied among sealant formulations containing chlorhexidine in free and

microencapsulated forms, contributing in clinical uses to prevent caries.

Keywords: Pit and fissure sealants, microparticles, chlorhexidine, fluoride.
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INTRODUCTION

The high risk of caries in pits and fissures*? allowed the development of
materials capable of acting as a physical barrier, preventing the accumulation of
substrates and cariogenic biofilm. The most recommended materials are resin sealants,
because they have adequate viscosity, retention, resistance, marginal sealing, durability
and aesthetics.** Sealants may have fluoride in its composition, as a viable alternative to
prevent the occurrence of caries. Fluoride release for enamel inhibits demineralization®®
and enhances dental remineralization.®”®?

The association between fluoride and chlorhexidine could contribute to the
anticaries effect in the treatment of high caries risk individuals.'®** Chlorhexidine

1213 and can reduce

shows antimicrobial activity against bacterial found in the oral cavity
cariogenic bacterial activity. In dentistry, the most commonly forms of chlorhexidine
used are digluconate and diacetate. Some studies incorporated chlorhexidine particles as
fillers into resin composites, which resulted in chlorhexidine release and reduced
bacteria growth."**>'® Chlorhexidine particles were also incorporated into glass
ionomer cements,’” thus combining its antimicrobial activity to the fluoride ions
effect.’® Other studies have also evaluated the incorporation of chlorhexidine into resin
materials, presenting a potential for bacterial inhibition.*>*%%

However, appropriate action of the anticariogenic agents depends on their
release at therapeutic levels over time.”* The controlled drug delivery systems could
contribute to a prolonged effect of the drug in the specific therapeutic site. These
systems can be produced from Poly(lactide-co-glycolide acid) (PLGA), which is
considered a gold standard material in controlled drug delivery due to its incomparable

22,23,24

biocompatibility and biodegradation. Commonly, polymeric devices are

26,27

incorporated with fluoride,? chlorhexidine?®?’ or other antimicrobial agents.?®
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The control of cariogenic activity through the controlled release of
chlorhexidine incorporated in resin sealant could be an effective strategy in preventive-
restorative treatments. Additionally, the combination of fluoride and chlorhexidine
microparticles could provide promising therapeutic results. Therefore, the aim of this
study was to evaluate the effect of incorporation of chlorhexidine (digluconate or
diacetate), in the free form or loaded into PLGA-microparticles forms, in the
physicochemical properties of commercial and experimental sealants. The null
hypotheses tested were: (i) incorporation of chlorhexidine in free form or loaded into
PLGA-microparticles forms have no effect on sealants degree of conversion; (ii) the
incorporation of free chlorhexidine or PLGA-microparticles loaded with chlorhexidine
into commercial and experimental sealants will not be able to release chlorhexidine; (iii)
commercial sealant incorporated with free chlorhexidine or PLGA-microparticles

loaded with chlorhexidine will not be able to release fluoride ion.

MATERIAL AND METHODS
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,
Sigma-Aldrich, Germany) by means of spray-drying technique.”® Two different
formulations of microparticles were prepared using chlorhexidine digluconate (DG)
(Fagron, Sdo Paulo, Brazil) and chlorhexidine diacetate (DA) (Evonik®, Barcelona,
Spain), resulting in drug loading (DL) of 2.44% (w/w) for DG and 4.07% (w/w) for DA

(unpublished data). A blank formulation (PLGA only) was obtained and used as control.
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PLGA microparticles loaded either with DG or DA were examined in terms of
yield of production, particle size, morphology, encapsulation efficacy and drug loading

(unpublished data).

Preparation of sealants formulations

The sealants formulations were prepared by incorporating DG or DA into light-
cured commercial (Bl) (Bioseal®, Biodindmica, Curitiba, Brasil) and experimental
sealants (EX) (Biodindmica, Curitiba, Brasil). The difference among the sealants was
the presence of fluoride (F) in the commercial product (Table 1). Free forms of DG and
DA were added to commercial and experimental materials to obtain sealants
formulations containing 1.0 and 2.0% (v/w) of chlorhexidine (CHX).

The amount of microparticles to be incorporated into the sealants was
determined as 5.0 and 10.0% (w/w), in order to adjust to their drug loading. Thus,
PLGA-microparticles loaded either with DG or DA (respectively, PDG or PDA) were
mixed into the sealants to obtain formulations with 5.0 and 10.0% (w/w). Each sealant
formulation was manually manipulated on a glass plate for 1 minute at reduced ambient
light. These procedures were made isothermally at 23 °C and relative humidity of 45%.
Except for the controls group (BI-C and EX-C, no drug added), each formulation was

mixed as described above to prepare the sealants of experimental groups (Table 2).

Characterization of the formulations
Degree of conversion (DC)

Five samples of each group were produced and analyzed in both uncured and
cured states. For a methodological issue, DC was evaluated in the groups with the

highest CHX concentration: BI-DA2, BI-DG2, BI-PDA10, BI-PDG10, EX-DA2, EX-
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DG2, EX-PDA10 and EX-PDG10. These samples were analyzed using Fourier
Transform Infrared Spectrometry (Vertex 70 FT-IR Spectrometer, Billerica, MA, USA)
equipped with the horizontal zinc selenide crystal (ZnSe) element of an Attenuated
Total Reflectance (ATR) attachment (Miracle ATR, PIKE Technologies, Madison, WI,
USA). Spectra were obtained in the range of 1750 and 1550 cm™ (8 cm™ resolution), 64
scans and in the transmittance mode. For the analysis of uncured sealants, each sample
containing about 5 uLL was placed on the ATR ZnSe crystal top-plate. Samples in cured
states were prepared with dimensions of 1 cm diameter and 0.3 mm thick. The sealant
was inserted into the mold and covered with a polystyrene matrix strip. The samples
were individually light-cured for 20 seconds with an intensity of 1200 mW/cm?cured
using a blue LED light source (Elipar™ FreeLight 2, 3M ESPE, Neuss, Germany). The
distance between the tip of the optical fiber and the sample was 5 mm. The software
OPUS was used to monitor the assay, which was performed at 25 °C and relative
humidity of 70%.

The DC was calculated using standard methods® that evaluated changes in the
ratios of aliphatic (1636 cm™) to aromatic C=C absorption peaks (1608 cm™) in the
uncured and cured states obtained from the infrared spectra, according to the following
equation: DC=100-[(R cured)/(R uncured) x 100], where R=ratio of peak height at 1636

cm™ and 1608 cm™.

Release studies of sealants containing free and microencapsulated chlorhexidine
Individual cylindrical polystyrene matrices with one free surface (2.0 mm

diameter x 4.0 mm thick) were used to enclose the sealant formulations, which were

used in triplicate. The matrix was filled with each sealant formulation, a mylar strip was

placed on the top of it and a glass slide was placed to perform the light-curing process.
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The material was light-cured with LED (Elipar™ FreeLight 2, 3M ESPE, Neuss,
Germany) for 20 seconds at 1200 mW/cm?. Samples were stored in individual vials
containing 1.0 mL of Milli-Q water, and stored inside an incubator (BOD-Biochemical
Oxygen Demand-TE-391, Tecnal, Piracicaba, Brazil) at 37 °C.

The medium was collected in pre-determined times (up to 6 months) and
immediately quantified in a spectrophotometer (Amershan Biosciences, Ultrospec Pro
1100, Cambridge, England), renewing with an equivalent amount of fresh release
medium, in order to simulate the saliva clearance. The absorbance of blank

microparticles was used to eliminate the polymer influences.

Fluoride (F) release studies

The concentration of F released from sealants formulations was measured using
the same aliquots (1 mL) used for the quantification of CHX in the first two months.
The amount of F was determined electrochemically using a—fluoride-ion-specific
electrode (Orion 96-09, Thermo Electron Corporation, Waltham, Massachusetts, USA).
Calibration of measuring device was performed by standard F solutions according to
pre-defined curve of F concentration. A linear relationship between the logarithm of F
concentration and relative voltage was established for each reference solution by means
of a fluoride-ion-specific electrode and a digital voltmeter.®® The amount of F was

measured by determining the potential difference (ddp) for each solution at 25° C.

Statistical analysis
Statistical analyses were performed with GraphPad Prism® 5 program and
data were expressed as Mean (SD). Test of normality Shapiro-Wilk was realized in

degree of conversion (n=5) and data was submitted to Levene’s test. The DC and the
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release of CHX and F data were analyzed using Two-way analysis of variance
(ANOVA) followed by Bonferroni post hoc test. In all tests the confidence level was

95% (p<0.05).

RESULTS
Degree of conversion

The results of the DC analysis of commercial and experimental sealants are
presented in Table 3. The statistical analyses showed that sealant (F=13.64; p=0.0007)
and type of CHX (F=5.615; p=0.0011) significantly affected the DC (p<0.001). The
interactions between variables were not significant (F=2.175; p=0.0893). In the
commercial sealant, DC of groups with free CHX and PLGA-microparticles of CHX
were similar to each other (p>0.05). BI-DA2 (p<0.05) and BI-PDG10 (p<0.01) showed
lower DC than BI-C. The experimental sealant (EX-DG2) showed the highest DC,
differencing significantly from the others (p<0.05). The comparison among the
commercial and experimental sealants demonstrated a difference when DG2 was
incorporated in the sealants. BI-DG2 presented no difference in DC compared to

respective control, while EX-DG2 showed higher DC than control.

Chlorhexidine release

CHX release profiles of commercial and experimental sealants are shown in
Figures 1 and 2. Mean CHX release values were affected by CHX type (F=1131,
p<0.0001) and time (F=593.4; p<0.0001). The interactions between variables were
significant (F=44.06; p<0.0001). The groups containing the free form of CHX (either
DG or DA) in the commercial and experimental sealants presented a discrete release

from the first 6 h, except from the EX-DG1 and EX-DA2, which started releasing the
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drug at 576 h (24 days) and at 24 h, respectively (Fig. 1b and 2b). Groups containing the
free form CHX exhibited lower release amounts compared to groups containing
microparticles after 6 months (Figures 1 and 2).

Sealants containing PLGA-microparticles with CHX exhibited a late and gradual
release after 576 h (24 days), except for BI-PDA10 and EX-PDAS5, groups that
presented a discrete release after 24 h (Figs. 1b and 2b). Cumulative CHX release from
sealants containing PLGA-microparticles of DG or DA showed differences when
compared to control groups (p<0.001) (Fig. la e 2a). In the commercial sealant,
materials containing PLGA-microparticles had no significant difference between each
other (p>0.05) (Fig. 1a). In the experimental sealants containing PLGA-microparticles,
the highest release was detected in the EX-PDAS5 group (22.91%) (p<0.01) (Fig. 2a). In
contrast, the experimental sealant group containing 5% of PLGA-microparticles loaded
with DA (EX-PDA5) showed higher release than EX-PDA10 (p<0.01) (Fig. 2a).
Globally, the groups containing PLGA-microparticles of CHX exhibited superior

release rates than groups with free CHX.

Fluoride release

The F release profile of the tested commercial sealant is shown in Figure 5. The
F release from sealants was measured in all the groups, but no F was detected in the
experimental sealant, as expected. Mean F release values were affected by CHX type
(F=24.63; p<0.0001) and evaluation time (F=105.5; p<0.0001). The interactions
between variables were significant (F=3.879; p<0.0001). All the groups of commercial
sealant started the F release at 6 h. The F cumulative release of BI-C (60.24 ug) was
used as reference for the other groups. BI-DA1 (131.6 pg) was different from the

control and showed the highest release among the groups containing free CHX
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(p<0.001). The others sealants containing free CHX presented no difference to the
control (p>0.05) (Fig. 3).

In the groups containing PLGA-microparticles loaded with CHX, the F release
from all groups were significant different from the control (p<0.001). BI-PDAS5 (193.6
Hg) showed the highest release among the sealants containing PLGA-microparticles
(p<0.001). The other groups did not present any difference between each other: Bl-

PDG5 (148.0 pg), BI-PDG10 (142.1 pg) and BI-PDA10 (144.9 pg) (p>0.05) (Fig. 3).

DISCUSSION

In this study, the monomer conversion analysis in FT-IR showed that
incorporating CHX affected DC in BI-DA2, BI-PDG10 and EX-DG2 groups compared
to the respective controls. These results indicated a reduction in the conversion of
monomers in commercial sealant incorporated with DA 2%, while the addition of DG
2% in the experimental sealant contributed for increase of DC. Previous investigator
reported no change in DC of an adhesive when adding 0.01 to 0.2% concentrations of

DA% Similarly, several studies have shown that mechanical properties of

16,33,34 35,36

polymers and bonding resins were not affected after incorporating CHX,

however this fact seems to be dependent on the CHX concentration.®” Conversely,
another study showed that the incorporation of 1-5% of CHX in an adhesive reduced the
DC of experimental hydrophilic adhesives.*® The incorporation of CHX into
methacrylates could hinder the polymerization process resulting in a high level of

34,37

residual monomers, which is in agreement with the present results of commercial

sealant incorporated with DA 2%. In contrast, the presence of DG 2% in experimental
sealant could have contributed to increase of DC due to possibly stabilization of free

radicals in the polymerization reaction.™
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The DC of the commercial and experimental sealants containing PLGA-
microparticles showed no difference compared to the respective controls, except for Bl-
PDG10. Probably the association between PLGA-microparticles loaded with DG and F
caused a decrease in DC of BI-PDG10. Then, the first null hypothesis that incorporation
of CHX in free form or loaded in PLGA-microparticles forms has no effect on sealant’s
degree of conversion must be partially rejected.

Concerning the CHX release, the present results demonstrated different
cumulative release profiles between the commercial and experimental sealants
incorporated with free and microencapsulated CHX. The incorporation of free CHX to
various methacrylate polymers has shown high drug release rates.’>*?% The
incorporation of free CHX into adhesives may serve as a CHX reservoir within the
polymer matrix, gradually leached out from polymer to the medium.** In the present
study sealants loaded with high content of free DG (BI-DG2 and EX-DG2) started
releasing discretely along the first 216 h, suggesting that the drug release was CHX-type
and concentration-dependent, mainly due to the higher solubility of this drug,®
increasing the diffusion and releasing process.”” The release of DG and DA from the
sealants containing its free form steadied after 24 h and 216 h, respectively, for
experimental and commercial sealants, possibly due to the presence of non-entrapped

1720 that showed an

drug.’®* This initial release profile was reported in other studies
initial rapid release of CHX in the first week, followed by a plateau.

The drug release from groups containing PLGA-microparticles loaded with
CHX started after 576 h (24 days), except for BI-PDA10 and EX-PDA5 which started
releasing discretely after 24 h. Sealants loaded with PLGA-microparticles showed a

delayed and gradual drug release over 6 months, which depicts a controlled release

system. The microencapsulation of CHX benefited the drug release.** Even if groups of
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microencapsulated DG and DA had much smaller drug loading (5 to 10 times) than the
groups of free CHX, they presented much higher release rates (unpublished data). This
result suggests that PLGA-microparticles protected the CHX from the interaction with
sealant components and inactivation, keeping its bioavailability.

For the commercial sealant, the cumulative release in the groups containing
microencapsulated CHX was similar in the end of study. It could be hypothesized that F
release to the dissolution medium favored the CHX release from the commercial
sealant. CHX and F have opposite charges ions,** which induce ionic attraction between
the species in aqueous solution. As F was not incorporated in the microparticles, its
release occurred faster and in a more favorable way than CHX. Thus, increasing the F
concentration in the medium where the devices were placed, inducing the CHX release
from the commercial sealant, independent of the tested group.

For instance, the experimental sealants loaded with DA presented a higher
release rate than groups with DG. The drug loading results could justify the different
profiles. Microparticles with DG presented half drug loading amount than that of DA
microparticles (unpublished data). As the experimental sealant does not have F in its
composition, release of DG and DA was not influenced by F in the leaching medium
and was driven basically by the type and the amount of encapsulated drug. Thus, the
second null hypothesis that the release of CHX from sealants incorporated in PLGA-
microparticles has no difference to the release behavior from sealants containing free
CHX has to be rejected.

Fluoride release from sealants containing free and microencapsulated CHX was
quantified over two-months as described by Hoszek.”® Different amounts of F were
detected within the commercial groups, once F was not present in experimental sealant.

Thus, the third null hypothesis that commercial sealant containing free CHX and



46

microencapsulated CHX will not be able to release F must be rejected. The F release
was increased in the commercial sealant formulations containing 1% of free DA and 5%
of microencapsulated DA, while increasing DA proportion decreased the anion release.
The microparticles with high proportion of CHX may have carried a certain amount of
non-entrapped superficial drug, which could have interacted with F in solid state
impeding its release from inside of the formulations. Probably, the association between
DA and F allowed the formation of CHX difluoride (CHXDF) after chemical changes,
transforming DA in an insoluble salt** and preventing F release.

The sealants presenting free DG showed lower F release rates than sealants
containing free DA. The decrease in F release when associated to DG was reported in a
previous study regarding the compatibility between DG and sodium
monofluorophosphate (MFP). It was observed a slight decrease in F concentration in
0.8% MFP solution after increasing DG concentration from 0.0125 wt% to 2.0 wt%.* It
could be speculated that the association between DG and F might result in the
precipitation of CHX fluoride salt with low solubility, leaving the F less available.*® For
instance, when F is free in the leaching medium, it would increase the CHX release
from the microparticles. It was observed in the sealants containing PLGA-
microparticles that the beginning of CHX release coincided with the increase of F
release after 576 h.

The benefits of pit and fissure sealants have been demonstrated in previous
studies.”®*"*® The additive effect of CHX could contribute in specific clinical uses to
prevent biofilm formation and caries development. The incorporation of free and
microencapsulated CHX exhibited high DC levels of commercial and experimental
sealants. Although some significant differences have been observed in the groups, the

high DC results may suggest favorable dental clinical applications. In addition, the
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incorporation of CHX showed different profiles in commercial and experimental
sealants. The inclusion of microencapsulated CHX to the sealant increased the drug
release and also incremented the F release, contributing to the anti-cariogenic effect of
the sealant. The best results were found for BI-PDA5 and BI-PDA10 groups. BI-PDA10
was not functionally affected by the incorporation of microencapsulated CHX
(according to the DC test), while BI-PDAS5 presented the highest CHX and F release
rates. Therefore, complementary studies are needed to evaluate other properties, paired
with antimicrobial activity to feasible these new formulations of resin sealants for caries

prevention.

CONCLUSIONS

- The addition of free or microencapsulated forms of chlorhexidine significantly
affected the degree of conversion of resin sealants, depending on the type and form of
chlorhexidine incorporated and the sealant.

- Sealants with chlorhexidine in free form or loaded in PLGA-microparticles were able
to release chlorhexidine, presenting significant differences among their release profiles.
- Resin sealants containing free chlorhexidine started releasing discretely at the
beginning and ceased after some days. Sealants containing microencapsulated
chlorhexidine showed a delayed and controlled chlorhexidine release over 6 months.

- Commercial sealant (Bioseal) containing chlorhexidine in free or PLGA-
microparticles forms was able to release fluoride in a controlled regimen. The sealants
with PLGA-microparticles released greater amounts of fluoride in comparison to the

control and sealants loaded free chlorhexidine.



48

REFERENCES

1. Batchelor PA, Sheiham A. Grouping of tooth surfaces by susceptibility to caries: a
study in 5-16 year-old children. BMC Oral Health 2004;4:2.

2. Sheiham A, Sabbah W. Using universal patterns of caries for planning and
evaluating dental caries. Caries Res 2010;44:141-150.

3. Berger S, Goddon I, Chen CM, Senkel H, Hickel R, Stosser L, Heinrich-Weltzien R,
Kihnisch J. Are pit and fissure sealants needed in children with a higher caries risk?
Clin Oral Investig 2010;14(5):613-620.

4. Kolavic Gray S, Griffin SO, Malvitz DM, Gooch BF. A comparison of the effects of
toothbrushing and handpiece prophylaxis on retention of sealants. J Am Dent Assoc
2009;140(1):38-46.

5. Rock WP, Foulkes EE, Perry H, Smith AJ. A comparative study of fluoride-releasing
composite resin and glass ionomer materials used as fissure sealants. J Dent
1996,24:275-280.

6. Salar DV, Garcia-Godoy F, Flaitz CM, Hicks MJ. Potential inhibition of
demineralization in vitro by fluoride-releasing sealants. J Am Dent Assoc
2007;138(4):502-506.

7. Forsten L. Short- and long-term fluoride release from glass ionomers and other
fluoride-containing filling materials in vitro. Scand J Dent Res 1990;98(2):179-185.

8. Kozai K, Susuki J, Okada M, Nagasaka N. In vitro study of antibacterial and
antiadhesive activities of fluoride-containing light-cured fissure sealants and a glass
ionomer liner/base against oral bacteria. ASDC J Dent Child 2000;67(2):117-122.

9. Griffin SO, Gray SK, Malvitz DM, Gooch BF. Caries risk in formerly sealed teeth. J

Am Dent Assoc 2009;140(4):415-423.



49

10. Zaura-Arite E, Ten Cate JM. Effects of fluoride and chlorhexidine containing
varnishes on plaque composition and on de-mineralization of dentinal grooves in situ.
Eur J Oral Sci 2000;108:154-161.

11. Sorvari R, Happonen SS, Luoma H. Efficacy of chlorhexidine solution with
fluoride varnishing in preventing enamel soften-ing by Streptococcus mutans in an
artificial mouth. Scand J Dent Res 1994;102:206-209.

12. Wade WG, Addy M. In vitro activity of a Chlorhexidine-containing mouthwash
against subgingival bacteria. J Periodontol 1989;60:521-525.

13. Mistry KS, Sanghvi Z, Parmar G, Shah S. The antimicrobial activity of Azadirachta
indica, Mimusops elengi, Tinospora cardifolia, Ocimum sanctum and 2% chlorhexidine
gluconate on common endodontic pathogens: An in vitro study. Eur J Dent
2014;8(2):172-177.

14. Patel MP, Cruchley AT, Coleman DC, Swai H, Braden M, Williams DM. A
polymeric system for the intra-oral delivery of an anti-fungal agent. Biomaterials
2001;22:2319-2324.

15. Leung D, Spratt DA, Pratten J, Gulabivala K, Mordan NJ, Young AM.
Chlorhexidine-releasing methacrylate dental composite materials. Biomaterials
2005;26(34):7145-7153.

16. Anusavice KJ, Zhang NZ, Shen C. Controlled release of chlorhexidine from
UDMA-TEGDMA resin. J Dent Res 2006;85:950-954.

17. Palmer G, Jones FH, Billington RW, Pearson GJ. Chlorhexidine release from an
experimental glass ionomer cement. Biomaterials 2004;25:5423-5431.

18. Takahashi Y, Imazato S, Kaneshiro A, Ebisu S, Frenchen JE, Tay FR. Antibacterial
effects and physical properties of glass-ionomer cements containing chlorhexidine for

the ART approach. Dent Mater 2006;22:647-652.



50

19. Kwon TY, Hong SH, Kim YK, Kim KH. Antibacterial effects of &-META/MMA-
TBB resin containing chlorhexidine. J Biomed Mater Res B Appl Biomater
2010;92(2):561-567.

20. Cheng L, Weir MD, Xu HH, Kraigsley AM, Lin NJ, Lin-Gibson S, Zhou X.
Antibacterial and physical properties of calcium-phosphate and calcium-fluoride
nanocomposites with chlorhexidine. Dent Mater 2012;28(5):573-583.

21. Featherstone JD. Delivery challenges for fluoride, chlorhexidine and xylitol. BMC
Oral Health 2006;6 Suppl 1:S8.

22. Prior S, Gamazo C, Irache JM. Gentamicin encapsulation in PLA/PLGA
microspheres in view of treating Brucella infections. Int J Pharm 2000;196(1): 115-125.
23. Blanco-Prieto MJ, Lecaroz C, Renedo MJ, Kunkova J, Gamazo C. In vitro
evaluation of gentamicin released from microparticles. Int J Pharm 2002;242(1-2):203-
206.

24. Graves RA, Pamujula S, Moiseyev R, Freeman T, Bostanian LA, Mandal TK.
Effect of different ratios of high and low molecular weight PLGA blend on the
characteristics of pentamidine microcapsules. Int J Pharm 2004;270(1-2):251-262.

25. Mirth DB, Shern RJ, Emilson CG, Adderly DD, Li SH, Gomez IM, Bowen WH.
Clinical evaluation of an intraoral device for the controlled release of fluoride. J Am
Dent Assoc 1982;105(5):791-797.

26. Mirth DB, Bartkiewicz A, Shern RJ, Little WA. Development and in vitro
evaluation of an intra-oral controlled-release delivery system for chlorhexidine. J Dent
Res 1989; 68(8):1285-1288.

27. Yue IC, Poff J, Cortées ME, Sinisterra RD, Faris CB, Hildgen P, Langer R, Shastri
VP. A novel polymeric chlorhexidine delivery device for the treatment of periodontal

disease. Biomaterials 2004;25(17):3743-3750.



51

28. Friedman M, Steinberg D. Sustained-release delivery systems for treatment of
dental diseases. Pharm Res 1990;7:313-317.

29. Sousa FF, Luzardo-Alvarez A, Pérez-Estévéz A, Seoane-Prado R, Blanco-Méndez
J. Development of a novel AMX-loaded PLGA/zein microsphere for root canal
disinfection. Biomed Mater. 2010 Oct;5(5):055008.

30. Oliveira M, Cesar PF, Giannini M, Rueggeberg FA, Rodrigues J, Arrais CA. Effect
of temperature on the degree of conversion and working time of dual-cured resin
cements exposed to different curing conditions. Oper Dent 2012;37(4):370-379.

31. Anusavice KJ, Zhang NZ, Shen C. Effect of CaF2 content on rate of fluoride
release from filled resins. J Dent Res 2005;84:440-444.

32. Stanislawczuk R, Pereira F, Mufioz MA, Luque I, Farago PV, Reis A, Loguercio
AD. Effects of chlorhexidine-containing adhesives on the durability of resin-dentine
interfaces. J Dent 2014,42(1):39-47.

33. Wilson SJ, Wilson HJ. The release of chlorhexidine from modified dental acrylic
resin. J Oral Rehabil 1993;20:311-319.

34. Riggs PD, Braden M, Patel M. Chlorhexidine release from room temperature
polymerising methacrylate systems. Biomaterials 2000;21:345-351.

35. Hiraishi N, Yiu CKY, King NM, Tay FR, Pashley DH. Chlorhexidine release and
water sorption characteristics of chlorhexidine-incorporated hydrophobic/hydrophilic
resins. Dent Mater 2008;24:1391-1399.

36. Cadenaro M, Pashley DH, Marchesi G, Carrilho M, Antoniolli F, Mazzoni A et al.
Influence of chlorhexidine on the degree of conversion and E-modulus of experimental
adhesive blends. Dent Mater 2009;25:1269-1274.

37. Jedrychowski JR, Caputo AA, Kerper S. Antibacterial and mechanical properties of

restorative materials combined with chlorhexidines. J Oral Rehabil 1983;10:373-381.


http://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CBwQFjAA&url=http%3A%2F%2Fwww.springer.com%2Fbiomed%2Fpharmacology%2B%2526%2Btoxicology%2Fjournal%2F11095&ei=DyHQU9WbN8mYyASG8IKgBw&usg=AFQjCNEiBn3JjA_qLAJccqblQu9n3LwJug&bvm=bv.71667212,d.aWw

52

38. Nerurkar MJ, Zentner GM, Rytting JH. Effect of chloride on the release of
chlorhexidine salts from methylmethacrylate-2-hydroxyethyl methacrylate copolymer
reservoir devices. J Control Release 1995;33:357-363.

39. Zehnder M. Root Canal Irrigants. J Endod 2006;32(5):389-398.

40. Pallan S, Furtado Araujo MV, Cilli R, Prakki A. Mechanical properties and
characteristics of developmental copolymers incorporating catechin or chlorhexidine.
Dent Mater 2012;28(6):687-694.

41. Jiang B, Zhang G, Brey EM. Dual delivery of chlorhexidine and platelet-derived
growth factor-BB for enhanced wound healing and infection control. Acta Biomater
2013;9(2):4976-4984.

42. Anusavice KJ. Present and future approaches for the control of caries. J Dent Educ
2005;69:538-554.

43. Hoszek A, Ericson D. In vitro fluoride release and the antibacterial effect of glass
ionomers containing chlorhexidine gluconate. Oper Dent 2008;33(6):696-701.

44. Shen C, Zhang NZ, Anusavice KJ. Fluoride and chlorhexidine release from filled
resins. J Dent Res 2010;89(9):1002-1006.

45. Barkvoll P, Rolla G, Bellagamba S. Interaction between chlorhexidine digluconate
and sodium monofluorophosphate in vitro. Scand J Dent Res 1988;96:30-33.

46. Welbury R, Raadal M, Lygidakis NA. EAPD guidelines for the use of pit and
fissure sealants. Eur J Paediatr Dent 2004;5(3):179-184.

47. Ahovuo-Saloranta A, Hiiri A, Nordblad A, Makelda M, Worthington HV. Pit and
fissure sealants for preventing dental decay in the permanent teeth of children and
adolescents. Cochrane Database Syst Rev 2008;(4):CD001830.

48. Frencken JE. The state-of-the-art of ART sealants. Dent Update 2014;41(2):119-

120, 122-124.



53

Table 1. Materials and chemicals used in the study

Material (Abbreviation) Batch Basic Formulation
/Manufacturer number
Bisphenol A glycidyl methacrylate
Bioseal Sealant (35.60%), dimethacrylate groups, BHT,
/Biodindmica, Curitiba, Brazil 549 13 silicon dioxide, sodium fluoride,

calcium fluoride and catalyst.

Experimental Sealant Bisphenol A glycidyl methacrylate
/Biodindmica, Curitiba, Brazil (35.60%), dimethacrylate groups, BHT
and silicon dioxide.

Chlorhexidine Digluconate
(DG) 9418600021 e
/Panreac, Barcelona, Spain

Chlorhexidine Diacetate (DA) 8320017837  ==-mmmmmmmmmmemmeee
/Evonik®, Barcelona, Spain

Poly (D-L lactide - co -
glycolide acid) (PLGA 50:50)
Resomer® RG502H STBC263V e
/Sigma-Aldrich, Taufkirchen,
Germany

Methylene Chloride
(Dichloromethane) P.A. 1200542 e
/ACS, Rio de Janeiro, Brazil
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Table 2. Description of the experimental groups

Groups Material Free chlorhexidine and microencapsulated forms

BI-C Control

BI-DG1 Containing 1% (v/w) of chlorhexidine digluconate

BI-DG2 Bioseal Containing 2% (v/w) of chlorhexidine digluconate

BI-DA1 Sealant  containing 1% (w/w) of chlorhexidine diacetate

BI-DA2 Containing 2% (w/w) of chlorhexidine diacetate

BI-PDG5 Containing 5% (w/w) of microparticles of chlorhexidine digluconate
BI-PDG10 Containing 10% (w/w) of microparticles of chlorhexidine digluconate
BI-PDA5S Containing 5% (w/w) of microparticles of chlorhexidine diacetate
BI-PDA10 Containing 10% (w/w) of microparticles of chlorhexidine diacetate
EX-C Control

EX-DG1 Containing 1% (v/w) of chlorhexidine digluconate

EX-DG2 Experimental  Containing 2% (v/w) of chlorhexidine digluconate

EX-DA1 Sealant  containing 1% (w/w) of chlorhexidine diacetate

EX-DA2 Containing 2% (w/w) of chlorhexidine diacetate

EX-PDG5 Containing 5% (w/w) of microparticles of chlorhexidine digluconate
EX-PDG10 Containing 10% (w/w) of microparticles of chlorhexidine digluconate
EX-PDA5 Containing 5% (w/w) of microparticles of chlorhexidine diacetate
EX-PDA10 Containing 10% (w/w) of microparticles of chlorhexidine diacetate
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Table 3. Mean (S.D.) of degree of conversion (%) results from commercial and

experimental sealants

Free chlorhexidine and microparticulated forms Bioseal Experimental
Control 74.67 (2.06) ™ 73.74 2.73) **
Chlorhexidine digluconate 2% 72.90 (1.13) *#* 77.69 (2.07) *

Chlorhexidine diacetate 2%
Microparticles of chlorhexidine digluconate 10%
Microparticles of chlorhexidine diacetate 10%

70.56 (3.62) B!
69.74 (1.23) ®
71.58 (2.13) "

72.55 (3.09) Bt
73.00 (1.40) ®*
74.26 (1.76) ®*

For each vertical column, values with identical letters indicate no significant difference using
Bonferroni post hoc pair-wise comparisons tests (p>0.05). For each horizontal row, values with
identical numbers indicate no significant difference between the groups using Bonferroni post

hoc test (p>0.05)
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Fig. 1. Cumulative chlorhexidine release from commercial sealant in aqueous medium.

a) Cumulative release (%) during the entire evaluation period (4512 h). b) Cumulative

release (%) at the first 816 h.
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FIGURE LEGENDS

Fig. 1. Cumulative chlorhexidine release from commercial sealant in aqueous
medium. a) Cumulative release (%) during the entire evaluation period

(4512 h). b) Cumulative release (%) at the first 816 h.

Fig. 2. Cumulative chlorhexidine release from experimental sealant in aqueous
medium. a) Cumulative release (%) during the entire evaluation period

(4512 h). b) Cumulative release (%) at the first 816 h.

Fig. 3 Fluoride release (ug F/mL) from commercial sealant in aqueous

medium.
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4 CONCLUSAO GERAL

A caracterizacdo de microparticulas poliméricas carregadas com clorexidina
(digluconato e diacetato) resultou em diferentes perfis de liberagdo, tornando esses
sistemas viaveis para diversos procedimentos e aplicacfes odontoldgicas.

A incorporacdo de clorexidina, nas formas livres e microencapsuladas,
afetou o grau de conversdo dos selantes comercial e experimental, dependendo do tipo e
da forma de clorexidina incorporada e do tipo de selante.

Grupos incorporados com clorexidina livre e microparticulas apresentaram
perfis de liberacdo diferentes. Grupos incorporados com clorexidina livre apresentaram
uma grande liberacdo inicial, enquanto os grupos contendo microparticulas poliméricas
com clorexidina tiveram uma liberacdo retardada e gradual de clorexidina durante o
periodo de avaliacéo.

O teste de liberacdo de fluoreto foi afetado significativamente pela
incorporacdo de clorexidina nas formas livre e microencapsulada. Os grupos com
microparticulas de clorexidina liberaram maior quantidade de fluoreto quando

comparado ao controle.
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ANEXOS
ANEXO A — NORMAS DO PERIODICO BIOMEDICAL MATERIALS

How to prepare your article
Please read these guidelines carefully and familiarize yourself with the style and editorial
policies of your chosen journal by examining the online version and taking a look at the
Featured Avrticles. It is important to check that your research fits well into the scope of your
chosen journal before you submit it. You are also advised to read the 10P ethical policy. If you
have any queries, please contact us.
Your article should normally consist of the following:

o atitle page with title of article, name(s) of author(s) and address(es) of establishment(s)

where the work was carried out

e an abstract

o thetext

o figures

o alist of references
The following sections give a brief overview of the main elements or structure of an article.
Read them first.
You can find more detail in our LaTeX and Word guidelines which are presented in the style of
a typical article.
Title page
Title of article
This should be concise but informative.
Authors and addresses
For multiple-authored articles list the names of all the authors first, followed by the full postal
addresses, using superscript numeric identifiers to link an author with an address, where
necessary (see LaTeX and Word guidelines). If an author's present address is different from the
address at which the work was carried out, this should be given as a footnote to the page. You
can also include e-mail addresses, telephone numbers and fax numbers on the title page.
Short title
This is used at the top of odd-numbered pages in the printed journal and should not exceed 80
characters. You do not need to provide short titles for Fast Track Communications, Rapid
Communications or Topical Reviews.
Classification numbers
Many of our journals use the Physics and Astronomy Classification Scheme (PACS), published

by the American Institute of Physics to help with the refereeing process. We therefore ask you
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to supply a list of appropriate classification numbers. You do not need to supply classification
numbers when submitting to Physics Education. When submitting to Inverse Problems and
Nonlinearity you should include suitable classification numbers from either the Physics and
Astronomy scheme or the Mathematics Subject Classification (MSC), but MSC is preferred.
You should include a list of keywords when submitting to Measurement Science and
Technology, Physics in Medicine and Biology and Physiological Measurement.

Abstract

Your abstract should give readers concise information about the content of your article. It
should be informative and not only indicate the general scope of the article but also state the
main results obtained and conclusions drawn. For Journal of Neural Engineering, the abstract
should consist of the following elements: problem addressed; methodology; results, significance
and potential impact. As the abstract is not part of the text it should be complete in itself; no
table numbers, figure numbers, references or displayed mathematical expressions should be
included. It should be suitable for direct inclusion in abstracting services and should not
normally exceed 200 words. If the article is not in English, an English version of the abstract
must also be supplied.

When readers are searching for information online, an abstract of an article is likely to be the
first thing they see. Consequently your abstract needs to be concise but convey as much
information as possible about the content of your article.

Text

Research papers and review articles can be divided into numbered sections and subsections.

You should use tables only to improve conciseness or where the information cannot be given
satisfactorily in other ways such as by histograms or graphs. Tables should be numbered serially
and referred to in the text by number (table 1, etc). Each table should have an explanatory
caption which should be as concise as possible.

If your article consists of a very large amount of tabular material such as long lists of
crystallographic results, computer programs and spectrographic results we would not normally
publish these in full. Instead these may be published online as supplementary data files.

In terms of general style, conciseness in writing helps the reader, but clarity is most important.
Short sentences and paragraphs make reading easier. You should aim for consistency within
your article in matters such as hyphenation and spelling.

All acronyms and abbreviations should be clearly explained when they first appear in the text,
and all units used should be consistent throughout the article.

If English is not your first language, you should ask an English speaking colleague to read

through your article or at least apply a UK English spellchecker to your article.



67

Mathematics

Detailed information on the presentation of mathematics, formulae and equations is provided in
our LaTeX and Word guidelines.
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Before submitting your article, please ensure you have done a literature search to check for any
relevant references you may have missed.

Journal specific notes:

e It can be helpful to include first and last page numbers, particularly for review articles
and for journals such as Reports on Progress in Physics; final page numbers are a
requirement for submissions to Physics in Medicine and Biology and Physiological
Measurement.

e Inverse Problems, Journal of Neural Engineering, Measurement Science and
Technology, Physical Biology, Physics in Medicine and Biology and Physiological

Measurement require titles of articles in journals in their reference lists.
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You can use either of the referencing systems, alphabetical (Harvard) or numerical (\Vancouver),
described below, except for Physics in Medicine and Biology and Physiological Measurement,
which insist on the Harvard system.

For articles prepared in LaTeX, please use the tools provided in your LaTeX class file (for
example IOP's recommended class file). For articles prepared using Microsoft Word, please
refer to the detailed Word guidelines, which contain much more detail with examples.
Alphabetical system (Harvard)

In the Harvard alphabetical system the name of the author appears in the text together with the
year of publication, e.g. (Smith 2001) or Smith (2001) (as appropriate). Where there are only
two authors both names should be given in the text (Smith and Jones 2001) or Smith and Jones
(2001); however, if there are more than two authors only the first name should appear followed
by et al, (Smith et al 2001) or Smith et al (2001). If you refer to different works by one author
or group of authors in the same year they should be differentiated by including a, b, etc after the
date (e.g. 2001a). If you refer to different pages of the same article, the page humber may be
given in the text, e.g. Smith (2001, p 39). The reference list at the end of your article using this
system should be in alphabetical order.

Numerical system (Vancouver)

In the numerical system you should number your references sequentially through the text. The
numbers should be given in square brackets and one number can be used to refer to several
instances of the same reference. The reference list at the end of the article lists the references in
numerical order, not alphabetically.

Figures

Carefully chosen and well-prepared figures, such as diagrams and photos, can greatly enhance
your article. We encourage you to prepare figures that are clear, easy to read and of the best
possible quality. Characters should appear as they would be set in the main body of the article.
We will normally use figures as submitted,; it is therefore your responsibility to ensure that they
are legible and technically correct.

Note: If you are intending to use previously published figures, you must obtain written
permission from the copyright holder before using them in your article.

To get the best possible results in print and online, please consider the following points when
preparing your figure files:

e Shading and fill patterns should be avoided wherever possible because diagrams
containing them have to be printed as half-tones and undesirable interference patterns
may be produced on printing.

o Readers of your online article will probably download and print it on a black and white

printer which may make coloured lines difficult to distinguish. To avoid this problem,
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please consider identifying curves by methods other than colour, for example: by letters
(upper case Roman), by the symbols used for the data points (e.g.*) or by the type of
line (e.g. --, full curve; - - - , broken curve; - - - - - , chain curve).

e When producing figures using colours, light colours such as yellow, light green, light
blue, light grey, etc should be avoided because they generally reproduce poorly during
the black and white printing process.

o Wherever possible electronic figures should be tightly cropped to minimize superfluous
white space surrounding them. This reduces file sizes and helps the alignment of figures
on the printed page.

Detailed information on common graphic formats and their preparation with examples are
provided in our graphics guidelines.

Colour figures

The use of colour in figures can enhance the effective presentation of results, and there are no
restrictions on the use of colour in the online version of your article. However, because
conventional full-colour printing remains an expensive process, we must ask you (or your
institution) to pay the additional costs incurred (i.e. the costs over and above the cost of normal
black-on-white reproduction) if you also require colour in the printed version of your article. An
estimate of the charges for your article can be obtained from the Publishing Administrator of the
journal.

Exceptions:

e There are no charges for colour reproduction of figures in the printed versions of
Nanotechnology and Modelling and Simulation in Materials Science and Engineering
when the use of colour is clearly required to further understanding and communication.

o Physics Education is published in full colour throughout and authors are encouraged to
submit photographs and illustrations in colour wherever possible.

There is no additional charge for offprints of articles containing colour figures, but authors are
reminded that these must be ordered by the time proofs are returned; reprints produced after
publication are very expensive.

If you need further information or guidance, please contact the journal.

Figure captions

Your figures should be numbered in the order in which they are referred to in the text. If there is
more than one part to a figure (e.g. figure 1(a), figure 1(b) etc), the parts should be identified by
a lower-case letter in parentheses close to or within the area of the figure. Captions should be
included in the text and not in the graphics files.

Micrographs should include a scale bar of appropriate size, e.g. 1 um.
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Supplementary data

All of our journals encourage authors to submit supplementary data attachments to enhance the
online versions of published research articles. Supplementary data enhancements typically
consist of video clips, animations or supplementary data such as data files, tables of extra
information or extra figures. They can add to the reader's understanding and present results in
attractive ways that go beyond what can be presented in the print version of the journal.

The printed journal remains the archival version, and supplementary data items are supplements
which enhance a reader's understanding of the article but are not essential to that understanding.
For electronic-only journals, supplementary data attachments may be used to convey essential
information.

Length of submissions

Most journals have guidelines for the maximum recommended length of each different type of
article, as detailed in the scope available from the journal's homepage. It is important that you
follow these guidelines when preparing your submission.

The length of an article can be calculated by allowing 600 words per page in a B5-sized journal
or 900 words per page in an Ad4-sized journal. Diagrams and tables usually occupy the

equivalent of 200-300 words each, and you should allow for this in your total.
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ANEXO B - NORMAS DO PERIODICO JOURNAL OF BIOMEDICAL MATERIALS
RESEARCH PART A

Aims and Scope

The Journal of Biomedical Materials Research Part A is an international, interdisciplinary,
English-language publication of original contributions concerning studies of the preparation,
performance, and evaluation of biomaterials; the chemical, physical, toxicological, and
mechanical behavior of materials in physiological environments; and the response of blood and
tissues to biomaterials. The Journal publishes peer-reviewed articles on all relevant biomaterial
topics including the science and technology of alloys, polymers, ceramics, and reprocessed
animal and human tissues in surgery, dentistry, artificial organs, and other medical devices. The
Journal also publishes articles in interdisciplinary areas such as tissue engineering and
controlled release technology where biomaterials play a significant role in the performance of
the medical device.

The Journal of Biomedical Materials Research is the official journal of the Society for
Biomaterials (USA), the Japanese Society for Biomaterials, the Australasian Society for
Biomaterials, and the Korean Society for Biomaterials.

Acrticles are welcomed from all scientists. Membership in the Society for Biomaterials is not a

prerequisite for submission.

Instructions for Manuscript Preparation

Manuscript: For optimal production, prepare manuscript text in size 12 font on 8-1/2 x 11 inch
page, double-spaced, with at least 1-inch margins on all sides. Text files should be formatted as
.doc or .rtf files. Refrain from complex formatting; the Publisher will style your manuscript
according to the Journal design specifications. Do not use desktop publishing software such as
PageMaker or Quark Xpress or other software such as Latex. If you prepared your manuscript
with one of these programs, export the text to a word processing format. Please make sure your
word processing programs “fast save” feature is turned off. Please do not deliver files that
contain hidden text: for example, do not use your word processor’s automated features to create
footnotes or reference lists.

Original Articles should appear in the following order: title page (including authors and
affiliations), abstract, keywords, introduction, materials and methods, results, discussion,
acknowledgments, references, figure legends. Number pages consecutively starting with the title

page as page 1.
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Please be sure to submit your illustrations and tables as separate files; the system will
automatically create a pdf file of your paper for the reviewers.

Title Page: The name(s) and affiliation of the author(s) should appear only on a separate title
page. Please do not mark any other parts of the manuscript with name(s) and affiliation(s) of
author(s).Use only a short title on the following pages of the manuscript. Author(s) name(s)
should not be used. The paper should be subdivided into the expected classical sections and, if
necessary, subsections. Manuscripts including references (but not figures or tables) should be no
longer than 18 pages.

Abstract: A short synopsis (200 words or less) is required for all papers. This synopsis should
be carefully prepared, for it is the source of most abstracts. The synopsis should be a summary
of the entire paper, not the conclusions alone, and should precede the main body of the paper.
Keywords: The author is requested to supply, below the synopsis, a list of five keywords or
phrases that most clearly typify the outstanding points made in the manuscript.

References:

All references should be numbered consecutively in order of appearance and should be as
complete as possible. Sample references follow:

1. King VM, Armstrong DM, Apps R, Trott JR. Numerical aspects of pontine, lateral
reticular, and inferior olivary projections to two paravermal cortical zones of the cat
cerebellum. J Comp Neurol 1998;390:537-551.

2. Voet D, Voet JG. Biochemistry. New York: John Wiley & Sons; 1990. 1223 p.

3. Gilmor ML, Rouse ST, Heilman CJ, Nash NR, Levey Al. Receptor fusion proteins and
analysis. In: Ariano MA, editor. Receptor localization. New York: Wiley-Liss; 1998. p
75-90. Please note that journal title abbreviations should conform to the practices of
Chemical Abstracts.

Figure Legends: Please supply complete captions for all figures. Captions are to appear on a
separate page at the end of the manuscript. Symbols and Equations: Authors are cautioned to
type, wherever possible, all mathematical and chemical symbols, equations, and formulas and to
identify in the margin all Greek or unusual symbols the first time they are used (e.g.,k,K, , X, ).
Underline all vector quantities with a wavy line. Use fractional exponents to avoid root signs.
When mentioning a material, chemical reagent, instrument or other product, use the generic
name only. If further identification (proprietary name, manufacturer's name and address) is
required, list it as a footnote.

Tables: Please save Tables separately and supply numbers and titles for all. All table columns
should have an explanatory heading. Tables should be submitted as doc or rtf files (it is

preferred that tables are prepared using Word’s table edit tool).
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Ilustrations: When preparing digital art, please consider:

Resolution: The minimum requirements for resolution are:

1200 DPI/PPI for black and white images, such as line drawings or graphs.

300 DPI/PPI for picture-only photographs.

600 DPI/PPI for photographs containing pictures and line elements, i.e., text labels, thin lines,
arrows.

These resolutions refer to the output size of the file; if you anticipate that your images will be
enlarged or reduced, resolutions should be adjusted accordingly.

Formats:

For the editorial review process, GIF and JPEG files are acceptable; upon submission of a
revision, TIFF or EPS files will be required. For the editorial review process, color images may
be submitted in RGB color; upon revision, CMYK color will be required. Delivery of
production-quality files early in the review process may facilitate smooth and rapid publication

once a manuscript has been accepted.

Note that these file formats are not acceptable for printing: JPG, GIF, ONG, PCX, PNG, XBM,
Word, and Excel. We recommend creating your graphics in Photoshop, Illustrator, or Freehand
and importing them into your page applications as TIFFs with all fonts included. Do not scan
figures as JPEGs and convert to TIFFs. For further guidance on preparing digital figure files,

authors are encouraged to visit http://cjs.cadmus.com/da/applications.asp.

To ensure that your digital graphics are suitable for print purposes, please go to

RapidInspector™ at http://rapidinspector.cadmus.com/zwi/index.jsp. This free, stand-alone

software application will help you to inspect and verify illustrations right on your computer.
A legend must be provided for each illustration and must define all abbreviations used therein.

Legends should be placed at the end of the manuscript text file.

Color Ilustrations: Color figures are generally printed in the Journal at the author’s expense.
The published will provide cost estimates prior to printing. A limited number of color figures
that are of critical importance and that significantly enhance the presentation will be considered
for publication at the publisher’s expense subject to editorial recommendation. Final decision on
publication of color figures will be at the discretion of the Editor. All color figures will be
reproduced in full color in the online edition of the journal at no cost to authors. For best
reproduction, bright, clear colors should be used. Dark colors against a dark background do not

reproduce well; please place your color images against a white background wherever possible.


http://cjs.cadmus.com/da/applications.asp
http://rapidinspector.cadmus.com/zwi/index.jsp
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Author Alterations or Revisions. It is absolutely necessary to limit alterations to factual and
typographical errors. Authors will be charged for revisions, and publication of their work will
be delayed. In order to expedite the publication and online posting of articles in Wiley Online
Library, JBMR sends page proofs in pdf format via e-mail to the corresponding author’s e-mail
address. Please follow the instructions in the e-mail; contact names and numbers are given for

questions, problems, or if an author wishes to receive a paper proof.

Reprints: Reprints may be ordered at
https://caesar.sheridan.com/reprints/redir.php?pub=10089&acro=JBMA.

Note to NIH Grantees:

Pursuant to NIH mandate, Wiley-Blackwell will post the accepted version of contributions
authored by NIH grant-holders to PubMed Central upon acceptance. This accepted version will
be made publicly available 12 months after publication. For further information, see

www.wiley.com/go/nihmandate.


https://caesar.sheridan.com/reprints/redir.php?pub=10089&acro=JEMA




