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Lima AL. Producdo de membranas antimicrobianas de fibras nanométricas contendo
cinamaldeido a partir da técnica de Solution Blow Spinning [tese]. Sdo José dos
Campos (SP): Universidade Estadual Paulista (Unesp), Instituto de Ciéncia e
Tecnologia; 2018.

RESUMO

A estomatite protética € uma das afec¢des mais comuns e recorrentes em pacientes
portadores de proteses totais. O fungo do género Candida, promotor dessa
patologia, além de resistente se torna ainda mais complexo de ser combatido devido
a dificuldade da acdo de farmacos tépicos que s6 conseguem permanecer por um
curto periodo no local da infec¢do, em virtude da dindmica da cavidade bucal. O
processo de Solution Blow Spinning permite a obtencdo de fibras ultrafinas que
podem ser aplicadas em vastas areas, inclusive na bioengenharia. Uma das
aplicabilidades das fibras ultrafinas é sua utilizacdo para liberacdo controlada de
farmacos de forma eficiente e duradoura. Dessa forma, o intuito do presente trabalho
foi incorporar Cinamaldeido (CA), composto que possui propriedades
antimicrobianas, a mantas de Poli(acido latico) e Poli(etileno glicol) (PLA/PEG) e
avalia-las quanto a producdo e caracterizacao por, Microscopia eletrbnica de
varredura (MEV), Mensuracdo do angulo de contato, Termogravimetria (TGA),
Calorimetria Exploratéria Diferencial (DSC), Espectroscopia de infravermelho por
transformada de Fourier (FTIR), Espectroscopia no ultravioleta visivel (UV/vis),
ensaios mecanicos e acao antifingica. Para realizacdo dos experimentos, foram
fiadas as seguintes mantas: PLA, PLA/PEG e PLA/PEG 23,8% CA. As micrografias
obtidas por MEV mostraram, que os diametros das fibras que ndo continham CA,
apresentaram diametros semelhantes entre si, PLA (354+160 nm)® e PLA/PEG
(428+250nm)?, sendo esses diametro menores dos que encontrados nas fibras de
PLA/PEG 23,8% CA (749+370 nm)® . O angulo de contato e tensdo superficial ndo
puderam ser verificados em virtude da propor¢do de polimeros nas blendas que
apresentaram alta afinidade pelos solventes utilizados no teste. No ensaio de TGA, a
curva de PLA/PEG com acréscimo de 23,8% CA exibiu uma maior estabilidade
térmica. No teste de DSC o ponto de transi¢do vitrea das mantas contendo 23,8%
CA foi o que apresentou menor valor. A liberacdo de CA foi satisfatéria ocorrendo
até o 6° dia. No teste de ensaios mecanicos, o acréscimo de CA as mantas
aumentaram significativamente o Mdédulo elastico (24,94+4,45) e a Tensdo maxima
de ruptura (0,99+0,16 MPa) com relacdo as mantas puras de PLA/PEG (18,74+3.41
MPa) and (0,85+0.09 MPa), esse acréscimo ainda promoveu reducdo
estatisticamente significante (p< 0,05%) em mais de 50% nos biofilmes monotipicos
de C. albicans e C. krusei e no multiespécie de C. albicans, C. krusei e C. glabrata.
Mediante os resultados encontrados pode-se depreender que € possivel se obter
mantas de fibras ultrafinas de PLA/PEG contendo 23,8% de CA com propriedades
antifingicas e capacidade de liberacdo do agente antimicrobiano por cerca de 12
dias.

Palavras-chave: Candida. Antifingicos. Materiais biocompativeis.



Lima AL. Antifungal nanofibrous membranes of pla/peg/cinnamaldehyde developed
by Solution Blow Spinning [doctorate thesis]. S&o José dos Campos (SP): Séo José
dos Campos (SP): Sédo Paulo State University (Unesp), Institute of Science and
Technology; 2018.

ABSTRACT

Denture stomatitis is one of the most common and recurrent conditions in patients
with total dentures. The fungal of the genus Candida, the causer of this pathology,
besides being resistant, becomes even more complex to be combated due to the
difficulty of the action of topical drugs that can only remain for a short time at the site
of infection due to the dynamic of the oral cavity. The Solution Blow Spinning process
allows the production of ultrafine fibers that can be applied in large areas, including
bioengineering. One of the applications of ultrafine fibers is their use for controlled
release of drugs in an efficient and long-lasting manner. Thus, the aim of the present
work was to incorporate Cinnamaldehyde (CA), a compound that has antimicrobial
properties, to Poly (lactic acid) and Poly (ethylene glycol) blankets (PLA / PEG) and
to evaluate them for the production and characterization by Scanning Electron
Microscopy (SEM), Contact Angle Measurement Thermogravimetric (TGA),
Differential Scanning Calorimetry (DSC), Fourier transform infrared spectroscopy
(FTIR), Ultraviolet—visible (UV/vis) spectroscopy, mechanical properties and
antifungal action. Antifungal activity was verified against C. albicans, C. krusey and
C. glabrata by broth microdilution test, disk diffusion and anti-biofilm activity, in both
multi-species and mono-species biofilms. For the experiment, three types of meshes
were spun: pure PLA, PLA/PEG and PLA / PEG 23.8% CA. The micrographs
obtained by SEM showed that the fibers that did not contain CA had similar
diameters to each other and smaller than the fibers containing PLA / PEG 23, 8%
CA. The contact angle and surface tension could not be measured by virtue of the
proportion of polymers in the blends which showed high affinity for the solvents used
in the test. In the TGA assay, the PLA/PEG curve with 23.8% CA increase exhibited
a higher thermal stability while in the DSC test the glass transition point of the
meshes containing 23.8% CA it was the one with the lowest value. The release of CA
was satisfactory occurring until the 6™ day. PLA membranes with fibres of diameter
exhibited the lowest fibre diameter (354 +£160 nm)a followed by PLA/PEG
(428+250nm)® and PLA/PEG/CA (749+370 nm)®. Addition of CA resulted in an
increase in mechanical properties of the membranes from (24.94+4.85 MPa) the
elastic modulus and (0.99+0.16 MPa) tensile strength in comparison to PLA/PEG
(18.74£3.41 MPa) and (0,85+0.09 MPa). CA incorporation increased improved the
thermal stability, with release of CA of 0.10 pg/mL over a 6 days period. The
PLA/PEG CA membranes presented antifungal activities, showing reductions in more
than 50% of the biofilm biomass, being statistically significant (p<0.05%) to the
control group. Fibrous membranes of PLA/PEG/CA ultrathin fibres were produced by
SBS that exhibited antifungal properties and release over a 12-day period.

Keywords: Candida. Antifungal. Biocompatible materials.
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1 INTRODUCAO

A Estomatite Protética (EP) € a patologia mais comumente encontrada em
pacientes que utilizam préteses dentarias removiveis, total ou parcial. Apesar de
geralmente ser assintomatica, em alguns casos, pode ser observado leve
sangramento, eritema, edema da éarea envolvida, sensacdo de queimacdo da
mucosa, dor, presenca de petéquias hemorragicas e alteracdo do paladar.
Normalmente acomete pacientes que relatam o uso continuo da prétese e
clinicamente é localizada na area recoberta pela protese dentaria (Neville et al.,
2009).

Os micro-organismos do género Candida, sd0 responsaveis por causar a
estomatite protética e Mujica et al. (2008) também a cita como a mais prevalente
dentre as lesdes bucais, e que necessita ser diagnosticada e eficazmente tratada a
fim de se propiciar uma melhor qualidade de vida aos usuarios de proteses dentarias
(Scalercio et al., 2007).

Outra variavel que deve ser considerada é a capacidade de o fungo crescer
nos intersticios microscépicos do material acrilico ocasionando o edema das
camadas superficiais e infiltracdo inflamatoéria celular crénica da mucosa (Cawson et
al.,1995). Necessitando-se de um agente que ao mesmo tempo que trate a lesado
também a reduza os micro-organismos na superficie da prétese.

Apesar das terapias antifungicas convencionais serem amplamente utilizadas
no tratamento da estomatite protética, a infec¢cdo €, em alguns casos, recorrente o
gue sugere que o biofilme possa servir como reservatério protetor para 0s micro-
organismos (Chandra et al., 2001), como o que poderia estar depositado sobre a
superficie da protese. Além disso, 0s micro-organismos utilizam diversos
mecanismos para aumentar sua resisténcia aos agentes antimicrobianos e também
aos procedimentos utilizados para a desinfeccdo das proteses, acarretando muitas
vezes no fracasso das terapias antifingicas convencionais.

Os devidos cuidados para se contornar a estomatite protética envolvem a
utilizacdo de agentes antifungicos (topicos e/ou sistémicos), porém nao totalmente
eficaz sem que haja uma boa higiene oral, limpeza da prétese, descontinuidade do

uso noturno e troca da dentadura (Webb et al., 1998; Pires et al., 2002).
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Fibras ultrafinas, como por exemplo as nanofibras, podem ser potencialmente
usadas em uma infinidade de aplicacbes que como a liberacéo controlada, curativo,
vestuario de protecdo, os sensores e as membranas de filtracdo dentre outras
(Medeiros et al.,, 2009; Oliveira JE et al.,, 2013). A maioria das membranas de
nanofibras hoje sdo produzidas por electrospinning e, recentemente, por Solution
Blow Spinning (Medeiros et al., 2009).

As nanofibras tornam-se um material de revestimento promissor para preparar
enxerto com eluicdo de farmaco, permitindo a liberacédo local destes em virtude de
sua estrutura porosa e fibrosa, de sua grande area de superficie, proporgcéo
satisfatéria entre comprimento e diametro, da morfologia das superficies ajustaveis e
desempenho flexivel (Kim, Yoo, 2014).

O Oleo de Canela e o Cinamaldeido s&o substancias bem documentadas na
literatura como agentes antifingicos e em especial contra o género Candida, que
Sao 0s micro-organismos envolvidos mais frequentemente nas lesGes de estomatite
protética (Oliveira JA et al., 2014; Castro et al., 2013a, 2013b).

A técnica de Solution Blow Spinning tem sido utilizada com sucesso na
entrega controlada de substancias, tais como 0s 6leos naturais com propriedades
antimicrobianas (Bonan et al., 2015) e linalol (Souza et al., 2015).

Entre as vantagens da técnica de Solution Blow Spinning estédo: baixo custo,
facilidade de fabricacdo e dimensionamento de estruturas 3D com maior tamanho de
manta; virtualmente qualquer superficie pode ser revestida, tal como as superficies
ndo condutoras; as taxas de producdo mais rapidos; e nenhuma dependéncia em
constante dieléctrica do solvente (Medeiros et al., 2009).

Santos et al. (2014) procedeu fiagdo de mantas junto ao agente
antimicrobiano cetilpiridinio obtendo eficacia contra a Candida albicans fato que
motiva, mais uma vez, a inser¢cdo do Oleo de canela e do seu fitoconstituinte, o
cinamaldeido, as nanofibras formadas pelas blendas de Poli (acido latico) e
Poli(etileno glicol) (PLA/PEG), uma vez que esses polimeros sdo biocompativeis e
reabsorviveis pelo organismo, para testar a atividade antimicrobiana da mesma
maneira.

O desenvolvimento de mantas de nanofibras impregnadas com substancias
antimicrobianas pode ser uma interessante alternativa em relagdo as formas

convencionais para o tratamento de enfermidades, principalmente na cavidade
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bucal. Em virtude da dinamica bucal, constantemente exposta a fluidos e alimentos,
tem-se dificuldade para a manutencdo da concentracdo de farmacos em seus locais
de aplicacdo (Santos et al., 2014). Desta forma, a confeccdo das nanofibras pela
técnica de fiacdo por Solucdo por Sopro em Solucdo contendo agentes
antimicrobianos pode possibilitar um maior controle na liberacdo desses agentes

antimicrobianos ao longo do tempo.
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2 ARTIGO

2.1 - Aline Lins de Lima, Lucas de Paula Ramos, Luciane Dias de Oliveira,
Eliton Souto de Medeiros, Alexandre Luiz Souto Borges. Membranas
nanofibrosa antifungicas de pla/peg/cinamaldeido desenvolvidas por Solution
Blow Spinning / Antifungal nanofibrous membranes of pla/peg/cinnamaldehyde

developed by Solution Blow Spinning*

RESUMO

Objetivos: Os objetivos deste estudo foram desenvolver membranas nanofibrosas
contendo cinamaldeido (CA), um fitoconstituinte de Cinnamomum zeylanicum, como
material para aplicacdes antifungicas. Métodos: Membranas nanofibrosas de poli (D,
L lactide) (PDLLA) e poli (etilenoglicol) (PEG) (blends) contendo cinamaldeido (CA)
foram produzidas pela técnica de Solution blow spinning. As membranas fibrosas
produzidas foram caracterizadas morfologicamente por microscopia eletronica de
varredura, termogravimetria, calorimetria exploratoria diferencial, molhabilidade por
andlise de angulo de contato e tensdo superficial, bem como espectroscopia de
infravermelho por transformada de Fourier (FTIR). A liberacdo de CA foi determinada
por espectroscopia no ultravioleta-visivel (UV). Propriedades mecanicas também
foram caracterizadas por tensdo maxima de ruptura e modulo elastico. A atividade
antifungica foi verificada contra C. albicans, C. krusey e C. glabrata pelo teste de
microdiluicdo em caldo, difusdo em disco e atividade anti-biofilme, em biofilmes
multi-espécies e mono-espécies. Resultados: As membranas de PLA exibiram o
menor diametro de fibra (354 + 160 nm)® seguido de PLA / PEG (428 + 250 nm) e
PLA / PEG / CA (749 + 370 nm)°. A adicdo de CA resultou em um aumento nas
propriedades mecéanicas das membranas a partir de (24,94 + 4,85 MPa) o modulo
elastico e (0,99 + 0,16 MPa) de resisténcia a tracdo em comparacédo a PLA / PEG
(18,74 £ 3,41 MPa) e (0,85 + 0,09 MPa). A incorporagcédo de CA aumentou melhorou
a estabilidade térmica, e permitiu uma liberacdo de CA de 0,10 pg / mL durante um
periodo de 12 dias. As membranas de PLA / PEG / CA apresentaram atividade
antifingica, apresentando reducdes em mais de 50% da biomassa do biofilme,
sendo estatisticamente significante (p <0,05%). Conclusédo: As membranas fibrosas
das fibras ultrafinas de PLA / PEG / CA produzidas por SBS exibiram propriedades
antifingicas e liberagdo por um periodo de 6 dias.

Palavras-Chave: Candida ssp. Antifungico. Biocompatibilidade de materiais. Fiacdo
por Sopro em Solucao.

*Artigo elaborado de acordo com as normas do Periédico The Journal of Evidence-Based Dental Practice (Print version ISSN:
1532-3382). Submetido em: 13/05/2018.
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ABSTRACT

Objectives: The aims of this study were to development nanofibrous membranes
containing cinnamaldehyde (CA), a phytoconstituent from Cinnamomum zeylanicum,
as a material towards antifungal applications. Methods: Nanofibrous membranes of
poly(D,L lactide) (PDLLA) and poly (ethylene glycol) (PEG) (blends) loaded with CA
were prepared by solution blow spinning. The produced fibrous membranes were
characterized morphologically by scanning electron microscopy, as well as thermally
via differential scanning calorimetry and thermogravimetry, wettability by water-in-air
contact angle analysis and surface tension, as well as Fourier transform infrared
spectroscopy (FTIR). Release of CA was determined by ultraviolet-visible (UV)
spectroscopy. Mechanical properties were also characterized in tension. Antifungal
activity was verified against C. albicans, C. krusey and C. glabrata by broth
microdilution test, disk diffusion and anti-biofilm activity, in both multi-species and
mono-species biofilms. Results: PLA membranes exhibited the lowest fibre diameter
(354 £160 nm)a followed by PLA/PEG (428+250nm)a and PLA/PEG/CA (7491370
nm)b. Addition of CA resulted in an increase in mechanical properties of the
membranes from (24.94+4.85 MPa) the elastic modulus and (0.99+0.16 MPa) tensile
strength in comparison to PLA/PEG (18.74+3.41 MPa) and (0,85+0.09 MPa). CA
incorporation increased improved the thermal stability, with release of CA of 0.10
pg/mL over a 6 days period. The PLA/IPEG CA membranes presented antifungal
activities, showing reductions in more than 50% of the biofilm biomass, being
statistically significant (p<0.05%) to the control group. Conclusion: Fibrous
membranes of PLA/PEG/CA ultrathin fibres were produced by SBS that exhibited
antifungal properties and release over a 12-day period.

Keywords: Candida ss., Antifungal. Biocompatible materials. Solution Blow Spinning.

1. Introduction

Fungal oral infections are classified as opportunistic mycotic, caused by fungi
of low virulence or commensal that can promote subcutaneous and disseminate
infections in immunocompromised patients. Candida ssp microorganisms are
responsible for producing denture stomatitis, the most prevalent pathology among
such infections [1,2]. Candida ssp present some virulence factors that contribute to
their pathogenic potential such as adhesion to host surfaces, formation of hyphae
and production of extracellular enzymes [3].

Denture stomatitis is most commonly found in users with partially or totally
removable prostheses. This pathology requires diagnosis and effective treatment.
Clinically this is localized in the oral mucosa covered by the dental prostheses in the
form of erythematous lesions, and usually affects patients who report continuous use.



17

Although generally asymptomatic, it may also cause a burning sensation and, rarely,
dysphagia [4].

Bioengineering has tried to develop materials as biocompatible as possible
and biodegradable materials in the production of membranes of nano and submicron
fibres of poly(lactic acid) (PLA) [5], poly(e-caprolactone) (PCL) [6], poly(vinyl alcohol)
(PVA) [7] and poly(ethylene glycol) (PEG) [8]. Such membranes can act as matrices
for the release of drugs [9], an improve their therapeutic efficacy and reduce local
and systemic toxicity [10], and reduce frequency of drug administration [11,12].
Moreover, the ease of administration, faster action and give improved patient
acceptance and consequent adherence to the treatment [13,14].

In view of the common recurrence of denture stomatitis when exposed to
conventional treatments [15], the side effects found, as well as the potential
development of resistance to classical medications, there has been a constant
search for alternative solutions such as the use of phytotherapeutics using essential
oils or antimicrobial agents as reported in the literature [16—19]. Electrospinning [20]
and solution blow spinning [21] [22] are the most common fibre forming methods.

Solution blow spinning has been successfully used to incorporate
phytoconstituents and natural oils with antimicrobial properties as copaiba [23],
melaleuca [24] oils into polymer micro and nanofibers. Cinnamaldehyde,
phytoconstituent extracted of Cinnamon, has also been used as an antimicrobial
agent in many studies [25-27].

In this work, nanofibrous membranes of PLA/PEG were prepared with and
without CA via solution blow spinning for oral use as a potential treatment against

denture stomatitis.
2. Materials and Methods
2.1. Materials
Poly (D,L- lactide acid) (PDLLA 4060D, PDLLA), with an average molecular
weight of Mw of 120,000 g/mol was purchased from Jamplas Inc. (MO, USA).

Poly(ethylene glycol), PEG, with Mw~5000-7000 g/mol was purchased from Merck,

UK. Chloroform was used as a solvent and obtained from Sigma-Aldrich (USA). The
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polymer solutions were dissolved under vigorous stirring for 6 h until complete
dissolution. In microbiology tests were utilized nystatin as a positive control (Sigma-
Aldrich, S&o Paulo — SP, Brazil) and cinnamaldehyde purchased from Sigma-Aldrich

(Germany).

2.2. Preparation of Spinning Solutions and Fibre Formation

PLA/PEG blends with different polymer weight ratios (75:25, 80:20, 90:10)
were prepared at polymer concentrations of 10, 15, and 20 wt.% in chloroform. To
produce ultrathin meshes, the solutions were added to a plastic syringe and
connected a syringe pump (PHD ultra, harvard apparatus, UK). The following
parameters were used for fibre spinning: flow rate of 108, 116 and 133 pL/min,
compressed air pressure of 40, 50 and 60 psi and working distance (fibre formation
to collection distance) of 20 cm. Further details regarding the SBS apparatus set-up
can be found in [22]. Fibres were collected at room temperature on a rotatory

collector at 600 rpm covered with aluminum foil.

2.3. Nanofibre Membrane Characterization

2.3.1. Fibre and membrane morphological assessment by Scanning Electron
Microscopy (SEM)

Fibre morphology by was assessed by scanning electron microscopy (SEM)
and inspection showed that the 75:25 PLA/PEG blend had the best spinnability
displaying fewer beads and uniform smooth fibres .

Fibre diameters and membrane/fibre morphologies were assessed using a Inspect S
50, FEI (Brno, Czech Republic) scanning electron microscope (SEM). Membranes
were coated with gold using a SC7620 sputter coater (Emitech, East Sussex, UK).
Fibre diameters were determined by image analysis (ImageJ, National Institutes of

Health) and the average diameter was determined from 100 measurements.
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2.3.2. Contact angle analysis

Contact angles were measured on a DSA30 Kruss goniometer (Hamburg,
Germany). Droplets of 20 uL were placed on the surface of 10 mm x 10 mm
nanofiber membranes. Water and diiodomethane were used in this test, three
samples were measured with one droplet in each one. All measurements were

performed at 25°C.
2.3.3. Thermogravimetric Analysis (TGA)

Thermogravimetric analysis (TGA) was conducted using a TGA (TA
Instruments, USA). A heating regime of 25°C to 600 °C at 10 °C/min was applied
under nitrogen at a flow rate of 25 mL/min. The samples mass were 6 mg.

2.3.4. Differential scanning calorimetry (DSC)

Differential scanning calorimetry analysis was performed on a Discover DSC
(TA Instruments, USA) with a heating regime 0°C to 200°C at a rate of 10 °C/min

under nitrogen flow 50mL/min. The sample mass was 5-6 mg in all instances.
2.3.5. Fourier transform infrared spectroscopy (FTIR-ATR)

Attenuated total reflectance (ATR)-FTIR spectra were taken from the different
fibore membranes using a Prestige-21 IR Affinity-1 IR (Japan) apparatus. A total of 64
scans were taken per sample with a wavelength range 400 to 4,000 cm™ and

resolution of 2 cm™,
2.3.6. Drug release study

Ultraviolet-visible (UV-Vis) tests were performed using a 1800 UV
spectrophotometer (SHIMADZU, Japan) in the range of 200-400 nm; CA is partially
soluble in water and its absorbance peak was determined at 268 nm. A standard

curve was obtained with solution concentrations at 1.0, 2.0, 3.0, 4.0, 5.0, 6.0 and 7.0
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pg/mL. CA release was determined from triplicates of fibore membranes weighing 5
mg in separate vials containing 10 mL phosphate buffered saline (PBS). The
samples were maintained at constant temperature and shaken at 100 rpm and 37 °C
in an SP-222 incubator (SPLABOR, Sao Paulo, Brazil). A sample, PLA/PEG without
CA, was used as control. Measurements were performed with 2 mL aliquots in quartz
cuvettes and taken in the period 24h to 390h.

2.3.7. Mechanical Properties

Mechanical properties were measured to in order to know whether the addition
of the antifungal agent would affect the mechanical properties of the material. Oar-
shaped samples with a 20 mm gauge length, width 2 mm with sample thickness 300-
400 um were utilized for the strength test. The experiments were performed using on
a universal tensile test machine (INSTRON, USA) at a speed of 2 mm/min and a 2

kN load cell and 15 samples were tested.

2.3.8. Microbiology test

For antifungal analysis, three different tests were performed, which are
complementary. Initially, to verify the best fungicidal concentration for incorporation of
CA in the PLA / PEG membrane, the broth microdilution test was performed. After
defining the concentration of CA (23.8%), the diffusion test was performed on agar to
define the thickness of the membrane that presented the highest halo of microbial
inhibition. Finally, after definition of the membrane thickness, it was used for the anti-

biofilm tests of Candida.

Broth Microdilution test

For the broth micro-dilution test, reference strains (ATCC - American Type Culture
Collection) of C. albicans ATCC 60193; C. Krusei ATCC 34135; C. glabrata ATCC
90030 from the Laboratory experimental pharmacology and cell cultive, Graduate
Program in Dentistry, Federal University of Paraiba. For the determination of

Minimum inhibitory concentration (MIC) and Minimum fungicidal concentration (MFC)
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it was used the protocol M27-A3 (2012) from the Clinical Laboratory Standards
Institute Protocol (CLSI Standardized solutions of the Candida species were
prepared in a spectrophotometer containing 2.5 x 103 CFU / mL. Subsequently,
serial dilution of 1000 to 7.81 yg / mL of CA in RPMI 1640 (glutamine, no bicarbonate
and red phenolic indicator) culture medium (Himedia) was diluted in 96-well plates
with MOPS [3- (N-morpholino) propanesulfonic acid] (Sigma-Aldrich, St. Louis, USA).
Candida inocula were then added to the plates and incubated at 37 ° C for 24 h. The
MIC was determined by observing the well containing CA at a lower concentration
which did not show turbidity. To determine CFM, MIC aliquots were seeded at
Sabouraud dextrose agar (Himedia, Mumbai, India) at the above mentioned
concentrations. The plates were incubated for 48 h / 37 ° C and it was verified which
the lowest concentration of the substance promoted absence of colony growth. All

tests were performed in triplicate.

Antimicrobial activity of PLA/ PEG/ CA

After the determination of the CFM, the membranes of PLA / PEG were
prepared with the incorporation of the CFM multiplied 250 times, due to the
dissipation characteristics of the antimicrobial agent to be smaller after its
incorporation into the membrane. Sampes of disks shape were made with a diameter
of 5 mm in 4 different thicknesses (0.35, 0.70, 1.75 and 2.80 mm), containing the
concentration 31.20 mg of CA. The disks were sterilized with incidence of UV light for
20 min on both sides, then the antifungal tests were started on disk diffusion.

Disk diffusion assay

The assay was carried out using the strains of C. albicans (ATCC 18804),
Candida glabrata (ATCC 90030) and Candida krusei (ATCC 6258) from the
Microbiology and Immunology Laboratory of the Institute of Science and Technology
(ICT / UNESP).

The strains were diluted in 0.9% saline solution and standardized in a
spectrophotometer at a concentration of 1 x 106 CFU / mL. After 100 ul of the

standard solutions were seeded on Sabouraud dextrose agar (Himedia, Mumbai,
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India) and the membranes containing different thicknesses (0.35, 0.70, 1.75 and 2.80
mm) with 31.2 mg CA were applied on the surface of the agar containing the yeasts
sown. As a control group only the membranes were used without incorporation of
CA. The plates were incubated for 24 h / 37 ° C and by digital calliper (0.01 mm
graduation) and a reflected light source, the diameters of the fungal growth inhibition
halos were measured around the samples, using as value for analysis the average of

two measures perpendicular to each other.

Biofilm assay

According to the antifungal results in the diffusion disk test, the membrane
PLA / PEG CA with 2.8 mm thickness and incorporated with the concentration of 31.2
mg of CA (2.8 mm + 31.2 = 23.8% CA) for the anti-biofilm tests was selected.
The strains of C. albicans ATCC 60193, C. krusei (ATCC 34135) and C. glabrata
ATCC 90030 from the Laboratory of Experimental Pharmacology and Cell Culture of
the Federal University of Paraiba were used for biofilm formation. Sabouraud broth
plus sucrose (2%) containing 2,5 x 105 CFU / mL, standardized in a
spectrophotometer, were prepared. Then, in 24-well plates (TPP, Switzerland), the
inoculums were added in the volume of 1000 ul / well together with the membranes of
PLA / PEG CA. For the multi-species biofilm, the volume of each yeast was 333 ul /
well. The plates were incubated for 48 h / 37 ° C and for biofilm measurement the
biomass test was used applying 1000 ul of the solution of violet crystal to 0.4% in
contact for 45 min. Subsequently, washes were performed to remove excess dye and
1000 ul of 95% ethanol was added to demonstrate the dye incorporated into the
biofilm. To read the test, solutions from each well were transferred to a 96-well plate,
sent to the microplate spectrophotometer for reading at 595 nm [29]. The inhibition of
adherence was measured indirectly relative to the yeast growth group, which was

assigned a value of 100% fungal adherence.

2.3.9. Statistical analysis

One-way Analysis of Variance and Tukey’s post-tests were applied to fibre

diameter and mechanical data, with type | error (a) set as 0.05.An unpaired Student-
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T test was applied to evaluate biofilm reduction, using the statistical program Bioestat
5.0.

3. Results

The volume ratio of PLA/ PEG (75:25), the flow rate of 7.0 mL/h, protrusion of
3 mm, work distance of 20 cm and under an air pressure 40 psi was selected as the
best fibres parameters and applied for analysis. Figure 1 shows the SEM analysis of
the meshes. In all micrographics is possible to see fibres discontinuous defects
suggested beads and beside each mesh it is possible to see the mean diameter of
the fibres by histograms and normal curve. The values were obtained from 100

measurements from randomly selected fibres.
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Figure 1 — SEM images of nanofibres on different diameter and morphology without
and with cinnamaldehyde (CA). (A and B) PLA pure fibres, (C and D) PLA/PEG

fibres, (E and F) PLA/PEG 23.8%CA.
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Table 1 - Mechanical properties of the membranes and fibre diameters.

Sample Tensile Strength (MPa) Elastic Modulus (MPa) Diameter (nm)
PLA 0.94 + 0.06% 9.77 + 1.40° 354+ 160°
PLA/PEG 0.85 + 0.09° 18.74 + 3.41° 427 + 250°
PLA/PEG b c 749 + 370°
3 8O 0.99 +0.16 24.94 + 4.85

*Different letters indicate statistically significant differences (5%).

The contact angle of the distilled water and diiodomethane, in order to test the
hydrophilicity and hydrophobicity of the membranes with CA, could not measurable
because the drops were immediately absorbed by the meshes when in contact with
them.

The thermogravimetric analyses (Figure 2) describes the thermal behaviour of

meshes of PLA with Cinnamaldehyde with the heating of the temperature as a
function of time.
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Figure 2. TGA profiles for PDLLA, the PDLLA/PEG blend and PDLLA/PEG loaded with CA.

The information found makes possible the thermal understanding of the
material and the amount in % of organic material present in these meshes [24]. The
onset loss of mass of pure PDLLA occurred at 255°C and with a loss of 3.22% in the
pure PLA pure nanofibres that are related to the splitting of the main chains and to
inter/intramolecular transesterification reactions. In the second stage of mass loss

occurred at 350°C and with a loss of 93.34% that is related to pyrolysis the thermal
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degradation of PLA chains. PEG pure: occurred at 337°C and with a loss of 2% in the
PEG pure nanofibres that are related to the splitting of the main chains and to
inter/intramolecular transesterification reactions. In the second stage of mass loss
occurred at 435°C and with a loss of 99.63% that is related to pyrolysis the thermal
degradation of PLA chains. PLA/PEG: had 3 stages from PLA and PEG curves then
occurred at 335°C and with a loss of 1.62% in the PLA/PEG nanofibres to first stage
to inter/intramolecular transesterification reactions. Another stage of mass loss
occurred at 353°C and with a loss of 75% that is related to pyrolysis the thermal
degradation of PLA and occurred 426°C and with a loss of 98.60% for pyrolysis from
PEG chains, that showed that is really had 75:25 for blend ratio from PLA/PEG.
PLA/PEG 23.8%CA: This sample to change a few degrees for an increase of the
thermal stability to PLA/PEG blend.

The DSC analyzed, the thermal behavior of the studied meshes (PLA,
PLA/PEG, and PLA/PEG 23.8%) and the heat flux (Figure 3) as a function of the
temperature increase. Since PDLLA and PEG used are amorphous, only the glass
transition temperature (TQ).

Heat Flow (mW

----PEG
~~~~~~ PLA/PEG

1
; ——PLA
! - PLA/IPEG 23.8% CA|

———— T ——————T———
20 40 60 80 100 120 140 160 180 200
Temperature (°C)

Figure 3 - DSC heating curves of PLA, PLA/PEG and PLA/PEG with CA
(endotherm down).

The Fourier Transform Infrared analysis of nanofibres PLA, PEG, PLA/PEG is shown
in Figure 4.
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Figure 4 - FTIR spectra of PLA, PLA/PEG and PLA/PEG with 23.8%CA.

In vitro release kinetics of CA by membranes is shown in Figure 5.
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Figure 5 - In vitro release kinetics of CA in PBS.

Microbiology tests

Broth microdilution test
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The broth micro-dilution test was performed on the MIC and the CFM of CA (125 ug /

mL) on the yeasts C. albicans, C. kusei and C. glabrata.

Disk diffusion assay

The agar diffusion test showed that the PLA / PEG CA results with the membrane
PLA / PEG CA with the concentration of 31.2 mg resulted in the formation of large inhibition
halos, varying according to the thickness of the membrane used (Table 2).

The largest inhibition halos were obtained by the PLA / PEG CA mesh with 2.80 mm
thickness and a concentration of 31.2 mg of cinnamaldehyde, with formation of halos with
29.8 mm for the strain of C. krusei, 33.2 mm for C. albicans and 35.5 mm for C. glabrata
strain.

Control groups just PLA / PEG mesh application did not exhibit inhibition halo

formation on the Candida strains evaluated.

Tabela 2— Agar diffusion test results.

Micro-organisms Membrane
thickness (mm) Halo (mm)
C. glabrata 0.35 mm 21.8
C. glabrata 0.7 mm 26.85
C. glabrata 1.75 mm 28.04
C. glabrata 2.80 mm 35.54
C. albicans 0.35 mm 19.69
C. albicans 0.70 mm 19.69
C. albicans 1.75 mm 21.73
C. albicans 2.80 mm 33.27
C. krusei 0.35 mm 19.65
C. krusei 0.70 mm 23.35
C. krusei 1.75 mm 23.41
C. krusei 2.80 mm 29.81

Biofilm
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Table 3 - Values of biofilms mono-species and multi-species percent reduction.

Biofilm Candida albicans Candida krusei Candida glabrata Multi-species
56.64% 79.14% 14.30% 61.08%
p=0.0002 p=0.0005 p=0.1451 p<0.0001

*p< 0.05

The results about fungal biomass assay shown that the meshes exhibited antifungal
activities reducing more than 50%, exception to C. glabrata, of the microorganisms tested (
Table 3).

The best activity of CA was against Candida krusei, with 79.14% reducing the
biomass; C. albicans showed reductions of 56.64% and to C. glabrata just 14.3% its biomass
had reduction, being the only one not to show reduction with statistical significance
(p<0.05%). Multi-species biofilms also showed a significant reduction, having its biomass
reduced in 61.08%.

4 Discussion

For the mechanical tests, the maximum tensile strength values showed only
difference between PLA/PEG and PLA/PEG 23.8% CA membranes, however for the elastic
modulus values, PLA meshes showed the lowest value and were followed by PLA/PEG and
PLA/PEG 23.8%. Broz et al (2003) defenced that bending could change the properties the
composite depend sensitively on the mechanical properties of the components as well as the
blend microstructure and the interface between the phases [36]. The improvement of the
mechanical properties of the mesh is important due the constant movement cause in
prosthesis by the tongue and the chewing.

It was show beaded fibres that can be attributed to an instability in the pressure during the
spinning process. The mean diameter of the fibres was influenced by CA addition as shown.
Fibres had a significantly increased diameter with the addition of CA [25,27]. This was similar
to other studies that added another second polymer to PLA and the second polymer and
Copaiba oil together increase de diameter fibres [16]. According to the literature, three
parameters are involved with increased diameter: the pressure, the flow rate injection and

the solution viscosity [34].

Probability, the fact of PEG hydrophilicity and the affinity of PLA with diiodomethane
could not allow the measure of contact angle. The fact that is a good property for the application

of the experimental material that goal is release CA to a hydrophilic surface as human gum.
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Other explanation for the difficult of contact angle measurement could be due to the increase of
the surface hydrophilicity caused by the introduction of the plasticizer, PEG, which presents
high hydrophilic characteristic, fact that do not allow necessary time for contact angle

measurement during the test [28].

Thermal stability of nanofibers decreased with addition of PEG and increased with CA
added to the blend. It is supposed the reason for this was the effect of plasticizer by PEG
and probably the CA. cause a positive effect, as can see in better stability of the blend with
23.8% CA.

The PLA value glass transition temperature (Tg 60 °C) is according to other studies in
literature[16,24] . PLA is the polymer in the highest proportion in the blend, whereby the
proportion of PEG has only a small effect such as a shoulder in the curve because of the low
PEG concentration in the fibres. The addition of PEG, which is a plasticizer, was able to
promote a stable bond with PLA and allowed the insertion of CA between the polymer
chains. PEG is a plasticizing agent and surfactant which could displace the peak of the blend
if used in higher concentrations as in [24]. Tg peaks relative to fibres with CA (PLA / PEG
23.8%) showed that the phytoconstituent may have been mixed with PEG (since they have
lower molar masses than PLA) and thus acting as a plasticizer by packaging the enveloped
chains of the amorphous PLA, however having a Tg peak below 0 ° C would not change the
curve, provided that it acted as an emulsifier between the PLA chains. Thus, in Figure 3 it
can be seen that with the lowest CA concentration (1.23%) two Tg peaks (59 °C / 63 °C)
appeared, and when increasing the concentration of CA (23.8%) the amount of emulsifying
solution was higher which noted significant displacement of the peak to 52 °C, proving that

the plastification of the polymer may have occurred due to the presence of CA.

The PLA results showed the active modes overlapped to give a broad asymmetric
band at about 1754 cm™, that were described in the [29,30]. The (C-Hj;) asymmetric
deformation modes appeared at about 1452 cm™. Their stability infrequency reflected a pure
vibrational mode. This region was characterized by a band at 1360 cm .The1182 cm™ band
observed in PLA could be assigned to symmetric (C—O-C) stretching mode of ester groups.
Asymmetric (C—O—-C) modes were observed at 1086 cm™. Other bands were assigned as
follows: the band near 1045 cm™ corresponded to (C—CH,) stretching and the band 868 cm™
to (C—COO) stretching [30,31]. Regarding PEG nanofibres, spectra were observed that the
strong band observed at 1110 cm™ was assigned to the skeletal stretching mode, that could
band association with the (C—O-C) asymmetric stretching mode. The doublet at 963 and 947
cm™ has been much discussed in parallel with the confirmation of the (C—H,) groups. This

band had been assigned to the symmetric (C—H,) rocking mode of the (O-CH,; CH,— O)
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group in the gauche conformation. The weak band at 947 cm™ is due to the hybridized mode
of the (C—O-C) asymmetric stretching and the (C—H,) symmetric rocking mode. Three strong
bands are observed at ~1148, ~1062, and ~843 cm™. The band at 843 cm™ has been
assigned previously to the (C—H2) asymmetric rocking mode of the (C-H2) group in the
gauche conformation. The band at 1148 cm™ is primarily due to the (C—H,) symmetric
rocking mode, whereas the band at 1062 cm™ is primarily due to the (C—O—-C) asymmetric
stretching mode coupled with the (C—H,) symmetric rocking mode. The interaction of the
characteristic bands of CA in the blends containing 1674 and 2812 cm ™ of (C=0) and (C-H)
bonds, respectively, was not clearly perceived, since the same PEG and PLA/PEG bands

may be superimposed [24].

The release occurred over 6 days, after which a plateau was observed, signifying
complete release. In the present study is considered satisfactory, once the application of this
product on the surface of the prosthesis in contact with the injured region is objectified, and a
longer time than the one found could occur a relapse in the local and even formation of new
types of biofilm aggravating or developing new lesions. In this way, the product obtained
allowed what has proposed the technique of controlled release, which would be the delivery
of the therapeutic agent in determined doses, at the treatment sites, controlling several

problems, mainly as adverse reactions [21].

It was observed that the CA presented a curve with heterogenous release profile,
initially superior in the first days and slower in the following days, fact justified by the release
of the CA present on the surface of the fibres and later by the diffusional release, from the

interior of the fibre, or even by the onset of degradation of the polymer [32,33].

The release profile may also have been favourable because of the high hydrophilicity
of the meshes that can promote a release fast and controlled and affinity with the
environments, which again endorses the promising use in wet circumstances such as the
buccal cavity during the use. The release profile may also have been favourable because of
the hydrophilicity of the meshes and affinity with the environments, which again endorses the

promising use in wet circumstances such as the buccal cavity.

The study of the antifungal activity on biofilm growth models is important to create
greater proximity to clinical situations. The present study showed activity of CA against
Candida krusei in sequence to Candida albicans and multi- species biofilm. It was showed
that have not reduction value to C. glabrata. The literature reported the higher capacity
production of protein stress response possibly makes the species C. glabrata potentially

more resistant [34], and consequently, this species shows the highest morbidity case amount
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Candida non-albicans on immunocompromised populations [35]. The multi-species biofilm

showed a significant statistical reduction.

5. Conclusion

Within methods applied and the obtained results in this study it was possible to conclude
that:

When CA was added the diameter of fibres and number of beads was significantly increased.
Thermal analyses (TGA and DSC) indicated better stability of the meshes. The release
controlled of CA occurred until 12 days and the CA addition in PLA/PEG nanofibrous meshes
(PLA/PEG CA 23.8% and 2.8 mm thickness) showing reductions in more than 50% of the
biofilm biomass, being statistically significant (p<0.05%), provide effective action antifungal in
yeast of Candida albicans and no albicans can potentially be used in treatment of fungal

disease.
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3 CONSIDERACOES GERAIS

A maioria dos farmacos utilizados para tratamento de infec¢des fungicas
bucais apresentam dificuldade de eficacia, por ndo conseguir se manter no local,
devido os movimentos linguais e o ambiente bucal constantemente Umido em virtude
da saliva. Outras limitacbes encontradas pelos antifingicos sdo a resisténcia de
varias espécies a estes bem como as rea¢des adversas provocadas nos pacientes.

A busca por tratamentos alternativos, como o uso da fitoterapia, tem crescido
a cada dia, e é frequente a utilizacdo desse tipo de terapia no tratamento de
inUmeras doencas.

A bioengenharia hoje consegue aliar a utilizacéo de drogas ja consagradas ou
mesmo fitoterapicos para produzir estruturas tais como mantas de nanofibras que
permitem a liberacdo controlada, reduzido efeitos adversos.

Neste trabalho, o sistema de fiacdo Solution Blow Spinning permitiu que se
produzissem mantas de fibras ultrafinas contendo um fitoconstituinte do Oleo de
Canela, o Cinamaldeido, que permitiu a reducéo de biofilme de espécies tais como:
Candida albicans, Candida krusei e Candida glabrata.

Mediante o observado é interessante que mais estudos utilizando a técnica do
Solution Blow Spinning, que & promissora por produzir fibras em maior quantidade
sem grande demanda de tempo, pudesse buscar outros produtos naturais que
possam ser adaptados e utilizados ndo sé na cavidade bucal, mas como para

tratamento para outras patologias causadas por infec¢cées microbianas.
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