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RESUMO

RESUMO

OBJETIVO: Desenvolver e caracterizar nanofibras poliméricas de PLA/PEG incorporadas
com extrato seco da folha da Schinopsis brasiliensis Engl. para tratamento de estomatite
protética. METODOLOGIA: Foram realizadas as determinacdes da Concentragdo
Inibitéria Minima (CIM) e da Concentracdo Fungicida Minima (CFM) do extrato nebulizado
da S. brasiliensis frente as cepas de Candida albicans ATCC 90028, C. tropicalis ATCC
750, C. krusei ATCC 341 e C. glabrata ATCC 2001 e sobre trés cepas de C. albicans e duas
de C. tropicalis de isolados clinicos, comparando com a nistatina. Para a producdo das
nanofibras poliméricas, foram preparadas soluc@es de PLA/PEG (70/30%) em cloroformio e
adicionada a concentracdo de 10% do extrato nas concentragdes de 10X a CIM/2, CIM,
CIMx2 e CIM x4. Foi utilizado método de fiacdo em sopro de solucdo (SBS). As nanofibras
foram caracterizadas por microscopia eletronica de varredura (MEV), comportamento
térmico (TG) e espectroscopia de absorcdo na regido do infravermelho (FTIR). A acdo das
nanofibras sobre a cinética de crescimento por contagem de unidades formadoras de col6nias
(UFC) foi avaliada sobre in6culo multi-espécies de C. albicans ATCC 60193, C. tropicallis
CBS 94 e C. krusei CBS 73. Para 0s ensaios de biocompatibilidade foi adotada a linhagem
de células Vero (ATCC CCL-81). Os dados das curvas de cinética foram analisados por
ANOVA One Way, seguida pela comparacdo multipla de Tukey post-hoc para cada tempo
para avaliar a comparacéo entre as nanofibras, nistatina e o controle de crescimento. Para 0s
testes de viabilidade celular, foram adotadas as medianas de valores dos grupos testados. As
comparagOes foram realizadas pelo teste de Kruskal Wallis, seguido de Dunn’s post hoc
(¢=0.05). RESULTADOS: A ClMsggy do S. brasiliensis foi de 62,5 pg/mL. A relagdo
CFM/CIM revelou atividade fungicida do extrato para todas as cepas. A morfologia das
nanofibras apresentou-se de acordo com o esperado pela técnica SBS em todas as
composicdes testadas. A analise do diametro das nanofibras revelou que a adi¢do do extrato
da S. brasiliensis produziu fibras menos espessas (p<0,05) quando comparadas as fibras de
PLA/PEG. As fibras PLA/PEG/Bra apresentaram perda de massa em dois estagios. Os
espectros que comprovam o0s grupos funcionais do extrato da S. brasiliensis, estdo
relacionados aos grupos presentes do acido galico nos comprimentos de ondas 2926, 1713 e
1265 cm™. A nanofibra PLA/PEG/Bra 2500 foi capaz de reduzir o crescimento fingico a
partir de 4 horas de exposi¢éo, se assemelhando ao observado quando comparado a nistatina
na concentracdo de CIM. Todas as nanofibras, nas condi¢des testadas, apresentaram-se
citocompativeis com o uso em mamiferos. CONCLUSAO: Nanofibras poliméricas de
PLA/PEG, produzidas por SBS, incorporando extrato da S. brasiliensis em diferentes
concentragdes, mostraram-se biocompativeis para uso em humanos, sendo capazes de inibir
o0 crescimento de Candida spp. Este estudo aponta a potencialidade de aplicagdo de
nanofibras incorporadas com extratos de plantas no controle da estomatite protética.

Palavras-chaves: Estomatite sob Prétese. Terapéutica. Extratos Vegetais. Nanofibras.
Candida spp.



ABSTRACT

ABSTRACT

OBJECTIVE: To develop and characterize polymeric nanofibers of PLA / PEG
incorporated with dry leaf extract of Schinopsis brasiliensis Engl. for the treatment of
prosthetic stomatitis. METHODOLOGY': The Minimum Inhibitory Concentration (MIC)
and Minimum Fungicide Concentration (MFC) determinations o extract of the nebulized
extract of S. brasiliensis against the strains of Candida albicans ATCC 90028, C. tropicalis
ATCC 750, C. krusei ATCC 341 and C glabrata ATCC 2001 and on three strains of C.
albicans and two strains of C. tropicalis from clinical isolates, compared with nystatin. For
the production of polymeric nanofibers, solutions of PLA/PEG (70/30%) in chloroform were
prepared and the concentration of 10% of the extract was added in the concentrations of 10X
to MIC/2, MIC, MICx2 and MICx4. Solution blowing spinning (SBS) method was used. The
nanofibers were characterized by scanning electron microscopy (SEM), thermal behavior
(TG) and infrared absorption spectroscopy (FTIR). The action of nanofibers on growth
kinetics by counting colony-forming units (CFU) was evaluated on multi-species inoculum
of C. albicans ATCC 60193, C. tropicallis CBS 94 and C. krusei CBS 73. For
biocompatibility assays the Vero cell line (ATCC CCL-81) was adopted. The data of the
Kinetic curves were analyzed by ANOVA One Way, followed by Tukey's multiple post-hoc
comparison for each time to evaluate the comparison between nanofibers, nystatin and
growth control. For cell viability tests, the medians of values of the groups tested were
adopted. Comparisons were performed using the Kruskal Wallis test, followed by Dunn’s
post hoc (¢=0.05). RESULTS: The MICgssx of S. brasiliensis was 62.5 pg/mL. The
MFC/MIC ratio revealed fungicidal activity of the extract for all strains. The morphology of
the nanofibers was as expected by the SBS technique in all tested compositions. The analysis
of the nanofibers diameter revealed that the addition of S. brasiliensis extract produced less
thick fibers (p<0.05) when compared to PLA/PEG fibers. The PLA/PEG/Bra fibers showed
loss of mass in two stages. The spectra that prove the functional groups of the S. brasiliensis
extract are related to the groups present in gallic acid in wave-length of 2926, 1713 and 1265
cm. The PLA/PEG/Bra 2500 nanofiber was able to reduce fungal growth after 4 hours of
exposure, similar to that observed when compared to nystatin in the MIC concentration. All
nanofibers, under the conditions tested, were cytocompatible with use in mammals.
CONCLUSION: PLA/PEG polymeric nanofibers, produced by SBS, incorporating S.
brasiliensis extract in different concentrations, proved to be biocompatible for use in humans,
being able to inhibit the growth of Candida spp. This study points to the potential application
of nanofibers incorporated with plant extracts to control prosthetic stomatitis.

Keywords: Denture Stomatitis. Therapeutics. Plant Extracts. Nanofibers. Candida spp.
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CONSIDERACOES INICIAIS
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1 CONSIDERACOES INICIAIS

Candida albicans é conhecida como um microrganismo comensal no trato digestivo
de mamiferos (TONG, TANG, 2017), assim como na cavidade oral dos seres humanos (HU
et al., 2019). Outras espécies de Candida clinicamente relevantes também sdo encontradas,
como C. parapsilosis, C. tropicalis, C. glabrata e C. krusei (HU et al., 2019). E também o
fungo patogénico mais comum nos seres humanos, causando infec¢Bes das mucosas,
especialmente em individuos imunocomprometidos (GHOLIZADEH et al., 2016). Varios
fatores podem predispor os individuos a candidiase, como o tratamento prolongado com
antibioticos e corticosteroides, presenca de diabetes mellitus, deficiéncias nutricionais,
doencas imunossupressoras ou terapia hormonal (GHOLIZADEH et al., 2016; MENZIES et
al., 2018; NISHIMAKI et al., 2019).

O crescimento microbiano sobre a superficie de proteses dentarias resulta da adeséo
de células microbianas reforcadas pela rugosidade da superficie da protese e por interacdes
adesivas entre as espécies de Candida, principalmente C. albicans, e bactérias orais (JAVED
et al., 2017). Eles podem induzir uma resposta inflamatoria crénica na mucosa oral, descrito
como estomatite protética, que se caracteriza por ser a doenca infecciosa mais comum que
afeta a mucosa oral e € altamente prevalente em individuos portadores de prétese dentaria
(JAVED et al., 2017; VILA et al., 2020).

Nesse contexto, o tratamento das lesdes de estomatite protética envolve a orientagdo
da higienizacdo das proteses e da cavidade oral, a remocdo de um possivel fator irritante
(proteses dentarias mal adaptadas e insatisfatorias), o uso de antifingicos e a confecgédo de
uma nova protese. Os métodos mecanicos e quimicos sdo frequentemente aconselhados para
a higiene das proéteses dentarias para evitar colonizacdo de microrganismos.

Os microrganismos presentes em biofilmes apresentam uma resisténcia elevada aos
antifingicos preconizados para o tratamento dessas afeccdes e aos sistemas de defesa do
hospedeiro, 0 que muitas vezes resulta em selecdo de cepas mais resistentes, levando a
infeccbes persistentes e de dificil tratamento (CABRINI CARMELLO et al., 2019;
VEILLEUX, GRENIER, 2019).

Além disso, a patogenicidade e resisténcia aos farmacos dos fungos presentes no

biofilme oral enfatizam a necessidade do desenvolvimento de novos agentes



antimicrobianos. Portanto, o desenvolvimento de novos agentes terapéuticos para o
tratamento de doengas causadas por Candida spp. se faz necessario.

Neste sentido, a utilizacdo de produtos naturais capazes de aplicacdo clinica é
necessario para criar novas estratégias para o controle da candidiase oral devido as
desvantagens e insuficiéncias dos produtos disponiveis comercialmente (GAD, FOUDA,
2020). Produtos naturais sdo alternativas terapéuticas promissoras, pois tendem a exibir
menor intensidade de reacOes adversas em relacdo aos antifungicos de escolha.
Notavelmente, o estudo de produtos naturais pode fornecer terapias alternativas, viaveis para
o0 tratamento de doencas bucais (VEILLEUX, GRENIER, 2019).

A espécie Schinopsis brasiliensis Engl € uma planta conhecida popularmente como
Bralna, Baralna, entre outros, sendo vastamente encontrada na regido da Caatinga
(MEDEIROS, ALENCAR, FELISMINO, 2018). Partes da planta como folhas e cascas sdo
bastante utilizadas na medicina popular para fins diversos, como no tratamento da gripe,
inflamacdes e no tratamento de lesGes e micoses (DONATI et al., 2015). Além disso, estudos
relatam a acdo antimicrobiana do extrato S. brasiliensis contra patdgenos presentes na
cavidade oral (FORMIGA FILHO et al., 2015; SARAIVA et al., 2013). A casca e folha desta
planta apresentam comprovada atividade antimicrobiana e antifungica (CHAVES et al.,
2015; FERNANDES et al., 2013, 2015, 2016; FORMIGA FILHO et al., 2015; SILVA et al.,
2012). Alem da sua caracterizacdo quimica e analitica (FORMIGA FILHO et al., 2015;
SETTE-DE-SOUZA et al., 2018).

Devido ao fato de muitos produtos naturais apresentarem instabilidade em sua
formulacdo, sua aplicacdo é limitada. Neste sentido, a utilizacdo de um mecanismo que o
imobilize num veiculo farmacéutico, seria importante para a sua estabilidade e atividade
microbiana (BONAN et al., 2015).

Neste sentido, o controle da liberacdo de farmacos em sitios de acdo especificos,
através da utilizacdo de vetores, capazes de permitir a optimizacdo da velocidade de cedéncia
e do regime de dosagem das substancias, tem sido uma area de intensa pesquisa nos altimos
anos (BONAN et al., 2015, 2017; KOU et al., 2019; WANG et al., 2019). Dentre os sistemas
vetorizados, 0s nanomateriais constituidos por polimeros biodegradaveis tém atraido muita
atencdo dos pesquisadores devido as suas potencialidades terapéuticas, a capacidade de
promover uma liberacdo controlada dependente da degradagé@o de sua matriz polimérica e a
maior estabilidade nos fluidos bioldgicos e durante o armazenamento (SCHAFFAZICK et
al., 2003; SOPPIMATH et al., 2001).
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Dentre 0s nanomateriais mais comumente empregados na liberacdo controlada de
farmacos estéo as nanoparticulas, as nanocapsulas, nanofilmes e nanofibras. As nanofibras,
por sua vez, possuem pequenas dimensdes e alta area superficial especifica, o que favorecem
0 Seu uso para o transporte de portadores de carga através de uma direcédo controlada (IRANI,
MIR MOHAMAD SADEGHI, HARIRIAN, 2017; KARCZEWSKI et al., 2018;
NASCIMENTO et al., 2019; OLIVEIRA et al., 2013). Séo indicadas como dispositivos para
liberacdo controlada de farmacos, dentre o0s quais encontram-se 0s medicamentos
fitoterapicos e fitoconstituintes (BONAN et al., 2015, 2017; NASCIMENTO et al., 2019;
SOUZA et al., 2015).

Levando-se em consideracdo que as nanofibras podem ser utilizadas como
dispositivos ou sistemas de liberacdo controlada de farmacos e que estes visam manter a
concentracdo do farmaco em niveis terapéuticos por maiores periodos de tempo (BONAN et
al., 2015; IRANI, MIR MOHAMAD SADEGHI, HARIRIAN, 2017; KARCZEWSKI et al.,
2018; MEDEIROS et al., 2009), estudos que avaliem a acdo de nanofibras poliméricas,
conjugadas com farmacos ou até mesmo isoladas, sobre Candida spp. e sobre o sistema
imunoldgico humano, se fazem importantes. A utilizacao desses dispositivos para a liberacao
controlada dos farmacos objetiva reduzir a toxicidade terapéutica. Também permite que
concentracfes minimamente efetivas atuem constantemente atraves do contato direto, com
acdo topica e com pouca repercussao sistémica. Diante disso, os Sistemas de liberacdo

controlada tém despertado grande interesse nos ultimos anos.
1.1 Perspectivas microbiolégicas na formacao e controle do biofilme de Candida spp.

O género Candida spp. se apresenta como um conjunto de fungos leveduriformes
comensais do corpo humano. Dependendo de inimeras condigdes, tais como a imunidade do
hospedeiro ou a viruléncia da cepa fangica, estes microrganismos podem causar inimeros
danos ao organismo humano. Neste sentido, Candida possui varios fatores de viruléncia que
facilitam sua adesdo as superficies da mucosa oral, invasdo tecidual e evasdo de mecanismos
defensivos do hospedeiro (HIROTA et al., 2017; MOYES et al., 2016). A principal espécie
patogénica é Candida albicans, porém C. dubliniensis, C. glabrata, C. tropicalis, C. krusei
e C. parasilosis estdo se tornando patdgenos oportunistas mais importantes em pacientes
imunocomprometidos (HU et al., 2019; MAKINEN et al., 2018; MONTEIRO et al., 2019;
MUSHI et al., 2016; PATHIRANA et al., 2019). Além disso, alguns estudos identificaram

varias espécies de Candida spp. que podem infectar 6rgdos vitais, incluindo o sistema
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nervoso central (LI et al., 2017), devido a sua capacidade de atravessar a barreira
hematoencefalica (MARTINS DE ANDRADE et al., 2019; WU et al., 2019).

A formacdo de biofilme é um fator de viruléncia importante na patogénese da C.
albicans. Caracteriza-se por fixacao, colonizacéo e desenvolvimento das leveduras, podendo
conter, também, pseudo-hifas e matriz extracelular sobre superficies e substratos organicos e
inorganicos (FINKEL, MITCHELI, 2011). A exemplo de um biofilme bacteriano, e em
contraste com a dispersao de células planctonicas, o biofilme fangico pode ser altamente
resistente as farméacos antifangicos. Este € um processo multifatorial e complexo, que
envolve: (1) a penetracdo limitada do farmaco no biofilme devido a alta densidade de matriz
extracelular, (2) a absorcdo da farmécos ou ligacdo da mesma a matriz extracelular do
biofilme, (3) a diminuicdo da taxa de crescimento, (4) sobre-expressdo de genes envolvidos
na resisténcia a farméco, e (5) tolerancia a maltiplas farméacos, devido as células persistentes
(FINKEL, MITCHELL, 2011).

O biofilme é considerado como uma camada densa de comunidades microbianas
complexas, incorporadas em uma matriz polimérica, que promove interacbes mutuamente
benéficas entre microrganismos e as protege da difusdo e acdo de agentes antimicrobianos
(Peters et al., 2010). A adesdo de Candida spp. a superficie da resina acrilica, por exemplo,
é considerado o primeiro passo na colonizacdo dos tecidos orais, 0s quais estao expostos a
superficie da dentadura (AMIN, REHMAN, ABBAS, 2015).

Estas comunidades microbianas sdo a principal causa de estomatite protética,
problema clinico comum que pode afetar até 70% dos pacientes usuarios de protese
(CHAPMAN et al., 2017; MORSE et al., 2018). Esta, por sua vez, caracteriza-se como
inflamagdo moderada ou intensa da mucosa oral, associada ao uso de prétese dentéria,
ocasionando alteragdes no tecido, que passa a apresentar hiperemia e edema, acompanhados
algumas vezes por petéquias hemorragicas (JAVED et al., 2017; VILA et al., 2020). A
estomatite protética pode ser causada devido a associacao de fatores tais como traumatismo
da mucosa por ajuste deficiente da protese; fumo; deficiéncia ou comprometimento da
resposta imunoldgica; aumento da idade do usuario da prétese; tempo das proteses e ma
higiene (GENDREAU, LOEWY, 2011; MARTORI et al., 2014).

Além disso, infec¢bes por Candida spp., quando ndo associados ao uso de protese
dentaria, sdo conhecidas por candidose atréfica cronica e podem acometer regides de tecido
mole. Com a ampla aplicagdo de agentes imunossupressores e antibioticos nos ultimos anos,
a imunidade geral dos seres humanos diminuiu, a flora se tornou disfuncional, a

probabilidade de infeccdo por fungos na mucosa, pele e visceras aumentou
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significativamente, e a incidéncia de infec¢Bes bucais candidiase aumentou. A candidose
atrofica crénica oral pode ocorrer nos labios, pele e mucosa, e a recorréncia € comum, o que
traz sofrimento aos pacientes (CORONADO-CASTELLOTE, JIMENEZ-SORIANO, 2013).
Portanto, essas lesdes fungicas sdo bastante observadas em individuos portadores da
Sindrome da Imunodeficiéncia Adquirida, como também em pacientes que realizam terapia
para tratamento do cancer a partir da quimioterapia e radioterapia, com destaque para oS
tumores malignos da regido de cabeca e pescoco (KAWASHITA et al., 2018; TARAPAN et
al., 2019).

Como medida de controle da infec¢do por Candida spp. adota-se, no exercicio clinico,
0 uso de medicamentos especificos voltados contra vias metabdlicas especificas da célula
fangica. Os medicamentos podem ser sintéticos ou de origem natural, com mecanismos de
acao diversos e apresentados sob diferentes formulacbes (GAD, FOUDA, 2020). Estas
variacOes tém a vantagem de facilitar a escolha por parte dos profissionais odont6logos
durante o manejo clinico do paciente. Ainda, deve-se ter em mente que cada formulacéo pode
apresentar vantagens e desvantagens quanto a sua aplicacdo (tépica ou sistémica),
interferindo na adesdo do paciente ao tratamento. Apesar da quantidade relativamente ampla
de antifungicos disponiveis, ha a necessidade de se descobrir novas op¢des terapéuticas e de
se desenvolver novos sistemas de liberacdo dos farmacos. A ampla variacdo nas opgdes
antifungicas demanda estudos continuados para que se encontre a melhor escolha para

determinada situacédo clinica.
1.2 Tratamentos antifungicos e fitoterapicos

Varios agentes antifungicos orais tém sido empregados no tratamento das infeccGes
por Candida spp. que acometem a cavidade oral, podemos citar principalmente fluconazol,
nistatina, anfotericina B, miconazol, cetoconazol, itraconazol e clotrimazol (Tabela 1)
(BAKHSHI et al., 2012; DAVIES et al., 2016; GAD, FOUDA, 2020; GEBREMEDHIN et
al., 2014; TSUTSUMI, TAKAKUDA, WAKABAYASH]I, 2016).
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Tabela 1. Formulacdo, dosagem e efeitos dos antifungicos convencionais. Fonte: Adaptado
de (GAD, FOUDA, 2020).

Antifiingico Formulacio Dose Efetividade Efeitos Adversos
Fluconazol Comprimidos 50-100 mg/dia Eficaz; recorréncia nausea, vomito,
Suspensio 100 mg/mL por dia apos 4 semanas diarreia, dor abdominal
Nistatina Suspensao, 60 4-6mL/6 h Eficaz; cura clinica — Bem tolerado
mL 87.5% cura
Creme, 30 g 2—4 aplicagdes/dia micologica — 66% Nao descrito
Comprimidos 2/8 h nausea, vomito, efeitos
gastrintestinais
Anfotericina B Topico 3 vezes/dia Eficaz; recorréncia Efeitos renais,
Infusdo 100-200 mg/6 h ap6s 12 semanas cardiovasculares,
medulares e
neurologicos
Miconazol gel, 2% 100 mg/6 h Eficaz Nao descrito; sensac¢do
de ardéncia, irritagao,
nausea, diarreia
Cetoconazol gel, 2% 3 vezes/dia Eficaz nausea, vomito, dor
Comprimidos 200 mg 1-2 vezes/dia abdominal
Suspensao, 30 200 mg (20 mL) 4
ou 10 cc vezes/dia
Itraconazol capsulas 100-200 mg/dia Eficaz; recorréncia nausea, vomito,
em pacientes com diarreia, dor abdominal
higiene oral
deficiente
Clotrimazol gel, 1% 3 vezes/dia Eficaz irritagdo em pele,
Comprimidos, 5 vezes/dia sensacdo de ardéncia
10 mg

Esses antifingicos possuem mecanismos de acdo distintos entre si, ou seja, atacam
vias distintas do metabolismo celular fungico. Alguns derivados de azdis, tais como
fluconazol e itraconazol, possuem acgdo fungistatica e atuam preferencialmente nas vias de
biossintese do ergosterol. O alvo principal é a inativagdo da enzima 14’-lanosterol
desmetilase, que por sua vez reduz a conversao de lanosterol em ergosterol dependente de
citocromo P450. A diminuicdo da producao de ergosterol interfere na formacédo da membrana
celular fungica, causando desequilibrio na estrutura da membrana, afetando o crescimento e
a proliferacdo celulares (SANGLARD, COSTE, FERRARI, 2009; SHAPIRO, ROBBINS,
COWEN, 2011; WHITE, MARR, BOWDEN, 1998). Ja os imidazo6is (miconazol,
oxiconazole, econazol, cetoconazol, tioconazole e clotrimazole), muito utilizados para
tratamento de infeccbes em mucosas, possuem além do mecanismo de deplecdo do
ergosterol, a capacidade de desestabilizar as fungdes de enzimas ATPase em vacuolos,
interferindo no balanco iénico no interior das células fungicas (ZHANG et al., 2010). O fato

de terem agdo fungistatica, o uso prolongado desses medicamentos pode facilitar a inducéo



de resisténcia na populacao de células fungicas restantes (SHAPIRO, ROBBINS, COWEN,
2011). J& os polienos, representados por anfotericina B, natamicina e nistatina, atuam
ligando-se diretamente ao ergosterol presente na membrana fangica. Este processo induz a
formacédo de poros, desencadeando desequilibrio do balango idnico celular e perda de
integridade da membrana, culminando com lise da célula (SANGLARD, COSTE,
FERRARI, 2009). Anfotericina B ¢ mais usada em tratamento de infeccBes sistémicas
(LEMKE, KIDERLEN, KAYSER, 2005; SANGLARD, COSTE, FERRARI, 2009),
enguanto que nistatina se mostra mais interessante em aplicacdes topicas (VANDEPUTTE,
FERRARI, COSTE, 2012).

Apesar da excelente atuacdo no controle flngico, varios inconvenientes como
toxicidade, interacdes antagbnicas farmaco-farmaco, falta de eficiéncia fungicida e alto custo
sdo observados quando da utilizacdo desses agentes (BAKHSHI et al., 2012; GAD, FOUDA,
2020; TSUTSUMI, TAKAKUDA, WAKABAYASHI, 2016; WATTIER, STEINBACH,
2018). Além disso, as infec¢des fungicas orais geralmente sdo reincidentes, o que gera ainda
mais resisténcia ao microrganismo quando da necessidade de submeter o paciente a mais uma
terapia antifangica (GAD, FOUDA, 2020; NEPPELENBROEK, 2016). Deste modo, se torna
necessaria a busca por novas e eficazes alternativas terapéuticas.

As terapias antifungicas sistémicas geralmente sdo ativas contra fungos que sdo
liberados das células dispersas pelo biofilme (células planctdnicas), mas sdo parcialmente
eficazes contra biofilmes (SANCHES et al., 2019), além disso, podem apresentam efeitos
adversos sistémicos que geram desconforto ao paciente. Ja a aplicacdo tdpica de agentes
antifungicos é eficaz apenas por um curto periodo de tempo. Além disso, esses agentes
geralmente sdo afetados negativamente pelo constante fluxo salivar, o que impede a
permanéncia do medicamento no local afetado por um periodo maior de tempo (BAKHSHI
etal., 2012; MARTINS, GONTIJO, 2017).

Diante disso, para melhorar os padrdes terapéuticos de tratamento das infecgdes
causadas por Candida, pesquisas inovadoras sdo direcionadas para o desenvolvimento de
alternativas para o tratamento dessas afec¢coes (GONDIM et al., 2018). Dessa forma, o estudo
de extratos vegetais derivados de plantas medicinais pode proporcionar alternativas viaveis
e de baixo custo para o tratamento de doengas infecciosas (GONDIM et al., 2019).

Varios produtos naturais tém efeitos antifingicos e antimicrobianos, que podem ser
usados no combate a Candidiase oral (FERREIRA et al., 2015; LAVAEE et al., 2018;
MARCOS-ARIAS et al., 2011; OLIVEIRA et al., 2019). Os produtos naturais sao mais

baratos, menos toxicos e menos propensos a induzir resisténcia microbiana em comparagéo
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com os medicamentos convencionais (FERREIRA et al., 2015; LAVAEE et al., 2018). No
entanto, alguns desses produtos naturais podem mostrar toxicidade ou causar intolerancia;
portanto, eles devem ser usados com cautela (CHINSEMBU, 2016; RAO et al., 2019).

Estudos que abordam a atividade de plantas medicinais contra patégenos orais séo
ferramentas importantes na avaliacdo das propriedades dos extratos de plantas medicinais
quanto a sua capacidade em inibir o crescimento de microrganismos patogénicos, tais como
Candida spp. (AGHAZADEH et al., 2016; MADUGULA, 2017) As plantas medicinais
possuem em sua composicdo uma série de compostos quimicos, que sdo chamadas de
metabdlitos secundarios e estes sdo responsaveis em fornecer atividade bioldgica benéfica a
salide humana. Esses metabdlitos sdo classificados em alcal6ides, cumarinas, flavonoides,
esteroides, glicosideos cardioativos, lignanas, 6leos essenciais, saponinas, terpenos, entre
outros. Cada um destes grupos com caracteristicas e acdes especificas sobre os sistemas
biolégicos (CRAGG, NEWMAN, 2013; NEWMAN, CRAGG, 2016; SANTOS et al., 2020).

Estudos etnofarmacoldgicos orientam a busca mundial de novos medicamentos
antimicrobianos a partir de plantas medicinais usadas por comunidades tradicionais
(SARTORATTO et al., 2004). Neste sentido, no Brasil, foi lancado, em 2009, o Programa
Nacional de Plantas Medicinais e Fitoterapicos, que estimula a pesquisa € 0 uso da
biodiversidade brasileira como promotores de riqueza e como ferramentas para uma melhor
inclusdo social e melhoria da qualidade da satde da populacdo (BRASIL, 2009). Propostas
como esta reforcam a importancia dos recursos naturais como fontes de novas moléculas
terapéuticas.

As doencas microbianas tém um profundo impacto econdmico na saude publica,
especialmente em regides tropicais e em pacientes imunodeficientes ou imunodeprimidos.
Adicionalmente, apesar da existéncia de medicamentos poderosos, algumas cepas de
microrganismos multirresistentes causam infeccbes com altas taxas de mortalidade,
particularmente em pacientes hospitalizados (NASCIMENTO et al., 2000; STAPLETON et
al., 2004; VILA et al., 2020).

Alguns estudos tém enfatizado grandes perspectivas para a utilizacdo de produtos
naturais derivados de plantas, no controle de microrganismos presentes na cavidade oral
(AHMAD, JAFRI, KHAN, 2020; GAD, FOUDA, 2020; VILA et al., 2020; ZAGO et al.,
2019). Neste sentido, substancias derivadas de plantas medicinais, obtidas por diversas
técnicas de extracdo, de material organico advindo de diversas partes das plantas,

apresentaram atividade antimicrobiana comprovada, muitas vezes com resultados
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aproximando-se do efeito gerado por medicamentos de escolha (MADUGULA, 2017; XU et
al., 2019; ZAGO et al., 2019).

Diante disso, estes e outros resultados utilizando extratos com plantas medicinais
sugerem que 0s compostos quimicos presentes em varias partes da planta, podem ser

importantes alternativas terapéuticas as candidiases orais.
1.3 Schinopsis brasiliensis Engl.

A Schinopsis brasiliensis Engl pertence a familia Anacardiaceae e € uma espécie
endémica do Brasil. As plantas sdo conhecidas popularmente como baratna, bradna, bradna
parda, bratina-sertdo, quebracho ou ainda, na regido de Mato Grosso, chamada de chamacoco
(Figura 1). E uma planta muito presente no nordeste do Brasil, na regifo do bioma da
Caatinga. Diferentes partes da S. brasiliensis, incluindo folhas, casca, caule e fruto, tém sido
usadas na medicina popular como agentes anti-inflamatorios para varias doencas, como
gripe, febre, tosse, diarréia, impoténcia e osteoporose (ALBUQUERQUE, 2006;
ALBUQUERQUE et al., 2007; ALMEIDA et al., 2005).

Até o momento, existem poucos estudos que confirmem a atividade farmacoldgica de
S. brasiliensis, sendo que a maioria esta relacionada ao potencial antimicrobiano. Destaca-se
a atividade contra Pseudomonas aeruginosa, Staphylococcus aureus, Streptococcus oralis,
Streptococcus mutans, Streptococcus parasanguinis, Enterococcus faecalis, Klebsiella
pneumoniae, Escherichia coli, Salmonella typhimurium, Candida albicans, C. tropicalis, C.
guilliermondii e C. krusei dos extratos hidroalcodlicos feitos de casca e folhas de S.
brasiliensis (FORMIGA FILHO et al., 2015; GUIMARAES, 2010; JOVITO, 2016;
SANTOS, 2013; SARAIVA et al., 2011, 2013; SILVA et al., 2015, 2012) e do extrato
etandlico da casca e folhas e suas fracdes (hexano, metanol, diclorometano e acetato de etila)
(MACHADO, 2012; SARAIVA et al., 2011). Por outro lado, o 6leo essencial produzido a
partir das folhas de S. brasiliensis apresentou atividade fraca apenas contra S. aureus
(DONATI et al., 2015). Outros estudos também demonstraram acéo da S. brasiliensis contra
cepas de microrganismos conhecidamente resistentes aos antibioticos tetraciclina,
gentamicina e oxacilina (SARAIVA et al., 2011, 2013) e eritromicina (SILVA et al., 2015).
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Figura 1. Imagem da planta S. brasiliensis. Fonte:
www.arvoresdobiomacerrado.com.br/site/2017/03/30/schinopsis-brasiliensis-engl/ Acesso:
14 de maio de 2020.

Estudos apontam que a acdo antimicrobiana atribuida ao extrato se deve a presenca
de constituintes quimicos, como os compostos fendlicos, que sao encontrados vastamente em
espécies vegetais, e atuam como agentes tdxicos aos microrganismos (BATISH et al., 2008).
Estudos fitoquimicos preliminares mostraram que a S. brasiliensis tem alto teor de compostos
fendlicos, como taninos e flavonoides, com maior concentracdo de taninos, correspondendo
a 55% do contetdo fendlico total (SARAIVA et al., 2011). Em outro estudo, foi identificado,
por meio da cromatografia liquida do extrato da S. brasiliensis, que o acido galico (&cido
3,4,5 — tri-hidroxibenzoico) é o componente majoritario presente na planta (FERNANDES
et al., 2015). Acredita-se que este importante polifenol, presente em vérias plantas, pode
conferir propriedades antioxidantes, anti-inflamatorias e antimicrobianas (CORRADINI et
al., 2011). Neste sentido, foi demonstrada a atividade antioxidante de extrato metanol e éleo
essencial produzidos a partir das folhas de S. brasiliensis (DONATI et al., 2015; SARAIVA
et al., 2011). Contudo, acredita-se que a ampla variedade de metabdlitos que compdem 0s
extratos da S. brasiliensis, também pode apresentar efeitos diretos no controle e combate de
infeccdes da cavidade oral. Portanto, assim como em outras plantas medicinais, a parte da
planta usada e o tipo de processo de extracdo sdo capazes de interferir na composicéo e na
capacidade de acdo do produto final (MEDEIROS, ALENCAR, FELISMINO, 2018).

Atividades inseticidas e moluscicidas foram observadas em experimentos usando
extratos e fragOes produzidas com a casca de S. brasiliensis. Dentre eles, o extrato seco e a

fracdo cloroférmio apresentaram efeitos diversos em relacdo ao hexano e acetato de etila
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(SANTOS et al., 2014; SILVA, 2011). Extratos de sementes da planta mostraram atividade
inseticida, porém com resultados de toxicidade que demandam cuidado quanto ao seu uso
em humanos e na natureza (BARBOSA et al., 2014; OLIVEIRA, 2011; SANTOS et al.,
2014). Por outro lado, os extratos de casca e folhas, quando administrados oralmente para

camundongos, apresentam toxicidade moderada para os animais (SANTOS, 2013).

1.4 Sistemas nanomeétricos para liberacao controlada de farmacos

Os nanomateriais sd0 uma importante divisdo dos biomateriais, apresentando
diversificada aplicacdo na area biomédica. Os nanomateriais podem apresentar diferentes
formas tais como particulas, esferas, tubos, filmes, fibras, whiskers entre outras, sendo
definidos como os materiais que apresentam pelo menos uma dimensao variando entre 1 e
100 nm (KREYLING, SEMMLER-BEHNKE, CHAUDHRY, 2010). Por apresentarem
diferentes formas, podem ser usados em diversas aplicacbes como sensores, filtros,
catalisadores, sistemas para liberagdo controlada de farmacos, Orteses e proteses para
aplicacbes médicas e odontoldgicas, suporte para crescimento de células e tecidos
(NAKHAEI, SHAHTAHMASSEBI, 2015; REDDY, XU, YANG, 2011). Recentemente, a
busca por sistemas de liberacdo de farmacos mais inteligentes e eficientes esta sendo
realizada com o intuito de melhorar os efeitos terapéuticos e reduzir a toxicidade apresentada
pelas formulacdes convencionais de diversos farmacos (BORASCHI, CASTELLANO,
ITALIANI, 2017).

A administracdo de farmacos ou agentes farmacéuticos a pacientes de maneira
fisiologicamente aceitavel tem sido sempre uma preocupacdo na area da salide humana. O
objetivo dos sistemas de administracdo controlada de farmacos é entregar uma concentracdo
pré-determinada a um alvo particular, ao longo de um periodo de tempo especifico, com
comportamento o mais previsivel possivel (MEDEIROS et al., 2009; MORIE et al., 2016).
Novas tecnologias e materiais tem um profundo impacto sobre este processo. Dentre 0s
sistemas vetorizados de liberacdo de farméacos, os nanomateriais constituidos por polimeros
biodegradaveis tém atraido bastante atencdo, gerando inimeras possibilidades de aplica¢des
e usos médico-odontolégicos (NASCIMENTO et al., 2019). Estes apresentam degradacéao
resultante primariamente da acdo de microrganismos, tais como fungos, bactérias e algas de
ocorréncia natural, gerando CO2, CHs4, componentes celulares e outros produtos
(NASCIMENTO et al., 2019; YADAV et al., 2015). Os polimeros biodegradaveis podem

ser agrupados em duas classes principais: naturais e sintéticos.
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Os polimeros naturais sdo formados durante o ciclo de vida de plantas verdes,
animais, bactérias e fungos. Os mais conhecidos séo colageno, celulose, polissacarideos
(quitosanas, quitinas e Xxantanas), acidos alginicos (&cidos manurénico e gulurdnico),
polipeptidios naturais (gelatinas) e poliésteres bacterianos (GONDIM et al., 2018;
NASCIMENTO et al., 2019; YADAV et al., 2015). Apresentam vantagens quanto ao uso
em sistemas de liberacdo controlada de farmacos. Por outro lado, os polimeros sintéticos
biodegradaveis tém sido muito empregados em capsulas de liberacao controlada de farmacos,
materiais para uso em cirurgias (suturas, clips, pinos para 0ssos) e para embalagens especiais.
Dentre os polimeros sintéticos mais usados estdo poli(acido latico) (PLA), poli(acido
glicolico) (PGA), poli(acido glicélico-acido latico) (PGLA), poli(e-caprolactona) (PCL),
poli(etilenoglicol) PEG (BONAN et al., 2015, 2017; NASCIMENTO et al., 2019).

O PLA tem sido amplamente utilizado na engenharia biomédica e de tecidos devido
a sua excelente biocompatibilidade e biodegradabilidade (BHATTARAI et al., 2009;
IVANOVA, BAZAKA, CRAWFORD, 2014; LUTZ, HOTH, 2006; XU et al., 2009). Além
disso, os produtos de degradacdo de PLA sdo conhecidos por serem ndo toxicos para 0s
organismos vivos (FATHI-AZARBAYJANI, CHAN, 2010; GUPTA, REVAGADE,
HILBORN, 2007; KENAWY et al., 2002). Entretanto, o PLA apresenta algumas limitacdes,
como sua baixa taxa de degradacdo, em comparacao com outros poliésteres e a presenca de
grupos laterais hidrofébicos com baixa reatividade. Diante disso, varias técnicas vém sendo
utilizadas para melhorar as propriedades fisicas, quimicas e biol6gicas do PLA, sendo a mais
comum a formacéo de blendas do PLA com diferentes outros polimeros que podem ou ndo
ser degradaveis (IVANOVA, BAZAKA, CRAWFORD, 2014; XU et al., 2009). Dentre 0s
polimeros combinados ao PLA, o poly(etileno glicol) (PEG) é um dos mais comumente
usados (WANG et al.,, 2019). Isto se deve, principalmente, as caracteristicas de
biocompatibilidade, baixo custo e facil processamento, com excelente solubilidade em agua
e em solventes organicos que o PEG apresenta (LUTZ, HOTH, 2006). Ainda, PEG apresenta
baixa toxicidade e auséncia de imunogenicidade em humanos, além de boa
biodegradabilidade e facil eliminagdo renal (IVANOVA, BAZAKA, CRAWFORD, 2014).
Biomateriais contendo PEG s&o muito utilizados como sistemas de liberagdo controlada de
farmacos e curativos (NI et al., 2014; ZANDER et al., 2015). As substancias que podem ser
liberadas por sistemas nanométricos podem ser agentes quimioterapicos, antivirais,
imunossupressores, anti-inflamatdrios, antimicrobianos, opidides, horménios, anestésicos e
vacinas (ASVADI et al., 2013). Além destes, hd um crescente interesse em utilizar 0s
medicamentos fitoterapicos (BONAN et al., 2015, 2017; KUMAR et al., 2010; LIU et al.,
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2012; YU et al, 2012) administrados por suas propriedades antinflamatdrias,
antimicrobianas e antiflngicas.

Estudos recentes apresentam resultados promissores quanto ao desenvolvimento de
nanomateriais poliméricos para o tratamento e prevencdo da candidiase oral em pacientes
usuarios de prétese (AHMAD, JAFRI, KHAN, 2020; GONDIM et al., 2018). Entretanto, a
énfase estd na utilizagdo de nanoparticulas, deixando clara a necessidade de estudos que
abordem o desenvolvimento de novos formatos e tipos de nanomateriais com aplicagédo
promissora na cavidade oral. Por isso, hd a importancia de se estudar a efetividade de
nanofibras poliméricas carreando compostos sintéticos ou mesmo naturais, como 0s extratos
vegetais.

As nanofibras tem apresentado uma variada aplicacdo nas areas médica e
odontoldgica (GONDIM et al., 2019; KIM et al., 2009; NASCIMENTO et al., 2019;
WILLIAMS, 2009). Possuem propriedades que favorecem o seu uso para o transporte de
moléculas portadores de carga por meio de uma direcdo controlada, sendo bastante indicados
como dispositivos de liberacdo controlada de farmacos. Podem servir como curativos
antimicrobianos, arcaboucos para reparo tecidual ou mesmo como embalagens inteligentes
para alimentos e medicamentos (ZHANG, RONCA, MELE, 2017). As mantas de nanofibras
podem ser empregadas para este fim, incorporando farmacos como antibidticos,
antineoplésicos, analgésicos, anti-inflamatérios ndo esterdidais, antimicrobianos e
antifangicos, além de produtos naturais derivados de plantas (BONAN et al., 2015;
GONDIM et al., 2019; NASCIMENTO et al., 2019; TSENG et al., 2013; UHRICH et al.,
1999).

Fatores como elevada area superficial, que pode ser 100 vezes maior em comparagdo
as microfibras, e sua arquitetura facilmente controlavel (porosidade, didmetro etc.)
favorecem o desenvolvimento dos sistemas baseados em nanofibras. Muitas técnicas para
producdo de nanofibras foram desenvolvidas ao longo dos anos, dentre elas: eletrospinning,
solution blow spinning e air-brushing (Figura 2).
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Figura 2. llustragdo da producdo de nanofibras. (A) Eletrospinning, (B) Solution Blow
Spinning e (C) Air-brushing. Fonte (Nascimento et al., 2019).

Cada técnica apresenta limitagdes quanto ao tamanho da escala das fibras e ao volume
total de material produzido (LU et al., 2011; MEDEIROS et al., 2009; NASCIMENTO et
al., 2019). A eletrofiacdo vem sendo a técnica mais utilizada para produzir fibras poliméricas
micromeétricas, submicrométricas e manométricas. Entretanto, a baixa taxa de producéo e a
limitacdo em relacdo as propriedades dielétricas da solucdo de fiacdo limitam seu uso em
escala industrial. Para superar algumas dessas desvantagens, a técnica conhecida como
solucdo blow spinning (SBS) foi desenvolvida para produzir micro e nanofibras em uma
escala maior, com taxas de fiacdo mais altas e custos reduzidos (MEDEIRQOS et al., 2009).
O sistema SBS consiste em bocais concéntricos, através dos quais uma solucgdo de polimero
e um gas pressurizado sdo ejetados simultaneamente. Na ponta do bico, as forcas
aerodinamicas de arrasto e cisalhamento, causadas pelo gas pressurizado que sai do bico, sdo
combinadas para formar um cone semelhante ao cone de Taylor - este sendo formado na
ponta do bico no processo de eletrofiacdo. As fibras sdo sopradas da ponta do bico em direcéo
a um coletor colocado a uma distancia de trabalho fixa, formando as mantas de nanofibras
desejadas (BONAN et al., 2015, 2017; MEDEIROS et al., 2009; OLIVEIRA et al., 2011,
OLIVEIRA, et al., 2013).

Observa-se, ao longo do tempo, um importante aumento no namero de sistemas
baseados em nanofibras para liberagdo controlada de produtos derivados de plantas
medicinais, direcionados para as mais variadas aplicacoes (GONDIM et al., 2019). Ressalta-
se 0 uso desses sistemas como curativos e arcabougos de reparo tecidual, potencializando o
efeito dos derivados de plantas medicinais na estimulacdo de proliferacdo celular, controle
de resposta inflamatdria, acdo antioxidante e acdo antimicrobiana (Bonan et al., 2015, 2017,
NASCIMENTO et al., 2019; ZHANG, RONCA, MELE, 2017). Direcionados a area médico-
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odontoldgica, observa-se que a producdo de nanofibras visa liberacdo de extratos brutos,
fracOes de extratos, fitoconstituintes isolados e 6leos essenciais.

A escolha do tipo de matriz polimérica usada para a confeccdo das nanofibras deve
ser avaliada quanto a interacdo com as substancias naturais escolhidas (ZHANG, RONCA,
MELE, 2017). A melhor combinacdo entre polimeros e material a ser carreado facilita a
geracdo de um sistema com melhor capacidade de controle da liberagdo dos compostos,
garantindo uma prolongada acao antimicrobiana e menores niveis de toxicidade ao paciente
em uso dos dispositivos. Nanofibras poliméricas carreando farmacos de acdo antifangica,
especificamente anti-Candida spp., vem sendo desenvolvidas ao longo dos anos. A grande
maioria dos produtos sdo desenvolvidos usando a técnica de electrospinning para entrega de
farmacos sintéticos comerciais. Tém sido usados os polimeros poli(vinil pirrolidona) (PVP),
poli(metil metacrilato) (PMMA), quitosana, poli(6xido de etileno) (PEO), poli(alcool
vinilico) (PVA), poliacrilonitrila (PAN), zeina, goma-laca, poly(e-caprolactona) (PCL),
poliestireno (PS), ciclodextrina. Em composi¢gdo com estes polimeros estdo farmacos como
fluconazol, anfotericina B, cloreto de cetilpiridinio, voriconazol e clotrimazol (ESENTURK
et al., 2020; KARIMI et al., 2019; SANTOS et al., 2014; SHARMA et al., 2016;
SIRELKHATIM et al., 2019; TONGLAIROUM et al., 2014, 2015). Por outro lado, é
crescente nimero de propostas de nanofibras poliméricas carreando compostos de origem
natural para controle de infeccdo por Candida spp. (GONDIM et al., 2019; PILEHVAR-
SOLTANAHMADI et al., 2017). Neste contexto, ainda por técnica de electrospinning, as
nanofibras mais promissoras foram desenvolvidas para o carreamento de extratos de
Chamomilla recutita (L.) Rauschert (MOTEALLEH et al., 2014), do fitoconstituinte eugenol
(SEMNANI et al., 2018), do composto monolaurina (CHINATANGKUL et al., 2018), da
fracdo etanolica de extrato de prépolis (MORADKHANNEJHAD et al., 2018), de peptideos
antimicrobianos derivados de animais marinhos (VIANA et al., 2015) e de 6leos essenciais
de Piper betle L. e de Syzygium aromaticum (TONGLAIROUM et al., 2016). Em todos 0s
estudos observou-se a vantagem da liberagdo controlada dos compostos sintéticos ou
naturais, reforcando a aplicabilidade de nanofibras poliméricas como modelos de sistemas
terapéuticos para controle de infec¢bes cronicas por Candida spp. Entretanto, ndo se
observam trabalhos adotando a técnica de SBS para produgéo de nanofibras poliméricas para
a liberacdo de produtos naturais derivados de plantas, em especial do bioma Caatinga do
Brasil. O uso desses sistemas pode ser explorado na Odontologia, principalmente, nas areas

de protese, cariologia, periodontia, implantodontia, cirurgia buco-maxilo-facial e endodontia.
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A investigacdo extensiva sobre sistemas de distribuicdo de farmacos tem sido
realizada para melhorar os efeitos terapéuticos e para reduzir a toxicidade das formas de
dosagem convencionais. Sendo assim, o desenvolvimento de uma nanofibra polimérica,
incorporando produto natural para a utilizacdo como um possivel agente terapéutico no
tratamento de agravos provocados por Candida spp. em pacientes usuarios de protese se torna

bastante relevante.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Desenvolver e caracterizar nanofibras poliméricas de PLA/PEG incorporadas com

extrato seco nebulizado da folha da Schinopsis brasiliensis Engler e avaliar a atividade

bioldgica sobre o género Candida spp. e citocompatibilidade.

2.2 OBJETIVOS ESPECIFICOS

b)

d)

Determinar a Concentracdo Inibitéria Minima (CIM) e Concentracdo Fungicida
Minima (CFM) do extrato nebulizado da folha de S. brasiliensis sobre espécies do

género Candida.

Produzir nanofibras poliméricas de PLA/PEG incorporando o extrato da S.

brasiliensis usando a técnica de Solution Blow Spinning-SBS.

Caracterizar as nanofibras poliméricas de PLA/PEG incorporando extrato S.

brasiliensis através de ensaios fisico-quimicos e de imagem.

Avaliar o efeito das nanofibras poliméricas de PLA/PEG incorporando extrato S.
brasiliensis na cinética de inibicdo multi-espécie de C. albicans, C. tropicalis e C.
krusei nos tempos de 1, 2, 4, 6, 8, 12 e 24h através da contagem das Unidades
Formadoras de Colonia (UFC).

Avaliar a citocompatibilidade in vitro das nanofibras poliméricas de PLA/PEG

incorporando extrato S. brasiliensis em linhagens de células VERO.
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3 METODOLOGIA

3.1 CARACTERIZACAO DO ESTUDO

Trata-se de um estudo com abordagem indutiva com procedimento comparativo-

estatistico por meio da técnica de observacéo direta intensiva em laboratorio.
3.2 OBTENCAO DO EXTRATO DE S. brasiliensis

O extrato nebulizado da folha da S. brasiliensis Engl. foi preparado pelo Laboratério
de Desenvolvimento e Ensaios de Medicamentos (LABDEM) da Universidade Estadual da
Paraiba, Campina Grande, Paraiba e depositadas no herbarium Professor Jayme Coelho
(Herbarium Code EAN) da Universidade Federal da Paraiba sob o nimero EAN-14049. O
extrato entdo foi gentilmente cedido para o uso neste projeto e as caracterizagdes dos extratos
encontram-se publicados em (FERNANDES et al., 2015).

3.3 CONCENTRACAO INIBITORIA MINIMA (CIM) E CONCENTRACAO
FUNGICIDA MINIMA (CFM)

Inicialmente, o extrato da folha da S. brasiliensis foi submetido a testes
microbioldgicos para definir as concentragBes capazes de inibir o crescimento e o
desenvolvimento dos fungos. Para tanto, a determinacdo da CIM dos extratos foi realizada
contra cepas de Candida albicans ATCC 90028, C. tropicalis ATCC 750, C. krusei ATCC
341 e C. glabrata ATCC 2001 e sobre trés cepas de C. albicans e duas de C. tropicalis de
isolados clinicos de paciente com mucosite oral cedidos pelo Laboratério de Farmacologia
Experimental e Cultivo Celular — CCS/UFPB utilizando a técnica da microdiluicdo descrito
pelo Laboratory and Standards Institute (CLSI, 2008). Inicialmente, foram distribuidos 100
pL de caldo Sabouraud Dextrose (CSD) (KASVI, Curitiba, PR, Brasil) nos orificios das
placas de microdiluicdo. Em seguida, 100 uL das solucGes teste, extrato na concentracéo
incial de 4 mg/mL e Nistatina com concentracdo inicial de 96 pg/mL foram distribuidos em
cada poco e diluido seriadamente, a partir da retirada de uma aliquota de 100 L da cavidade
mais concentrada para a cavidade sucessora. Nos orificios de cada coluna foram dispensadas

aliquotas de 100 pL do indculo, padronizado em espectrofotdmetro, no comprimento de onda



de 530 nm, o qual corresponde a concentragdo de 2,5 x 10° CFU/mL (FREIRES et al., 2014;
GONDIM et al., 2018).

Como controle negativo foi utilizado o acido galico. Paralelamente, foram realizados
o controle da viabilidade da cepa (controle de crescimento) e o controle de esterilidade do
meio. O ensaio foi realizado em triplicata, e as placas de microdiluigdo foram incubadas em
estufa por 48h a 35°C. A leitura para determinacdo da CIM das solucdes foi feita pelo método
visual, levando-se em consideragdo a formagdo ou ndo de aglomerados de células (“botdo™)
no fundo dos pocos. Dessa forma, a CIM foi considerada a menor concentracdo capaz de
inibir visivelmente o crescimento das leveduras utilizadas no ensaio. Para confirmacao da
presenca de microrganismos Vvidveis ou ndo nas concentragdes inibitorias foi utilizado o
corante TTC (2,3,5 cloreto de trifenil tetrazélico) (DINAMICA, S&o Paulo, Brasil) no
volume de 10 uL (GONDIM et al., 2018). Tal corante é capaz de refletir a atividade de
enzimas desidrogenases, envolvidas no processo de respiracdo celular, o que torna possivel
a identificacdo de amostras viaveis, coradas em vermelho, das ndo vidveis que mantém a
coloracdo original (KUN, 1951; NICKERSON, MERKEL, 1953).

A CFM foi determinada apds a leitura de CIM, coletando aliquotas de 50 pL das
subculturas correspondentes ao CIM, CIM x 2 e CIM x 4 e inserindo-as em placas de Petri
contendo o Agar Sabouraud Dextrose (ASD) (KASVI, Curitiba, PR, Brasil). As placas foram
incubadas a 35°C por 24 h. O CFM foi considerado a menor concentracdo das solugdes que
ndo permitiram crescimento visivel na subcultura. A relacdo CFM / CIM foi calculada e
determinou-se o efeito fungiostatico (CFM / CIM > 4) ou fungicida (CFM / CIM <4) de cada
solugdo (GONDIM et al., 2018; MAYER, WILSON, HUBE, 2013).

3.4 DESENVOLVIMENTO DAS NANOFIBRAS POLIMERICAS INCORPORANDO
EXTRATO DA S. brasiliensis

3.4.1 Materiais

Para a confeccdo das nanofibras foram utilizados os polimeros: Poli (D, L-acido
lactico), PDLLA, (PLA 4060D, Massa Molar = 120 kg.mol™?) e poli (etilenoglicol) PEG
foram obtidos de Jamplast, MO, USA, em forma de pellets. Cloroférmio (CICH3z, > 98%
pureza), obtido da Sigma Aldrich, BR. Como solvente, foi usado o Cloroférmio (CICH3),

com > 98% pureza (Sigma Aldrich, Brasil).
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3.4.2 Formulagdes para dissolucdo e solubilizagdo do composto PLA/PEG/Bra

As formulagdes foram preparadas seguindo metodologia proposta por Bonan et al.,
(2015). Previamente, uma solucéo estoque foi preparada solubilizando PLA (15% m/v) em
cloroformio. Adicionou-se PEG a 30% (p/p) em relacéo ao PLA (base seca). Posteriormente,
foram adicionadas as propor¢Oes de extratos da planta. Foi utilizado uma concentracdo de
10% de volume final do extrato da S. brasiliensis nas concentracGes de 315, 625, 1250 e 2500
pg/mL que correspondem aos valores de 10X a CIM/2, CIM, CIMx2 e CIM x4 (Item 3.3).

3.4.3 Fiacdo das nanofibras poliméricas de PLA/PEG incorporando extrato de S. brasiliensis

Para a producdo das fibras poliméricas, foi utilizada a tecnologia de SBS, que
consistia em um sistema de fiacdo (bocais concéntricos com um comprimento de protrusao
de 0,5 mm), uma bomba de injecéo de polimero (bomba do aparelho Harvard 11), um coletor
e uma fonte de ar comprimido (Chiaperini MC 124L 7.6-2HP) (KAMYAR et al., 2018;
MEDEIROS et al., 2009). As solugdes de PLA/PEG/Bra foram fiadas conforme mencionado
por (ALWATTAR et al., 2019). Ent&o as solugdes de 10% de S. brasiliensis de extrato da
planta nas concentracdes de 315, 625, 1250 e 2500 pg/mL em PLA produziram fibras por
SBS convencional. Para a fiacdo, foram adotados os seguintes parametros: bico interno de
1,2 mm de didmetro, tubo de saida para ar comprimido de 2 mm, distancia de trabalho de 15
cm, pressdo de 30 Psi, taxa de fluxo de 7,2 mL/h, distancia de trabalho do coletor de 200 mm
(OLIVEIRA et al., 2013; PARIZE et al., 2016).

3.5 CARACTERIZACAO DAS NANOFIBRAS POLIMERICAS PLA/PEG/Bra
3.5.1 Morfologia das nanofibras

A morfologia da superficie das fibras foi investigada usando Microscopio Eletronico
de Varredura (MEV Tescan modelo Vega3 LMU), em parceria com o Laboratorio
Multiusuario do Instituto de Quimica da Universidade Federal de Uberlandia, Uberlandia,
MG, Brasil. Cada amostra foi recoberta com 8 nm de camada de ouro para materiais ndo
condutores (Gatan Model 682 Precision Etching Coating System, USA). Para cada amostra,
as imagens foram obtidas utilizando detectores secundarios (SE) e retroespalhados (BSD),
com ampliagdes de 100, 500, 1.000, 5.000 e 10.000, 3-8 kV voltagem de aceleracdo do feixe
de elétrons e spot size 1-3 para prevenir a deformacdo da amostra. Os didmetros médios de
100 fibras foram contados utilizando o software ImageJ (MEDEIROS et al., 2009).
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3.5.2 Comportamento Térmico

Experimentos com as nanofibras de PLA/PEG/Bra foram realizados em analisador
termogravimétrico (DTG-60, Shimadzu, Alemanha), sob atmosfera de nitrogénio, e taxa de
fluxo de 50 mL-min~t. As amostras foram submetidas a temperatura de 600°C e taxa de
varredura de 10°C/min, usando cadinhos de platina (OLIVEIRA et al., 2013). Anélises de
Termogravimetria (TG) foi realizada em equipamento DTG-60 (Shimadzu, Alemanha),
empregando regime de aquecimento dindmico no ar para garantir a remocao da fase orgénica.

As amostras contendo 10 mg, cada, foram aquecidas a 10°C.min™ a 600°C.
3.5.3 Estrutura quimica das nanofibras de PLA/PEG/Bra

Espectros de Infravermelho (IV) das fibras foram registrados no espectrémetro
IRAffinity-1/FTIR-8000 (Shimadzu, Alemanha), em modo de refletdncia a temperatura
ambiente. Todas as amostras foram escaneadas na regido de 4000 para 400 cm™! com uma
resolucéo de 4 cm™ (LIU et al., 2014). Os espectros foram tirados de uma média de 40

varreduras para cada amostra, com 3 repeti¢fes por amostra (BILBAO-SAINZ et al., 2014).
3.6 TESTES BIOLOGICOS
3.6.1 Cinética de inibicao multiespécies

Para desenvolver o indculo multiespécies foram utilizadas C. albicans ATCC 60193,
C. tropicallis CBS 94 e C. krusei CBS 73. Os microrganismos foram cultivados em meio
CSD (KASVI, Curitiba, PR, Brasil) a 35°C por 24h e o nimero de células foi ajustado para
aproximadamente 2 x 10® UFC/mL. Em seguida, a suspens&o final foi preparada misturando
volume igual de 5 mL de cada indculo em um tubo de vidro. As células fangicas foram entéo
incubadas em placas de 96 pocos, de acordo com a técnica de microdiluicdo, as quais foram
adicionadas 10 mg das nanofibras poliméricas sem e com o0s extratos nas concentragdes 315,
625, 1250 e 2500 pg/mL, sendo incubadas a 35°C por 24 h. Ao longo das 24h de incubacéo,
aliquotas de 10 pL de cada amostra testada foram coletadas e semeadas em placas de ASD
em intervalos de tempo predeterminados (0, 1, 2, 4, 6, 8, 12 e 24 horas) e incubadas a 35°C
por 24 h. Controles de esterilidade do meio de cultura e viabilidade de levedura também
foram realizados. O nimero de Unidades Formadoras de Colonia (UFC) viaveis foi contado

e os valores foram expressos em log UFC/mL. Os resultados foram representados
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graficamente a curva de morte celular dos fungos em funcdo do tempo. Os testes foram
realizados em triplicata (GONDIM et al., 2018).

3.6.2 Testes in vitro para compatibilidade em linhagens de celulas Vero

Para os ensaios de biocompatibilidade foi adotada a linhagem de células Vero (ATCC
CCL-81) (ASTM, 2012; I1SO, 2009). As células foram mantidas em Meio Essencial Minimo
(MEM) suplementado com 10% soro bovino fetal (SBF), 1% Penicilina/Estreptomicina, a
37°C em atmosfera de 5% de CO». Os repasses de cultivos foram feitos a cada 48h em frascos
de cultivo estéreis. As células foram resuspendidas a uma concentragdo de 2,5 x 10°
celulas/mL e cultivadas a 35°C, 5% de CO2, na presenca ou auséncia das nanofibras
produzidos. Foram utilizados como controles do teste as nanofibras sem extrato e etanol 70%
(controle de morte celular). Os cultivos foram mantidos em contato com os materiais por 24h
para avaliacdo da viabilidade celular (LOUIS, SIEGEL, 2011). Foi realizada a contagem do
namero total de células vidveis e ndo vidveis em cada quadrante da cdmara de Neubauer. A
média foi calculada e multiplicada por 10* para obter o nimero de células por mL de amostra.
Em seguida o valor foi multiplicado por 2 para corrigir a diluicdo da amostra no corante azul

de tripan. A determinagdo do percentual de células viaveis foi calculada seguindo:

Numero de células viaveis

Bo Células Vidaveis=

Niumero total de células

3.7 CONSIDERACOES ETICAS

As linhagens clinicas de Candida spp. foram coletadas anteriormente em projeto
aprovado por CEP (protocolo CAAE: 43911715.8.0000.5188). O uso de linhagens
comerciais de células Vero (ATCC CCL-81) cultivadas e mantidas em laboratério, o que
dispensa aprovacdo em Comité de Etica em Pesquisa Envolvendo Seres Humanos (CEP),

assim como dispensa avaliagio de Comissdo de Etica no Uso de Animais (CEUA).
3.8 ANALISE ESTATISTICA

Os resultados das curvas de cinética foram analisados por ANOVA One Way, seguida

pela comparacdo multipla de Tukey post-hoc para cada tempo para avaliar a comparagao
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entre as nanofibras, nistatina e o controle de crescimento. Para os resultados dos testes de
diametro das nanofibras e viabilidade celular foram apresentados como mediana de valores
dos grupos testados. As comparacdes foram realizadas pelo teste de Kruskal Wallis, seguido
de Dunn’s post hoc (0=0.05), usando software GraphPad Prism 7.0 (GraphPad Software, San
Diego, CA, USA).
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Abstract: Background: Plant extracts loaded in nanostructured drug delivery systems (NDDSs) have been re-
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ported as an alternative to current therapies for treating parasitic and antimicrobial diseases. Among their advan-
tages, plant extracts in NDSSs increase the stability of the drugs against environmental factors by promoting
protection against oxygen, humidity, and light, among other factors; improve the solubility of hydrophobic com-

pounds; enhance the low absorption of the active components of the extracts (i.c., biopharmaceutical classifica-
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tion I1), which results in greater bioavailability; and control the release rate of the substances, which is fundamen-

tal to improving the therapeutic effectiveness. In this review, we present the most recent data on NDDSs using
plant extracts and report results obtained from studies related to in vitro and in vivo biological activities.
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L INTRODUCTION

Parasitic and antimicrobial resistance is a serious problem for
public health worldwide [1]. The World Health Organization (2017)
has reported that, cach year, drug resistance is responsible for the
deaths of approximately 700,000 people of all ages worldwide and
that the annual figure might reach 10 million by 2050 [2]. Evidence
also indicates that the phenomenon could relate to the increasingly
widespread use of broad-spectrum antibiotics, which contributes to
the generation of resistant strains [3].

Hospital environments already report greater expenses in over-
coming the resistance acquired by bacteria of the genus Swaphylo-
coccus using last-generation antibiotics [4]. For fungal infections,
the problem of increased resistance is also alarming. In fact, the rise
in the number of fatalities associated with antifungal-resistant Can-
dida strains in many hospitals worldwide highlights the urgent need
for newer therapeutic strategies [5]. Another set of problems are the
side effects of treatments that can cause hepatotoxicity, gastric irri-
tation, nausca, vomiting, diarrhea, a metallic taste in the mouth, and
others [3,4]. Similar to bacterial and fungal infections, parasitic
infections are also becoming extremely difficult to solve, and many
reports in the literature demonstrate the emergence of parasite resis-
tance to conventional drugs, especially among Leishmania spp. and
Plasmodium spp., as well as the appearance of unusual cases when
parasitic infections are associated with immunocompromising con-
ditions [6].

To improve therapeutic standards, innovative research has been
directed toward developing altematives for treating parasitic and
antimicrobial discases. As one possibility, plant extracts (PEs)
might overcome the stated obstacles to successfully treat infectious
discases [7]. Notably, PEs are composed of a series of chemical
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Saide, Universidade Estadual da Paraiba, R. Baradnas, 351, Cidade Univer-
sitaria, Campina Grande, Paraiba, 58429-500, Brasil; Tel/Fax: +55 83 3315
3300; Ext: 3516; E-mail: anaclaudia@uepb.edu.br
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compounds called “secondary metabolites™ that are responsible for
several biological activities. Secondary metabolites can be classi-
fied into alkaloids, coumarins, flavonoids, steroids, cardioactive
glycosides, lignans, essential oils, saponins, and terpenes, among
others, all with specific characteristics and actions in relation to
biological systems [8]. PEs thus possess advantages compared to
synthetic drugs; not only are they safer, more cost-effective, casier
to obtain and prepare, more available, and more effective, but they
also tend to cause lesser adverse effects [9,10].

However, to date, most natural products have demonstrated
clevated instability and poor oral bioavailability, both of which
limit their potential in medical formulations [11]. In response, a
nanotechnology-based strategy that might circumvent those draw-
backs is the incorporation of PEs into nanostructured drug delivery
systems (NDDSs), which exhibit physicochemical and biological
properties that differ from those observed at the microscale, includ-
ing improved optical properties, large contact surfaces (i.c., greater
arca-to-volume ratio), better conductivity, and enhanced interaction
with biological molecules [12,13]. In addition, they increase the
stability of PEs within live organisms, effectively modulating re-
lease kinetics, reduce toxicity, incorporate hydrophobic drugs, and
offer immune tolerance and case of permeation [14,15].

The relationship between NDDSs and PEs can be explored in
two distinct ways [16]. On the onec hand, PEs can be applied in
synthesizing metallic nanoparticles, including of silver, gold, zinc,
and titanium, by using extracts obtained from plants such as Acorus
calamus, Boerhaavia diffusa, Tribulus terrestris, Aloe vera, hybrid
Eucalyptus spp., Memecylon edule, Malva sylvestris, Citrus sinen-
sis, and Vachellia rigidula [17-21]. Such applications are called
“green chemistry pathways.” However, information about using
natural products as modifiers to produce polymeric nanoparticles
currently remains unavailable. On the other hand, using nanotech-
nology-based systems to improve the biopharmaceutical and tech-
nological properties of PEs is also possible. As a result of such
applications, PEs might benefit from protection against their de-

© 2019 Bentham Science Publishers
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Fig. (1). Different nanostructures of plant extracts loaded in nanostructured drug delivery systems.

gradability in contact with living organisms due to variation in pH
or specific enzyme activities [22].

In cither case, NDDSs with biodegradable polymers have at-
tracted great attention from rescarchers because of their therapeutic
potential, their ability to promote controlled release depending on
the degradation rate of their polymeric matrix, and their exceptional
stability in biological fluids and during storage [23,24]. Indeed,
research at different stages has associated the diversity of the bio-
logical activities of PEs and the advantages offered by NDDSs in
formulations developed for potential application in medicine and
cosmetics [25]. The most studied NDDSs for that purpose involve
polymer nanoparticles, micelles, nanofibers, nano- and microemul-
sion, and liquid crystals (LCs), among others, for rational altema-
tive therapeutic options. Fig. 1 illustrates the different nanostruc-
tures of PEs loaded in NDDSs.

During the past 5 years, searching for published work contain-
ing the terms “Nanosystems” and “Plant extract” (ScienceDi-
rect.com, accessed on April 18, 2019) imrespective of time yielded
555 papers that use those terms in their abstracts, titles, or keywords
[26]. Among them, only 23 papers remained when the search term
“Parasitic infection” was added. Considering the novelty and possi-
ble importance of using PEs in NDSSs, in this review we summa-
rize applications of PEs loaded in NDDS as altematives to curmrent
therapies for treating parasitic and microbial discases. Herein, we
present the most recent data on using NDDS with PEs and report
results obtained from studies related to both in vive and in vitro
biological activities.

2. PLANT EXTRACTS LOADED IN NANOSTRUCTURED
DRUG DELIVERY SYSTEMS

The technological development of pharmaceutical forms with
PEs presents numerous limitations that can compromise the stabil-

ity and effectiveness of treatments. As a means to overcome those
limitations, using nanotechnology to encapsulate the assets of dif-
ferent nanostructured systems should be considered [27].

This section introduces NDDSs loaded with PEs that have
shown effectiveness against different parasites and micro-
organisms. Reservoir NDDSs are systems in which the drug is sepa-
rated from the dissolution medium through a coating, membrane, or
simply an interface, any of which need to be transposed to release
the drug into the medium in order to provide a dimensionally re-
stricted environment with particular properties. Such NDDSs are
capable of binding or associating with molecules from different
drug groups to achieve solubilization and stability by promoting
protection against oxygen, humidity, and light, as well as improving
the low absorption of the active components of the extracts (i.c.,
biopharmaceutical classification II). Such activity can result in the
greater bioavailability and controlled release of the substances
[11,23,28]. The release profile of the active principles in those sys-
tems depends upon the excipients used in their development and
can be controlled by various mechanisms, including diffusion,
swelling, crosion, and the association of two or more of those
mechanisms [29]. Despite those advantages, few reports appear in
the literature on PE-loaded nanosystems for antiparasitic and antim-
icrobial treatment. Often, those approaches with PEs have been
investigated in cosmetic formulations [30,31].

2.1. Polymeric Nanoparticles

Polymeric nanoparticles (PNs) are divided into nanocapsules
and nanospheres. On the one hand, nanocapsules are formed by a
polymeric coating around an aqueous or oily core into which the
drug can be dissolved in or adsorbed to the polymer coating. On the
other, nanospheres are polymer matrices in which the drug can be
retained or adsorbed [32,33]. The sizes of PNs vary from 50 to
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1,000 nm defined by the morphology and structure of the polymer
[34]. The decreasing particle size in the system improves dissolu-
tion and solubilization due to the increased surface area [35].

Rajendran er al. (2013) studied extracts of the leaves of
Ocimum sanctum incorporated in PNs approximately 33 nm in size
with the aim of improving antimicrobial therapy against four bacte-
ria—CGram-positive Bacillus subtilis and Staphylococcus aureus as
well as Gram-negative Escherichia coli and Pseudomonas aerugi-
nosa—and two fungi—Aspergillus niger and Penicillium spp. The
system was prepared with the cation-induced and -controlled gelifi-
cation of alginate. fn vitro antimicrobial activity demonstrated that
when incorporated in PNs, extracts exhibited significantly more
microbial activity than extracts without PNs. For example, PNs in
extracts showed complete reduction against all micro-organisms
except £. coli (98%), whereas extracts obtained against Bacillus
cereus, E. coli, P. aeruginosa, and 8. aureus achieved reductions of
72%, 81%, 92%, and 98%, respectively. Such promising results of
extracts in PNs indicate an important increase in the effectiveness
of antimicrobial therapy by reducing the side effects of traditional
treatments [36].

Although the first choice for many patients is artemisinin-based
therapy, the emergence and spread of drug-resistant parasites have
aggravated the incidence of malaria worldwide. Another problem is
that artemisinin, as a sesquiterpene lactone isolated from the plant
Artemisia annua L., has limited bioavailability and tolerability in
humans [37].

To ameliorate artemisinin and artemisinin-derived pharmacoki-
netics, a NDDS was proposed in which the artemether compound
was complexed with the polymer (i.c., poloxamer 188) to form lipid
nanospheres and nanoparticles, In an in vitro drug release study
performed at 7.4 and 6.5 pH, results after 72 h showed that the re-
lease was approximately 20% and 35%, respectively, which con-
firms the potential for controlled drug delivery [38].

In another study, lecithin—chitosan nanoparticles were used to
encapsulate, stabilize, and deliver artemisinin in vitro and in vivo.
Improved antimalarial activity and a higher survival rate were ob-
served in a BALB/c experimental model of Plasmodium berghei
infection. However, additional studies remain necessary to evaluate
the safety and tolerability of the substances in vitro, as well as the
potential effect of nanoparticles loaded with antimalarial drugs in
vivo [39].

Ritter et al. (2017) developed an NDDS in which essential oil
of  Achyrocline  satureioides was encapsulated in  poly-e-
caprolactone (PCL) nanocapsules. The material afforded the in vivo
protection of hepatic tissue, associated with a decrease in liver para-
site load and oxidative stress in Trypanosoma evansi experimen-
tally infected Wistar rats. Further studies on NDDSs associating a
chemotherapeutic antiprotozoan regimen with PEs would allow
novel perspectives on the treatment of 7' evansi infection in animals
as well as of related protozoan diseases in animals and humans
[40].

Another important zoonotic trypanosomatid-based disease that
lacks a safe, effective therapy is leishmaniasis. [41]. In response,
Moreno et al. (2015) prepared and tested p-lapachone-loaded leci-
thin—chitosan nanoparticles as a topical treatment of cutancous
leishmaniasis in Leishmania major-infected BALB/c mice. Their
results demonstrated an increase in lesion size probably associated
with the downregulation of IL-1f and COX-2 gene expression
without affecting parasite load. Their unique study demonstrating
the use of polymeric nanoparticles with plant compounds against
experimental L. major infection in mice would benefit from addi-
tional studies that elaborate the importance of using NDDSs against
Leishmania spp. infections in humans [42].

Praziquantel is the drug of choice for treating schistosomiasis,
whereas triclabendazole is preferred for treating fascioliasis. Al-
though treatments to date have been effective, dug resistance has
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been reported in some endemic areas [43]. To circumvent those
problems, the effect of curcumin-nisin polylactic acid nanoparticles
was evaluated against uninfected juvenile and adult stages of Biom-
phalaria pfeifferi snails [44]. Findings revealed a potential mollus-
cicidal effect by reducing the number of viable juvenile stages,
along with a significant reduction in the egg-laying capacity of
adult snails. Although interesting molluscicidal activities have been
demonstrated, more studies are needed to determine the toxicity,
stability, and environmental dispersion of the nanoparticles.

Curcuma longa L. is a plant native to Southeast Asia whose
main chemical components are curcumin, bisdemetoxicurcumin,
and demetoxicurcumin. The cethanolic extract of the rhizomes has
amebicidal activity, while the other extracts have antibacterial ac-
tivity [45]. Because curcumin possesses in vifro antiprotozoal activ-
ity, especially against leishmaniasis, giardiasis, and trypanosomia-
sis, Luz et al. (2012) evaluated the in vitro shistosomicidal activity
of curcumin incorporated into poly(lactic-co-glycolic) acid (PLGA)
nanoparticles prepared via nanoprecipitation were  dissolved in
acctonitrile and dropped into the stirred surfactant aqueous phasc at
room temperature by using a syringe. The suspension was stirred
for 30 min, and the evaporation under reduced pressure was used to
remove the organic solvent and concentrate the suspension. The
curcumin-loaded PLGA nanoparticles of 50 and 100 uM caused the
death of all worms and a separation of 50-100% of Schistosoma
mansoni couples at concentrations starting at 30 uM., Moreover, the
curcumin-loaded PLGA nanoparticles also decreased the motor
activity and caused partial alterations in the tegument of adult
worms [46].

Propolis is a resinous hive product produced by honeybees from
various plant sources, among which Brazilian red propolis can be
obtained in northeast Brazil and has been chemically characterized
as containing pterocarpans, isoflavonoids, chalcones, prenylated
benzophenones, and phenylpropanoids. Since the extract of a sam-
ple of Brazilian red propolis exhibited bactericide activity [47],
Nascimento e al. (2016) developed nanoparticles with red propolis
extract by using a PCL-pluronic polymeric matrix. When the nano-
particles were evaluated for their antioxidant and leishmanicidal
activity, the results showed that red propolis was a potential candi-
date in therapy against negligible discases such as leishmaniasis
[48]).

Bitencourt et al. (2017) examined nanoparticles produced with
10 mg of extract of Syzyvgium cumini (L.) Skeels and prepared by
emulsification and solvent evaporation using polysorbate 80, ethyl
acctate, sorbitan monooleate, and PCL. When the authors evaluated
the in vivo effect of the treatments in Candida albicans-infected
diabetic rats, the nanoparticles presented better results than the
extract for treatment against diabetes mellitus-related fungal infec-
tions [49].

Cinnamomum zevlanicum, commonly called cinnamon and
native to Sri Lanka, is commonly used as a condiment in various
cultures and in traditional medicines with antimicrobial activity
[50]. The extracts of the plant demonstrated significant inhibitory
effects on Staphviococcus aureus, Bacillus subtilis, Klebsiella
pneumoniae, Pseudomonas aeruginosa, Escherichia coli, Brucella
melitensis, Enterobacter eloacae, Acinetobacter baumannii, Liste-
ria monocytogenes, and Listeria monocytogenes, among others,
whereas its essential oil demonstrated activity against Streptococcus
pyogenes, S. agalactiae, S. pneumonia, K. pneumoniae, Haemophi-
lus influenzae, S. aureus, Aspergillus brasiliensis, Candida albi-
cans, Salmonella tphi, S. aureus, E. coli, and B, subtilis, among
others [51,52].

Santos ef al (2017) also prepared a nanocapsule with 5% cin-
namon essential oil with the aim of evaluating nanocapsules in
order to control parasitic infections caused by Rhipicephalus mi-
croplus in animals. The nanocapsules showed an antiparasitic effect
when low concentrations were used compared to the pure essential
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oil. Such work is significant for pharmacology, because the essen-
tial oil of C. zeylanicum has excellent antimicrobial and antifungal
activity, which can be parameters for using the essential oil in the
development of nanocapsules with antimicrobial activity [53].

Ivermectin is a broad-spectrum antiparasitic agent used to treat
parasitic conditions in humans such as intestinal strongyloidiasis,
onchocerciasis, and pediculosis capitis [54]. Gamboa er al. (2016)
encapsulated ivermectin in nanocapsules of 50-55 nm to evaluate
their antiparasitic activity in systems formed with Solutol®,
Lipoid®, Labrafac®, or Captex® 8000, NaCl, and water. Among
their results, nanocapsules with an encapsulation rate greater than
90% demonstrated potential as an alternative to current methods of
anthelmintic therapy [55].

Pinto er al. (2016) produced nanocapsules incorporated with
essential oil from Lippia sidoides leaves with polycaprolactone,
Kolliphor P 188%, and cthyl laurate. With a particle diameter of
173.6 nm, the nanocapsules demonstrated stability at 5 °C during
60 days of storage in an accclerated stability study [56]. More re-
cently, Paula ef al (2017) pursued the development of nanoparticles
of chitosan and Brazilian regional gums (i.c., Anacardium Occiden-
tale, Sterculia striata, and Anadenanthera macrocarpa) for the
encapsulation of essential oil of L. sidoides in nanosystems varying
in size from 17 nm to 800 nm, all of which demonstrated a good
encapsulating efficiency of 62% on average [57].

Matricaria recutita, commonly known as chamomile, is a me-
dicinal plant that contains a large number of therapeutic and active
compounds, including bisabolol oxides, bisabolone oxide, a-
bisabolol, spathulenol, enyne-dicycloethers, and chamazulene. The
medicinal plant is used in traditional medicines primarily given its
neuroprotective and antimicrobial activity [58]. Ghayempour and
Montazer (2017) encapsulated chamomile extract into nanocapsules
using tragacanth gum 60-80 nm in size and mixed the extract with
TritonX-100, almond oil, aluminum chloride 2%, and deionized
water. Among their results, the nanocapsules showed antimicrobial
activity against S. aureus, E. coli, and C. albicans [59].

Last, Melaleuca alternifolia is used topically for its antimicro-
bial and anti-inflammatory effects. The oil contains monoterpenes
with bactericidal activity, and clinical studies have shown its effi-
cacy against a range of superficial infections and oral candidiasis,
as well as against the colonization of methicillin-resistant S. aureus
carriage [60]. The nanocapsules were produced by incorporating
essential oil obtained from the leaves of M. alternifolia with tea tree
oil (0.5 g), Span 80" PCL, acetone, and Tween 80%. When the
nanocapsules were used to evaluate the in vitre activity against
Trichophyton rubrum, the system developed with essential oil of M.
alternifolia showed efficiency in reducing the growth of T. rubrum
[61].

2.2. Micelles

Micelles, especially polymeric micelles, are formed of poly-
mers that impart specific characteristics and have been studied for
more than a decade as potential drug-camrying nanosystems [62].
The type of intermolecular forces involved in their formation de-
termines the classification of micelles, of which generally three
types exist: amphiphilic micelles formed by hydrophobic interac-
tions, polyion complex micelles resulting from electrostatic interac-
tions, and micelles stemming from metal complexation [63,64].

In the first category, polymeric micelles represent a collection
of amphiphilic surfactant molecules that sclf-assemble into shell
structures with the hydrophilic block forming an outer layer—that
is, molecules with two distinct regions with opposite affinity as well
as hydrophilic and hydrophobic properties relative to a solvent [65].

Polymeric micelles are the most promising candidates for use in
NDDSs given their innate characteristics for drug targeting, includ-
ing an increase in drug solubility [65], the chemical stabilization of
active hydrophobic molecules for passive targeting with enhanced
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permeability and retention effect [66,67], and small particle size
(i.c., 10-100 nm), all of which can facilitate favorable biodistribu-
tion and high structural stability [68]. Morcover, micelles possess
the additional advantage of being casily reproducible and synthe-
tized on a large scale [69]. The choice of drugs to be encapsulated
depends on micelle geometry and the hydrophobic character of the
drugs encapsulated in the core [70].

A successful example of chemical drug encapsulation within
pristine, lactosylated, and mixed poly(cthylene oxide)-
poly(propylenc oxide) polymeric micelles might be that described
for the antiparasitic, antimicrobial, and immunomodulatory agent
nitazoxanide. Results with nitazoxanide demonstrated that the en-
capsulated drug actively targeted to hepatocytes more efficiently
than free drug compounds [71], which highlights new insights into
the treatment of liver-associated parasitic and viral infections.

A plant compound that has attracted great interest for its appli-
cability in human diseases is curcumin, which has shown antioxi-
dant, anti-inflammatory, anticancer, antigrowth, antiarthritic, antia-
therosclerotic, antidepressant, antiaging, antidiabetic, antimicrobial,
wound-healing, and memory-enhancing activities [72]. Curcumin
derives from the root of Curcuma longa and has long been con-
sumed as a spice [73]. Chen er al (2016) showed that lecithin-based
self-assembling mixed polymeric micelles could function as an
effective curcumin delivery system by enhancing curcumin’s
bioavailability [74]. In other work, curcumin was encapsulated in
polymeric micelles composed of block copolymers of methoxy
poly(ethylene glycol) and N-(2-hydroxypropyl) methacrylamide
modified with monolactate, dilactate, and benzoyl side groups, and
all of the curcumin-loaded polymeric micelle formulations showed
a significant cytotoxic effect against three cancer cell lines, thereby
demonstrating promising results for cancer therapy [75].

Because many PEs present low stability and pose serious chal-
lenges for water insolubility, micelles are promising candidates for
containing PEs and guiding their release within specific sites of
action. One example of using micelles for PE delivery was pre-
sented with Sesbania grandiflora bark extract, cither loaded or not
in micelles of Pluronics” filled in closed, amber-color bottles and
placed in stability chambers at 50, 60, 70, 80, and 90 °C for 8 h.
The results indicated their better antibacterial activity and 10-times
higher stability than the free extract [76].

Duarte er al. (2016) evaluated the in virro and in vivo an-
tileishmanial activity of an 8-hydroxyquinoline-containing polym-
eric micelle system against Leishmania spp. parasites. The results
revealed that micelles were effective in treating both L. infanium
and L. amazonensis-infected BALB/c mice, which indicates new
avenues for the development of new regimens for treating leishma-
niasis [77].

Also worthy of note is the adoption of polymeric micelles as
nanoscaled systems for PE delivery, which, though not fully ex-
plored, presents an interesting novelty in therapy for parasitic dis-
cases.

2.3. Nano- and Microemulsions

Nanoemulsions and microemulsions are submicron-sized emul-
sions for systemic delivery formed by immiscible liquids and stabi-
lized by using an appropriate surfactant. Also termed biphasic oil in
water (O/W) or water in oil (W/O) and multiphasic water in oil in
water (W/O/W). Nanoemulsions and microemulsions differ depend-
ing on the range of particle sizes and their stability; microemulsions
are approximately 10-100 nm and have thermodynamic stability,
whereas nanoemulsions are 100-500 nm and are kinetically stable.
Depending on the surfactant chosen, as well as the ratios of surfac-
tant-to-cosurfactant mixtures and the concentrations in which they
are used, the final emulsion formulation might present some side
cffects. Nevertheless, those systems have some advantages com-
pared to other drug delivery systems, including increased drug load-
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ing into the particles, drug solubility and bioavailability, and drug
protection from enzymatic degradation. For those reasons, such
NDDSs present great potential to deliver PEs as a strategy for con-
trolling different diseases, including bacterial and parasitic infec-
tions [23,78].

Data from the literature have indicated better results when
compounds are incorporated into nano- and microemulsions, and
recent findings underscore the usefulness of those NDDS for plant-
derived compounds. Campana et al. (2017) formulated three micro-
emulsions in the range of 400-500 nm with essential oil of Cinna-
momum cassia and Salvia officinalis. Among their results, the mi-
croemulsions promoted an outstanding reduction in S, awreus
biofilms after 90 min of exposure, which could be important for
disinfecting contaminated surfaces [79]. In other work, researchers
prepared a topical microemulsion containing extracts of Quercus
infectoria to be used against S awreus, P. aeruginosa, and C. albi-
cans. The microemulsion developed using oil (i.e., Captex 200),
surfactant (i.e., Tween 80%), cosurfactant (i.c., PEG 600), distilled
water, and extracts in different ratios showed interesting results
with agar diffusion [80].

The oil of Azadirachta indica was used to develop an oil-in-
water microemulsion with acaricidal activity. In vitro testing dem-
onstrated the lethal time of 10% v/v neem oil microemulsion of
192.5 min against larvae of Sarcoptes scabiei var. cuniculi. The
microemulsion was obtained with neem oil, an emulsifier system,
and water in a weight ratio of 1:3.5:5.5. The mixture of Tween 80%
and sodium dodecy! benzene sulfonate in a 4:1 ratio by weight was
used as compound surfactant, and the mixture of the compound
surfactant and hexyl alcohol (4:1, by weight) was used as an emul-
sifier system [81].

Another potential application of that NDDS was proposed by
Pant et al. (2014) when developing a pesticide delivery system. The
aqueous filtrates of Pongamia glabra and Jatropha curcas were
used to prepare the nanoemulsion to increase the activity of essen-
tial oil of Ewcalyptus globulus Tribolium castaneum [82]. The
authors observed greater activity with the nanoemulsion containing
aqueous filtrate than that with filtrates alone, and the best result
surfaced with the use of small nanoemulsion particles. Another
study involving the essential oil of E. globulus was conducted by
Moustafa et al. (2015), who tested the nanoemulsion against larvae
of Pectinophora gossypiella (Saund.) and Earias insulana (Boisd.).
The system produced with a mean droplet size of 8.003 nm showed
exceptional activity in controlling cotton bollworms [83].

In other work, nanoemulsion O/W containing apolar fraction
from Manilkara subsericea fruits was developed. The formulation,
155.2 £ 3.8 nm in size, obtained with 5% (w/w) of octyldodecyl
myristate oil, 5% (w/w) of surfactants (i.e., sorbitan monooleate and
polysorbate 80), 85% (w/w) of water, and 5% (w/w) of apolar frac-
tion showed better activity against cotton pest Dysdercus peruvi-
anus than did the hexane-soluble fraction from ethanolic crude
extract or triterpenes alone [84].

Considering all the potential of nano- and microemulsions as
drug delivery systems, those formulations should be better devel-
oped in order to control infections and parasite growth on the sur-
faces of medical materials as well as to enhance various agricultural
applications.

2.4. Liquid Crystals

LCs combine the mechanical properties of solids (i.e., structural
order, rigidity, and defined bonds) and liquid-state materials (i.c.,
mobility and disordered as well as liquid regions) in a unique mate-
rial. That circumstance results in several advantages for developing
manufactured products containing herbal extracts for the pharma-
ceutical and cosmetic sectors mainly due to their greater stability,
better variation in the release profile, increased the solubility of the
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substances, and protection from photo- and thermal degradation
than conventional emulsions [30,85,86].

LCs can be utilized as mucoadhesive systems—that is, systems
capable of prolonging the duration of contact between active sub-
stances and sites of action—to allow more effective antimicrobial
treatments [87-89]. Ramos er al. (2015), for example, reported
using the methanolic extract of scapes of Syngonanthus nitens
(Bong.) Ruhland loaded in LCs with the aim to improve the thera-
peutic cfficacy against Candida krusei-associated vulvovaginal
candidiasis (VVC). The results demonstrated a hexagonal liquid
crystalline mesophase with higher mucoadhesive force (~12 MN) in
pig vaginal mucosa. Furthermore, the in vitro test revealed that PE-
loaded LCs increased the antifungal activity against C. krusei com-
pared to the extract alone. Last, an in vivo prophylaxis assay of
VVC suggested that groups receiving PE-loaded LCs were pro-
tected against the infectious stage [88].

In other work, an LC incorporated with methanolic extract of
scapes of S, nitens presented interesting results against C. albicans
resistant to azoles drugs [90]. The i vive results showed a reduc-
tion in the total time necessary for animal healing; animals treated
with PE-loaded LCs spent 2 days healing, whereas animals treated
with tetracycline plus amphotericin B needed at least 8 days to con-
trol C. albicans infection. LCs loaded with different extracts thus
demonstrated an alternative treatment for VVC by increasing the
effectiveness of the treatment and overcoming the resistance of
Candida spp. to conventional antifungal drugs [88,90]

However, conflicting results were observed by Choi et al
(2015), who incorporated 5% (w/w) Taglisodog-cum extract into
lamellar LCs prepared from a mixture of ceramide 3, stearic acid,
cholesterol, cetearyl alcohol, squalene, middle chain triglyceride,
glyceryl monostearate, glyceryl monostearate, water, and glycerin.
When in vitro antimicrobial activity against S. aureus, P. aerugi-
nosa, E. coli, and C. albicans was investigated, the results revealed
antimicrobial activity against E.coli only. The authors suggested
that another drug could be incorporated into those LCs to improve
their activity [91].

Another interesting approach for effective therapy might be the
development of LCs using natural oils, since they have phammacol-
ogical activities that can improve the efficacy of treatment by syn-
ergistic effects. As cases in point, several studies using andiroba,
apricot, avocado, Brazil nut, buriti, cupuagu, marigold, passion
fruit, pequi, and annatto oils loaded in LCs have been conducted
[92-94]. Although with promising results, such research needs to
involve in vitro and in vivo assays of biocompatibility and antimi-
crobial activity before determining the potential of those LCs to
benefit health professionals and consumers.

2.5. Nanofibers

The study and development of polymeric nanofibers for medi-
cal applications have increased in recent years due to the increasing
variety of spinning techniques, including electrospinning, solution
blow spinning, centrifugal jet spinning, and clectrohydrodynamic
dircet writing. Each of these techniques has many advantages and
disadvantages, which explains the variability of the method of syn-
thesis chosen for selected applications. Consequently, a wide range
of natural or synthetic polymers continue to be used to synthesize
nanofibers [95]. At the same time, several biocompatible polymers
can be used and, after processing, may present as fine acicular
nanosized rods with diameters ranging from 5 to 90 nm [96,97].
That process is interesting for the manufacturing of transdermal
systems for the treatment of wounds. Properties of thickness, exter-
nal shape, number, and size of pores standardized with morphologi-
cal similarity to the natural extracellular matrix in the skin, how-
ever, would enhance the healing process [98].

With such knowledge, Suganya er al. (2011) developed PCL-
polyvinyl pyrrolidone (PVP) nanofibers incorporated with extracts
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of Tecomella undulata (7.5% w/w) for wound healing. /n vitro drug
release showed that, after 24 h, 40.9% of the extracts was released.
In vitro assays against the most common pathogenic bacteria in
wound infections (i.e., P. aeruginosa, S. aureus, and E. coli)
showed great antibacterial activity [99]. Later, Charernsriwilaiwat
et al. (2013) incorporated Garcinia mangostana extracts into chito-
san-based nanofibers with the aim of accelerating wound healing.
In vitro release assays demonstrated that a PE release rate of 80% in
60 min. Antibacterial experiments against S. aureus and E. coli
showed that lower values for bacterial growth inhibition were ob-
tained by PE-incorporated nanofibers (3% w/w, 0.5 mg/ml) than
with pure PEs (5 mg/mL). Chitosan nanofibers interacted with the
membrane of the bacteria to alter cell permeability, which increased
the effectiveness of treatment [100]. More recently, Bonan et al.
(2015) demonstrated that nanofibers made from polylactic acid-
PVP blends containing 20% (wt%) Copaifera sp. oil had greater
antimicrobial action against S. aureus when increased quantities of
PVP were used [101]. However, a notable lack of studies testing the
potential of PE-loaded nanofibers against parasites remains, which
highlights a fertile ficld to be explored by rescarchers in the future.

2.6. Liposome

Liposomes are microscopic vesicles composed of one or more
concentric lipid bilayers containing internal aqueous space that
allow the encapsulation of hydrophilic and lipophilic substances as
well as protect active principles from direct interactions with the
constituents of the biological environment [102,103]. Liposomes
can be developed with one or more membranes and can thus be
classified as unilamellar or multilamellar, with particle sizes rang-
ing from 20 nm to 5,000 nm [104].

In recent years, research conducted to develop liposomes com-
posed of plant species with different pharmacological activities has
expanded. To evaluate the potential anti-Leishmania activity, a
liposomal formulation of Curcuma longa was developed.
Liposomes were obtained by evaporating the solvent and incorpo-
rating 5.0 mg of hexane fractions from C. longa extract, 20 mg of
phosphatidylcholine, 2.6 mg of cholesterol, and 0.3 mg of Tween
20%, all dissolved in 10 mL of chloroform. In vitro assays exhibited
the greater inhibition of the promastigote forms for C. longa extract
loaded in liposome (5.5 pg/mL" (ICsy/ 48 h =2.9 pg/mL™") than the
free fraction (125 pg/mL). The authors argued that the liposome
improved the solubility and permeability of the PE, which contrib-
uted to the improvement in the biological activity [105]. Another
study evaluating C. Jonga extract-loaded liposomes demonstrated
reduced infection with an increased survival rate of animals in-
fected with Plasmodium berghei. The preparation of the liposomes
was performed by modifying the film hydration technique and us-
ing a chloroform:methanol (2:1) mixture as the solvent. A range of
molar ratios of curcuminoids to lipids (i.c.,, 1:5, 1:7.5, and 1:10)
were tested. Liposomes were freeze-dried to avoid curcuminoid
degradation, and the average size of all formulations remained
within the range for intravenous administration (<250 nm) [106].

Barros ef al. (2013) developed a liposome containing a friter-
pene isolated from Combretum leprosum, previously described as a
leishmanicidal agent against L. amazonensis promastigotes (Teles
el al., 2011). Liposomal systems were obtained through a film-
forming technique using 2.0 mg of triterpene (lupane) added to the
lipid solution, while the solvent used was a 1:1 mixture of chloro-
form and methanol. The liposomes formed had a mean size of 146.3
+ 0.27 nm. In vitro, the number of parasites in murine macrophages
showed a 61.7% decrease after 72 h when incubated with 6.0
pg/mL of liposomal-lupane [107].

To increase the solubility and permeability of Orthosiphon
stamineus in the nervous system, Aisha er al (2014) developed
liposomes with O. stamineus extract and soya phospholipids, which
were dissolved in chloroform, while the O. stamineus extract was
dissolved in ethanol or methanol, followed by the evaporation of
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the solvent. The liposomes formed had a dynamic diameter of 153—
177 nm and demonstrated a significant increase in the intestinal
absorption of active principles, which can be attributed to their
improved aqueous solubility and permeability [108].

Chorachoo ef al. (2013) developed new liposomal formulations
encapsulated with a Rhodomyrtus tomentosa isolate. Liposomes
were prepared by modified ethanol injection, and rhodomyrtone
was dissolved in absolute ethanol to obtain a concentration of 100
mg/mL™" for the preparation of the formulation. The liposomes
formed had diameters of 209-459 nm, depending on the amount of
lipid phase used. The minimal bactericidal concentration values of
liposomes against 11 clinical strains and reference strains (i.c.,
Propionibacterium acnes, Staphvlococcus aureus, and Staphylo-
coccus epidermidis) ranged from 1 to 4 and from 4 to 64 pg/mL™",
respectively. The liposome formulation was more effective than
azelaic acid, benzoyl peroxide, and clindamycin against S. aureus
ATCC 25923 and S. epidermidis ATCC 35984 [109].

Earlier, Gortzi et al. (2008) developed liposomes encapsulated
with Myrtus communis extract and determined the antioxidant and
antimicrobial activity of the species both before and after encapsu-
lation. The formulations were developed by the film-forming tech-
nique, with a mixture of chloroform and methanol in a 3:1 ratio as
the solvent and an extract of M. communis in a concentration of 1.5
mg/mL"", The diameters of the liposomes obtained ranged from 230
to 270 nm, and the extract presented antioxidant and antimicrobial
activity. At concentrations up to 160 ppm, the extract also showed
activity superior to the a-tocopherol control. When the extract was
encapsulated in liposomes, its antioxidant, as well as its antimicro-
bial activity, proved to be superior to the pure form of M. communis
[110]

3. FINAL CONSIDERATIONS

Using PEs as a therapeutic option to treat inflammation, auto-
immune disorder, and infections, including parasitic diseases, has
been consolidated in many cultures worldwide [111,112]. The
safety, efficacy, and potential adverse side effects associated with
using PEs are also known [113-115]. For those reasons, our aim in
preparing this review was to shed light on the application of
NDDSs for PE delivery applied to infectious diseases. Such sys-
tems should be regarded as innovative therapeutic options due to
their versatility in terms of tissue or organ targeting and controlled
drug release. Key elements that point to the necessity for develop-
ing NDDSs specifically for PE delivery are numerous:

1. NDDSs can facilitate the dispersal and blood distribution of
PEs in oral and topical formulations.

2. The adoption of controlled release systems can overcome
phamacokinetic instability observed in the blood levels of a
drug—extract after its intravenous administration by reducing
fluctuation in circulating drug levels.

3. It is possible to induce a tissue-specific targeting of NDDSs
for local drug delivery, which might decrease drug levels in
the blood as well as the necessity of multiple dosages in some
cases.

4. Many PEs exhibit some instability when in contact with hu-
man body fluids. Such NDDSs could be excellent options for
protecting PE constituents until their delivery to the target.

5. Many plant compounds present low hydrophilicity that can
impair their distribution and delivery within the human body.
By contrast, other compounds cannot cross cellular barriers
and membranes due to their elevated hydrophilicity. Those
NDDSs could overcome problems related to water solubility
faced by PE compounds.

6.  Depending on the solvent/method used for extract preparation,
residual compounds might present a cytotoxic effect on human
cells, which could be reversed by encapsulating the extract in a
biocompatible system.
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Table 1. Plant extracts loaded in nanostructured drug delivery systems and their application against parasitic and antimicrobial

diseases.
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Table 1 summarizes PEs loaded in NDDSs and their applica-
tions against parasitic and antimicrobial discases.

The association of PEs and NDDSs has shown satisfactory
results in the context of improving biopharmaceutical properties.
Regardless of the NDDS used, results of enhanced antimicrobial
activity and decreased cytotoxicity compared to free active are
promising. The features of NDDSs for the treatment of infections
can contribute to the development of new drugs that can bypass the
serious problem of microbial resistance. For that reason, advances
remain necessary to fully characterize the plant-based assets used,
the systems in which they should be inserted, and their effective-
ness, all to identify viable therapies to treat the mentioned diseases
[116-119].

Soares er al. (2016) also reviewed clinical trials involving PEs
with anti-inflammatory activity. However, we excluded their article
from our review because it did not address parasitic or antimicro-
bial diseases [120].

In addition, preclinical studies with cervical human papillo-
mavirus-positive women without high-grade cervical neoplasia (N
= 287) were conducted by Basu e al. (2013) using curcumin and
curcumin containing polyherbal preparations in order to evaluate
the antimicrobial and antiviral properties of those substances. Their
results showed curcumin’s effectiveness and safety in clearing es-
tablished HPV infection, as well as a better rate of clearance
(81.3%) than the placebo [121].

Knowing that PEs exhibit excellent microbial activitics and that
the in vitro results of their association with NDDSs arc better than
the administration of them alone, as well as given the prospects of
developing conventional medicines of natural products, we propose
that nanotechnology should be directly involved in the process of
obtaining new formulations. To that end, however, investments arc
necessary in the field in order to advance in vivo studies for the
future benefit of health professionals and consumers.

CONCLUSION

In this review, we have summarized several papers on PEs
loaded in NDDSs that represent altematives to current therapies
used to treat parasitic and antimicrobial discases. The in vitro and in
vivo studies evidenced that the association of PEs and NDDSs has
shown satisfactory results in improving the biopharmaceutical
propertics of Pes. Regardless of the NDDS used, the results re-
vealed enhanced antimicrobial activity and decreased cytotoxicity
compared to PEs free. Despite those advantages, such approaches
with PEs are surprisingly few in the literature and often examined
for their cosmetic applications. Accordingly, although promising,
the results of the studies reviewed herein need to be claborated
upon via in vivo assays (i.c., phase I) to benefit health professionals
and consumers.
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ABSTRACT

Objective: To develop and characterize polymeric nanofibers of PLA / PEG incorporated
with dry leaf extract of Schinopsis brasiliensis Engl. for the treatment of prosthetic stomatitis.
Design: The minimum inhibitory/fungicidal concentrations (MIC/MFC) of the nebulized
extract of S. brasiliensis against Candida spp. were determined. Solution blowing spinning
(SBS) method was used for the production of polymeric nanofibers, PLA/PEG (70/30%) and
concentration of 10% of the extract in the concentrations of 10X to MIC/2, MIC, MICx2 and
MICx4, and characterized by scanning electron microscopy, infra-red spectrophotometry and
thermal behavior. The action of nanofibers on growth kinetics by counting colony-forming
units (CFU) was evaluated on multi-species inoculum. For biocompatibility assays the Vero
cell line was adopted. Data were analyzed by ANOVA One Way, Tukey's multiple post-hoc,
Kruskal Wallis test and Dunn’s post hoc (¢=0.05). Results: The MICgs g% of S. brasiliensis
was 62.5 pg/mL. The MFC/MIC ratio revealed fungicidal activity of the extract for all
strains. The morphology of the nanofibers was as expected by the SBS technique in all tested
compositions. The analysis of the nanofibers diameter revealed that the addition of S.
brasiliensis extract produced less thick fibers (p<0.05) when compared to PLA/PEG fibers.
The PLA/PEG/Bra fibers showed loss of mass in two stages. The spectra that prove the
functional groups of the S. brasiliensis extract are related to the groups present in gallic acid
in waves 2926, 1713 and 1265 cm™. The PLA/PEG/Bra 2500 nanofiber was able to reduce
fungal growth after 4 hours of incubation, similar to that observed when compared to nystatin
in the MIC concentration. All nanofibers were compatible with use in mammals.
Conclusions: PLA/PEG polymeric nanofibers, produced by SBS, incorporating S.
brasiliensis extract in different concentrations, proved to be biocompatible for use in humans,
being able to inhibit the growth of Candida spp. This study points to the potential application
of nanofibers incorporated with plant extracts to control prosthetic stomatitis.

Keywords: Denture Stomatitis, Therapeutics, Plant Extracts, Nanofibers, Candida spp.
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1. Introdugéo

A candidiase oral em pacientes portadores de protese dentaria, também conhecida
como estomatite protética, € uma infeccdo fungica oportunista que ocorre quando existe o
crescimento excessivo de leveduras do género Candida spp., com destaque para espécie C.
albicans (Wady et al., 2012). Como tratamento convencional indica-se a limpeza e
substituicdo de proteses contaminadas por fungos, em associagdo a quimioterapia para
tratamento das manifestacbes em mucosa do paciente (Marra et al., 2012; Paranhos et al.,
2014; Yildirim-Bicer, Peker, Akca, & Celik, 2014). O uso de solucGes de hipoclorito de sodio
a 1% pode afetar as caracteristicas da protese e promover desgaste excessivo do material
(Gondim et al., 2018), ao passo que o tratamento clinico baseado no uso de antifingicos das
classes dos azélicos e poliénicos, apresenta reacdes adversas, irritacdo na mucosa oral e
inducdo de perfil de resisténcia das cepas fungicas (Gad & Fouda, 2020).

Alternativamente, o uso de produtos naturais e de medicamentos fitoterapicos vem
sendo buscado como auxiliar ou mesmo como substituicdo do tratamento convencional
baseado em farmacos sintéticos. Vislumbra-se a possibilidade de diminuir os efeitos
deletérios do tratamento convencional tanto no material de prétese, como em mucosa oral do
paciente (Gondim et al., 2018; Marcos-Arias, Eraso, Madariaga, & Quindds, 2011). Acredita-
se que cerca de 10.000 espécies de plantas tenham aplicacbes médicas. Dentre elas, encontra-
se a Schinopsis brasiliensis Engler, uma planta muito presente no nordeste do Brasil, na
regido do bioma da Caatinga. O extrato da planta demonstrou alto teor de compostos
fendlicos, como taninos e flavonoides, com maior concentracdo de taninos, correspondendo
a grande parte do contetdo fendlico total (dos Reis Luz et al., 2018; Fernandes et al., 2015).
A presenca desses constituintes quimicos tem sido relatada como 0s responsaveis pelas
promissoras a¢fes antimicrobianas, antifungicas e anti-inflamatorias (Formiga Filho et al.,
2015; Jovito, 2016; Saraiva et al., 2013).

Contudo, considerando a grande variedade desses metabolitos presentes nas plantas,
estratégias para a liberagdo controlada dos fitoconstituintes tornam-se desejaveis. Desta
forma, torna-se possivel controlar ou mesmo inibir a degradacdo dos compostos bioativos ao
longo do tempo de uso em ambiente vivo, assim como facilitar o processo de preparo de
formulagdes farmacéuticas, aumentando a aderéncia ao uso do produto pelo paciente. A
liberacdo controlada permite, ainda, diminuicdo dos efeitos colaterais e toxicos ao organismo
humano (Gondim et al., 2019; Simona, Florina, Rodica, Evelyne, & Maria-Corina, 2017).

Devido as suas propriedades quimicas e fisicas, 0s nanomateriais tém sido

amplamente utilizados no desenvolvimento e na administragdo de medicamentos (Aldrich,
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Kuss, Duan, & Kielian, 2019; Bonan et al., 2017, 2015; Han et al., 2018). Nanoestruturas
poliméricas, em geral, apresentam &tima biocompatibilidade, biodegradabilidade,
tolerabilidade e mucoadesividade, sendo indicados como bons sistemas de liberacdo
controlada de farmacos (Aldrich et al., 2019; Han et al., 2018). Apresentam-se termicamente
e mecanicamente estaveis (Dumitriu et al., 2014; Medeiros, Glenn, Klamczynski, Orts, &
Mattoso, 2009; Pelipenko, Kocbek, & Kristl, 2015; Rezaei, Ghani, Shoushtari, & Rabiee,
2016), sendo compostas por estruturas amorfas ou semi-cristalinas de véarias formas, como
nanoesferas, nanoparticulas, filmes e nanofibras (Rezaei et al., 2016; Vasita & Katti, 2019).
Neste sentido, as nanofibras a base de polimeros naturais ou sintéticos podem ser utilizados
como sistemas de administracdo de medicamentos baseada em sistemas capazes de controlar
e até prolongar a liberacdo do medicamento.

Dentre os polimeros sintéticos utilizados para a confeccdo de nanofibras para
sistemas de liberacdo, o PLA tem sido amplamente utilizado devido a sua excelente
biocompatibilidade e biodegradabilidade (Bhattarai et al., 2009; Ivanova, Bazaka, &
Crawford, 2014; Lutz & Hoth, 2006; Xu et al., 2009). Entretanto, o PLA apresenta algumas
limitacGes principalmente para a engenharia biomédica, como sua baixa taxa de degradacao
e a presenca de grupos laterais hidrofébicos com baixa reatividade. Diante disso, vérias
técnicas vém sendo utilizadas para melhorar as propriedades fisicas, quimicas e biol6gicas
do PLA, sendo a mais comum a formacdo de blendas do PLA com diferentes outros
polimeros que podem ou nao ser degradaveis (lvanova et al., 2014; Xu et al., 2009). Dentre
o0s polimeros combinados ao PLA, o poly(ethylene glycol) (PEG) é um dos mais comumente
usados (Wang, Sun, Yin, & Xu, 2019). Isto se deve, principalmente pela sua excelente
solubilidade em &gua e em solventes organicos (Lutz & Hoth, 2006). Além disso, PEG
apresenta baixa toxicidade e auséncia de imunogenicidade em humanos, além de boa
biodegradabilidade e facil eliminacdo renal (lvanova et al., 2014; Ni et al., 2014; Zander,
Hua, Wiener, Vogt, & Becker, 2015).

Levando-se em consideracdo que as nanofibras podem ser utilizadas como
dispositivos de liberagdo controlada de farmacos e que estes visam manter a concentracdo do
farmaco em niveis terapéuticos por maiores periodos de tempo (Bonan et al., 2015), estudos
que avaliem a acdo de nanofibras poliméricas carreando farmacos e extratos de plantas sobre
Candida spp., se fazem importantes. A utilizacdo desses dispositivos para a liberagédo
controlada dos farmacos objetiva reduzir a toxicidade terapéutica. Também permite que
concentra¢fes minimamente efetivas atuem constantemente através do contato direto, com

acao topica e com pouca repercussao sisttmica. Diante disso, o objetivo deste estudo foi

53



desenvolver e caracterizar nanofibras poliméricas de PLA/PEG incorporadas com extrato
seco da folha da S. brasiliensis para tratamento de estomatite protética, avaliar a atividade

antifingica sobre Candida spp. e sua compatibilidade em linhagens de células Vero.
2. Materiais e métodos
2.1 Obtenc&o dos extratos da S. brasiliensis

O extrato nebulizado da folha da S. brasiliensis foi preparado pelo Laboratério de
Desenvolvimento e Ensaios de Medicamentos (LABDEM) da Universidade Estadual da
Paraiba, Campina Grande, Paraiba e depositadas no herbarium Professor Jayme Coelho
(Herbarium Code EAN) da Universidade Federal da Paraiba sob o nimero EAN-14049. Os
extratos entdo foram gentilmente cedidos para o uso neste projeto e as caracterizagdes dos
extratos encontram-se publicados (FERNANDES et al., 2015).

2.2 Determinacao da Concentracao Inibitéra Minima (CIM) e Concentracdo Fungicida
Minima (CFM)

A determinagdo da CIM dos extratos foi realizada contra cepas de C. albicans ATCC
90028, C. tropicallis ATCC 750, C. krusei ATCC 341 e C. glabrata ATCC 2001 e sobre trés
cepas de C. albicans e duas de C. tropicallis de isolados clinicos de paciente com mucosite
oral cedidos pelo Laboratério de Farmacologia Experimental e Cultivo Celular — CCS/UFPB
utilizando a técnica da microdilui¢do (CLSI, 2008). Apos a distribuicdo de 100 pL de caldo
Sabouraud Dextrose (CSD) (KASVI, Curitiba, PR, Brasil) nos orificios das placas de
microdiluicdo, 100 uL dos extratos na concentracado inicial de 4 mg/mL foi distribuido em
cada poco e diluidos seriadamente. Por fim, foram dispensadas aliquotas de 100 pL do
indculo, padronizado a 2,5 x 10° CFU/mL em espectrofotometria (abs 0,08-0,1 em filtro 530
nm) (Freires et al., 2014; Gondim et al., 2018). Foi utilizada a nistatina (3M, S&o Paulo,
Brasil) em uma concentracgdo inicial de 96 pg/mL e o &cido gélico a uma concentracéo inicial
de 4 pg/mL. Controles de viabilidade celular, esterilidade média e solucao de acido galico
(componente majoritario do extrato) foram realizados simultaneamente com o ensaio. Os
ensaios foram realizados em triplicata e as placas incubadas por 24h a 35°C. A CIM foi
considerada a menor concentracdo capaz de inibir visivelmente o crescimento das leveduras
utilizadas no ensaio, confirmado pelo corante TTC (2,3,5 cloreto de trifenil tetrazélico)
(DINAMICA, S3o Paulo, Brasil) no volume de 10 pL (Gondim et al., 2018).
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Em seguida, foram retiradas aliquotas de 50 pL das subculturas correspondentes ao
CIM, CIM x 2 e CIM x 4 e inseridas em placas de Petri contendo Agar Sabouraud Dextrose
(ASD) (KASVI, Curitiba, PR, Brasil). As placas foram incubadas a 35°C por 24 h. A CFM
foi considerado a menor concentracdo das solugdes que impediu o crescimento visivel no
subcultivo. A relagdo CFM/CIM foi calculada e determinou-se o efeito fungistatico (CFM /
CIM > 4) ou fungicida (CFM/CIM <4) de cada solucéo (Gondim et al., 2018; Mayer, Wilson,
& Hube, 2013).

2.3 Confeccdo das Nanofibras
2.3.1 Materiais

Para a confeccdo das nanofibras foram utilizados os polimeros: Poli (D, L- acido
lactico), PDLLA, (PLA 4060D, Massa Molar = 120 kg.mol-1) e poli (etilenoglicol) PEG
foram obtidos de Jamplast MO USA em forma de pellets. Cloroférmio (CICH3, > 98%
pureza), obtido da Sigma Aldrich, BR. Como solvente, foi usado o Cloroférmio (CICH3),
com > 98% pureza (Sigma Aldrich, BR).

2.3.2 Fiacao das nanofibras de PLA/PEG incorporando extrato da S. brasiliensis

Para a producdo das fibras poliméricas, foi utilizada a tecnologia de SBS, que
consistia em um sistema de fiacdo (bocais concéntricos com um comprimento de protruséo
de 0,5 mm), uma bomba de injecdo de polimero (bomba do aparelho Harvard 11), um coletor
e uma fonte de ar comprimido (Chiaperini MC 124L 7.6-2HP) (Kamyar et al., 2018). As
solucdes de polimero foram preparadas solubilizando PLA (15% m/v) em cloroférmio.
Adicionou-se PEG a 30% (p/p) em relacdo ao PLA (base seca). Foi utilizado uma
concentragdo de 10% de volume final do extrato da S. brasiliensis nas concentragdes de 315,
625, 1250 e 2500 pg/mL que correspondem aos valores de 10 x a CIM/2, CIM, CIM x 2 e
CIM x 4 (Item 2.2). As solugdes poliméricas foram fiadas adotado os seguintes parametros:
bico interno de 1,2 mm de didmetro, tubo de saida para ar comprimido de 2 mm, distancia de
trabalho de 15 cm, pressédo de 30 psi, taxa de fluxo de 7,2 mL/h, distancia de trabalho do
coletor de 200 mm (Oliveira, Medeiros, et al., 2013; Oliveira, Mattoso, Orts, & Medeiros,
2013).
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2.3.3 Caracterizagdes das nanofibras
Morfologia das nanofibras

A morfologia da superficie das fibras foi investigada usando Microscépio Eletronico
de Varredura (MEV Tescan modelo Vega3 LMU). Cada amostra foi recoberta com 8 nm de
camada de ouro para materiais ndo condutores (Gatan Model 682 Precision Etching Coating
System, USA). Para cada amostra, as imagens foram obtidas utilizando detectores
secundarios (SE) e retroespalhados (BSD), com amplia¢Ges de 100, 500, 1.000, 5.000 e
10.000, 3-8 kV voltagem de aceleracdo do feixe de elétrons e spot size 1-3 para prevenir a
deformacéo da amostra. Os diametros médios de 100 fibras foram contados utilizando o
software ImageJ (versdo 1.48, NIH, Bethesda, MD, EUA) (Medeiros et al., 2009; Santos,
Viera, Oliveira, Zanin, & Borsatti, 2014).

Comportamento Térmico

A analise termogravimétrica foi realizada em analisador termogravimétrico (DTG-
60, Shimadzu, Alemanha), sob atmosfera de nitrogénio, e taxa de fluxo de 50 ml-min~t. As
amostras foram submetidas a temperatura de 600°C e com razdo de aquecimento de
10°C/min, usando cadinhos de platina. A analise termogravimétrica (TG) foi realizada em
equipamento DTG-60 (Shimadzu, Alemanha), empregando regime de aquecimento dindmico
no ar para garantir a remocdo da fase orgénica. As amostras contendo 10 mg, cada, foram
aquecidas a 10 °C.min a 600°C (Oliveira, Mattoso, et al., 2013).

Estrutura quimica das nanofibras de PLA/PEG/Bra

Espectros de Infravermelho (IV) das fibras foram registrados no espectrémetro
IRAffinity-1/FTIR-8000 (Shimadzu, Alemanha), em modo de refletdncia a temperatura
ambiente. Todas as amostras foram escaneadas na regido de 4000 para 400 cm™* com uma
resolucdo de 4 cm™ (Liu et al., 2014). Os espectros foram tirados de uma média de 40

varreduras para cada amostra, com trés repeticdes por amostra (Bilbao-Sainz et al., 2014).
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2.4 Testes Bioldgicos
2.4.1 Cinética de inibicdo multiespécies de Candida spp.

Para desenvolver o indculo multiespécie foram utilizadas C. albicans ATCC 60193,
C. tropicallis CBS 94 e C. krusei CBS 73. Os microrganismos foram cultivados em meio
CSD a 35 °C por 24 h e o nimero de células foi ajustado para aproximadamente 2 x 10°
UFC/mL. Em seguida, a suspensdo final foi preparada misturando volume igual de 5 mL de
cada inéculo em um tubo de vidro. As células fungicas foram entdo incubadas em placas de
96 pocos, de acordo com a técnica de microdiluigdo, as quais foram adicionadas 10 mg das
nanofibras poliméricas incorporadas com os extratos nas concentracdes de 315, 625, 1250 e
2500 pg/mL.

Como controle positivo, foi utilizado a Nistatina e o extrato nas concentragdes de
CIM e CIMx4 (12 e 250 pg/mL, respectivamente). Em seguida, as placas foram incubadas a
35 °C por 24 h. Ao longo das 24h de incubacédo, aliquotas de 10 pL de cada amostra testada
foram coletadas e semeadas em placas de agar Sabouraud-Dextrose em intervalos de tempo
predeterminados (0, 1, 2, 4, 6, 8, 12 e 24 horas) a 35 °C e mantidas, cada aliquota, por 24 h.
Controles de esterilidade do meio de cultura e viabilidade de levedura também foram
realizados. O nimero de Unidades Formadoras de Col6nia (UFC) viaveis foi contado e 0s
valores foram expressos em log UFC/mL. Os resultados foram representados graficamente a
curva de morte celular dos fungos em funcdo do tempo. Os testes foram realizados em
triplicata (Gondim et al., 2018).

2.42 Testes in vitro para compatibilidade em linhagens de células Vero

Para os ensaios de biocompatibilidade foi adotada a linhagem de células Vero (ATCC
CCL-81). As celulas foram mantidas em Meio Essencial Minimo (MEM) suplementado com
10% soro bovino fetal (SBF), 1% Penicilina/Estreptomicina, a 35 °C em atmosfera de 5% de
CO.. Os repasses de cultivos foram feitos a cada 48h em frascos de cultivo estéreis. As células
foram resuspendidas & uma concentragdo de 2,5 x 10° células/mL e cultivadas a 37°C, 5% de
CO», na presenca ou auséncia das nanofibras produzidos. Foram usados como controles do
teste as nanofibras sem extrato e etanol 70% (controle de morte celular). Os cultivos foram
mantidos em contato com os materiais por 24 h para avaliacdo da viabilidade celular,
seguindo protocolo de (Louis & Siegel, 2011). Foi realizada a contagem do numero total de
células viaveis e ndo vidveis em cada quadrante da camara de Neubauer. A média foi

calculada e multiplicada por 10* para obter o nimero de células por mL de amostra. Em
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seguida o valor foi multiplicado por 2 para corrigir a diluicdo da amostra no corante azul de
tripan. A determinacdo do percentual de células viaveis foi calculada seguindo:

Numero de células viaveis

%o Células Vidveis=
o Leinias viavels= Numero total de celulas

2.7 Consideracdes éticas

As linhagens clinicas de Candida spp. foram coletadas anteriormente em projeto
aprovado por CEP (protocolo CAAE: 43911715.8.0000.5188). O uso de linhagens
comerciais de células Vero (ATCC CCL-81) cultivadas e mantidas em laboratério, o que
dispensa aprovacdo em Comité de Etica em Pesquisa Envolvendo Seres Humanos (CEP),

assim como dispensa avaliacdo de Comissdo de Etica no Uso de Animais (CEUA).
2.8 Analise estatistica

Os resultados das curvas de cinética foram analisados por ANOVA One Way, seguida
pela comparacdo multipla de Tukey post-hoc para cada tempo para avaliar a comparagéo
entre as nanofibras, nistatina e o controle de crescimento. Para os resultados dos testes de
didametro das nanofibras e viabilidade celular foram apresentados como mediana de valores
dos grupos testados. As comparacdes foram realizadas pelo teste de Kruskal Wallis seguido
de Dunn’s post hoc (¢=0.05), usando software GraphPad Prism 7.0 (GraphPad Software, San
Diego, CA).

3. Resultados
3.1 Determinacédo da CIM e CFM

Os valores de CIM e CFM do extrato da S. brasiliensis contra C. albicans, C.
tropicallis, C. glabrata e C. krusei s&o ilustrados na Tabela 1. Os valores de CIM encontrados
nas cepas padrao variaram entre 15,6 pg/mL para C. krusei ATCC 341; e 125 pg/mL para C.
glabrata ATCC 2001. Para C. albicans ATCC 90028 e C. tropicalis ATCC 750, o valor da
CIM foi de 62,5 pg/mL para ambas as leveduras. Para as cepas de isolados clinicos, os valores

variaram 15,6 a 62,5 pg/mL.

A concentracdo de 62,5 pug/mL pode ser definida como a concentracdo capaz de inibir

88,8% das cepas testadas (CIM88,8%). Para o CFM, os valores das concentracOes variaram
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entre 15,04 a 120,31pg/mL. A razdo CFM/CIM encontrada para todas as concentragdes de

solugdes demonstrou efeito fungicida contra Candida spp. testado.

Tabela 1. Atividade antifungica do extrato da S. brasiliensis e nistatina sobre Candida spp.

Cepas Compostos CIM CFM CFM/ At!vida(_je
(ug/mL) (ug/mL) CIM  antifungica

C. albicans . brasiliensis 62,5 62,5 1 Fungicida
ATCC 90028 Nistatina 6,0 6,0 1 Fungicida
C. krusei . brasiliensis 15,6 31,25 2 Fungicida
ATCC 341 Nistatina 6,0 6,0 1 Fungicida
C. tropicallis . brasiliensis 62,5 62,5 1 Fungicida
ATCC 750 Nistatina 12,0 12,0 1 Fungicida
C. glabrata . brasiliensis 125 125 1 Fungicida
ATCC 2001 Nistatina 6,0 6,0 1 Fungicida
C. albicans S. brasiliensis 62,5 125 2 Fungicida
LM1 Nistatina 12,0 12,0 1 Fungicida

C. albicans S. brasiliensis 15,6 15,6 1 Fungicida
LM2 Nistatina 12,0 24,0 2 Fungicida

C. albicans S. brasiliensis 15,6 31,25 2 Fungicida
LM3 Nistatina 12,0 12,0 1 Fungicida

C. tropicallis S. brasiliensis 31,25 31,25 1 Fungicida
LMY Nistatina 6,0 12,0 2 Fungicida

C. tropicallis S. brasiliensis 31,25 31,25 1 Fungicida
LM8 Nistatina 12,0 12,0 1 Fungicida
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3.2 Determinacé&o da morfologia das nanofibras de PLA/PEG/Bra

Apds a determinacgdo do efeito antifungico do extrato de S. brasiliensis selecionados
para este estudo, procedeu-se a confeccdo das nanofibras poliméricas pela técnica de SBS.
Foram escolhidos os polimeros PLA e PEG, fiados como blenda na proporcéo 70:30 (p/p).
Esta proporc¢éo foi mantida para todos os grupos de materiais produzidos, ocorrendo alteracéo
na quantidade de extrato incorporado, seguindo os valores de 10 vezes mais concentrado a
partir da CIM do extrato livre (Figura 1 e 2).
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Figura 1. Caracterizacdo morfoldgica das nanofibras por MEV.
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Figura 2. Diametro médio e dispersao do diametro das mantas de nanofibra. (*) comparacao
com PLA/PEG, (#) comparagdo com PLA/PEG/Bra 625.

3.3 Comportamento Térmico
O vperfil de degradacdo das nanofibras foi determinado por método

termogravimétrico. As curvas de TG e DTG dos polimeros de PLA/PEG com e sem extrato

estdo demonstradas na Figura 3.
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Figura 3. Curvas TG, relacionando a perda de massa em funcéo da temperatura. Atmosfera:
nitrogénio/argonio e taxa de aquecimento: 10 C/min.

Na Tabela 2, séo repostadas as temperaturas de onset, temperaturas de maxima taxa

de degradacédo de cada evento térmico e as respectivas porcentagens das perdas de massa.



Tabela 2. Temperaturas de inicio (Tonset) € de final (Tendset) de perda de massa e as
degradacbes em porcentagens (Perda de massa %) das nanofibras PLA/PEG puras ou
carreando extrato e S. brasiliensis Engl.
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Tonset Tendset ~ Perdade  Tonset Tendset ~ Perdade  Tonset Tendset ~ Perdade  Tonset Tendset ~ Perdade
(°C) (°C) massa (°C) (°C) massa (°C) (°C) massa (°C) (°C) Massa
(%) (%) (%) (%)

S. brasiliensis 38,26 66,22 2,90 211,40 262,66 41,77 292,61 382,70 27,74 532,66 556,19 14,03

PLA/PEG 314,84 346,99 65,30 349,07 374,77 32,89

PLA/PEG/Bra 315 299,82 339,57 61,82 345,42 385,23 35,95

PLA/PEG/Bra 625 316,82 345,69 60,53 345,69 382,18 36,65

PLA/PEG/Bra 1250 308,16 341,92 63,03 343,61 405,85 31,41

PLA/PEG/Bra 2500 339,12 337,07 60,02 339,82 384,92 38,37




Nas fibras com blenda de PLA/PEG o processo de degradacdo térmica ocorre em dois
estagios. O primeiro estagio corresponde a degradacdo do PLA e, posteriormente, a
degradacdo do PEG (Ferreira, 2017). As fibras PLA/PEG/Bra apresentam perda de massa
também em dois estagios (Ferreira, 2017). O primeiro evento esta associado com
sobreposicao do pico referente ao inicio da degradacdo do PLA com o primeiro estagio do
extrato da S. brasiliensis, e o segundo evento esta ligado a sobreposicdo do pico da curva de

degradacédo do PEG e do extrato.

4.4 Estrutura quimica das nanofibras de PLA/PEG/Bra

A identificacdo das frequéncias de absorcao dos grupos funcionais caracteristicos das
fibras de PLA/PEG com e sem extrato esta representada nos espectros de infravermelho na
Figura 4.

As caracteristicas intermediarias deste espectro nos comprimentos de onda em 174,
1184 e 1080 cm™ sdo relativos ao estiramento do grupo carbonila (C=0), ao modo
vibracional axial assimétrico e angular axial do (C-O + CH3) e ao modo axial simétrico do
grupo éter (C-O-C). Os comprimentos de onda em 1452 cm™ e 1365 cm™ sdo correspondentes

as flexdes do grupo (CH>) e deformac6es referentes ao (CHs).
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Figura 4. Espectros de infravermelho para fibras de PLA/PEG com e sem extrato na regido
de 4000-400 cm™.
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Uma faixa de comprimento de onda entre 3694 e 3292 cm™, referente as hidroxilas
terminais relacionadas as pontes de hidrogénio (-OH), caracteristicos do PEG (Ferreira,
2017). Assim como uma banda intensa em 2886 cm™ do estiramento do (CH).

O espectro que comprova o0s grupos funcionais do extrato da S. brasiliensis, estdo
relacionados aos grupos presentes do &cido galico que representa 0 componente majoritario
do extrato. Foram encontrados os comprimentos de onda 2926 cm™ (estiramento C—H do
anel aromatico), 1713 cm™ (estiramento dos acidos carboxilicos C=0) e 1265 cm

(estiramento do grupo C-O do éster aromatico).

3.5 Determinacéo de acdo anti-Candida spp. das nanofibras PLA/PEG/Bra

O efeito antifungico das nanofibras foi avaliado por técnica de cinética. Ficou
demonstrado que as nanofibras foram capazes de reduzir a concentracdo de UFC/mL de
formas plancténicas de C. albicans, C. krusei e C. tropicalis cultivadas em sistema multi-
espécies (Figura 5). A partir do tempo de 6 horas, a maioria das nanofibras foi capaz de inibir
o crescimento dos fungos em relagédo ao controle de crescimento (p<0,001). O mesmo perfil
foi observado em relacgéo ao extrato livre de S. brasiliensis na concentragdo determinada da
CIMx4 (250 pg/mL). Por outro lado, a atividade inibitoria das amostras de nanofibras
PLA/PEG/Bra 2500 foi observada a partir das 4 horas de incubacdo e foram semelhantes ao
observado com a nistatina (12 pg/mL). As nanofibras de PLA/PEG sem o extrato de S.
brasiliensis ndo demonstraram atividade antifingica e seguiram o padrdo do controle de
crescimento. De maneira interessante, o perfil de cinética de inibicdo das nanofibras
PLA/PEG/Bra 2500 foram semelhantes ao observado pela CIMx4 e pela nistatina, ndo

havendo diferenca entre eles, ao longo das 24 horas avaliadas.
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Figura 5. Cinética de inibi¢do de Candida spp.

3.6 Determinacdo de citocompatibilidade das nanofibras PLA/PEG/Bra em células
Vero.

Ap0s observar o potencial efeito antifingico das nanofibras, procedeu-se a avaliacao
de citocompatibilidade dos nanomateriais para uso em seres humanos. Para tanto, as
nanofibras foram incubadas em cultivos de linhagens de células Vero (ATCC CCL-81).
Conforme observado nas Figuras 6 e 7, todas as nanofibras apresentaram toxicidade
comparavel ao controle negativo. Ndo foram observadas diferencas entre os grupos de

nanofibras com ou sem o extrato de S. brasiliensis.



Figura 6. Células Vero cultivadas na presenca das nanofibras. (A) Controle negativo, (B)
controle positivo, (C) PLA/PEG, (D) PLA/PEG/Bra 315, (E) PLA/PEG/Bra 625, (F)
PLA/PEG/Bra 1250 e (G) PLA/PEG/Bra 2500.
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Figura 7. Percentual de viabilidade de células Vero cultivadas em presenca das nanofibras.

4 Discusséo

Existem na literatura muitos estudos avaliando a atividade antifungica de produtos
naturais, entretanto poucos avaliam e desenvolvem dispositivos de administragdo eficazes e
controlada para esses produtos. A nanofibras poliméricas de PLA/PEG incorporando extrato
da S. brasiliensis apresentaram resultados promissores para sua utilizacdo como um possivel
dispositivo de liberagédo controlada para tratar as afecgdes orais causadas por microrganismo
do género Candida spp.

Os extratos vegetais da S. brasiliensis apresentam compostos fenolicos, taninos e
flavonoides relatados como componentes-chave na atividade antimicrobiana (Formiga Filho
et al., 2015). O mecanismo de acdo antimicrobiana dos taninos pode estar relacionado a sua
complexagdo com ions metalicos, reduzindo a disponibilidade de ions essenciais ao
metabolismo do microrganismo (Cowan, 1999). Flavondides, como 2-3 flavonas e
hexametoxi-flavonas, sdo agentes capazes de formar complexos com proteinas extracelulares
solUveis e a parede celular dos microrganismos e podem romper as membranas microbianas
(de Sousa Araujo, Alencar, de Amorim, de Albuquerque, 2008; Evanjelene, 2012).

Neste estudo, a CIM88,8% do extrato da S. brasiliensis para as cepas testadas foi de
62,5 ug/mL, exceto para C. glabrata ATCC 2001 e C. albicans LM1 que foi de 125 pg/mL.
A razdo CFM/CIM refletiu a atividade fungicida da S. brasiliensis para todas as cepas
testadas. Tem sido demonstrado que produtos naturais sdo considerados potenciais
antimicrobianos quando apresentam uma CIM com valores igual ou inferior a 500 pg/mL

(Aligiannis, Kalpoutzakis, Mitaku, & Chinou, 2001). Alguns estudos avaliaram a atividade
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do extrato da folha da S. brasiliensis sobre Candida spp. e demonstraram resultados
promissores da possivel utilizagdo deste extrato no tratamento das afeccdes causadas pelo
género Candida. Esses estudos verificaram concentracfes inibitérias minimas variando de
10,16 a 250 pg/mL (Chaves et al., 2011; Jovito, 2016; Lima, 2016), essa diferenca nas
concentragOes pode ser atribuida a fatores como época da coleta das plantas e pelo modo de
extracdo que pode interferir nos compostos secundarios e fitoconstituintes responsaveis pela
acao antimicrobiana (Lima, 2016).

Para os testes microbioldgicos, a nistatina foi o antifngico escolhido por ser o
produto mais utilizado pela populacdo no tratamento da candidiase oral (Williams & Lewis,
2011). Além disso, esse agente antiflngico apresenta resultados comprovados de agdo contra
Candida spp. por apresentar mecanismo de acdo relacionado a alteracdo da permeabilidade
da membrana das células fangicas (Dorocka-Bobkowska, Konopka, & Diizgiines, 2003).
Neste sentido, a nistatina se liga avidamente ao ergosterol na membrana citoplasmatica
flngica, formando canais que permitem que K* e Mg?* vazem para fora da célula, causando
alteracdes na permeabilidade celular e morte celular (Dorocka-Bobkowska et al., 2003).

A morfologia tipica das fibras fiadas por sopro da solucdo foi observada para todas
as composicdes testadas. 1sso esta relacionado as propriedades viscoelasticas do polimero e
ao seu comportamento em solugdo na qual cadeias emaranhadas sdo desenhadas para formar
fibras a medida que o jato se move em direcdo ao coletor e o solvente evapora
simultaneamente (Oliveira et al., 2011).

A analise dos resultados do diametro das fibras indica que a adi¢do do extrato da S.
brasiliensis produziu fibras menos espessas quando comparadas as fibras de PLA/PEG. Essa
diminuicdo foi estatisticamente significante (p <0,05) quando para todos os grupos quando
comparado com o controle sem extrato (Figura 2), exceto para o PLA/PEG/Bra 625 que
apresentou semelhanca com o controle e diferenca com os outros grupos. No processo SBS,
trés fatores contribuem ativamente para a morfologia final da fibra, incluindo concentracéo
da solucéo de polimero, pressdo do ar e taxa de alimentacéo (Oliveira et al., 2011). Como a
taxa e a pressao de injecdo foram mantidas constantes durante a fiagcdo para todas as amostras,
a variavel mais significativa foi a composicdo da solucdo, com a adicdo do extrato em
diferentes concentragdes, resultando na modificacdo das propriedades viscoelasticas das
solugdes poliméricas. O alongamento da solucdo de polimero para formar fibras pode ser
dificil, menos eficiente e menos estavel quando séo utilizadas solugdes poliméricas viscosas.
Solugdes poliméricas viscosas e misturas de polimeros com baixa compatibilidade podem

produzir fibras com uma maior variabilidade de didametro (Oliveira, Medeiros, et al., 2013;
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Oliveira, Moraes, et al., 2013). Nenhuma separacéo de fase visivel foi observada, o que pode
ser explicado pelo curto periodo de tempo do processo SBS, no qual a separacdo de fases é
reduzida, mantendo as cadeias PLA e PEG emaranhadas devido ao curto tempo de
centrifugacdo e a rapida evaporacéao do solvente.

Nos ensaios de termogravimetria (TG) foi possivel observar o ponto em que todos 0s
eventos térmicos de perda de massa ocorreram, uma vez que, tanto o PLA/PEG quanto as
moléculas do extrato de S. brasiliensis sofreram decomposicao térmica. O extrato apresentou
quatro etapas de decomposicdo, ao passo que as nanofibras apresentaram duas etapas
evidentes. As nanofibras incorporadas com o extrato de S. brasiliensis apresentaram maior
estabilidade térmica, com destaque para a PLA/PEG/Bra 2500, que apresentou maior
estabilidade.

As fibras de PLA/PEG com e sem extrato, apresentaram dois eventos térmicos, o
primeiro e mais pronunciado, em torno da temperatura de 314,84 °C, indicando o inicio da
decomposicdo. Neste estagio, ocorreu uma perda de massa acima de 65%, referente
principalmente a decomposic¢édo do constituinte majoritario, isto é, do PLA. O segundo evento
térmico encontrado, com temperatura de inicio acima de 349 °C, podendo estar relacionado
a decomposicao do segundo componente da blenda, o PEG, cujo processo de decomposicéo
(Tonset) fora descrito como sendo em torno de 335 °C (Ferreira, 2017). As fibras de
PLA/PEG/Bra apresentam perdas de massa com dois estagios. O primeiro evento esta
associado com sobreposicéao do pico referente ao inicio da decomposi¢do do PLA com o pico
de decomposicdo do extrato da S. brasiliensis (Tonset 1 do PLA 290 °C € 0 Tonset 1 de S.
brasiliensis em 211,40 °C) ¢ o segundo evento pode estar ligado a sobreposicdo do pico da
curva de TG do PEG com o proximo evento do extrato (Tonset 1 do PEG 359,81 °C € 0 Tonset
m de S. brasiliensis em 292,61 °C) (Fernandes, 2014; Ferreira, 2017). Observa-se que a
incorporacdo a blenda de PLA/PEG, no modelo de nanofibras, promoveu maior estabilidade
térmica ao extrato de S. brasiliensis, 0 que pode favorecer seu uso como dispositivos de
liberacdo controlada do extrato para aplicagdes médico-odontologicas.

A anélise de FTIR demonstrou a presenca de grupos quimicos compativeis com as
assinaturas dos polimeros quando em formacdo de blenda, 70% PLA e 30% PEG,
independente da adigéo de extratos de S. brasiliensis, conforme descrito na literatura (Chieng,
Ibrahim, Yunus, & Hussein, 2014; Ferreira, 2017). Define-se que numeros de onda 1748,
1184 e 1080 cm™ sejam relativos ao estiramento do grupo carbonila (C=0), ao modo
vibracional axial assimétrico e angular axial do (C-O + CH3) e ao modo axial simétrico do

grupo éter (C-O-C). J4 os comprimentos de onda em 1452 cm™ e 1365 cm? sdo
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correspondentes as flexdes do grupo (CH2) e deformacGes referentes ao (CHs). A faixa
compreendida entre 3694 cm™ — 3292 cm?, referente as hidroxilas terminais relacionadas as
pontes de hidrogénio (-OH), caracteristicos do PEG. Assim como uma banda intensa em
2886 cm™ do estiramento do (CH).

Para a determinacdo da presenca do extrato de S. brasiliensis nas nanofibras, foi
adotado o espectro do acido galico como marcador padrdo. Os polifendis representam cerca
de 15% do total de compostos isolados dos extratos de S. brasiliensis (Fernandes et al., 2015),
sendo o acido galico e seus derivados, aqueles que se apresentam como o principal grupo de
polifendis encontrados (dos Reis Luz et al., 2018; Fernandes et al., 2015). Neste sentido, a
deteccdo dos nimeros de onda especificos do marcador padrdo nas amostras de nanofibras
contendo os extratos da planta foram considerados sugestivos da presenca do acido gélico, e
por sua vez, do extrato da planta em si. Os valores de 2926 cm™ (estiramento C—H do anel
aromatico), 1713 cm (estiramento dos &cidos carboxilicos C=0) e 1265 cm™ (estiramento
do grupo C-O do éster aromatico) estdo de acordo com o descrito na literatura para o &cido
galico (Hirun, Dokmaisrijan, Tantishaiyakul, 2012; Lam et al., 2012), enquanto que outros
nimeros de onda mostraram sobrepostos aos de PLA ou de PEG, impossibilitando a
demarcacao no espectro.

O ensaio da cinética de inibicdo determinou a influéncia do tempo de exposicao das
solucBes no processo de morte celular flngica. As concentragBes dos extratos incorporados
as nanofibras foram ajustados multiplicando 10 vezes os valores das concentracdes de CIM/2,
CIM, CIM x 2, CIM x 4 (Tabela 2) obtidos nos ensaios antimicrobianos de determinacéo da
concentracdo inibitéria minima. Isso se justifica por alguns estudos afirmarem que a
concentracdo de substancias para atividade anti-biofilme que se torna eficaz para ser usada
para agentes antimicrobianos seria 10 a 1000 vezes maior que a CIM em meios liquidos
convencionais em células plancténicas (Rochelle et al., 2016; Sardi et al., 2014). Neste
sentido, a nanofibra PLA/PEG/Bra 2500 foi capaz de inibir todo o crescimento de células
fangicas em um periodo entre 12 e 24 horas de incubacédo (Figura 5), além de uma reducéo
significativa (p<0,01) do crescimento quando comparado ao controle de crescimento no
periodo de 4 horas, demonstrando atividade fungicida semelhante ao do farmaco livre no
meio (Nistatina) na CIM. Esse efeito fungicida encontrado com o uso da nanofibra
PLA/PEG/Bra, provavelmente ocorreu devido a liberagdo de doses constantes do extrato por
um maior periodo de tempo, o que levou a morte celular. Ensaios microbioldgicos de extratos

da S. brasiliensis ttm demonstrado que seu mecanismo de acdo seria atuando na
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permeabilidade i6nica da membrana celular fangica, causando subsequentemente a morte
celular direta (Lima, 2016).

Efeitos anti-Candida da acdo de nanomateriais na cinética de crescimento fungico
também foi observado em nanoparticulas de quitosana (de Carvalho et al., 2019; Gondim et
al., 2018), de prata (Abdehgah et al., 2017; Panacek et al., 2009), de cobre (Mudiar & Kelkar-
Mane, 2018). Outros estudos, utilizando nanofibras poliméricas também demonstraram a
capacidade de acdo anti-Candida dos compostos liberados ao longo do tempo (Esentirk et
al., 2020). Esses estudos sdo importantes pois avaliam o tempo de degradacéo dos polimeros
em meio aquoso e 0 quanto que esse tempo pode influenciar no processo de controle do
crescimento fungico. Dessa forma tem-se um modelo in vitro, capaz de reproduzir/simular
em parte, 0 modelo de aplicacdo clinica de uma nanofibra carreando substancias
antimicrobianas. Além disso, o tempo 24 horas de teste € um tempo aceitavel para se mostrar
o efeito das nanofibras considerando que seu possivel uso clinico teria aplicacdo em tempos
menos de 24 h. De acordo com os resultados mostrados a diferenca a partir de 4 h com a
nanofibra PLA/PEG/Bra 2500 foi equivalente com o farmaco nistatina, o que sugere um
tempo médio de aplicacdo do produto pelo paciente, in loco, por pelo menos 4 horas.

Ensaios in vivo e in vitro j& foram realizados para avaliar a toxicidade dos extratos de
casca e folhas de S. brasiliensis. Ensaios utilizando animais foi observado que ap6s a
administracdo oral do extrato na dose de 2000 mg/Kg, os animais ndo apresentam alteragdes
comportamentais. Entretanto, durante o periodo de observacdo, verificaram analgesia as 2 e
4 horas ap6s a administracdo do extrato (Chaves et al., 2015; Santos, 2013; Silva, 2011).
Além disso, os mesmos estudos avaliaram o efeito bioquimico do extrato e verificaram
alteracOes hepaticas e renais nos ratos testados. Ensaios utilizando extratos e fracdes da S.
brasiliensis mostraram que o extrato seco e a fracdo cloroférmio apresentaram toxicidade
contra 0 camaréo da salmoura (CLso 428 ¢ 313 pg/mL); que apenas o cloroféormio, hexano e
acetato de etila apresentaram potencial larvicida contra o Aedes aegypti (CLso 345,527 e 583
ug.ml?, respectivamente); enquanto as fracdes de cloroformio e acetato de etila foram
altamente toxicas para Biomphalaria glabrata (CLg 68 e 73 pg.mL™, respectivamente)
(Santos, 2013; Silva, 2011). Foi avaliada a toxicidade aguda do extrato produzido com as
folhas da S. brasiliensis sobre Artemia salina e observaram CLsg de 511,90 pug/mL e
428 ng/mL, respectivamente, sendo considerada toxica a moderada (Meyer, Ferrigni, &
Putnam, 1982; Santos, 2013; Silva et al., 2012). Foi observado que a atividade do extrato das
sementes da S. brasiliensis se mostrou larvicida, pulpicida e a reduziu a producdo de ovos

pelas fémeas de Aedes aegypti (Barbosa et al., 2014). Sua toxicidade no microcrustaceo
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Ceriodaphnia foi considerada como duvidosa e apresentou citotoxicidade moderada sobre
linhagens celulares de HelLa (carcinoma cervical humano) uma vez que a viabilidade celular
foi maior que 50% para todas as concentracdes testadas com 24h de incubacao (Oliveira,
2011; Santos et al., 2014).

Sabe-se que a toxicidade de nanomateriais depende da fonte, dos processos
experimentais (quimicos, mecanicos ou enzimaticos) e da funcionalizacdo de grupos
quimicos especificos (Jeevanandam, Barhoum, Chan, Dufresne, & Danquah, 2018).
Portanto, estudos in vitro e in vivo sdo necessarios para avaliar a biocompatibilidade das
nanoesferas. Os ensaios in vitro séo realizados inicialmente para o controle do processo de
producdo de biomateriais. Visam avaliar o desempenho do nanomaterial a ser usado, desde
aspectos fisico-quimicos até fisioldgicos, simulando as interac6es e particularidades de cada
tecido (Ciapetti, Cenni, Pratelli, & Pizzoferrato, 1993). E possivel medir as respostas
celulares ap0s interagcBes com nanomateriais, avaliando a segurancga ao ser humano e prever
0 desempenho com as reacdes causadas pelo uso do material em situac@es clinicas (Oréfice,
Pereira, & Mansur, 2012; Rattier B, Hoffman A, Schoen F, 2004). Portanto, ensaios de
citotoxicidade em linhagens celulares sdao importantes para a determinacdo da seguranca
para 0 uso de dispositivos nanométricos em seres humanos. Isso estad de acordo com as
normas e regulamentacdes pelas normas 1ISO 10993-5:2009(E) e ASTM F813-07(2012), e
sdo desenvolvidos através de testes de contato direto entre os tipos celulares escolhidos e 0s
materiais testados (ASTM, 2012; ISO, 2009). Diante disso, foi proposto avaliar a
citocompatibilidade das nanofibras produzidas no modelo de cultivo em células VERO.
Observou-se que mesmo com 0 aumento na concentracdo do extrato, as nanofibras

apresentaram toxicidade comparavel ao controle negativo.
5 Conclusdes

O extrato da S. brasiliensis apresentou atividade antifingica para todas as cepas
testadas. A morfologia tipica das fibras fiadas por sopro da solucéo foi observada para todas
as composicdes testadas. A analise do didmetro das fibras indica que a adicdo do extrato da
S. brasiliensis produziu fibras menos espessas quando comparadas as fibras de PLA/PEG.
As fibras PLA/PEG/Bra apresentam perda de massa também em dois estagios. Os espectros
que comprovam 0s grupos funcionais do extrato da S. brasiliensis, estdo relacionados aos
grupos presentes do acido galico. A nanofibra PLA/PEG/Bra 2500 foi capaz de reduzir

significantemente o crescimento fungico a partir de 4 horas de incubacéo, se assemelhando
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ao farmaco livre nistatina na concentracdo de CIM. Todas as nanofibras apresentaram-se
citocompativeis quando comparadas ao controle negativo.
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5 CONSIDERACOES FINAIS

. A CIM88,8% do extrato de S. brasiliensis capaz de inibir 88,8% das cepas estudadas
foi de 62,5 pg/mL. A relagdo CFM/CIM revelou uma atividade fungicida do
composto estudado para todas as cepas.

. A morfologia tipica das fibras fiadas por sopro da solugdo foi observada para todas
as composicdes testadas. Entretanto, a analise do diametro das fibras indica que a
adicdo do extrato da S. brasiliensis produziu fibras menos espessas quando
comparadas as fibras de PLA/PEG, exceto para a PLA/PRG/Bra 625.

. As fibras PLA/PEG/Bra apresentam perda de massa também em dois estagios. O
primeiro em torno da temperatura de 290° C ¢ o segundo evento encontrado, com
temperatura inicio acima de 370° C.

Os espectros que comprovam os grupos funcionais do extrato da S. brasiliensis, estdo
relacionados aos grupos presentes do acido 2926 cm™, 1713 cm™e 1265 cm™.

. A nanofiba PLA/PEG/Bra a uma concentracao de 2,5 mg/mL foi capaz de reduzir
significantemente o crescimento fangico a partid de 4 horas de incubacdo, se
assemelhando ao farmaco livre nistatina na concentracdo de CIMx4.

Com relacdo a determinacdo de citocompatibilidade, todas as nanofibras
apresentaram toxicidade comparavel ao controle negativo. Ndo foram observadas
diferencas entre os grupos de nanofibras com ou sem o extrato.



81

REFERENCIAS

6 REFERENCIAS

AGHAZADEH, MARZIEH et al. Survey of the antibiofilm and antimicrobial effects of
Zingiber officinale (In vitro study). Jundishapur Journal of Microbiology, v. 9, n. 2, 7
fev. 2016.

AHMAD, N.; JAFRI, Z.; KHAN, Z. H. Evaluation of nanomaterials to prevent oral
Candidiasis in PMMA based denture wearing patients. A systematic analysis. Journal of
Oral Biology and Craniofacial Research, v. 10, n. 2, p. 189-193, 2020.

ALBUQUERQUE, U. P. Re-examining hypotheses concerning the use and knowledge of
medicinal plants: A study in the Caatinga vegetation of NE Brazil. Journal of
Ethnobiology and Ethnomedicine, v. 2, p. 30, 2006.

____. Medicinal plants of the caatinga (semi-arid) vegetation of NE Brazil: A quantitative
approach. Journal of Ethnopharmacology, v. 114, n. 3, p. 325-354, dez. 2007.

ALMEIDA, C. F. C. B. R. et al. Life strategy and chemical composition as predictors of the
selection of medicinal plants from the caatinga (Northeast Brazil). Journal of Arid
Environments, v. 62, n. 1, p. 127-142, 1 jul. 2005.

ALWATTAR, A. et al. Synthesis and characterisation of fluorescent pyrene-end-capped
polylactide fibres. Polymer International, v. 68, n. 3, p. 360-368, 1 mar. 2019.

AMIN, F.; REHMAN, A.; ABBAS, M. Microhardness of heat cure acrylic resin after
treatment with disinfectants. Journal of the Pakistan Medical Association, v. 65, n. 8, p.
834-837, 2015.

ASTM. ASTM F813-07. Standard Practice for Direct Contact Cell Culture Evaluation
of Materials for Medical Devices. [s.I: s.n.].

ASVADI, N. H. et al. Evaluation of microporous polycaprolactone matrices for controlled
delivery of antiviral microbicides to the female genital tract. Journal of Materials
Science: Materials in Medicine, v. 24, n. 12, p. 2719-2727, 28 dez. 2013.

BAKHSHI, M. et al. Comparison of therapeutic effect of aqueous extract of garlic and
nystatin mouthwash in denture stomatitisGerodontology, jun. 2012. Disponivel em:
<http://doi.wiley.com/10.1111/j.1741-2358.2011.00544.x>. Acesso em: 17 maio. 2020

BARBOSA, P. B. B. M. et al. Evaluation of seed extracts from plants found in the Caatinga
biome for the control of Aedes aegypti. Parasitology Research, v. 113, n. 10, p. 3565—
3580, 24 out. 2014.

BATISH, D. R. et al. Eucalyptus essential oil as a natural pesticide. Forest Ecology and
Management, v. 256, n. 12, p. 2166-2174, 10 dez. 2008.

BHATTARAI, N. et al. Natural-synthetic polyblend nanofibers for biomedical
applications. Advanced Materials, v. 21, n. 27, p. 2792-2797, 20 jul. 20009.

BILBAO-SAINZ, C. et al. Solution blow spun poly(lactic acid)/hydroxypropyl
methylcellulose nanofibers with antimicrobial properties. European Polymer Journal, v.



82

54,n. 1, p. 1-10, 1 maio 2014.

BONAN, R. et al. In vitro antimicrobial activity of solution blow spun poly(lactic
acid)/polyvinylpyrrolidone nanofibers loaded with Copaiba (Copaifera sp.) oil. Mater Sci
Eng C Mater Biol Appl, v. 48, p. 372-377, 2015.

____. Poly(lactic acid)/poly(vinyl pyrrolidone) membranes produced by solution blow
spinning: Structure, thermal, spectroscopic, and microbial barrier properties. Journal of
Applied Polymer Science, v. 134, n. 19, 15 maio 2017.

BORASCHI, D.; CASTELLANGO, L. R. C.; ITALIANI, P. Editorial: Interaction of
Nanomaterials with the Immune System: Role in Nanosafety and Nanomedicine. Frontiers
in Immunology, v. 8, p. 1688, 28 nov. 2017.

BRASIL. Ministério da Saude. Secretaria de Ciéncia Tecnologia e Insumos
Estratégicos. Departamento de Assisténcia Farmacéutica e Insumos Estratégicos.
Programa Nacional de Plantas Medicinais e Fitoterapicos (Ministério da Saude,
Ed.)Brasilia: Ministério da Saude. Brasilia-DF: [s.n.]. Disponivel em:
<www.saude.gov.br/bvs>. Acesso em: 23 mar. 2020.

CABRINI CARMELLDO, J. et al. Antimicrobial photodynamic therapy reduces adhesion
capacity and biofilm formation of Candida albicans from induced oral candidiasis in mice.
Photodiagnosis and Photodynamic Therapy, v. 27, p. 402407, set. 2019.

CHAPMAN, B. et al. Changing epidemiology of candidaemia in Australia. Journal of
Antimicrobial Chemotherapy, v. 72, n. 4, p. 1103-1108, 2017.

CHAVES, T. P. et al. Evaluation of the potential modulator of bacterial resistance, acute
toxicity and chemical composition of Schinopsis brasiliensis Engl. African Journal of
Pharmacy and Pharmacology, v. 9, n. 33, p. 843-849, 8 set. 2015.

CHINATANGKUL, N. et al. Design and characterization of monolaurin loaded
electrospun shellac nanofibers with antimicrobial activity. Asian Journal of
Pharmaceutical Sciences, v. 13, n. 5, p. 459-471, 1 set. 2018.

CHINSEMBU, K. C. Plants and other natural products used in the management of
oral infections and improvement of oral healthActa TropicaActa Trop, , fev. 2016.
Disponivel em: <http://www.ncbi.nlm.nih.gov/pubmed/26522671>. Acesso em: 10 jun.
2020

CLSI. Clinical and Laboratory Standards Institute. Antimicrobial disk and dilution
susceptibility tests for bacteria isolated from animals. Wayne, PA: [s.n.]. Disponivel
em: <www.clsi.org.>. Acesso em: 11 jun. 2020.

CORONADO-CASTELLOTE, L.; JIMENEZ-SORIANO, Y. Clinical and microbiological
diagnosis of oral candidiasis. Journal of Clinical and Experimental Dentistry, v. 5, n. 5,
p. 279-286, 1 dez. 2013.

CORRADINI, E. et al. Flavonoids: Chemical properties and analytical methodologies
of identification and quantitation in foods and plantsNatural Product ResearchTaylor
& Francis Group, , mar. 2011. Disponivel em:
<http://www.tandfonline.com/doi/abs/10.1080/14786419.2010.482054>. Acesso em: 17
maio. 2020

CRAGG, G. M.; NEWMAN, D. J. Natural products: A continuing source of novel drug
leads. Biochimica et Biophysica Acta (BBA) - General Subjects, v. 1830, n. 6, p. 3670—



3695, jun. 2013.

DAVIES, A. et al. Cationic porphyrin-mediated photodynamic inactivation of Candida
biofilms and the effect of miconazole. Journal of Physiology and Pharmacology, v. 67, n.
5, p. 777-783, 2016.

DONATI, M. et al. Radical scavenging and antimicrobial activities of Croton zehntneri,
Pterodon emarginatus and Schinopsis brasiliensis essential oils and their major
constituents: Estragole, trans -anethole, B-caryophyllene and myrcene. Natural Product
Research, v. 29, n. 10, p. 939-946, 19 maio 2015.

ESENTURK, . et al. Voriconazole incorporated nanofiber formulations for topical
application: preparation, characterization and antifungal activity studies against Candida
species. Pharmaceutical Development and Technology, v. 25, n. 4, p. 440-453, 20 abr.
2020.

FATHI-AZARBAYJANI, A.; CHAN, S. Y. Single and multi-layered nanofibers for rapid
and controlled drug delivery. Chemical and Pharmaceutical Bulletin, v. 58, n. 2, p. 143—
146, fev. 2010.

FERNANDES, F. H. A. et al. Thermal characterization of dried extract of medicinal
plant by DSC and analytical techniquesJournal of Thermal Analysis and Calorimetry.

Anais...Springer, 12 ago. 2013Disponivel em: <http://link.springer.com/10.1007/s10973-
012-2807-3>. Acesso em: 17 maio. 2020

FERNANDES, F. H. A. et al. Development of a rapid and simple HPLC-UV method for
determination of gallic acid in Schinopsis brasiliensis. Brazilian Journal of
Pharmacognosy, v. 25, n. 3, p. 208-211, maio 2015.

FERNANDES, F. H. A. et al. Evaluation of compatibility between Schinopsis brasiliensis
Engler extract and pharmaceutical excipients using analytical techniques associated with
chemometric tools. Journal of Thermal Analysis and Calorimetry, v. 123, n. 3, p. 2531-
2542, 30 mar. 2016.

FERREIRA, G. L. S. et al. Does scientific evidence for the use of natural products in
the treatment of oral candidiasis exist? A systematic reviewEvidence-based
Complementary and Alternative MedicineEvid Based Complement Alternat Med, ,
2015. Disponivel em: <http://www.ncbi.nlm.nih.gov/pubmed/25883668>. Acesso em: 10
jun. 2020

FINKEL, J. S.; MITCHELL, A. P. Genetic control of Candida albicans biofilm
developmentNature Reviews Microbiology, fev. 2011. Disponivel em:
<http://www.nature.com/articles/nrmicro2475>. Acesso em: 17 maio. 2020

FORMIGA FILHO, A. L. N. et al. In vitro evaluation of antimicrobial photodynamic
therapy associated with hydroalcoholic extracts of schinopsis brasiliensis engl.: New
therapeutic perspectives. Photomedicine and Laser Surgery, v. 33, n. 5, p. 240-245, maio
2015.

FREIRES, I. DE A. et al. Coriandrum sativum L. (Coriander) essential oil: Antifungal
activity and mode of action on Candida spp., and molecular targets affected in human
whole-genome expression. PLoS ONE, v. 9, n. 6, p. €99086, 2014.

GAD, M. M.; FOUDA, S. M. Current perspectives and the future of Candida albicans-
associated denture stomatitis treatmentDental and medical problems, 31 mar. 2020.

83



84

Disponivel em: <http://www.dmp.umed.wroc.pl/pdf/2020/57/1/95.pdf>. Acesso em: 17
maio. 2020

GEBREMEDHIN, S. et al. Miconazole activity against Candida biofilms developed on
acrylic discs. Journal of Physiology and Pharmacology, v. 65, n. 4, p. 593-600, 2014.

GENDREAU, L.; LOEWY, Z. G. Epidemiology and Etiology of Denture Stomatitis.
Journal of Prosthodontics, v. 20, n. 4, p. 251-260, jun. 2011.

GHOLIZADEH, P. et al. Role of oral microbiome on oral cancers, a review. Biomedicine
and Pharmacotherapy, v. 84, p. 552-558, dez. 2016.

GONDIM, B. et al. Effect of chitosan nanoparticles on the inhibition of Candida spp.
biofilm on denture base surface. Archives of Oral Biology, v. 94, p. 99-107, out. 2018.

___. Plant Extracts-Loaded in Nanostructured Drug Delivery Systems as Alternatives for
the Treatment of Parasitic and Antimicrobial Diseases. Current Pharmaceutical Design,
v. 25, n. 14, p. 1604-1615, 16 ago. 2019.

GUIMARAES, G. P. Atividade antifngica de plantas medicinais frente a espécies de
Candida de interesse médico. [s.l.] Trabalho de Concluséo de Curso (Graduagdo em
Farmacia)- Universidade Estadual da Paraiba, Campina Grande, 2010.

GUPTA, B.; REVAGADE, N.; HILBORN, J. Poly(lactic acid) fiber: An
overviewProgress in Polymer Science (Oxford)Pergamon, , 1 abr. 2007. Disponivel em:
<https://www.sciencedirect.com/science/article/pii/S007967000700007X?via%3Dihub>.
Acesso em: 17 maio. 2020

HIROTA, K. et al. Pathogenic factors in Candida biofilm-related infectious
diseasesJournal of Applied MicrobiologyJ Appl Microbiol, , fev. 2017. Disponivel em:
<http://www.ncbi.nlm.nih.gov/pubmed/27770500>. Acesso em: 28 jun. 2020

HU, L. et al. Characterization of oral candidiasis and the Candida species profile in patients
with oral mucosal diseases. Microbial Pathogenesis, v. 134, p. 103575, set. 2019.

IRANI, M.; MIR MOHAMAD SADEGHI, G.; HARIRIAN, I. A novel biocompatible drug
delivery system of chitosan/temozolomide nanoparticles loaded PCL-PU nanofibers for
sustained delivery of temozolomide. International Journal of Biological
Macromolecules, v. 97, p. 744-751, abr. 2017.

ISO. ISO 10993-5:2009. Biological evaluation of medical devices - Part 5: tests for in
vitro cytotoxicity. Geneva: [s.n.].

IVANOVA, E. P.; BAZAKA, K.; CRAWFORD, R. J. Advanced synthetic polymer
biomaterials derived from organic sources. In: New Functional Biomaterials for
Medicine and Healthcare. [s.l.] Woodhead Publishing, 2014. p. 71-99.

JAVED, F. et al. Oral Candida carriage and species prevalence in denture stomatitis
patients with and without diabetes. J Biol Regul Homeost Agents, v. 31, n. 2, p. 343-346,
2017.

JOVITO, V. C. Atividades anti-Candida e analise da citotoxidade do extrato da folha
da Schinopsis brasiliensis Engl. [s.l.] Dissertacdo, (Mestrado em Odontologia) -
Universidade Federal da Paraiba, Jodo Pessoa, 2016.

KAMYAR, N. et al. Exploiting Inherent Instability of 2D Black Phosphorus for Controlled
Phosphate Release from Blow-Spun Poly(lactide- co-glycolide) Nanofibers. ACS Applied



85

Nano Materials, v. 1, n. 8, p. 4190-4197, 24 ago. 2018.

KARCZEWSKI, A. et al. Clindamycin-modified Triple Antibiotic Nanofibers: A Stain-free
Antimicrobial Intracanal Drug Delivery System. Journal of Endodontics, v. 44, n. 1, p.
155-162, jan. 2018.

KARIMI, S. et al. Amphotericin-B and vancomycin-loaded chitosan nanofiber for
antifungal and antibacterial application. Brazilian Journal of Pharmaceutical Sciences, v.
55, p. 1-9, 20109.

KAWASHITA, Y. et al. A retrospective study of factors associated with the development
of oral candidiasis in patients receiving radiotherapy for head and neck cancer Is topical
steroid therapy a risk factor for oral candidiasis? Medicine (United States), v. 97, n. 44, p.
e13073, nov. 2018.

KENAWY, E. R. et al. Release of tetracycline hydrochloride from electrospun
poly(ethylene-co-vinylacetate), poly(lactic acid), and a blend. Journal of Controlled
Release, v. 81, n. 1-2, p. 57-64, maio 2002.

KIM, E. J. et al. Preparation of biodegradable PLA/PLGA membranes with PGA mesh and
their application for periodontal guided tissue regeneration. Biomedical Materials, v. 4, n.
5, 20009.

KOU, L. et al. Biomaterial-engineered intra-articular drug delivery systems for
osteoarthritis therapy. Drug Delivery, v. 26, n. 1, p. 870-885, dez. 2019.

KREYLING, W. G.; SEMMLER-BEHNKE, M.; CHAUDHRY, Q. A complementary
definition of nanomaterial. Nano Today, v. 5, n. 3, p. 165-168, 1 jun. 2010.

KUMAR, A. et al. Conundrum and therapeutic potential of curcumin in drug
deliveryCritical Reviews in Therapeutic Drug Carrier Systems, 2010. Disponivel em:
<http://www.dl.begellhouse.com/journals/3667c4ae6e8fd136,51ceb58b7afcc5a4,297b013d
2b7226d6.html>. Acesso em: 17 maio. 2020

KUN, E. Mechanism of Enzymatic Reduction of Triphenyl Tetrazolium Chloride.
Proceedings of the Society for Experimental Biology and Medicine, v. 78, n. 1, p. 195—
197, 1 out. 1951.

LAVAEE, F. et al. Antifungal effect of the bark and root extracts of Punica granatum on
oral Candida isolates. Current Medical Mycology, v. 4, n. 4, p. 20-24, dez. 2018.

LEMKE, A.; KIDERLEN, A. F.; KAYSER, O. Amphotericin BApplied Microbiology
and Biotechnology, 9 ago. 2005. Disponivel em:
<http://link.springer.com/10.1007/s00253-005-1955-9>. Acesso em: 17 maio. 2020

LI, H. et al. In vitro and in vivo antifungal activities and mechanism of
heteropolytungstates against Candida species. Scientific Reports, v. 7, n. 1, p. 16942, 5
dez. 2017.

LIU, C.-X. et al. Drug Metabolism and Pharmacokinetics of Nanodrugs from Chinese
Medicines and Natural Products. Current Drug Metabolism, v. 13, n. 5, p. 659-666, 1
maio 2012.

LIU, Y. et al. Study on biodegradation process of lignin by FTIR and DSC.
Environmental Science and Pollution Research, v. 21, n. 24, p. 14004-14013, 20 dez.
2014.



LOUIS, K. S.; SIEGEL, A. C. Cell viability analysis using trypan blue: manual and
automated methods. In: STODDART, M. (Ed.). . Mammalian Cell Viability. Methods in
Molecular Biology (Methods and Protocols). 1. ed. Clifton: Humana Press, 2011. v.
740p. 7-12.

LU, X. et al. One-dimensional conducting polymer nanocomposites: Synthesis,
properties and applicationsProgress in Polymer Science (Oxford), 2011. Disponivel
em: <http://habana.gfa.uam.es/~Imc/ref/old/lull.pdf>. Acesso em: 17 maio. 2020

LUTZ, J. F.; HOTH, A. Preparation of ideal PEG analogues with a tunable
thermosensitivity by controlled radical copolymerization of 2-(2-methoxyethoxy)ethyl
methacrylate and oligo(ethylene glycol) methacrylate. Macromolecules, v. 39, n. 2, p.
893-896, 2006.

MACHADO, S. E. F. Avaliacdo da atividade antimicrobiana dos extratos fracionados
de casca e folha da Schinopsis Brasiliensis Engler. através de analise comparativa
entre os métodos de difusédo em disco e de cavidade em placa. [s.l.] Trabalho de
Conclusdo de Curso (Graduacdo em Farmacia)- Universidade Estadual da Paraiba,
Campina Grande, 2012.

MADUGULA, P. “Rhetoric to Reality”- Efficacy of Punica Granatum Peel Extract on Oral
Candidiasis: An In vitro Study. Journal of Clinical and Diagnostic Research, 2017.

MAKINEN, A. et al. Role of Non-Albicans Candida and Candida Albicans in Oral
Squamous Cell Cancer Patients. Journal of Oral and Maxillofacial Surgery, v. 76, n. 12,
p. 25642571, 2018.

MARCOS-ARIAS, C. et al. In vitro activities of natural products against oral Candida

isolates from denture wearers. BMC Complementary and Alternative Medicine, v. 11, p.

119, 26 nov. 2011.

MARTINS DE ANDRADE, V. et al. Antifungal and anti-biofilm activity of designed
derivatives from kyotorphin. Fungal Biology, v. 124, n. 5, p. 316-326, maio 2019.

MARTINS, K.; GONTIJO, S. Treatment of denture stomatitis: literature review. Revista
Brasileira de Odontologia, v. 74, n. 3, p. 215-220, 2017.

MARTORI, E. et al. Risk factors for denture-related oral mucosal lesions in a geriatric
population. Journal of Prosthetic Dentistry, v. 111, n. 4, p. 273-279, abr. 2014.

MAYER, F. L.; WILSON, D.; HUBE, B. Candida albicans pathogenicity mechanisms.
Virulence, v. 4, n. 2, p. 119-128, 15 fev. 2013.

MEDEIROS, A. C. D.; ALENCAR, L. C. B.; FELISMINO, D. DE C. Schinopsis
brasiliensis Engl. In: ALBUQUERQUE, U.; PATIL, U.; MATHE, A. (Eds.). . Medicinal
and Aromatic Plants of South America. Medicinal and Aromatic Plants of the World.
Dordrecht: Springer, Dordrecht, 2018. p. 421-429.

MEDEIROS, E. S. et al. Solution blow spinning: A new method to produce micro- and
nanofibers from polymer solutions. Journal of Applied Polymer Science, v. 113, n. 4, p.
2322-2330, 15 ago. 2009.

MENZIES, S. et al. Oral manifestations of lupus. Irish Journal of Medical Science, v.
187,n. 1, p. 91-93, fev. 2018.

MONTEIRO, L. C. et al. Candida on oral cavity of pediatric individuals with ALL and its

86



87

susceptibility to nystatin and amphotericin B. RGO - Revista Gaucha de Odontologia, V.
67, 2019.

MORADKHANNEJHAD, L. et al. Electrospinning of zein/propolis nanofibers;
antimicrobial properties and morphology investigation. Journal of Materials Science:
Materials in Medicine, v. 29, n. 11, p. 165, 3 nov. 2018.

MORIE, A. et al. Nanofibers as novel drug carrier - An overviewArtificial Cells,
Nanomedicine and BiotechnologyTaylor & Francis, , 2 jan. 2016. Disponivel em:
<http://www.tandfonline.com/doi/full/10.3109/21691401.2014.927879>. Acesso em: 17
maio. 2020

MORSE, D. J. et al. Denture-associated biofilm infection in three-dimensional oral
mucosal tissue models. Journal of Medical Microbiology, v. 67, n. 3, p. 364-375, mar.
2018.

MOTEALLEH, B. et al. Morphology, drug release, antibacterial, cell proliferation, and
histology studies of chamomile-loaded wound dressing mats based on electrospun
nanofibrous poly(e-caprolactone)/polystyrene blends. Journal of Biomedical Materials
Research - Part B Applied Biomaterials, v. 102, n. 5, p. 977-987, 2014.

MOYES, D. L. et al. Candidalysin is a fungal peptide toxin critical for mucosal infection.
Nature, v. 532, n. 7597, p. 6468, 7 abr. 2016.

MUSHI, M. F. et al. High Oral Carriage of Non-albicans Candida spp. among HIV-
infected individuals. International Journal of Infectious Diseases, v. 49, p. 185-188, ago.
2016.

NAKHAEI, O.; SHAHTAHMASSEBI, N. Study structural and up-conversion
luminescence properties of polyvinyl alcohol / CaF 2 : erbium nanofibers for potential
medical. Nanomedicine Journal, v. 2, n. 2, p. 160-166, 1 abr. 2015.

NASCIMENTO, G. G. F. et al. Antibacterial activity of plant extracts and phytochemicals
on antibiotic-resistant bacteria. Brazilian Journal of Microbiology, v. 31, n. 4, p. 247—
256, out. 2000.

NASCIMENTO, T. R. DE L. et al. Current Applications of Biopolymer-based Scaffolds
and Nanofibers as Drug Delivery Systems. Current Pharmaceutical Design, v. 25, n. 37,
p. 3997-4012, 17 dez. 2019.

NEPPELENBROEK, K. H. Sustained drug-delivery system: a promising therapy for
denture stomatitis? Journal of applied oral science : revista FOB, v. 24, n. 5, p. 420-422,
2016.

NEWMAN, D. J.; CRAGG, G. M. Natural Products as Sources of New Drugs from
1981 to 2014Journal of Natural ProductsJ Nat Prod, , 25 mar. 2016. Disponivel em:
<http://www.ncbi.nlm.nih.gov/pubmed/26852623>. Acesso em: 10 jun. 2020

NI, P. Y. et al. Injectable thermosensitive PEG-PCL-PEG hydrogel/acellular bone matrix
composite for bone regeneration in cranial defects. Biomaterials, v. 35, n. 1, p. 236-248, 1
jan. 2014.

NICKERSON, W. J.; MERKEL, J. R. A Light Activation Phenomenon in the Enzymatic
and Nonenzymatic Reduction of Tetrazolium Salts. Proceedings of the National Academy
of Sciences, v. 39, n. 9, p. 901-905, 1953.



88

NISHIMAKI, F. et al. Relationship Between the Quantity of Oral Candida and Systemic
Condition/Diseases of the Host: Oral Candida Increases with Advancing Age and Anemia.
Mycopathologia, v. 184, n. 2, p. 251-260, abr. 2019.

OLIVEIRA, A. M. G. C. Avaliacdo da atividade antimalarica e citotoxica de plantas
medicinais dos Biomas Caatinga e Amazonico. [s.l.] Dissertacdo (Mestrado em
Biodiversidade; Biologia Estrutural e Funcional.) - Universidade Federal do Rio Grande do
Norte, Natal, 2011.

OLIVEIRA, J. et al. Structural and morphological characterization of micro and nanofibers
produced by electrospinning and solution blow spinning: A comparative study. Advances
in Materials Science and Engineering, v. 2013, p. 1-14, 2013.

OLIVEIRA, J. E. et al. Nano and submicrometric fibers of poly(D, L -lactide) obtained by
solution blow spinning: Process and solution variables. Journal of Applied Polymer
Science, v. 122, n. 5, p. 3396-3405, 5 dez. 2011.

____. Development of poly(lactic acid) nanostructured membranes for the controlled
delivery of progesterone to livestock animals. Materials Science and Engineering C, v.
33, n. 2, p. 844-849, mar. 2013.

OLIVEIRA, J. R. DE et al. Antimicrobial activity of noncytotoxic concentrations of Salvia
officinalis extract against bacterial and fungal species from the oral cavity. General
Dentistry, v. 67, n. 1, p. 22-26, 2019.

PARIZE, D. et al. Solution blow spinning: Parameters optimization and effects on the
properties of nanofibers from poly(lactic acid)/dimethyl carbonate solutions. Journal of
Materials Science, v. 51, n. 9, p. 4627-4638, 3 maio 2016.

PATHIRANA, R. U. et al. Filamentous non-albicans Candida species adhere to Candida
albicans and benefit from dual biofilm growth. Frontiers in Microbiology, v. 10, n. MAY,
p. 1188, 20109.

PETERS, B. M. et al. Microbial interactions and differential protein expression in
Staphylococcus aureus -Candida albicans dual-species biofilms. FEMS Immunology and
Medical Microbiology, v. 59, n. 3, p. 493-503, ago. 2010.

PILEHVAR-SOLTANAHMADI, Y. et al. An Overview on Application of Natural
Substances Incorporated with Electrospun Nanofibrous Scaffolds to Development of
Innovative Wound Dressings. Mini-Reviews in Medicinal Chemistry, v. 18, n. 5, p. 414—
427, 2017.

RAO, T. et al. The pharmacogenetics of natural products: A pharmacokinetic and
pharmacodynamic perspectivePharmacological ResearchPharmacol Res, , 2019.
Disponivel em: <http://www.ncbi.nlm.nih.gov/pubmed/31129178>. Acesso em: 10 jun.
2020

REDDY, N.; XU, H.; YANG, Y. Unique natural-protein hollow-nanofiber membranes
produced by weaver ants for medical applications. Biotechnology and Bioengineering, v.
108, n. 7, p. 17261733, jul. 2011.

SANCHES, M. D. et al. Differential behavior of non-albicans Candida species in the
central nervous system of immunocompetent and immunosuppressed mice. Frontiers in
Microbiology, v. 10, n. JAN, 8 jan. 20109.

SANGLARD, D.; COSTE, A.; FERRARI, S. Antifungal drug resistance mechanisms in



89

fungal pathogens from the perspective of transcriptional gene regulationFEMS Yeast
Research, nov. 2009. Disponivel em: <https://academic.oup.com/femsyr/article-
lookup/doi/10.1111/}.1567-1364.2009.00578.x>. Acesso em: 17 maio. 2020

SANTOS, A. N. et al. Catechins As Model Bioactive Compounds For Biomedical
Applications. Current pharmaceutical design, v. 26, 2020.

SANTOS, C. C. S. et al. Evaluation of the toxicity and molluscicidal and larvicidal
activities of schinopsis brasiliensis stem bark extract and its fractions. Brazilian Journal of
Pharmacognosy, v. 24, n. 3, p. 298-303, maio 2014.

SANTOS, R. L. Desenvolvimento de um dentifricio a partir de extrato nebulizado de
Schinopsis brasiliensis Engler. [s.l.] Universidade Estadual da Paraiba, Campina Grande,
2013.

SANTOS, V. et al. Antifungal effect of electrospun nanofibers containing cetylpyridinium
chloride against Candida albicans. Brazilian Oral Research, v. 28, n. 1, p. 1-6, 2014.

SARAIVA, A. M. et al. In vitro evaluation of antioxidant, antimicrobial and toxicity
properties of extracts of schinopsis brasiliensis engl. (Anacardiaceae). African Journal of
Pharmacy and Pharmacology, v. 5, n. 14, p. 1724-1731, 15 out. 2011.

SARAIVA, A. M. et al. Atividade antimicrobiana e sinérgica das fracdes das folhas de
Schinopsis brasiliensis Engl. frente a clones multirresistentes de Staphylococcus aureus.
Revista Brasileira de Plantas Medicinais, v. 15, n. 2, p. 199-207, 2013.

SARTORATTO, A. et al. Composition and antimicrobial activity of essential oils from
aromatic plants used in Brazil. Brazilian Journal of Microbiology, v. 35, n. 4, p. 275-280,
dez. 2004.

SCHAFFAZICK, S. R. et al. Freeze-drying polymeric colloidal suspensions:
Nanocapsules, nanospheres and nanodispersion. A comparative study. European Journal
of Pharmaceutics and Biopharmaceutics, v. 56, n. 3, p. 501-505, nov. 2003.

SEMNANI, K. et al. Antifungal Activity of Eugenol Loaded Electrospun PAN Nanofiber
Mats Against Candida Albicans. Current Drug Delivery, v. 15, n. 6, p. 860-866, 27 jun.
2018.

SETTE-DE-SOUZA, P. H. et al. Thermal decomposition profile of chitosan microparticles
produced with Schinopsis brasiliensis Engler extract. Journal of Thermal Analysis and
Calorimetry, v. 131, n. 1, p. 829-834, 1 jan. 2018.

SHAPIRO, R. S.; ROBBINS, N.; COWEN, L. E. Regulatory Circuitry Governing Fungal
Development, Drug Resistance, and Disease. Microbiology and Molecular Biology
Reviews, v. 75, n. 2, p. 213-267, 1 jun. 2011.

SHARMA, R. et al. Development, optimization and evaluation of polymeric electrospun
nanofiber: A tool for local delivery of fluconazole for management of vaginal candidiasis.
Artificial Cells, Nanomedicine and Biotechnology, v. 44, n. 2, p. 524-531, 2016.

SILVA, K. M. A. et al. Modulation of the erythromycin resistance in Staphylococcus
aureus by ethanolic extracts of Ximenia americana L and Schinopsis brasiliensis Engl.
Boletin Latinoamericano y del Caribe de Plantas Medicinales y Aromaticas, v. 14, n.
2, p. 92-98, 2015.

SILVA, M. S. P. Ensaios pré-clinicos com extratos de plantas medicinais do semi-arido



90

nordestino: contribuicdo para o tratamento de infec¢Ges da cavidade bucal. [s.1.]
Dissertacdo (Mestrado em Epidemiologia e Promocéo de Salde) - Universidade Estadual
da Paraiba, Campina Grande, 2011.

___. Study bioprospecting of medicinal plant extracts of the semiarid northeast:
Contribution to the control of oral microorganisms. Evidence-based Complementary and
Alternative Medicine, v. 2012, p. 1-6, 2012.

SIRELKHATIM, N. et al. Polyacrylonitrile nanofibrous mat from electrospinning: Born
with potential anti-fungal functionality. European Polymer Journal, v. 119, p. 176-180, 1
out. 2019.

SOPPIMATH, K. S. et al. Biodegradable polymeric nanoparticles as drug delivery
devicesJournal of Controlled Release, jan. 2001. Disponivel em:
<https://linkinghub.elsevier.com/retrieve/pii/S0168365900003394>. Acesso em: 17 maio.
2020

SOUZA, M. et al. Controlled release of linalool using nanofibrous membranes of
poly(lactic acid) obtained by electrospinning and solution blow spinning: A comparative
study. Journal of Nanoscience and Nanotechnology, v. 15, n. 8, p. 5628-5636, 1 ago.
2015.

STAPLETON, P. D. et al. Modulation of B-lactam resistance in Staphylococcus aureus by
catechins and gallates. International Journal of Antimicrobial Agents, v. 23, n. 5, p.
462—-467, maio 2004.

TARAPAN, S. et al. Oral Candida colonization in xerostomic postradiotherapy head and
neck cancer patients. Oral Diseases, v. 25, n. 7, p. 1798-1808, out. 2019.

TONG, Y.; TANG, J. Candida albicans infection and intestinal immunity. Microbiological
Research, v. 198, p. 27-35, maio 2017.

TONGLAIROUM, P. et al. Fast-acting clotrimazole composited PVP/HPBCD nanofibers
for oral candidiasis application. Pharmaceutical Research, v. 31, n. 8, p. 1893-1906, 20
ago. 2014.

___. Fabrication of mucoadhesive chitosan coated
polyvinylpyrrolidone/cyclodextrin/clotrimazole sandwich patches for oral candidiasis.
Carbohydrate Polymers, v. 132, p. 173-179, 5 nov. 2015.

__. Fabrication and Evaluation of Nanostructured Herbal Oil/Hydroxypropyl-p-
Cyclodextrin/Polyvinylpyrrolidone Mats for Denture Stomatitis Prevention and Treatment.
AAPS PharmSciTech, v. 17, n. 6, p. 1441-1449, 28 dez. 2016.

TSENG, Y. Y. et al. Biodegradable drug-eluting poly[lactic-co-glycol acid] nanofibers for
the sustainable delivery of vancomycin to brain tissue: In vitro and in vivo studies. ACS
Chemical Neuroscience, v. 4, n. 9, p. 1314-1321, 18 set. 2013.

TSUTSUMI, C.; TAKAKUDA, K.; WAKABAYASHI, N. Reduction of Candida biofilm
adhesion by incorporation of prereacted glass ionomer filler in denture base resin. Journal
of Dentistry, v. 44, p. 37-43, jan. 2016.

UHRICH, K. E. et al. Polymeric Systems for Controlled Drug Release. Chemical Reviews,
v. 99, n. 11, p. 3181-3198, 10 nov. 1999.

VANDEPUTTE, P.; FERRARI, S.; COSTE, A. T. Antifungal resistance and new



91

strategies to control fungal infectionsinternational Journal of Microbiology, 2012.
Disponivel em: <http://www.hindawi.com/journals/ijmicro/2012/713687/>. Acesso em: 17
maio. 2020

VEILLEUX, M. P.; GRENIER, D. Determination of the effects of cinnamon bark fractions
on Candida albicans and oral epithelial cells. BMC Complementary and Alternative
Medicine, v. 19, n. 1, p. 303, 8 nov. 2019.

VIANA, J. F. C. et al. Antifungal nanofibers made by controlled release of sea animal
derived peptide. Nanoscale, v. 7, n. 14, p. 6238-6246, 26 mar. 2015.

VILA, T. et al. Oral candidiasis: A disease of opportunityJournal of
FungiMultidisciplinary Digital Publishing Institute, , 16 jan. 2020. Disponivel em:
<https://www.mdpi.com/2309-608X/6/1/15>. Acesso em: 17 maio. 2020

WANG, F. et al. Preparation, characterization and properties of porous PLA/PEG/curcumin
composite Nanofibers for antibacterial application. Nanomaterials, v. 9, n. 4, p. 508, 2 abr.
2019.

WATTIER, R. L.; STEINBACH, W. J. Antifungal Agents. In: LONG, S. S.; PROBER, C.
G.; FISCHER, M. (Eds.). . Principles and Practice of Pediatric Infectious Diseases. 5.
ed. [s.l.] Elsevier, 2018. p. 1532-1541.e3.

WHITE, T. C.; MARR, K. A.; BOWDEN, R. A. Clinical, Cellular, and Molecular Factors
That Contribute to Antifungal Drug Resistance. Clinical Microbiology Reviews, v. 11, n.
2, p. 382-402, 1998.

WILLIAMS, D. F. On the nature of biomaterials. Biomaterials, v. 30, n. 30, p. 5897-5909,
2009.

WU, Y. et al. Microglia and amyloid precursor protein coordinate control of transient
Candida cerebritis with memory deficits. Nature Communications, v. 10, n. 1, p. 58, 4
dez. 20109.

XU, F. et al. Improvement of cytocompatibility of electrospinning PLLA microfibers by
blending PVP. Journal of Materials Science: Materials in Medicine, v. 20, n. 6, p. 1331-
1338, 22 jun. 2009.

XU, J. et al. Eucalyptal D enhances the antifungal effect of fluconazole on fluconazole-
resistant candida albicans by competitively inhibiting efflux pump. Frontiers in Cellular
and Infection Microbiology, v. 9, n. JUN, 20 jun. 2019.

YADAV, P. et al. Biomedical biopolymers, their origin and evolution in biomedical
sciences: A systematic reviewJournal of Clinical and Diagnostic Research, 2015.
Disponivel em: <http://jcdr.net/article_fulltext.asp?issn=0973-
709x&year=2015&volume=9&issue=9&page=ZE21&issn=0973-709x&id=6565>. Acesso
em: 17 maio. 2020

YU, H. et al. Enhancement of solubility and dissolution rate of cryptotanshinone,
tanshinone i and tanshinone 1A extracted from Salvia miltiorrhiza. Archives of
Pharmacal Research, v. 35, n. 8, p. 1457-1464, 1 ago. 2012.

ZAGO, P. M. W. et al. Anti-biofilm action of Chenopodium ambrosioides extract,
cytotoxic potential and effects on acrylic denture surface. Frontiers in Microbiology, v.
10, n. JULY, p. 1724, 13 ago. 2019.



92

ZANDER, Z. K. et al. Control of Mesh Size and Modulus by Kinetically Dependent Cross-
Linking in Hydrogels. Advanced Materials, v. 27, n. 40, p. 6283-6288, 1 out. 2015.

ZHANG, W.; RONCA, S.; MELE, E. Electrospun nanofibres containing antimicrobial
plant extracts. Nanomaterials, v. 7, n. 2, 2017.

ZHANG, Y. Q. et al. Requirement for ergosterol in V-ATPase function underlies antifungal
activity of azole drugs. PLoS Pathogens, v. 6, n. 6, p. e1000939, 3 jun. 2010.



ANEXO

93

ANEXO

Normas para submissdo de artigos ao periédico Archives of Oral Biology.



94



ARCHIVES OF ORAL BIOLOGY

A Multidiscplinary Journal of Oral & Craniofadal Sciences

B AUTHOR INFORMATION PACK

TABLE OF CONTENTS

. Description p.1
. Audience p.1
. Impact Factor p.1
. Abstracting and Indexing p.2
. Editorial Board p.3
. Guide for Authors p.4
DESCRIPTION

Archives of Oral Biolegy is an intemational journal which aims to publish papers of the highest scientific
quality in the oral and craniofacial sciences incduding:

Developmental biology Cell and molecular biology Maolecular genetics Immunclogy Pathogenesis
Microbiology Biclogy of dental caries and periodontal disease Forensic dentistry Neuroscience Salivary
biology Mastication and swallowing Comparative anatomy Paeleodontology Archives of Oral Biology
will alse publish expert raviews and articles concerned with advancement in relevant methodologies.
The journal will only consider dinical papers where they make a significant contribution to the
understanding of a disease procass. Journal Metrics

AUDIENCE

Oral biologists, physiolegists, anatomists, pathologists,

IMPACT FACTOR

2019: 1.821 © Clarivate Analytics Joumnal Citation Reports 2020

AUTHOR INFORMATION PACEK 12 Jul 2020 wenwi, elsevien.com/locate/archoralbio 1

95



ABSTRACTING AND INDEXING

Elsevier BIOBASE

Mutrition Research Newsletter

MNutrition Abstracts and Reviews Series
PharmacoEconomics and Outcomes News
Pig News and Information

Reactions Weekly

Review of Madical and Vaterinary Entomaology
Science Citation Index

SIIC Data Bases

Soils and Fertilizers

Sugar Industry Abstracts

Tropical Diseasss Bullatin

Veterinary Bullstin

Vitis Viticulture and Enology Abstracts
Biological Abstracts

Animal Breeding Abstracts

BIOSIS Previews

Current Awarenass in Biological Sciences
Abstracts in Anthropology

Abstracts on Hygiene and Communicable Diseases

Dairy Science Abstracts

GeoRef

Index Veterinarius

Inpharma Weekly

Medical and Surgical Dermatology
Abstracts of Mycaology

AgBiotech Mews and Information
Maize Abstracts Online

Postharvest News and Information
Review of Agricultural Entomology
Small Animals

Soybean Abstracts {Online Edition)
Speleclogical Abstracts

Agris

Aquatic Sciences and Fisheries Abstracts
Arts and Humanities Citation Index
CABI Information

Cancerit

Gale Database of Publications & Broadcast Media

Global Health

Inside Conferences

151 Science Citation Index
Pascal Francis

RTECS (Registry of Towic Effects of Chemical Substances)

Web of Science
SPORTDiscus

TOXFILE

UnCover

Zoological Record

BIOSIS Toxicology

CSA Life Sciences Abstracts
Research Alert

BIOSIS Citation Index
Elsevier BIDBASE

Chemical Abstracts
Current Contents - Life Sciences
Current Contents

Current Contents

Current Contents

PubMed/Medline
QEE&ER INFORMATION PACK 12 Jul 2020

werwi. elsevien.com/locatefarchoralbio

96



EDITORIAL BOARD
Editors-in-Chief

S.W. Cadden, University of Dundee, DD1 4HN, Dundes, United Kingdom
F. T. Lundy, Queen's University Belfast, BT7 1NN, Belfast, United Kingdom

Associate Editors

G.N. Balibasakis, Karolinska Institute, Stockhalm, Sweden
P.M. Castelo, Federal University of Sac Paulo, Institute of Environmental, Chemical and Pharmaceutical

Sdences, Diadema, Brazil

D. Grenier, Laval University, I%I_I.leben. Quebec, Canada
Carolina at Chapel Hill, Chapel Hill, North Carolina, United States

1.T. Wright, University of No

Editorial Board

V. Arana-Chawez, S3o Paulo, Brazil

Z. Bian, Wuhan, China

G. H. Carpenter, Londen, United Kingdom
J-h Chen, Xian, China

K. Cogo-Miiller, 53a Paulo, Brazil

C. Dawes, Winnipeg, Canada

X. Duan, ¥ian, China

M.B.D. Gawiao, Campinas, Brazil

H. van der Glas, Utrecht, Netherlands

5. Herring, Seattle, United States

¥. Jin, Xizn, China

C. P. McArthur, Kansas City, United States
L. Mai, Dunedin, New Zealand

G. Murray, Sydney, Australia

1. ¥. Ro, Baltimore, United States

C. Robinson, Leeds, United Kingdom

L. P. Samaranayake, Sai Ying Pun, Hong Kaong
B.). Sessle, Toronto, Canada

P.T. Sharpea, London, United Kingdom
A.J. Smith, Birmingham, United Kingdom
P. Stashenko, Cambridge, United States
D Steinberg, Jerusalem, Israel

H. Suda, Tokyo, Japan

K. Tanne, Higashi-Hireshima, Japan

L. Walsh, Brishane, Australia

M.Q. Wang, Xizn, China

AUTHOR INFORMATION PACK 12 Jul 2020

wwiw. elsevier.com/locate/archoralbio

97



GUIDE FOR AUTHORS
Editors-in-Chief:

Professor 5 W Cadden, Dundee, Scotland
Dr Fionnuala T. Lundy, Northern Ireland, UK

Archives of Oral Biology is an international journal which aims to publish papers of the highest scientific
quality reporting new knowledge from the orofadal region including:
¢ developmental biology

cell and molecular biology

+ molecular genetics

« immunclogy

+ pathogenesis

# microbiclogy

s biology of dental caries and pericdontal dissasze

L]

L]

L

L

L

forensic dentistry
neuroscience
salivary biology
mastication and swallowing
comparative anatomy

+ paslecdontology

Archives of Oral Biology will also publish expert reviews and articles concerned with advancement in
relevant methodologies. The joumnal will consider clinical papers only where they make a significant
contribution to the understanding of a disease process.

These guidelines generally follow the Uniform Requirements for Manuscripts Submitted to Biomedical
Joumals

Original papers and review articles are welcomad, There will be no differentiation on the basis of
length into full or short communications. Editorial commentaries will also be considered but only by
invitation. All submissions will be refereed.

Page charges
Thizs journal has no page charges.

You should use this list to carry out a final check of your submission before you send it to the journal
for review. Please chack all relevant sections in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
# E-mail address
# Full postal address

All necazsary files have been uploadad:

Manuscrpt:

¢ Include keywords

o All figures {include relevant captions)

« All tables {including titles, description, footnotes)

¢ Ensure all figure and table citations in the text match the files provided
# Indicate clearly if color should be used for any figures in print
Graphical Abstracts (where applicable)

Highlights (where applicable])

Supplemental files (where applicabla)

Further considerations

# Manuscript has been "spell chadked' and "grammar checked'
» All references mentioned in the Reference List are dted in the text, and vice versa

AUTHOR INFORMATION PACK 12 Jul 2020 v, el sevier comflocatefarchoralbic 4

98



# Permission has been obtained for use of copyrighted material from other sources (induding the
Internet)

# Relevant declarations of interest have been made

# Declarations of authors' contributions have been made if there are four or more authors

# Journal policies detailed in this guide have been reviewsad

# Referse suggestions and contact details provided, based on journal reguirements

Faor further information, visit our Support Center
BEEFORE YOU BEGIN

Ethics in publishing

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Studies in humans and animals

If the work involves the use of human subjects, the author should ensure that the work described
has been carried out in accordance with The Code of Ethics of the World Medical Association
{Declaration of Helsinki) for experiments involving humans. The manuscript should be in line with the
Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical
Journals and aim for the inclusion of representative human populations (sex, age and ethnicity) as
per thoss recommendations. The terms sex and gender should be usad correctly.

Authors should indude a statement in the manuscript that informed consent was obtained for
sxparimentation with human subjects. The privacy rights of human subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the UK. &nimals (Scientific Procedurss) Act, 1985 and associated guidelines, EU
Directive 2010/53/EU for animal experiments, or the National Institutes of Health guide for the care
and use of Laboratory animals {NIH Publications No. 8023, revised 1978) and the authors should
clearly indicate in the manuscript that such guidelines have been followed. The sex of animals must
be indicated, and where appropriate, the influence {or assodation) of sex on the results of the study.

Declaration of interest

All authors must disclose any finandial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony. patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interast statement in the title page file (if double-blind) or the
manuscript file (if single-blind). If there are no interests to declare then please state this: "'Declarations
of interest: none'. This summary statement will be ultimately published if the article is accepted.
2. Detzailed disclosures as part of a separate Declaration of Interest form, which forms part of the
journal’s official records. It is important for potential interests to be declared in both places and that
the information matches. Mare information.

Submission of an article implies that the work described has not been published previously {except
in the form of an abstract or as part of a published lecture or academic thesizs or as an electronic
preprint, see 'Multiple, redundant or concurrent publication' saction of our sethics policy for mora
information), that it is not under consideration for publication elsewheare, that its publication is
approved by all authors and tacitly or explicitly by the responsible authorities whare the work was
carried out, and that, if accepted, it will not be published elsewhere in the sama form, in English or in
any other language, including electronically, without the written consent of the copyright-holder. To
werify originality, vour article is likely to be checked by the originality detection sarvice CrossCheck.

Preprints

Please note that preprints can be shared anywhera at any time, in line with Elsevier's sharing palicy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication” for more information).

AUTHOR INFORMATION PACK 12 Jul 2020 www elseviencom/locatel archoralbio 5

99



100

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
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miore information on this)., An e-mail will be sent to the cormresponding author confirming receipt of
the manuscript togsther with a "Journal Publizhing Agreesment’ form or a link to the online version
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Author rights
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Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier joumnals.
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the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
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Ressarcher Academy is a free e-learning platform designed to support eardy and mid-career
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grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system conwverts your article files to a single PDF file used in
the peer-review process. Editable files (2.g., Word, LaTeX] are required to typeset your artide for
final publication. All correspondence, including notification of the Editor's dedsion and requests for
revision, is sent by e-mail.

PREPARATION

This journal operates a single blind review process. All contributions will be initially assessed by the
aditor for suitability for the journal. Papers deemed suitable are then typically sent to 2 minimum of
two independent expert reviewers to assess the scientific guality of the paper The Editor is responsible
for the final decision regarding acceptance or rejection of articles, The Editor's decdision is final. Maors
information on types of peer review.

Use of word processing software
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will be required whether or not you embed vour figures in the text. See also the section on Electronic
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To minimize unnecessary errors you are strongly advised to use the “spell-check’ and 'grammar-check’
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Manuscnpt Structure
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Introduction
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Discussion should in general be reserved for that section. The introduction may concdude with the
reason for deing the work but should not state what was done nor the findings.

Materials and Methods
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Authors are requested to make plain that the conditions of animal and human experimentation are
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Reasults or Findings

These should be given clearly and concisaly. Care should be taken to aveid drawing inferences that
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Discussion
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of published literature.

Conclusions
The main conclusions of the study may be presented in a short Cenclusions saction, which may stand
alone or form a subsection of a Discussion section.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

+ Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was dong) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author

* Corresponding author. Clearly indicate who will handle comrespondence at all stages of referasing
and publication, also post-publication. This responsibility includes answering any future gqueries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the artide was
done, or was visiting at the time, a 'Present address' (or 'Permanent addrass") may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retainad as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

As titles frequently stand alone in indexes, bibliographic journals etc., and indexing of papers is, to an
increasing extent, becoming computerized from key words in the titles, it is important that titles showld
be as concise and informative as possible. Thus the animal spedes to which the cbservations refer
should always be given and it is desirable to indicate the type of method on which the observations
are based, e.g. chemical, bactericlogical, electron-micrescopic, histochemical, etc. A "running title"
of not more than 40 letters and spaces must also be supplied. A keyword index must be supplied
for each paper.

Highlights are mandatory for this joumnal as they help increase the discoverability of your artide via
search engines. They consist of a short collection of bullet points that capture the novel results of
your research as well as new methods that were used during the study (if any}. Please have a look
at the examples here: example Highlights.
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Highlights should be submitted in a separate aditable file in the online submission system. Pleass
use "Highlights' in the file name and indude 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

The paper should be prefaced by an abstract aimed at giving the entire paper in miniature. Abstracts
should be no longer than 250 words and should be structured as per the guidelines published in the
Joumal of the American Meadical Association (JAMA 1995; 273: 27-34). In brief, the abstract should be
divided into the following sections: (1) Objective; (2) Design - if clinical, to indude setting, selaction
of patients, details on the intervention, outcome measures, etc.; if laboratory ressarch, to include
detzils on methods; (3) Results; (4) Conclusions.

Immediately after the abstract, provide a maximum of & keywords, using British spelling and avoiding
general and plural terms and multiple concepts (avoid, for example, "and’, 'of'). Be sparing with
abbreviations: only abbreviations firmly established in the field may be eligible. These keywords will
be usad for indexing purpossas,

Az Archives of Oral Biolegy is a journal with a multidisciplinary readership, abbreviations, excapt thoss
universally understood such as mm, g, min. uwv., wiv and those listed below, should be avoided if
possibla, Examples of abbreviations which may be used without definition are: ADP, AMP, ATF, DEAE-
cellulose, DNA, RNA, EDTA, EMG, tris.

Other abbreviations usad to improve lagibility should be listed as a footnote on the title page as well
as being defined in both the abstract and the main text on first usage. Chemical symbols may be used
for elements, groups and simple compounds, but excessive usa should be avoided. Abbreviations
other than the above should not ba used in tides and even these should be avoided if possibla.

Acknowladgemeants

Collate acknowledgements in a separate section at the and of the article before the references and do
not, therefors, include them on the title page, as a footnote to the title or otherwise. List here thoss
individuals who provided help during the ressarch {(e.qg., providing language help, writing assistance
or proof reading the article, etc.) but who did not meet all the criteria for authorship (ses Authorship
section abowve).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers oo, yyyy]:
the Bill & Melinda Gates Foundation, Seattls, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that providad the funding.

If no funding has been provided for the research, please indude the following sentenca:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Organisms should be referrad to by their scientific names according to the binomial system. When first
mentioned the name should be spelt in full and in italics. Afterwards the genus should be abbreviated
to its initial letter, e.g. 'S. aureus' not 'Staph. aursus'. If abbreviation is likely to cause confusion
or rendar the intended meaning unclear, the names of microbes should be spelt in full. Only thoss
names which were included in the Approved List of Bacterial Names, Int 1 Syst Bacteriol 1930; 30:
225-420 and thosa which have been walidly publizhed in the Int J Syst Bacteriol since 1 January 1980
have standing in nomendature, If there is good reason to use a name that does not have standing
in nomenclature, the names should be enclosed in quotation marks and an appropriate statement
conceming the nomenclatural status of the name should be made in the text (for an example s=ea
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Int 1 Syst Bactericl 1980; 20: 547-358). When the genus alone is used as a noun or adjective, usa
lower case Roman not italic, e.g.'organisms were staphylococc’ and "streptococcal infection”. If tha
genus is spacifically referrad to use italics e.g. "organisms of the genus Staphylococcus'. For genus
in plural, use lower case roman e.g. "salmonellas’; plurals may be anglicized e.g."salmonellas’. For
trivial names, use lowsr case Roman e.g. 'meningococcus’

Image manipulation

Whilst it is accepted that authors sometimes nead to manipulate images for clarty, manipulaticn for
purposas of deception or fraud will be seen as scientific ethical abuse and will be dealt with accordingly.
For graphical images, this journal is applying the following peolicy: no specific feature within an imaga
may be enhanced, obscured, moved, removed, or introduced. Adjustments of brightness, contrast,
or color balance are acceptabla if and as long as they do not obscure or eliminate any information
present in the original. Nonlinear adjustments (e.g. changes to gamma settings) must be disclosed
in the figura lagend.

Elactronic artwork

Genearal points

s Make sura you use uniform lattering and sizing of yvour original artwork.

# Embed the used fonts if the application provides that option.

& Aim to usa the following fonts in your illustrations: Aral, Courier, Times Naw Roman, Symbol, or
use fonts that look similar

¢ Number the illustrations according to their sequence in the text.

# Lse a logical naming convention for your artwork files,

* Provide captions to illustrations separately.

¢ Size the illustrations close to the desired dimensions of the published version.

» Submit sach illustration as a separate file.

# Ensurs that color images are accessible to all, including those with impaired color vision.

A detailed guide on eledtronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application {Word, PowerPoint, Excel) then
please supply "as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic arbweork is
finalized, plaasa 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given balow):

EPS (or PDF): Vector drawings, embed all usad fonts.

TIFF {or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 200 dpi.

TIFF {or JPEG): Bitmappad (pure bladk & white pixels) line drawings, kesp to a minimum of 1000 dpi.
TIFF {or JPEG): Combinations bitmapped lina/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

» Supply files that are optimized for screen use (e.g., GIFE BMP, PICT, WPG): these typically have a
low number of pixels and limited sat of colors;

» Supply files that are too low in resolution;

# Submit graphics that are disproportionately large for the content.

Ilustration services

Elsevier's Author Services offers Illustration Services to authors preparing to submit a manuscript but
concemead about the quality of the images accompanying their article. Elsevier's expart illustrators
can produce scentific, technical and medical-style images, as wall as a full range of charts, tables
and graphs. Image 'polishing” is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the wabsite to find out mora.

Please submit tables as editable text and not as images. Tables can be placed sither next to tha
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Ba
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described alsewheare in the article. Please aveoid using vertical rules and shading in table cells.
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Data references

This journal encourages you to dte underlying or relevant datasets in yvour manuscript by citing them
in your text and including a data reference in your Reference List. Data references should indude the
following elements: author name(s), dataset title, data repository, version [where available), yvear
and global persistent identifier. Add [dataset] immediately before the reference so we can propearly
identify it as a data reference. The [datassat] identifier will not appear in your published article.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and biblicgraphies
will be automatically formatted in the joumal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remowve all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

APA {American Psychological Association) 7th Edition

Text: Citations in the text should follow the referencing style used by the American Psychological
Association. You are referred to the Publication Manual of the American Psychological Association,
Seventh Edition, ISBN 973-1-4338-0561-5, copies of which may be ordered online or APA Order
Dept., OB, 2710, Hyattsville, MD 20784, USA or APA, 3 Henristta Street, London, WC3E SLU, k.
List: references should be arranged first alphabetically and then further sorted chronoclogically if
necessary. More than one reference from the same author{s} in the same year must be identified by
the letters 'a', 'b', 'c', etc., placed after the year of publication.

Examplas:

Reference to a journal publication:

Van der Geer, 1., Hamraads, J. A. 1., & Lupton, R, A. {2010}, The art of writing a scientific article.
Journal of Scientific Communications, 163, 51-59. https://doi.org/10.1016/].5c.2010.0037 2.
Reference to a journal publication with an articde number:

Van der Geer, 1., Hamraads, J. A. 1., & Lupton, R. A, {2018}, The art of writing a scientific article.
Heliyon, 19, 00205, https://doi.org/10.101&/j.helivon.2018.=00205.

Reference to a book:

Strunk, W., I, & White, E. B. (2000}, The elements of sfyle. (4th ed.). New York: Longman, (Chapter
4,

Refarence to a chapter in an edited book:

Mettam, G. R., & Adams, L. B. {2009). How to prepare an electronic version of your article. In B. S.
Jones, & R. Z. Smith (Eds.), Introeduction to the slactronic age (pp. 281-304). New York: E-Publishing
Imc.

Refarence to a website:

Cancer Ressarch UK. Cancer statistics reports for the UK. (2003}, http://www.cancerressarchuk.org/
aboutcancer/statisticsf cancerstatsreport/ Accessed 13 March 2003.

Refarence to a dataset:

[dataset] Oguro, M., Imahire, 5., Saito, S., Nakashizuka, T. (2015). Mortality data for Japansses
oak wilt diseasa and surrounding forest compaositions. Mendeley Data, v1. hittps://doi.org/10. 17632/
*wj%8nb39r1.

Refarence to a conference paper or poster presentation:

Engle, E.K.. Cash, T.F, & Jarry. 1.L. {2009, Movember). The Body Image Behaviours Inventory-3:
Development and validation of the Body Image Compulsive Actions and Body Image Avoidance Scales.
Poster session presentation at the meeting of the Assocdation for Behavioural and Cognitive Therapies,
MNews York, NY.

Include interactive data visualizations in your publication and let your readers interact and engage
more cosely with your research. Follow the instructions here to find out about available data
visualization options and how to incude them with your article.
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Ressarch data

This joumal encourages and enables you to share data that supports your ressarch publication
where appropriate, and enables you to interlink the data with your published articles. Ressarch data
refers to the results of obssrvations or experimentation that validate research findings. To fadilitate
reproducibility and data reuse, this journal also encourages you to shara your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Balow are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list, Please refer to
the "References" section for mora information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the ressarch data page.

Data linking

If you have made your research data availabla in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositorias, giving readars access to underlying data that gives them a better understanding
of the research describad.

There are different ways to link your datassts to your articla,

When available, vou can directly link yvour datasst to your articde by providing the relevant information
in the submission system. For more information, visit the database linking page . For supported
data repositories  a repository banner will automatically appear next to your published article on
ScenceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of vour
manuscript, using the following format: Database: xwxx (e.g. TAIR: AT1G01020; CCDC: 734053;
PDE: 1XFN).

Mendaley Data

Thizs journal supports Mendeley Data, snabling vou to deposit any ressarch data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) assodated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload vour relevant datassts directly to Mendalay
Data. Tha datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mandeley Data for journals page.

Data statament

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If yvour data is unavailable to access
or unsuitable to post, vou will have the epportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with vour
published article on SciencelDirect. For more information, wisit the Data Statement page.

AFTER ACCEPTANCE

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof
comections within two days. Comresponding authors will receive an e-mail with a link to cur online
proofing system, allowing annotation and correction of proofs online. The envircnment is similar to
MS Word: in addition to editing text, yvou can also comment on figures/tables and answer guestions
from the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing
you to directly type your cormrections, eliminating the potential introduction of errors.

If preferred, you can still chooss to annotate and upload your edits on the PDF wversion. All instructions
for proofing will be given in the e-mail we send to authors, induding altermative methods to the online
version and PDF
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We will do everything possible to get your artidle published quickly and accurately. Please use this
proof only for checking the typasstting, editing, completeness and correckness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in ene communication. Please check carefully before replying, as inclusion of any subseguent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on SdencelDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the artide is
accepted for publication. Both comresponding and co-authors may order offprints at any time via
Elsevier's Author Services. Comresponding authors who have published their artide gold open access
do not receive a Share Link as their final published version of the article is available opan access on
SdenceDirect and can be shared through the article DO1 link.

Authors should ensure that the presentation and statistical testing of data are appropriate and should
seek the advice of a statistician if necessary. A number of common emars should be avoided, e.g.: -

# Use of parametric tests when nen-parametric tests are required

# Inconsistencies bebtweean summary statistics and statistical tests such as giving means and standard
deviations for data which were analysed with non-parametric tests.

# Multiple comparisons undartaken with multiple t tests or non-parametric equivalents rather than
with analysis of variance (ANOVA) or non-parametric equivalents.

# Post hoc tests being used following an ANOWVA which has yielded a non-significant result.

+ Incomplete names for tests {e.g. stating "Student's t test" without qualifying it by stating "single

sample"”, "paired" or "independent sample™)

# n wvalues being given in a way which obscures how many independent samples there were (2.g.
stating simply n=50 when 10 samplesfmeasuremants were obtained from each of 5 animals/human
subjects).

# Stating that P=0.000 (a figure which is generated by some computer packages). The correct
statement (in this case) is P<0.0005.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything frem
Frequently Asked Questions to ways to gat in touch.
You can also check the status of your submitted article or find out when your accepted article will

be publishad.

€ Copyright 2018 Elsevier | https://www.elsevier.com
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