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"“The most beautiful thing we can experience
is the mysterious. [t is the source of all

. ”
true art and science.
(Albert Cinstein)
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Dovigo LN. Investigacdo do efeito fotodindmico da curcumina sobre espécies de
Candida. Estudos in vitro e in vivo [Tese de Doutorado]. Araraquara: Faculdade

de Odontologia da UNESP; 2011.

RESMWLO

Esta investigacdo teve como objetivo avaliar: 1. a viabilidade de
utilizagdo da curcumina como agente fotossensibilizador (PS) em Terapia
Fotodinamica (PDT) para inativagdo de uma cepa padrao de Candida albicans e
seu efeito toxico sobre culturas celulares de macrofagos; 2. a efetividade da PDT
mediada pela curcumina para inativagao de suspensdes planctonicas e biofilmes
formados por diferentes isolados clinicos de C. albicans, Candida tropicalis e
Candida glabrata; 3. a fotoinativagdo de C. albicans, presente em candidose
induzida em camundongos, por meio da utilizagdo de diferentes concentragdes de
curcumina. No primeiro estudo, suspensodes planctonicas de C. albicans (ATCC
90028) foram expostas a nove concentracdes de curcumina (0,005; 0,01; 0,05;
0,1; 0,5; 1, 5, 10 e 20uM) e oito doses de luz (1,32; 2,64; 3,96; 5,28; 6,60; 13,20 e
26,4J/cm®). O efeito de diferentes tempos de pré-irradiacio (PIT), a possivel
captacao de curcumina pelas células fungicas e participacao do oxigénio singlete
na fotoinativagdo também foram avaliados. Adicionalmente, a PDT mediada pela
curcumina foi avaliada em biofilmes formados pela cepa de referéncia de C.
albicans e sobre culturas celulares de macrofagos. Além disso, as caracteristicas
opticas da solucdo de curcumina foram investigadas em fun¢do da dose de luz
utilizada. Os resultados foram submetidos a andalise descritiva, Analise de
Variancia (ANOVA) e Kruskal-Wallis (o= 5%). As suspensdes planctonicas de C.
albicans foram completamente inativadas com a utilizacdo de 20uM de curcumina
e 5,28J/cm2. Além disso, foi observada redugdo significativa na viabilidade
celular dos biofilmes de C. albicans. O efeito fotodindmico foi acentuado pela
presenca da curcumina durante a iluminacao e pela utilizagdo de 20 minutos de

PIT. Apesar da toxicidade observada nos macréfagos, a PDT foi mais efetiva para
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inativar as células fungicas do que as células imunologicas. Além disso, uma
elevada taxa de fotodegradagdo da curcumina foi observada. No segundo estudo,
suspensoes planctonicas de 15 isolados clinicos de Candida foram expostas a trés
concentragdes de curcumina (5, 10 e 20uM) e quatro doses de luz (5,28; 18; 25,5
e 37,5]/cm?). As concentragdes de 20, 30 e 40uM foram selecionadas para
avaliacdo da PDT sobre biofilmes, assim como as doses de 5,28 e 18J/cm®. A
atividade metabolica dos biofilmes foi avaliada por meio do ensaio de XTT, ¢ a
biomassa foi avaliada por coloragcdo Cristal Violeta (CV). Os resultados foram
analisados segundo um modelo linear ANOVA aninhado, teste de Wilcoxon e
Kruskal-Wallis (0= 5%). As associagdes de curcumina e luz promoveram efeito
antifingico significativo nas suspensdes planctonicas dos micro-organismos.
Além disso, a utilizagdo de 40uM de curcumina com 18J/cm? de luz promoveu
redugdes de 85, 85 e 73% na atividade metabdlica dos biofilmes formados por C.
albicans, C. glabrata e C. tropicalis, respectivamente. Os resultados da coloragao
CV mostraram que a PDT reduziu a biomassa dos biofilmes, e que os isolados
clinicos de C. albicans possuiram maior capacidade de formagao de biofilme. No
terceiro estudo, camundongos imunossuprimidos receberam uma inoculagdo
topica de C. albicans (10’ UFC/mL) para indugdo de candidose experimental no
dorso da lingua. Apos sete dias, a PDT foi aplicada sobre as lesdes de Candida
por meio da fotossensibilizagdo com trés concentragdes de curcumina (20, 40 e
80uM), durante 20 minutos de PIT, e dose de luz de 37,5J/cm® (P+L+). A
aplicagdo de curcumina sem luz (P+L-) e a utilizagdo de luz sem curcumina (P-
L+) também foram avaliadas. Animais com candidose induzida que nao
receberam tratamento foram considerados controle positivo (P-L-), € os animais
que ndo receberam imunossupressdo, inoculacdo, nem tratamento foram
considerados controle negativo (NCG). As linguas de todos os animais foram
removidas para avaliacdo histologica. A viabilidade de C. albicans foi
determinada por meio de contagem de colonias (UFC/mL) e os resultados foram
analisados com ANOVA e teste de Tukey (a= 5%). Foi observado que todas as
associagdes de curcumina e luz promoveram redugdo significativa na viabilidade

de C. albicans, em comparacao com o grupo P-L-. Nestes casos, a utilizagao de
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80uM promoveu a maior redugdo no nimero de coldnias, sendo superior que 4
logs. Os valores de UFC/mL encontrados nos grupos P-L-, P+L- e P-L+ foram
semelhantes. Além disso, a andlise histoldgica sugeriu que a PDT ndo ocasionou
nenhum efeito toxico aos tecidos subjacentes. Apos a realizacdo dos trés estudos
foi possivel concluir que a PDT mediada pela curcumina parece ser um método
efetivo para inativacao de diferentes espécies de Candida. Os resultados do estudo
in vivo podem sugerir sua futura aplicagdo para o tratamento clinico de pacientes

com candidose bucal.

Palavras-chave: Curcumina, Candida albicans, Candida tropicalis, Candida

glabrata, Fotoquimioterapia, Candidiase Bucal






Dovigo LN. Investigation of the photodynamic effect of curcumin against
Candida. In vitro and in vivo studies. [Tese de Doutorado]. Araraquara:

Faculdade de Odontologia da UNESP; 2011.

A bstract

The aim of this investigation was to evaluate: 1. the Photodynamic
Therapy (PDT) mediated by curcumin for in vitro inactivation of a reference
strain of Candida albicans and its citotoxic effects against a macrofage cell line;
2. the effectiveness of PDT mediated by curcumin to inactivate clinical isolates of
C. albicans, Candida tropicalis and Candida glabrata, both in planktonic and
biofilm phases; 3. the photoinactivation of C. albicans in a murine model of oral
candidiasis using different curcumin concentrations. In the first study, suspensions
of C. albicans were treated with nine curcumin concentrations (0.005; 0.01; 0.05;
0.1; 0.5; 1, 5, 10 and 20uM) and exposed to LED light at different fluences (1.32;
2.64; 3.96; 5.28; 6.60; 13.20 and 26.4J/cm2). The effect of the pre-irradiation time
(PIT) on PDT effectiveness, the uptake of curcumin by C. albicans cells and the
possible involvement of singlet oxygen in the photodynamic action was also
evaluated. In addition, curcumin-mediated PDT was assessed against biofilms.
Similar protocols were tested on a macrophage cell line and the effect was
evaluated by MTT and SEM analysis. The optical properties of curcumin were
investigated as a function of illumination fluence. Data were analyzed with
Analysis of Variance (ANOVA), and Kruskal-Wallis test (o= 5%). The results
showed a statistically significant reduction in C. albicans viability after PDT
(p<0.05), for both planktonic and biofilm cultures. Photodynamic effect was
greatly increased with the presence of curcumin in the surrounding media and the
PIT of 20 minutes improved PDT effectiveness. Although PDT was phototoxic to
macrophages, the therapy was more effective in inactivating the yeast cell than the
defense cell. The spectral changes showed a high photobleaching rate of
curcumin. In the second study, planktonic suspensions of each Candida isolate

were treated with three curcumin concentrations (5, 10 and 20uM) and exposed to
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four LED fluences (5.28; 18; 25.5 and 37.5J/cm?). The protocol that showed the
best outcome for inactivation of the planktonic phase was selected to be evaluated
against Candida biofilms (20uM; 5.28 and 18J/cm?). In addition, two higher
curcumin concentrations were tested (30 and 40uM). The metabolic activity of
biofilms was evaluated by means of XTT reduction assay and the biofilm biomass
was evaluated using Crystal Violet (CV) staining assay. Data were analyzed in a
mixed model nested ANOVA, Wilcoxon's nonparametric tests and the Kruskal-
Wallis test (o= 5%). The use of curcumin in association with light was able to
promote a significant antifungal effect against the planktonic form of the yeasts.
Using 40uM and 18J/cm?, the metabolic activity of C. albicans, C. glabrata and
C. tropicalis biofilms was reduced by 85, 85 and 73% respectively. Curcumin-
mediated PDT also decreased the biofilm biomass of all species evaluated. In
addition, CV staining showed that C. albicans isolates were strong biofilm-
forming strains, when compared with C. glabrata and C. tropicalis isolates. In the
third study, mice were immunosuppressed, provided tetracycline to their drinking
water, and then orally swabbed with a suspension of C. albicans (10" CFU/mL).
Five days after oral inoculation, PDT was performed on the dorsum of the tongue
after topical administration of curcumin at 20, 40 and 80uM (20 min of PIT) and
illumination with LED light (37.5J/cm?). The use of curcumin or light alone were
also evaluated (P+L- and P-L+, respectively). Positive control animals did not
receive any treatment (P-L-) and negative control animals were not inoculated
with C. albicans (NCG). Tongues were surgically removed and processed for
histological evaluation. The number of surviving yeast cells was determined
(CFU/mL) and analyzed by ANOVA followed by Tukey's post-hoc tests (a=0.05).
All associations of curcumin with LED light were able to significantly reduce C.
albicans viability after PDT, when compared with P-L- group. The use of 80uM
associated with light was able to promoted the highest log;o reduction in colony
counts (over than 4 logs), whithout harming the host tissues. The colony counts
from P-L-, P+L- and P-L+ groups remained constant. In conclusion, curcumin-
mediated PDT proved to be effective for in vitro and in vivo inactivation of

Candida spp. The in vivo findings support the continued investigation of
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curcumin-mediated PDT as an antifungal therapy for oral candidiasis, and merit

consideration for application in future clinical trials.

Keywords: Curcumin; Candida albicans, Candida glabrata, Candida tropicalis,

Photochemotherapy, Candidiasis Oral






| Introducdo

As espécies do género Candida sao frequentemente isoladas da
cavidade bucal na maioria dos individuos saudaveis’, vivendo normalmente em
relacdo de comensalismo. No entanto, sob determinadas condi¢des, esses micro-
organismos podem atuar como patdogenos oportunistas, invadindo tecidos e
desencadeando processos infecciosos, tais como lesdes superficiais localizadas e
complicagdes sistémicas®” "%’ A Candida albicans é considerada a espécie
mais prevalente nos individuos saudaveis e também nos portadores de candidose’.
No entanto, o numero de infeccdes causadas por espécies de Candida nao-
albicans, tais como a Candida glabrata e Candida tropicalis, tem aumentado
significantemente nos tltimos anos®>>*'"3,

A candidose bucal e a orofaringea sd3o consideradas as infecgdes
fingicas mais frequentes entre humanos, que se desenvolvem apo6s aumento da
colonizagdo por Candida spp. e subsequente infeccdo dos tecidos moles da
cavidade bucal e orofaringe’. Algumas alteragdes sistémicas nos individuos
podem predispor ao desenvolvimento da candidose, principalmente aquelas que
comprometem o sistema imunoldgico e, portanto, diminuem os mecanismos de
defesa’®. Por isso, esta infeccdo apresenta alta prevaléncia em pacientes
diabéticos, nos que fazem uso de medicamentos imunossupressores, antibioticos

de amplo espectro e terapias antineopldsicas € nos que possuem imunossupressao
37.60.99,103 o

\

relacionada a sindrome da imunodeficiéncia adquirida (AIDS)
candidose orofaringea ¢ frequente em pacientes com comprometimento sist€émico,
especialmente nos portadores da AIDS, e pode se apresentar nas formas
pseudomembranosa e eritematosa, acometendo mucosas bucais, orofaringe e
lingua. Quando hé& envolvimento do esofago, os pacientes podem apresentar
dificuldade de degluticdo dos alimentos o que leva ao surgimento de deficiéncias
nutricionais, perda de peso e comprometimento da saude geral e bem estar do
paciente®®. Além disso, a constante aspiracdo e degluticio das espécies fingicas
em pacientes com saude geral comprometida pode estar associada ao

desenvolvimento de formas disseminadas da doenga. Algumas investigacdes tém



20
/ Imtmdugdo

documentado taxas crescentes de infeccdes sistémicas ocasionadas por C.
glabrata e C. tropicalis®™>*'">. Nesses casos, a presenca de cepas de C. tropicalis
parece elevar do risco dos pacientes ao desenvolvimento de fungemia®. Entre
individuos imunocomprometidos, o nimero de mortes como resultado da infecgao
sistémica por Candida spp. pode variar entre 40% a 80% '2*->-142,

Além das alteracdes sistémicas, alguns fatores locais como reducao
do fluxo salivar, trauma local, alteragcdes de pH e uso de proteses dentais também
podem estar associados ao desenvolvimento das infec¢des bucais por espécies de
Candida">"*%. A coloniza¢o microbiana e subsequente formacio de biofilme nas
superficies protéticas das proteses dentais removiveis ¢ um importante fator
relacionado ao desenvolvimento de uma forma de candidose conhecida como
estomatite protética’’. Essa infecgdo caracteriza-se pela presenca de multiplos
pontos hiperémicos na mucosa subjacente as proteses dos pacientes, e, em casos
mais avancados, também podem ser observadas areas eritematosas difusas e
hiperplasia papilar do palato''”.

Os tratamentos atualmente disponiveis para candidose bucal e
orofaringea sdo baseados na administragdo de medicamentos antifingicos topicos
e sistémicos. Os medicamentos de uso topico, como a nistatina, miconazol e
clorexidina, sdo normalmente aplicados nos primeiros episddios de candidose de
um paciente®®'"** A remissdo dos sinais e sintomas clinicos da infecgdo ¢
normalmente observada, mas esses resultados sdo temporarios na maioria dos
casos. Isso ocorre em virtude da diminui¢do da concentracdo do agente topico nos
tecidos infectados, muitas vezes associada aos efeitos diluentes da saliva e aos
movimentos da lingua, o que ndo permite a completa eliminacdo dos micro-
organismos®*!'""**7 Como consequéncia, a re-colonizagdo fungica ocorre apos
o término do tratamento, o que leva a recidiva da infecgﬁom. Além disso, a
necessidade de posologia de doses multiplas e o sabor desagradavel do
medicamento pode dificultar a cooperagio do paciente com o tratamento''. A
medicacdo sist€émica ¢ usualmente instituida em individuos com saude geral
comprometida e nos episodios de infecgdes recorrentes’®. Nesses casos,

medicamentos como fluconazol, itraconazol e anfotericina B podem ser
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utilizados'"*7¢,

Esses agentes vém sendo amplamente empregados para o
tratamento da candidose, especialmente em pacientes imunocomprometidos. No
entanto, sua utilizagdo deve ser cautelosa em razdo da possibilidade de efeitos
hepatotoxicos e nefrotoxicos® .

Um aspecto importante a ser analisado na terapia com antifingicos
topicos ou sistémicos se refere a resisténcia que as espécies de Candida podem
apresentar a esses medicamentos. Resisténcia antifingica pode ser definida como
a persisténcia ou a progressdo de uma infeccdo apos aplicacdo do tratamento
antimicrobiano'®®. A resisténcia intrinseca ou primaria ocorre quando um micro-
organismo apresenta baixa susceptibilidade a uma determinada medicagdo,
previamente a sua exposi¢do ao agente. Algumas espécies de Candida possuem
resisténcia intrinseca aos medicamentos antifingicos, especialmente ao
fluconazol”**'"! Estudos sugerem a ocorréncia de substitui¢io de cepas mais
sensiveis por outras intrinsicamente resistentes aos medicamentos, entre elas a C.

44967 1z
T Ja, a

glabrata, em lesdes tratadas com medicamentos antiflingicos
resisténcia secundaria ¢ aquela que pode ser desenvolvida pelo micro-organismo
apos longos periodos de exposicio a drogas antifiingicas'®. Neste contexto,
parece provavel que as espécies de Candida desenvolvam mecanismos de
resisténcia que ocasionam reduzida sensibilidade aos agentes antifingicos,

. : 2944349
especialmente aos do tipo “azélicos”™™ "

. Também vem sendo sugerido que
diferentes cepas pertencentes a mesma espécie possam apresentar caracteristicas
individuais, como a resisténcia antifiingica, capacidade de adesdao a diferentes

56,63,77,64,82,83 . .
PRILORRSES - Além disso, a

substratos e capacidade de formagdo de biofilme
resisténcia antifingica ¢ uma caracteristica muito importante nos biofilmes de
Candida, e esta associada a presenga da matriz extracelular, a existéncia de
processos metabolicos complexos e interacdes entre os micro-organismos® -,
Devido a elevada ocorréncia das infec¢des flingicas e as
deficiéncias apresentadas pelos tratamentos atualmente disponiveis, muitas
pesquisas vém direcionando seus objetivos para o desenvolvimento de estratégias
alternativas no tratamento de infeccdes localizadas como a candidose bucal'®.

Uma modalidade terapéutica promissora para a inativacdo de micro-organismos
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patogénicos ¢ a Terapia Fotodinamica (do inglés, Photodynamic Therapy ou
PDT)*, também denominada de Quimioterapia Fotodindmica Antimicrobiana (do
inglés,  Photodynamic  Antimicrobial ~ Chemotherapy)'®® ou  Inativagdo
Fotodindmica (do inglés, Photodynamic Inactivation)**. Historicamente, a
associacdo de substancias quimicas e luz foi relatada no final do século XIX por
Oscar Raab, o qual investigou o efeito antimicrobiano dos corantes eosina €
acridina, na presenca de luz, sobre Paramecium caudatum™. No entanto, a
literatura cientifica mostra que a PDT foi intensamente investigada como
alternativa para tratamento de lesdes de cancer™. A extensio da PDT como
modalidade terapé€utica para o tratamento de doengas nao-oncologicas, incluindo a
inativacdo microbiana e tratamento de infec¢des, ainda representa um recente
campo de investigagdes cientificas’'*.

O processo fotodindmico requer a utilizagdo de um agente
fotossensibilizador (PS), a aplicagdo de uma luz que seja correspondente a banda

21,48,53,94,106 1 _: .
5270 Inicialmente, a célula-

de absorcdo do PS, e a presenca de oxigénio
alvo deve ser tratada com o PS de absor¢do méaxima de luz especifica, num
processo conhecido como fotossensibilizagdo. O periodo de tempo no qual as
células microbianas ficam em contato com o PS, sem a presenca de luz, ¢
conhecido como tempo de pré-irradiagao (PIT) e parece ser dependente do tipo de

PS utilizado®"!!!

. Apo6s este periodo, uma fonte de luz deve ser acionada para a
iluminacdao do alvo sensibilizado. A interagdo da luz de comprimento de onda
adequado com o PS, na presenca de oxigénio, resulta em espécies reativas capazes

. . TR 21,48,53,65,94,106
de induzir a inativagdo celular™ """,

Tem sido sugerido que esse
mecanismo envolve a absor¢do de fotons da fonte de luz pelo PS, o que leva seus
elétrons a um estado excitado. Na presenca de oxigénio, o PS excitado pela luz
pode reagir com moléculas vizinhas, para retornar ao seu estado natural, por meio
de dois principais mecanismos. Um deles ¢ transferéncia de elétrons ou
hidrogénio, levando a producdo de radicais livres (reagdo do tipo I). O outro
mecanismo ocorre por transferéncia de energia ao oxigénio (reagdao do tipo II),

21,94

levando a producio de oxigénio singlete (‘0,)*"**. Ambos os caminhos podem

levar a morte celular. No entanto, os hidroperéxidos resultantes da reacdo do tipo
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I podem levar a formagdo de diferentes espécies reativas, as quais possuem
reatividade ndo especifica com moléculas orgénicas. Isso significa que qualquer

21,94
", Por essa

macromolécula celular pode ser um alvo em potencial para PDT
razdo, a PDT parece possuir uma importante vantagem em comparagdo aos
tratamentos antifngicos convencionais, ja que a multiplicidade de alvos torna
improvavel o desenvolvimento de resisténcia pelos micro-organismos expostos’>.
Os compostos derivados da hematoporfina estdo entre os primeiros
PSs estudados para aplicagio em PDT. O tratamento fotodinamico de tumores ¢
frequentemente baseado nas porfirinas e seus analogos, pois estes PSs podem ser
administrados sistemicamente ocasionando a rapida retencdo do composto nos
tecidos com altas taxas de proliferacdo celular®®. Como a aplicag¢do antimicrobiana
da PDT ¢ direcionada ao tratamento de infec¢des superficiais, diversos outros
tipos de PSs tem sido propostos, como as fenotiazinas' "', ftalocianinas®® e

. 22
clorinas®>?’,

Entretanto, a completa inativagdo dos micro-organismos nao ¢
frequentemente observada e alguns PSs disponiveis ja mostraram reduzido efeito
antimicrobiano em biofilmes de Candida ¢ modelos animais de candidose™*’". De
acordo com o mecanismo de a¢do da PDT sobre as células microbianas, a
interacdo entre as moléculas do PS com membranas celulares e estruturas

32,53,94,106
27050 Tendo em

intracelulares possui grande importancia para a agdo da PDT
vista a grande diversidade de micro-organismos existentes nas infecgdes, ¢
razoavel supor que sejam necessarios compostos quimicos com caracteristicas
fisioquimicas adequadas a fotoinativacdo microbiana. Neste contexto, a
investigacdo de novos PSs com elevada efetividade na inativagdo de micro-
organismos ainda ¢ um importante desafio.

A curcumina ¢ um pigmento natural, de coloracdo amarela,
extraido dos rizomas da planta Curcuma longa L., conhecida também como
agafrdo-da-india®®. Esta planta ¢ originaria do sudeste da Asia, ¢ vem sendo
tradicionalmente utilizada como condimento alimentar e também como
medicamento natural na medicina tradicional indiana*®. Nos tltimos anos, um

numero crescente de estudos tem confirmado o potencial terapéutico da

curcumina, como seu efeito anti-inflamatorio, antioxidante, antibacteriano,
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P . 2 1,91,92,1 o 4A .
antifungico e antitumoral®>>**"?121% Egstudos também tém sugerido que alguns
desses efeitos poderiam ser acentuados com a exposi¢do da curcumina a uma
12,26,35,80,100 ~ A . . .
fonte de luz . A agao fotodinamica dos derivados de curcumina tem sido
investigada mais frequentemente com a finalidade de tratamento de tumores, bem
como sua farmacocinética, toxicidade e eficacia da substancia®>®.
Adicionalmente, alguns estudos mostraram que a fotoinativacdo microbiana pode

. 46 . , .
647 Recentemente, Haukvik et al.™ descreveram o efeito toxico de duas

ser obtida
concentragdes de curcumina (2,5 e 25,0uM) associadas a luz azul (5J/cm?®) sobre
células de Enterococcus faecalis e Escherichia coli. A alta capacidade de
absor¢ao de luz em comprimentos de onda proximos ao azul faz com que a
curcumina seja um potencial PS para o tratamento de lesdes superficiais, uma vez
que estas ndo requerem profunda penetragdo da luz nos tecidos para seu
tratamento. Investigagdes recentes também sugeriram que a curcumina pode

. . . ; - .7 4 102
apresentar efeito antifungico sobre espécies de Candida*®*"°

, porém tais estudos
foram conduzidos sem a associacdo do composto com luz. No entanto, os
resultados do estudo de Neelofar et al. ”* mostraram que a utilizagio da curcumina
sem luz promoveu inibi¢do do crescimento de Candida spp. mediante a utilizacao
de altas concentragdes da droga, em comparacdo as concentragdes efetivas do
fluconazol.

Em face dos resultados promissores obtidos com a fotoinativagao
de bactérias patogénicas apoOs utilizagdo da curcumina e, tendo em vista o
potencial antifingico apresentado por este composto, o presente estudo avaliou a
associacdo da curcumina com luz para inativagdo de Candida spp. O efeito
fotodindmico da curcumina foi avaliado por meio da utilizagao de luz proveniente
de diodos emissores de luz (LED). Foram realizados dois estudos in vitro
(Capitulos 1 e 2) para possibilitar a definicdo de parametros efetivos para
inativacdo flingica, bem como a compreensdo do mecanismo de inativagao
celular. Além disso, também foi realizado um estudo in vivo (Capitulo 3)
utilizando um modelo animal de candidose bucal, para possibilitar a investigagao
da efetividade da PDT em situacdes mais proximas aquelas encontradas

clinicamente.






2 Droposigdo

De acordo com as informacgdes apresentadas na se¢do anterior,
esta investigacdo teve como objetivo avaliar a viabilidade da utilizagdo da
curcumina como PS para fotoinativacdo de espécies de Candida. Para isso, trés

estudos foram propostos com os seguintes objetivos especificos:

1. Avaliar in vitro o efeito fotodinamico de diferentes
concentragdes de curcumina e doses de luz LED na inativagdo de uma cepa
padrao de C. albicans. Também foram avaliadas a fotodegradacdo da curcumina,
a produgdo de oxigénio singlete e a citotoxicidade da terapia em cultura celular de
macrofagos.

2. Avaliar in vitro o efeito antifungico de diferentes
protocolos de PDT mediada pela curcumina na inativacdo de isolados clinicos de
C. albicans, C. glabrata e C. tropicalis, na forma de suspensdes planctonicas e
biofilme.

3. Avaliar in vivo a fotoinativacao de C. albicans, presente
em lesdes de candidose bucal induzidas em linguas de camundongos, por meio da

utilizacao de diferentes concentragdes de curcumina.
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ABSTRACT

This study describes the association of curcumin with LED light for the
inactivation of Candida albicans. Suspensions of Candida were treated with nine
curcumin concentrations and exposed to LED at different fluences. The protocol
that showed the best outcomes for Candida inactivation was selected to evaluate
the effect of the pre-irradiation time (PIT) on PDT effectiveness, the uptake of
curcumin by C. albicans cells and the possible involvement of singlet oxygen in
the photodynamic action. Curcumin-mediated PDT was also assessed against
biofilms. In addition to the microbiological experiments, similar protocols were
tested on a macrophage cell line and the effect was evaluated by MTT and SEM
analysis. The optical properties of curcumin were investigated as a function of
illumination fluence. When compared with the control group, a statistically
significant reduction in C. albicans viability was observed after PDT (p<0.05), for
both planktonic and biofilm cultures. Photodynamic effect was greatly increased
with the presence of curcumin in the surrounding media and the PIT of 20 minutes
improved PDT effectiveness against biofilms. Although PDT was phototoxic to
macrophages, the therapy was more effective in inactivating the yeast cell than the
defense cell. The spectral changes showed a high photobleaching rate of

curcumin.

INTRODUCTION

Candida albicans and other Candida species are important pathogens
associated with  opportunistic ~ fungal diseases (1), especially in
immunocompromised patients (2) and denture wearers (3). These microorganisms
can cause superficial mucosal infection such as oral candidosis and denture
stomatitis, and also disseminate other forms of diseases (4). According to the
National Nosocomial Infections Surveillance System (United States), Candida
spp. are the most common cause of fungal infection in critically ill patients (5). In
addition, some investigations have shown that fungi are involved in up to 17% of
all nosocomial infections (6,7), and 9—12% of nosocomial blood stream infections

(5,8,9). The treatments available for Candida infection are typically drug based
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and can involve topical and systemic antifungal agents (2). However, antifungal
treatment is limited to a very small number of drug substances and the widespread
use of these agents, especially the azoles, has resulted in global emergence of
antifungal resistance and subsequent treatment failures (10,11). Moreover, due to
the fungistatic rather than fungicidal effect of azoles (12), host defenses are
essential for eradicating of the infection. Therefore, the use of azole agents for
oral candidosis in immunosuppressed patients can be ineffective.

The increasing incidence of fungal infections, coupled with the growing
resistance against antifungal agents, has driven research to the development of
alternative strategies, such as topical photodynamic therapy (PDT). Conventional
applications of PDT include the use of a sensitizing compound and visible light to
kill fast growing and tumor cells (13). The extension of PDT as a therapeutic
modality for the treatment of some non-oncological diseases, including microbial
inactivation and treatment of infections, represents a new important field (14).
Photodynamic inactivation of microorganisms is based on the combination of a
drug, known as photosensitizer (PS), and the delivery of a visible light of the
appropriate wavelength to excite the PS molecule (15). The interactions of the PS
in the excited state with oxygen produce cytotoxic species that lead to microbial
destruction (15). When compared with other therapies, PDT has several
advantages, such as high target specificity (PS can be delivered to cells and light
can be focused on the site of the lesion), few undesired side effects, and little

likelihood of leading to the development of resistance by microoganisms (16).

Hematoporphyrin derivatives are among the earliest type of PS used (16).
The sensitizers commonly used in anti-cancer PDT are based on porphyrins and
their analogs, which can be administered systemically for retention in rapidly
proliferating cells (13). In addition, different types of PS have been proposed for
antimicrobial PDT. PS interaction with the cellular membranes and intracellular
structures is of great relevance in the response to PDT. Due to the vast diversity of
microorganisms, a PS with distinct physicochemical properties may be required.
Curcumin is a naturally occurring, intensely yellow pigment that is isolated from

rhizomes of the Curcuma longa plant (17). It is a constituent of the spice turmeric,
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and is in worldwide use as a cooking spice, flavoring agent and colorant. An
increasing number of investigations have suggested that curcumin exhibits
potential therapeutic applications such as anti-inflammatory, antioxidant,
antimicrobial, antifungal (18) and anticancer properties (17). Some studies have
also proposed that these effects may possibly be enhanced by combination with
light (19, 20), thus attracting researchers to explore its use in several areas
including photochemistry and photobiology. Investigations in this field are mainly
focused on the anti-cancer properties of the dye and its association with light. A
number of trials dealing with cancer have focused on the pharmacokinetics,
safety, and efficacy of curcumin use in humans. In addition, the photokilling of
some microorganisms by curcumin has been investigated. Recently, Haukvik et al.
(21) suggested the phototoxic potential of a series of curcumin derivatives against
Enterococcus faecalis and Escherichia coli. The microorganisms were treated
with two curcuminoid preparations (2.5 and 25.0uM) in combination with blue
light (5J/cm?). In view of the promising results, some authors have proposed the
use of different formulations of curcumin, such as curcumin loaded alginate

foams, in order to provide a burst release of the PS in infected wounds (22)

As Candida species already have shown susceptibility to some curcumin
preparations (18,23), the present investigation was focused on evaluating whether
the antifungal effects could be improved with light excitation. Therefore, the aim
of this study was to investigate the photodynamic effect of curcumin against C.
albicans. In addition, the same protocol was evaluated against a macrophage cell

line in order to establish the cytotoxicity levels of the therapy.

MATERIALS AND METHODS

Photosensitizer and light source for PDT: Natural curcumin (Fluka Co.) was
obtained from Sigma Aldrich, St. Louis, MO, USA. A stock solution of curcumin
(200uM) was prepared in DMSO and then diluted in saline solution to obtain the
concentrations to be tested (keeping the final concentration of DMSO at 10%).

The 10% concentration of DMSO was selected since has been shown to have no



38
3.1 @apfmlo [

effects on Candida viability (data not shown). A light emitting diode (LED) based
device, composed of eight royal blue LEDs (LXHL-PR09, Luxeon® III Emitter,
Lumileds Lighting, San Jose, California, USA), was used to excite the curcumin
(22). The LED device provided a uniform emission from 440nm to 460nm, with

maximum emission at 455nm. The irradiance delivered was of 22mW/cm?>.

Planktonic culture of C. albicans and PDT treatments: The microorganism
used in this study was an American Type Culture Collection (ATCC; Rockville,
Md, USA) strain of C. albicans (ATCC 90028) maintained in solid Yeast-
Peptone-Glucose medium and frozen at -70°C. To obtain the standardized
suspensions of Candida, the yeast was individually inoculated in Tryptic Soy
Broth, incubated, harvested after centrifugation, washed and resuspended in sterile
saline as previously described (24).

The first experiments were conducted to evaluate a range of nine different
curcumin concentrations in association with LED illumination at fluence of
37.5)/cm® (approximately 29 min of illumination). The concentrations used were
0.005, 0.01, 0.05, 0.1, 0.5, 1, 5, 10 and 20uM, which correspond to 0.0018,
0.0037, 0.018, 0.037, 0.18, 0.37, 1.8, 3.7 and 7.4mg/L. Aliquots of 100ul of the
standardized suspensions of Candida were individually transferred to separate
wells of a 96-well microtitre plate. Curcumin solutions were added to the wells to
give the above-mentioned final concentrations. After dark incubation for 20 min
(pre-irradiation time), the plate was placed on the LED device and illumination
performed (P+L+). To determine whether curcumin alone, at the tested
concentrations, induced any effect on cell viability (dark toxicity), additional
wells containing the yeast suspensions were exposed to PS under identical
conditions to those described above, but not to LED light (P+L-). The overall
control consisted of Candida suspensions not exposed to PS or LED light, but
treated with 10% DMSO (P-L-). To determine cell survival, ten-fold serial
dilutions of aliquots of the contents of each well were prepared using sterile
saline. Duplicate 25ul aliquots were plated on Sabouraud Dextrose agar medium

containing 5mg/L gentamicin (SDA). All plates were aerobically incubated at
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37°C for 48 hours and after this, colony counts of each plate were quantified using
a digital colony counter (CP 600 Plus, Phoenix Ind Com Equipamentos
Cientificos Ltda, Araraquara, SP, Brazil). The number of colony forming units per
milliliter (CFU/mL) was determined.

Based on the results of the experiments reported above, the three
concentrations of curcumin (5, 10 and 20uM) that achieved the most promising
results for C. albicans inactivation were selected for association with lower light
fluences (1.32, 2.64, 3.96, 5.28, 6.60, 13.20 and 26.4J/cm2). The experimental
protocol was carried out as outlined above except that suspensions were
illuminated for different periods of time to achieve the fluences proposed (1, 2, 3,
4, 5, 10 and 20 minutes respectively). Colony counts and the CFU/mL values
were obtained as previously described.

The influence of pre-irradiation time (PIT), i.e. incubation of yeast cells
with curcumin preceding illumination, on the effectiveness of PDT was
investigated using 20uM of curcumin and 5.28)/cm” In addition, the possible
uptake of curcumin by C. albicans cells was also estimated by removing curcumin
before illumination. The protocol was conducted as outlined above, except that
curcumin solution was added to the Candida suspensions and incubated in the
dark for 5 or 20 minutes before illumination. In order to determine the
penetration/uptake of curcumin by cells, additional samples were washed after the
PIT and the cells were resuspended in fresh saline. Thus, the unbound curcumin
was removed from the samples and only the curcumin associated with the cells
remained during LED exposure. Survival of C. albicans was assessed by means of
colony counts (CFU/mL) as previously described.

Finally, planktonic suspensions were also used to investigate the possible
involvement of singlet oxygen in photodynamic inactivation of the yeast. For this
purpose, the protocol of 20uM-curcumin and 5.28J/cm” was repeated as already
described, but a sodium azide (NaN3) solution at 100, 50 and ImM was added to
the samples prior illumination. NaNs is a known suppressor of singlet oxygen
('0,) (25,26). The effectiveness of PDT in killing the Candida suspensions was

assessed by means of colony counts, in samples with and without NaN3; solution.
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C. albicans biofilm and PDT treatments: For the biofilm experiment, the yeast
were individually inoculated in SmL of RPMI 1640 and incubated overnight in an
orbital shaker (AP 56, Phoenix Ind Com Equipamentos Cientificos Ltda,
Araraquara, SP, Brazil) at 37°C for 16h. After incubation, the yeast were washed
twice with 5SmL of PBS (phosphate-buffered saline), and suspended to
10"cells/mL by adjusting the optical density of the suspension to 0.38 at 520nm
(27,28). Candida biofilm formation was allowed to occur in pre-sterilized
polystyrene, flat-bottomed 96-well microtiter plates. Aliquots of 100uL of the
standard cell suspension were transferred into each well, and the plate was
incubated at 37°C for 1.5h in an orbital shaker at 75rpm (adhesion phase). After
the adhesion phase, the suspensions were carefully aspirated, and each well was
washed twice with 150uL of PBS to remove non-adherent cells. In order to allow
biofilm growth, 150uL of fresh RPMI 1640 was transferred into each well, and
the plates were incubated at 37°C for 48h at 75 rpm.

After the formation of biofilms, the wells were carefully washed twice
with 200uL of PBS to remove remaining non-adherent cells. After that, 100puL of
curcumin solution was added to each well. The curcumin concentrations tested
were 5, 10, 20, 30 and 40uM, which corresponded to 1.8, 3.7, 7.4, 11.05 and
14.7mg/L. The plates were incubated in the dark for 5 or 20 min, followed by
illumination of 5.28J/cm”. Control wells received PBS instead of curcumin
solution and samples were not illuminated (P-L-).

The antifungal effects against the biofilms were evaluated by a metabolic
assay based on the reduction of XTT, a tetrazolium salt (Sigma-Aldrich, St Louis,
MO). To prepare the XTT solution, the salt was dissolved in PBS (Img/mL) and
stored at -70°C. For each experiment, 158uL of PBS prepared with glucose at
200mM, 40uL of XTT plus 2uL of menadione at 0.4mM (Sigma-Aldrich, St
Louis, MO) were mixed and transferred to each well. The plates were incubated in
the dark at 37°C for 3h. After this 100uL of the reacted XTT salt solution was
transferred to a new 96-well microtiter plate and the cell viability was analyzed by
proportional colorimetric changes and light absorbance measured by a microtiter

plate reader (Thermo Plate—TP Reader) at 492 nm.
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Macrophage culture, PDT treatments, analysis of cell metabolism by MTT
and morphology by SEM: An immortalized macrophage cell line (RAW 264.7)
was cultured in DMEM (Sigma Chemical Co.) supplemented with 10% bovine
fetal serum (Gibco, Grand Island, NY, USA), plus 100 IU/mL penicillin,
100pg/mL streptomycin and 2mmol/L. glutamine (Gibco, Grand Island) in a
humidified incubator with 5% CO, and 95% air at 37°C (Isotemp Fisher
Scientific, Pittsburgh, PA, USA). The cells were sub-cultured every 3 days until
an adequate number of cells were obtained for the study. After reaching
approximately 80% density, the cells were trypsinized, seeded in sterile 24-well
plates (30.000 cells/cm?) and incubated for 72 hours.

After incubation, the culture medium was removed and cells were washed
with PBS. Aliquots of 350puL of curcumin at final concentrations of 0.005, 0.01,
0.05, 0.1, 0.5, 1, 5, 10 and 20uM were transferred individually to wells in 24-well
plates and were incubated in contact with the cells in the dark for 20 minutes.
After the incubation period, cells were irradiated for 4 minutes, corresponding to
5.28J/cm” (P+L+). Additional wells containing cells exposed only to curcumin at
the three highest concentrations (P+L-), or only to LED light (P-L+) were also
evaluated. The negative control group was composed of cells not exposed to LED
light or curcumin (P-L-). Cell metabolism was evaluated by succinic
dehydrogenase (SDH) enzyme, which is a measure of the mitochondrial
respiration of the cell (29). In 10 wells, 900uL of Eagle’s medium associated with
100uL of MTT solution (Smg/mL sterile PBS) (Sigma Chemical Co.) was added
to the cells cultured in each well and incubated at 37°C for 4h. After this, the
culture medium (Eagle’s medium with the MTT solution) was aspirated and
replaced by 600uL of acidified isopropanol solution (0.04N HCI) to dissolve the
blue formazan crystals present in the cells. Cell metabolism was determined as
being proportional to the absorbance measured at 570nm wavelength with the use
of an ELISA plate reader (BIO-RAD, model 3550-UV, microplate reader,
Hercules, CA, USA).

For RAW 264.7 macrophage morphology analysis by Scanning Electron

Microscopy (SEM), sterile cover glasses 12mm in diameter (Fisher Scientific)
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were placed on the bottom of the wells of all experimental and control groups
immediately before cell seeding. Immediately after the experimental conditions,
the culture medium was removed and the viable cells that remained adhered to the
glass substrate were fixed in 1mL of buffered 2.5% glutaraldehyde for 24 hours
and post-fixed with 1% osmium tetroxide for 1 hour. The cells adhered to the
glass substrate were then dehydrated in a series of increasing ethanol
concentrations (30, 50, 70, 95 and 100%), immersed in 1,1,1,3,3,3-
hexamethyldisilazane (HMDS; Acros Organics, Springfield, NJ, USA) for 90
minutes, and stored in a desiccator for 24 hours. The cover glasses were then
mounted on metal stubs, sputter-coated with gold and the morphology of the
surface-adhered macrophages was examined by SEM (JEOL-JMS-T33A

Scanning Microscope, Tokyo, Japan).

Analysis of curcumin absorption and fluorescence spectra: The optical
properties of curcumin were systematically investigated before and as a function
of illumination fluence. Curcumin solution (20uM) was illuminated using the
blue-LED device for a total of 29 minutes. Absorption and fluorescence spectra
were measured at illumination times intervals of 1, 2, 3, 4, 5 10, 20 and 29
minutes, which corresponded to 1.32, 2.64, 3.96, 5.28, 6.60, 13.20, 26.4 and
37.5J/cm®. Absorption spectra were obtained using a UV-visible
spectrophotometer (Cary 50 Bio, Varian). Laser-induced fluorescence was taken
using a homemade device under 405nm excitation and a USB4000 spectrometer
(Ocean Optics) to collect the emitted light at the interval from 350-800nm. The
absorption and fluorescence spectra were analyzed to determine the
photobleaching rate and the possible presence of photoproducts in the illuminated

curcumin solution (26,30).

Statistical analysis: Each experimental treatment with the curcumin
concentrations in the presence of the mentioned light fluences was repeated five
times. For the purpose of analysis, CFU/mL values were transformed into

logarithm (logjo). The results collected after the evaluation of nine curcumin
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concentrations against planktonic suspensions (log(CFU/mL)), the biofilm
cultures (microbial metabolism-XTT) and the macrophages (cell metabolism-
MTT) presented normality and homoscedasticity, and were evaluated by the
Analysis of Variance (ANOVA) and Tukey Honestly Significant Difference
(HSD) post hoc test. The results obtained in the PDT experiments with several
light fluences presented heterocedasticity. The Kruskall-Wallis and a post-hoc
Dunn tests were used to detect differences in CFU/mL values among investigated

groups. Differences were considered statistically significant at p < 0.05.

RESULTS”
Absorption and fluorescence of curcumin as a function of illumination time
Figure 1 presents the absorption and fluorescence spectra changes as a
function of illumination fluence. The curcumin solution was illuminated for a total
time of 29 min (37.5J/cm?) and the absorption spectrum was recorded at several
illumination time intervals. The ability of curcumin to absorb light decreased
progressively as the illumination time was increased, indicating induced
photobleaching. The area of the entire absorption spectrum (250nm — 800nm) was
integrated and normalized by the area of the non-illuminated spectrum (t=0).
Therefore, the decrease in optical species that absorb in the visible spectrum could
be investigated. Figure 2 shows the calculated photobleaching rate of the
curcumin molecules. After a fluence of 0.4J/cm” delivered to the curcumin
solution being investigated, approximately 70% of the curcumin molecules had
already been photobleached, showing their high degradation rate. This result was
confirmed by the fluorescence spectra, which also showed low fluorescence

emission of the curcumin solution at higher illumination time intervals.

Photoinactivation of C. albicans suspensions
As mentioned earlier in this article, initial experiments evaluated a range
of nine different curcumin concentrations against C. albicans. The mean CFU/mL

values obtained are illustrated in Fig. 3A. In comparison with the control

* Os resultados originais e analises estdo apresentados no Apéndice (Item7.1).
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condition (P-L-), a significant reduction in C. albicans viability was observed
after PDT and the decrease in CFU/mL wvalues was dependent on the PS
concentration used. The three highest curcumin concentrations (5, 10 and 20uM)
were the most effective for photodynamic action and complete killing of the
microorganism was achieved with curcumin at 20uM (37.5J/cm’® of LED light).
Substantial microbial growth was observed on plates subjected to the conditions
of P-L- and P+L- (Fig. 3B). Data analysis showed no significant differences
among these groups.

The second part of the microbiological experiments evaluated low light
fluences for photodynamic inactivation of C. albicans. The distribution of
CFU/mL values is summarized and presented in box plot format (Fig. 4).
Complete inactivation of the yeast was observed with curcumin at 20uM and the
minimum light fluence required for this outcome was 5.28J/cm®. The results of the
Kruskal-Wallis nonparametric analysis indicated statistically significant
differences in CFU/mL values and the results of the post hoc analysis are
displayed in Table 1. For each curcumin concentration tested, there were no
significant changes in CFU/mL values among the illumination fluences of 5.28,
6.60, 13.20 and 26.4 J/em? (4,5, 10 and 20 min, respectively).

Table 2 shows the effect of PIT variations on the viability of C. albicans.
All PIT tested were able to reduce C. albicans viability after PDT, when
compared with the log(CFU/mL) value of the control samples (approximately 6
log). When curcumin was still present in the bulk solution during illumination, the
PITs starting at 5 minutes were able to promote complete killing of yeast. On the
other hand, washing unbound curcumin before illumination revealed that not even
the PIT of 20 minutes was able to inactivate the yeast.

The addition of NaNj3 solution, at the three concentrations tested, did not
cause any changes in PDT effectiveness, in comparison with the samples without
the use of the singlet oxygen suppressor. This result was verified since PDT
mediated by curcumin at 20uM promoted complete inactivation of C. albicans

even with the presence of NaNj.
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Photoinactivation of C. albicans biofilms

The susceptibility of C. albicans biofilms to lethal photosensitization is
shown in Table 3. In comparison with the control group, a statistically significant
decrease in metabolic activity (XTT assay) was observed for all curcumin
concentrations tested. A direct relationship between curcumin concentration and
biofilm viability was observed. That is, as the concentration increased the
metabolism/viability decreased. The effect of PIT on PDT effectiveness was
noticeable, as higher percentages of reduction were achieved when biofilms were

incubated for 20 minutes before irradiation.

Effect of PDT against macrophage culture

Figure 5 shows the mean values of MTT obtained after experiments with
the macrophage cell line. Considering the negative control group (P-L-) as having
100% cell viability, a significant reduction in cell metabolism of 7.13, 17.22,
82.51, 73.26 and 86.39% was observed for curcumin concentrations of 0.5, 1, 5,
10 and 20uM respectively, when the cells were irradiated with blue LED. On the
other hand, PDT mediated by lower curcumin concentrations increased the cell
metabolism by 26.95, 32.88, 33.18 and 15.01% (concentrations of 0.005, 0.01,
0.05 and 0.1 respectively). In the P+L+ groups, there was no statistically
significant difference (p>0.05) among the curcumin concentrations of 5, 10 and
20uM. No dark toxicity of curcumin was observed for the concentrations tested,
but the exposure to LED alone (P+L- or P-L+ groups) resulted in the increase of
cell metabolism.

Figure 6 (a-f) presents a panel of SEM micrographs of the RAW 264.7
cell-line representative of the control and experimental groups. For the negative
control group (P-L-) and groups in which the cells were submitted to irradiation or
curcumin (20 pM) application, a number of macrophages remained attached to the
glass substrate. These cells exhibited a round shape and fine cytoplasmic
processes originated from the cell membrane which was characterized a granular

appearance (Figure 6a-c). In the groups submitted to PDT with curcumin
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concentrations ranging from 0.005 to 1uM, cell morphology remained similar to
that observed in the negative control group (Figure 6d). However, in PDT groups
with curcumin concentrations ranging from 5 to 20uM, a reduced number of
small-sized cells remained attached to the glass substrate. These cells were shown
to have a smooth membrane from which a number of globular projections

originated (Figure 6e and f).

DISCUSSION

To investigate the antifungal effect of PDT mediated by curcumin, this
natural compound was associated with irradiation using blue LED. Complete
inactivation of the planktonic form was observed with curcumin at 20uM (which
corresponds to 7.4mg/L) associated with low fluences (starting with 4 minutes of
illumination or 5.28J/cm?). To our knowledge there is no previously published
study investigating the photodynamic effects of curcumin against C. albicans.
However, the antifungal properties of curcumin per se have been suggested by
some authors. Martins et al. (18) showed that 64mg/L. of curcumin was the
minimum inhibitory concentration (MIC) that did not allow for the detection of
any visual growth of C. albicans. Broth microdilution drug susceptibility assays
were used by Sharma et al. (23) who verified inhibition of Candida cell growth
after concentrations >185mg/L, while higher concentrations (296-370mg/L) were
needed to inhibit the growth in solid media. Another investigation tested a range
of curcumin concentrations (1.56 — 12.5g/L) against C. albicans and showed that
with the increase in drug concentration, cell division was apparently inhibited,
according to a proliferation index (31). The results of these investigations
demonstrated that curcumin alone can act as an antifungal drug, however, the
concentration at which it would be effective appears to be much higher when
compared with the concentrations used in the present investigation (curcumin was
associated with blue light). In the present study, the effectiveness of curcumin for
inactivating the yeast was observed only when it was used in conjunction with
LED light. This is probably due to the low concentration used for

photoinactivation, and the use of curcumin alone involves higher concentrations



47
3.1 @apf[ulo [

of the compound to achieve the same killing effect. A similar observation was
reported by Dahl et al. when Salmonella typhimurin killing was achieved using
10uM of curcumin in association with light, with no curcumin toxicity being
observed in the absence of light (32). Tennesen et al. (33) also showed that the
antibacterial activity of curcumin is greatly enhanced by light.

The PIT is a variable that may affect the uptake of the PS by the microbial
cell and thus affect inactivation of the yeast (34,35). Jackson et al. (34) reported
that killing of the yeast form of C. albicans on exposure to toluidine blue (TBO)
and light was dependent on the PIT used. In agreement, Wilson and Mia (35)
reported that C. albicans survival markedly decreased with an increase in PIT
with TBO and methylene blue in the range of 1-3 min. However, the same authors
also verified that a further increase in the PIT (longer than 3 min) did not increase
the number of microorganisms killed. The results of the present study showed that
the effectiveness of PDT in inactivating C. albicans was not influenced by a PIT
longer than 5 minutes, in the samples in which curcumin was still present in the
bulk solution during illumination. However, when the PS was washed out,
complete inactivation of Candida was not achieved (even with 20 minutes of
PIT). Similar results were found by Dahl et al. (32) who showed that pre-
irradiation with curcumin had no significant effects on the rates of microbial
killing but the killing effect was reduced by removing the curcumin before
illumination. These observations suggest that the photodynamic effect is greatly
increased by the presence of curcumin in the surrounding media. However, it
seems that this PS can also bind to the yeast cells to promote photoinactivation. In
this case, the PIT seems to play an important role in PDT effectiveness because
higher incubation periods before illumination showed higher levels of
photoinactivation. Fluorescence microscopic investigation conducted by Hauvik
et al. (36) confirmed that it is possible for the uptake/absorption of curcumin by
both gram-positive and gram-negative bacteria to occur. Thus, the present
investigation suggests that the uptake of curcumin appears to be present in yeast
cells as well, but further studies are required to determine whether the PS remains

adhered to the outer membrane or whether it could enter into the cell.
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The ability of curcumin to act as an antifungal agent against C. albicans
biofilms has previously been reported, but without combination with light (37). In
the present study, PDT mediated by curcumin proved to be effective in promoting
significant reductions in the metabolic activity of C. albicans biofilms. Using the
same protocol that promoted complete inactivation of the planktonic cells
(20uM/20 min PIT/5.28J/cm?), the metabolic activity of biofilms was reduced in
70%, which was statistically significant in comparison with control samples.
When the concentration of curcumin was increased to 40uM, PDT was able to
reduce the metabolic activity of biofilms to 68 and 87%, for 5 and 20 min of PIT
respectively. Based on these results, it can be suggested that PIT is also a
significant factor in biofilms killing. These findings can be explained by the
structural characteristics of biofilms grown cells (38,39,40). Biofilms consist of a
community of microorganisms surrounded by a self-produced polymeric matrix
and this typical structure provides survival advantage to the microorganisms living
within these communities (39). Some PS may have limited ability to act against
the biofilms, due to the difficulty of penetrating into the deeper layers of
microorganisms (24). Scanning electron microscopy images from the study of
Pereira et al. (41) showed that lethal photosensitization mediated by methylene
blue occurred predominantly in the outermost layers of the biofilms formed with
C. albicans, S. aureus, and S. mutans. The results of the present investigation
suggest that longer PITs were able to allow deeper penetration of the curcumin
into the biofilm layers leading to higher percentages of metabolic reduction.
Accordingly, Donnelly et al. (42) recommended longer application times of PS to
obtain PDT response when biofilms were involved. In addition, Chabrier-Rosell6
et al. (43) reported the use of higher PS concentrations to compensate the
increased organism biomass of C. albicans biofilms in comparison with germ
tubes.

Some authors have suggested that curcumin has antibacterial action when
associated with light (32,33,36). For instance, photokilling of gram-positive
Enterococcus faecalis and Streptococcus intermedius and gram-negative

Escherichia coli were observed after treatment with 1-25uM curcumin and blue
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light illumination at 0.5-30J/cm’ (36). The curcumin-phototoxicity to bacterial
systems seems to be mediated through the excited states of curcumin and their
subsequent reactions with oxygen (44). Recently, Shen et al. (45) investigated the
photosensitizing mechanisms of curcumin according to the type of solvent used. It
was shown that both superoxide anion radical (O,") and singlet oxygen ('O,) was
generated after curcumin was photosensitized in DMSO solution (45). It was also
stated that once O, was formed, other reactive species, such H,O, could be
produced and then amplify the photosensitizing activity of curcumin (45). On the
other hand, an investigation that evaluated curcumin as a PS suggested the
involvement of hydrogen peroxide in the photokilling of bacteria and no evidence
of '0, formation (32). In the present investigation, the possible involvement of
singlet oxygen was assessed by adding NaNj to the samples, before illumination.
C. albicans killing was not affected by the presence of the 'O, scavenger,
indicating that this reactive species was not essential in promoting the
photodynamic effect. Hauvik et al. (36) measured the oxygen quantum yield in
different curcumin preparations and found very limited '0, formation. This is
consistent with the findings of Dahl et al (46) which showed little or no 'O,
generation when protic solutions are involved. In the present study, an aprotic
solvent (DMSO) was used to prepare the stock solutions of curcumin, however,
the stock solutions were then diluted in saline solution (a protic solvent), leading
to a final DMSO concentration of only 10% in the solutions. Thus, the curcumin
solutions exposed to light consisted largely of an aqueous/protic environment and
this may possibly explain the lack of 'O, production. However, the PIT results and
the uptake data tend to support the hypothesis that curcumin could bind to the
cells during pre-irradiation and then protic and aprotic mechanisms could occur
simultaneously. Aprotic mechanisms could occur in the lipophilic phases of the
cytoplasmatic membrane and singlet oxygen may be formed inside the yeast cell,
as suggested by Hauvik et al. (36). The results of the present study revealed that
the induced photodynamic reaction may not be essentially related to the
production of singlet oxygen, but its mechanism, as the production of other

reactive components, still need to be determined in future investigations.
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In the present study, the microbiologic investigation showed that light
fluences above 5.28J/cm” did not enhance the effectiveness of PDT against
planktonic cultures of C. albicans. This result was corroborated by the
observation that the light absorption and fluorescence of curcumin decreased as a
function of illumination time (light fluence). The spectral changes monitored were
a measurement of the induced photobleaching of the curcumin molecules, and this
has been used as an indirect measurement of the potential photodynamic response.
This type of analysis has been used to compare the photodynamic efficiency of
different sensitizers and experimental studies have shown a correlation between
reactive oxygen species (ROS) production and induced photobleaching of the
photosensitizer molecules. Thus, based on the high photobleaching rate of
curcumin observed, it can be suggested that low levels of ROS formation were
achieved after long periods of illumination. Chignell et al. (47) also showed that
the absorbance of curcumin decreased after illumination indicating that the dye
was photobleached. Although the authors did not evaluate curcumin solutions in
DMSO, it was stated that curcumin photodegradation appears to be a process
independent of the nature of the solvent, and that photodegradation did not
produce a better sensitizer than curcumin itself. Thus, it can be suggested that
curcumin photobleaching may be accompanied by a decrease in ROS production,
since fewer molecules of optically active curcumin in the visible spectrum will be
present at the solution. This could explain the results observed in the present
investigation when, as a result of curcumin photobleaching, irradiation fluences
higher than 5.28J/cm” did not influence the phototoxic efficiency of curcumin
against C. albicans. Nevertheless, in spite of the occurrence of photodegradation,
the absorption and fluorescence peak of curcumin remained constant at the same
wavelength during illumination. Thus, if curcumin photodegradation caused the
accumulation of photoproducts, it may be suggested that these products could not
be detected in the interrogated spectral range.

Considering that curcumin mediated PDT proved to be effective for C.
albicans inactivation, a range of nine curcumin concentrations combined with

5.28]J/cm” was tested against a macrophage cell line to verify its toxicity. The
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association of curcumin (1uM or higher) and light produced a significant
reduction in macrophage metabolism, in comparison with control samples. The
effect of curcumin without illumination was also evaluated and the results showed
no statistical reduction in cell viability. Macrophages are multifunctional immune
cells responsible for many of the host responses to candidiasis (48). For this
reason, it is important to verify a possible toxic effect of an antifungal therapy
against these defense cells (49). A previous investigation has suggested that
curcumin associated with light can be phototoxic to mammalian cells (46). On the
other hand, curcumin has also been reported to selectively lead to apoptosis in
various cancer cells without affecting normal and primary cells (50). In the
present investigation PDT did not the cause complete inhibition of RAW cells,
while the same protocol (20uM/5.28)/cm?) was able to completely inactivate
planktonic C. albicans. This suggests that C. albicans may be more susceptible to
PDT than the macrophages. The clinical relevance of these results needs to be
further investigated by means of in vivo evaluations, since photodynamic toxic
effects can be influenced by microenvironment conditions, the presence of other
biomolecules and cellular interactions. It has been shown that while in vitro PDT
can lead to damage in fibroblasts (51), a similar protocol did not induce damage in
mouse tissues (14). Since the preliminary in vitro findings of this study have
shown that PDT was more effective in inactivating the yeast cell than the defense
cell, we believe that an in vivo investigation will probably confirm lower
phototoxicity of PDT against the defense cells.

In conclusion, when curcumin was irradiated with blue LED light, it
proved to be an effective photosensitizing agent for the inactivation of C.
albicans, in both planktonic and biofilm form. The results of the present study
showed that better outcomes were achieved with the association of curcumin and
light, instead the use of curcumin alone. Although it is possible for the uptake of
curcumin to occur during pre-irradiation, the photodynamic effect is greatly
increased with the presence of curcumin in the surrounding media. The high
photodegradation rate of the preparation used indicated that short periods of

illumination are adequate for photoactivating the dye and causing the phototoxic
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effects. Although PDT was phototoxic to macrophages, this therapy was more
effective in inactivating the yeast cell than the defense cell. Shortly, further
studies will be developed to evaluate the curcumin mediated-PDT against fungal
infections in an animal model in order to establish effective in vivo parameters for

candidiasis treatment without harming the host’s normal tissues.
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TABLES

Table 1- Post hoc multiple comparisons for the association of three curcumin
concentrations with seven light fluences against C. albicans. The values given are

the ranks calculated by the non-parametric statistics.

Curcumin Light fluences (J/cmz)
concentrations 133 2.64 3.96 528 6.6 132 26.4
5uM 10280 8300 8570  7730° 870"  7410°  6670°
10:M 8720°  6790"  5830% 3970 4100 3330 4100
20iM 5090 4610°  2530°  1600°  1600°  1600°  16.00"

The same lower case letter in the same horizontal row denotes non-significant differences (p >
0.05) among the groups; different lower case letters in the same row indicate significant

differences according to non-parametric post hoc test (p< 0.05).

Table 2- Effect of different PIT on C. albicans viability. The given values were
the mean log(CFU/mL) of C. albicans + the standard deviation obtained after
PDT.

SminPIT 20 min PIT

20uM Curcumin - -

20puM Curcumin

cells washed

2.10 £017 0.60 £ 0.79

—: no evidence of colony growth was observed after PDT.
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Table 3- Metabolic activity of C. albicans biofilms after PDT with different
curcumin concentrations. The given values were the absorbance mean (XTT) +
the standard deviation. The percentage of reduction of metabolic activity obtained

after PDT was calculated versus the absorbance value obtained with P-L- group.

PIT 5 min PIT 20 min
XTT = SD % of Reduction XTT + SD % of Reduction
P-L- 0.963 + 0.080 * NA 0.963 + 0.080 * NA
PDT5uM 0725 + 0.114 ° 24.67 0.678 +0.114 ° 29.55
PDT 10pM  0.518 + 0.065 © 46.26 0.399 + 0.038 ° 58.58
PDT20uM  0.449 + 0.064 53.40 0.284 + 0.071 ¢ 70.51
PDT30uM 0356 + 0.060 * 63.01 0.220 + 0.062 * 77.12
PDT 40uM  0.306 + 0.058 ° 68.19 0.123 + 0.056 ° 87.22

Different lower case letters denote significant differences among lines (PDT treatments) according
to Tukey's Test (p< 0.05).
NA, not applicable.
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Figure 1. Spectra of 20uM-curcumin as a function of illumination fluence. A:

Absorption spectra; B: Fluorescence spectra.

Figure 2. Calculated photobleaching rate of the curcumin molecules.
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Figure 3. Graphic representation of mean values and standard deviation of
logarithmic of survival counts (CFU/mL) of C. albicans. The light fluence used

was 37.5)/cm?. A: P+L+ conditions; B: P+L- conditions.
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Figure 5. Mean values of MTT observed after experiments with the RAW 264.7
macrophages. Error bars represent the confidence interval (0=0.05); asterisks
represent the mean values that differed statistically from control (P-L-) samples

(p<0.05).
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Figure 6. Representative photomicrographs of, SEM, 1000X. a- Negative control
group of RAW 264.7 cell line (P-L-); b- RAW 264.7 macrophages exposed to
light with the energy density of 5.28J/cm” (P-L+); c- Macrophages in contact with
curcumin at 20uM (P+L- 20uM); d- RAW 264.7 macrophages exposed to PDT
with 0.005uM of curcumin (PDT 0.005uM); e- RAW 264.7 macrophages exposed
to PDT with 5uM of curcumin (PDT 5uM); f- RAW 264.7 macrophages exposed
to PDT with 20uM of curcumin (PDT 20uM).
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Turmeric

ABSTRACT

Background and Objective: The resistance of Candida species to antifungals
represents a major challenge for therapeutic and prophylactic strategies. This
study evaluated Photodynamic Therapy (PDT) mediated by Curcumin (Cur)
against clinical isolates of C. albicans, C. tropicalis and C. glabrata, both in
planktonic and biofilm forms. Study Design/Materials and Methods: Suspensions
of Candida were treated with three Cur concentrations and exposed to four LED
fluences. The protocol that showed the best outcomes for inactivation of the
planktonic phase was selected to be evaluated against Candida biofilms. In
addition, two higher Cur concentrations were tested. The metabolic activity of
biofilms was evaluated by means of XTT reduction assay and the biofilm biomass
was evaluated using Crystal Violet (CV) staining assay. Data were analyzed in a
mixed model nested ANOVA, Wilcoxon's nonparametric tests and the Kruskal-
Wallis test (o= 5%). Results: The use of Cur in association with light was able to
promote a significant antifungal effect against the planktonic form of the yeasts.
When using 40uM of Cur, the metabolic activity of C. albicans, C. glabrata and
C. tropicalis biofilms was reduced by 85, 85 and 73% respectively, at 18J/cm’.
Cur-mediated PDT also decreased the biofilm biomass of all species evaluated. In
addition, CV staining showed that C. albicans isolates were strong biofilm-
forming strains, when compared with C. glabrata and C. tropicalis isolates.
Conclusion: The results from the present investigation showed that low Cur
concentrations can be highly effective for inactivating Candida isolates when

associated with light excitation.

INTRODUCTION
In healthy individuals, Candida species are considered commensal yeasts
of the oral cavity. Candida albicans represents the predominant species, while

Candida tropicalis and Candida glabrata are considered the second most frequent
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(1,2). These microorganisms can also act as opportunist pathogens, being the so-
called non-albicans Candida species (NAC) increasingly recognized as important
agents of human infection. Oropharyngeal candidiasis is the most common
opportunistic infection that results from yeast overgrowth and penetration of the
oral tissues (3). Some predisposing factors can markedly increase the host's
susceptibility to this condition, such as the use of ill-fitting dentures, AIDS and
long-term antibiotic therapy (4,5). For immunocompromised individuals, the
disseminated forms of candidiasis can be a serious problem, often resulting in
high mortality rates (6). A number of surveys have documented increased rates of
C. glabrata and C. tropicalis in systemic fungal infections (6-8). C. tropicalis may
be of particular concern in these cases because of its high pathogenicity in causing
fungaemia (8).

Treatments available for Candida infection are typically drug based and
can involve topical and systemic antifungal agents (4). However, the use of
standard antifungal therapies can be limited because of toxicity, low efficacy
rates, and drug resistance (9). In fact, the resistance of NAC to antifungals
represents a major challenge for therapeutic and prophylactic strategies (6). Some
of these species, such as C. glabrata, are inherently less sensitive to fluconazole
and other antimycotic drugs frequently used to combat fungal infections. In
addition to the intrinsic resistance of some species, different clinical isolates
belonging to a single species can vary widely in their susceptibility to antifungal
agents (10). This diversity could predispose the selection of more resistant strains
and the persistence of the disease (10). Moreover, most manifestations of
candidiasis are associated with the formation of Candida biofilms on surfaces
such as oral tissues, prostheses and implanted devices (9). Biofilms represent a
protective reservoir for oral microorganisms that provides survival advantage to
the yeast and elevated resistance to antifungal drugs (11). Therefore, the
increasing worldwide occurrence of antifungal resistance has driven research to
the development of alternative strategies to inactivate Candida species and to treat

oral candidiasis.
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Photodynamic inactivation of microorganisms is based on the combination
of a drug, known as photosensitizer (PS), and the delivery of a visible light of the
appropriate wavelength to excite the PS molecule (12). The interactions of the PS
in the excited state with oxygen produce cytotoxic species that lead to microbial
destruction (12). When compared with other therapies, photodynamic therapy
(PDT) has several advantages, such as high target specificity (PS can be delivered
to cells and light can be focused on the site of the lesion), few undesired side
effects, and little likelihood of leading to the development of resistance by
microorganisms (13). For this reason, there has been an increased interest in
developing PDT for local infections treatment. Different types of PS have been
proposed in laboratory investigations, including porphyrins (14,15), phenothiazine
dyes (16,17) chlorins (18,19) and phthalocyanines (20). However, complete
killing of the microorganisms is not frequently achieved and some of the available
PS showed limited effectiveness against Candida biofilms and animal models of
candidiasis (15,21). Such facts have driven research to find adequate parameters
of PDT prior to clinical investigations and the search for new PSs remains an
important goal. Curcumin (Cur) is an intensely yellow pigment, isolated from
rhizomes of Curcuma longa, which is in worldwide use as a cooking spice,
flavoring agent, and colorant (22). An increasing number of investigations have
suggested that Cur exhibits potential therapeutic applications that may be
enhanced by combination with light, since it displays a high light absorption in the
visible spectral region, around 400-500nm (23-26). Recently, this natural
compound has been shown to possess phototoxic potential against yeast cells (23).
The authors found that Cur was an effective PS for the inactivation of one
reference strain of C. albicans, in planktonic form. It was also showed that the
therapy was more effective in inactivating the yeast cell than a macrophage cell
line, suggesting certain specificity of Cur-mediated PDT. However, some aspects
need to be further investigated before a clinical recommendation of the therapy,
such as the adequate protocol for the effective photosensitization of Candida
biofilms. As PDT mediated by Cur already showed preliminary results for yeast

inactivation, the present study evaluated different PDT protocols against C.
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albicans and non-albicans species, both in planktonic and biofilms form.
Considering the important clinical relevance of investigating more than one
isolate belonging to a single species, we evaluated a total of 15 clinical isolates

belonging to the species C. albicans, C. tropicalis and C. glabrata.

MATERIALS AND METHODS

Photosensitizer and light source for PDT: Natural Cur (Fluka Co.) was obtained
from Sigma Aldrich, St. Louis, MO, USA. A stock solution of Cur (600uM) was
prepared in DM SO and then diluted in saline solution to obtain the concentrations
to be tested. A light emitting diode (LED) based device, composed of eight royal
blue LEDs (LXHL-PR09, Luxeon® III Emitter, Lumileds Lighting, San Jose,
California, USA), was used to excite Cur (23). The LED device provided a
uniform emission from 440 to 460nm, with maximum emission at 455nm. The

irradiance delivered was of 22mW/cm?>.

Candida strains and grown conditions: A total of 15 clinical isolates of Candida
comprising C. albicans: Cal, Ca2, Ca3, Ca4 and Ca$5; C. glabrata: Cgl, Cg2,
Cg3, Cg4 and Cg5; and C. tropicalis: Ctl, Ct2, Ct3, Ct4 and Ct5, were used in
this study. The strains were previously isolated from patients with oral candidiasis
and identified by CHROMagar technique and the carbohydrate assimilation tests
(ID 32C-BioM¢érieux, Paris, France). Isolates were maintained in Yeast-Peptone-
Glucose medium and frozen at -70°C. Prior to each experiment, yeasts were
aerobically cultured at 37°C for 24h on Sabouraud Dextrose Agar containing

5mg/L gentamicin (SDA).

Planktonic culture of Candida and PDT treatments: To obtain standardized
suspensions of Candida, each isolate was individually inoculated in Tryptic Soy
Broth, incubated at 37°C, harvested after centrifugation, washed twice and
resuspended in sterile saline as previously described (15). Aliquots of 100ul of the
standardized suspensions of Candida were individually transferred to separate

wells of a 96-well microtitre plate. Curcumin solutions were added to the wells to
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give the final concentrations of 5, 10 and 20uM (which correspond to 1.8, 3.7 and
7.4mg/L). After dark incubation for 20 min (pre-irradiation time), the plate was
placed on the LED device and illumination was performed at 5.28, 18, 25.5 and
37.5 J/em* (PDT groups). To determine whether Cur alone, at the tested
concentrations, induced any effect on cell viability (dark toxicity), additional
wells containing the yeast suspensions were exposed to Cur under identical
conditions to those described above, but not to LED light (P+L-). The effect of
LED light alone was determined by exposing cells to light without being
previously exposed to Cur (P-L+). The overall control consisted of Candida
suspensions not exposed to Cur or LED light (P-L-). Ten-fold serial dilutions of
aliquots of the contents of each well were prepared using sterile saline. Duplicate
25ul aliquots were plated on SDA and all plates were aerobically incubated at
37°C for 48 hours. After this, colony counts were quantified using a digital colony
counter (CP 600 Plus, Phoenix Ind Com Equipamentos Cientificos Ltda,
Araraquara, SP, Brazil). The number of colony forming units per milliliter

(CFU/mL) was determined and transformed into logarithm (log;).

C. albicans biofilm and PDT treatments: Based on the results of the
experiments reported above, the concentration of Cur (20uM) and light fluencies
(5.28 and 18J/cm?®) that achieved the most promising results against planktonic
cultures were selected to be tested toward Candida biofilms. In addition, two
higher concentrations of Cur were evaluated (30 and 40uM). For in vitro biofilm
formation, the isolates were individually inoculated in 5mL of RPMI-1640
medium and incubated overnight in an orbital shaker (AP 56, Phoenix Ind Com
Equipamentos Cientificos Ltda, Araraquara, SP, Brazil) at 120rpm, 37°C, for 16h.
After incubation, the yeast were washed twice with SmL of phosphate-buftered
saline (PBS), and suspended to 10’cells/mL by adjusting the optical density of the
suspension to 0.38 at 520nm (27,28). Aliquots of 100uL of the standard cell
suspension were transferred into each well of pre-sterilized polystyrene, flat-
bottomed 96-well microtiter plates. The plate was incubated at 37°C for 1.5h in an

orbital shaker at 75rpm (adhesion phase). After that, the suspensions were
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carefully aspirated, and each well was washed twice with 150uL of PBS to
remove non-adherent cells. In order to allow biofilm growth, 150uL of fresh
RPMI-1640 was transferred into each well, and the plates were incubated at 37°C
for 48h at 75 rpm.

After biofilm formation, the wells were carefully washed twice with
200uL of PBS to remove remaining non-adherent cells. Then, 100uL of Cur was
added to each well. The Cur concentrations tested were 20, 30 and 40uM, which
corresponded to 7.4, 11.05 and 14.7mg/L. The plates were incubated in the dark
for 20 min, followed by illumination of 5.28 and 18J/cm”. Control wells received
PBS instead of Cur solution and samples were not illuminated (P-L-).

The antifungal effects against the biofilms were evaluated by a metabolic
assay based on the reduction of XTT, a tetrazolium salt (Sigma-Aldrich, St Louis,
MO). To prepare the XTT solution, the salt was dissolved in PBS (Img/mL) and
stored at -70°C. For each experiment, 158uL of PBS prepared with glucose at
200mM, 40uL of XTT plus 2uL of menadione at 0.4mM were mixed and
transferred to each well. The plates were incubated in the dark at 37°C for 3h.
After this, 100uL of the reacted XTT salt solution was transferred to a new 96-
well microtiter plate and the cell viability was analyzed by proportional
colorimetric changes and light absorbance measured by a microtiter plate reader
(Thermo Plate—TP Reader) at 492 nm.

In order to evaluate whether PDT could cause the detachment of Candida
biofilms from the plastic surface, the quantification of the cells adhered to the
wells was performed by means of Crystal Violet (CV) assay (27). For this
purpose, additional samples from P-L- and PDT groups (40uM of Cur with
18J/cm® of illumination) were included in this evaluation. The biofilm coated
wells of microtiter plates were washed twice with 200uL of PBS and then air
dried for 45 min at room temperature. Then, each of the washed wells was stained
with 110pL of 0.4% aqueous CV solution for 45 min. Afterwards, each well was
washed three times with 200uL of sterile distilled water and immediately
destained with 200uL of 95% ethanol. After 45 min at room temperature, 100uL

of the destaining solution was transferred to a new well and the amount of the CV
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stain was measured with a microtiter plate reader (BIO-RAD, model 3550-UV,
microplate reader, Hercules, CA, USA) at 595nm.

Statistical analysis: For each Candida isolate, the experimental treatments (PDT,
P+L- and P-L-) were tested in five independent samples. Descriptive analysis was
performed to summarize the results of each Candida isolate. Then, the results
from the five isolates of the same species were joined to obtain a general response
of the species. Data from colony counts and XTT assay were analyzed in a mixed
model nested ANOVA: experimental (PDT) and control (P+L-, P-L+, and P-L-)
groups were treated as fixed factors, whereas the five Candida isolates were
random factors nested within groups. The test was based on the assumption of a
linear model with errors normally distributed around zero with corrected variance
between groups to fit homoscedasticity for fixed effects and random effects
normally distributed with constant variance. The ANOVA was followed by
Tukey's post-hoc tests for multiple comparisons among experimental and control
groups (fixed effects). Data obtained after the evaluation of CV staining assay
were evaluated using Wilcoxon's nonparametric tests for pairwise comparisons
between control (P-L-) and PDT groups of each species and the Kruskal-Wallis
test was used to test the null hypothesis among P-L- groups of the three species.

The significance level adopted was 5% (p<0.05).

RESULTS”
Photodynamic inactivation of planktonic cultures of Candida

Table 1 shows the minimal Cur concentration required to achieve at least 4
log decrease in log(CFU/mL) values after PDT. It can be seen from this table that
the efficiency of Cur as a fungicidal PS was not homogeneous among the different
isolates belonging to the same species. Considering the mean response obtained
from the five isolates of each species, the 4 log reduction in C. albicans and C.

tropicalis viability occurred with the use of 10uM of Cur at all light fluences

* Os resultados originais e anélises estio apresentados no Apéndice (Item 7.2)
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tested, while C. glabrata required 20uM of Cur associated with light fluencies
starting at 18J/cm’.

The mixed model nested ANOVA showed that PDT groups presented a
significant level of variation within the same species, which suggested a different
response of the distinct isolates to photoinactivation. Confidence intervals of 95%
showed that the random effect represented by the five Candida isolates of each
species was the major factor influencing the variability in colony counts within
each PDT group. The use of different strains accounted for 98.0; 99.3 and 98.8%
of the total variability observed in the PDT groups, for C. albicans, C. glabrata
and C. tropicalis respectively. ANOVA also showed a significant variation of the
mean colony counts among the P-L-, P+L-, P-L+, and PDT groups. The results of
multiple comparisons are shown in Table 2. All the associations of Cur and LED
light were able to promote a significant reduction in C. albicans and C. tropicalis
viability, when compared with the P-L- condition. A significant reduction in C.
glabrata viability was observed with the use of 10 and 20uM of Cur, at the four
LED fluences. Complete inactivation of C. glabrata was not observed. On the
other hand, the five C. albicans isolates were completely killed after PDT
mediated by 20uM of Cur, even at the lowest LED fluence. Similarly, C.
tropicalis isolates were inactivated with 20uM of Cur, but at fluences starting at
18J/cm®. Control groups, comprising the P-L-, P+L-, and P-L+ conditions,

showed similar values of colony counts.

Photodynamic inactivation of Candida biofilms

Figure 1 shows the effect of PDT mediated by different concentrations of
Cur on the metabolic activity of biofilms (absorbance after XTT reduction assay).
When compared with the control, PDT induced a significant decrease in
absorbance values of all Candida species. For C. albicans and C. tropicalis
isolates, the use of Cur concentrations of 30 and 40uM associated with 5.28J/cm?,
as well as the use of 20, 30 and 40uM at 18J/cm?, promoted a similar reduction in
the metabolic activity of biofilms (p<0.05). However, the lowest values of

metabolic activity of C. albicans biofilms were observed with the use of 40uM of
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Cur, associated with both 5.28 and 18J/cm?. Under these experimental conditions,
the percentage of reduction in metabolic activity was over 80% in comparison
with the P-L- group (Table 3). Similar results were observed for C. glabrata

2 showed the

biofilms. For C. tropicalis, the association of 40uM with 18J/cm
lowest values of metabolic activity of biofilms, reaching 73% of reduction
compared to control group (Table 3).

It can be seen from Table 3 that variations in response to PDT were
detected in the individual strains of each species. Similar to the results found for
the planktonic phase, the mixed ANOVA was able to verify that PDT groups
presented a significant level of variation within the same species. Considering the
microorganisms in the biofilms phase, the use of different isolates accounted for
85.3; 42.0 and 80.1% of the total variability of XTT values observed in the PDT
groups, for C. albicans, C. glabrata and C. tropicalis respectively.

The quantification of biofilm biomass using the CV assay was performed
in P-L- and PDT (40uM at 18J/cm?) samples. Biofilm biomass was significantly
lower in the PDT samples (p<0.05), suggesting that PDT promoted the partial
detachment of biofilms from the wells. The reduction in biomass observed in PDT
samples corresponded to 52.3, 69.1 and 64.1% in comparison with the P-L-
groups for C. albicans, C. glabrata and C. tropicalis respectively. In addition, the
use of CV staining revealed that the ability to produce biofilms in vitro was higher
in C. albicans isolates when compared with C. glabrata and C. tropicalis

(p<0.05).

DISCUSSION

Of the microorganisms regarded as human opportunistic pathogens,
members of the genus Candida are amongst the most frequently reported. C.
albicans is still the most prevalent species in health and disease, but other species
are emerging as both colonizers and pathogens causing superficial and systemic
infections (6). The most common NAC species, C. glabrata and C. tropicalis,
represent a considerable challenge to the development of therapeutic strategies

because of their high prevalence in vulnerable groups and resistance to antifungal
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agents (6). Therefore, the development of alternative antifungal therapies becomes
mandatory for the control of Candida infections. Some previous investigations
have already suggested that Cur per se may have antifungal properties (29,30) and
its combination with light has been proposed in order to improve its antifungal
action (23). In view of the promising results, this study investigated the use of
different Cur protocols associated with LED light to photosensitize clinical
isolates of C. albicans, C. glabrata and C. tropicalis, either in the planktonic and
biofilm phase.

The results showed that the use of Cur in association with light was able to
promote a significant antifungal effect against the planktonic form of the yeasts.
According to Jori et al. (31), the efficiency of a PS can be expressed as the
minimal concentration which induces a 4 log decrease in survival of
microorganisms. For C. albicans and C. tropicalis isolates, the 4 log drop in
viable counts was observed with 10uM (3.7mg/L) of Cur at all light fluences
tested, while C. glabrata isolates required 20uM (7.4mg/L) of Cur with
illumination of 18J/cm? or higher. In addition, no evidence of colony growth was
observed for C. albicans and C. tropicalis isolates after photosensitization with
20uM of Cur and illumination at 5.28 and 18J/cm” of LED light, respectively.
These results are in agreement with those recently published in which a reference
strain of C. albicans (ATCC 90028) was efficiently killed after Cur-mediated
PDT (23). The photodynamic effect of Cur against Candida species has not been
widely documented in the medical literature, but its antibacterial effect has been
described with the use of comparable Cur concentrations (1-25uM) and light
fluences (0.5-30J/cm?) (26). In the present study, the reduction in viability of the
clinical isolates was observed only when Cur was used in conjunction with LED
light. In contrast, Garcia-Gomes et al. found that 50uM-Cur, without light
excitation, was able to inhibit the growth of one strain of C. albicans (32). A
recent publication found that the minimum inhibitory concentration (MIC) of Cur
against 14 Candida strains ranged from 250 to 2000mg/L while fluconazole MICs
were between 4 and 64mg/L (33). In comparison with these investigations, the

present study used lower Cur concentrations to sensitize the Candida isolates in
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the planktonic form (< 20uM or 7.4mg/L). Thus, although promising results were
described with the use of Cur without light excitation, higher concentrations of the
compound were needed to induce the antifungal effect. Likewise, the studies of
Dahl et al. (34) and Tennesen et al. (35) reported that the antibacterial activity of
some Cur concentrations was greatly enhanced by light. Another finding in the
present study was that PDT effectiveness was not always fluence-dependent. The
use of fluences higher than 18J/cm” did not improve the effectiveness of PDT for
inactivating the Candida species. This could be as a result of the Cur
photobleaching which leads to photodegradation of the PS solution and decreases
in reactive oxygen species production (23,25).

Since the light fluences of 5.28 and 18J/cm” showed the best outcomes for
Candida photoinactivation (planktonic phase), these parameters were selected to
be tested against biofilms. When using 40uM of Cur, the metabolic activity of C.
albicans, C. glabrata and C. tropicalis biofilms was reduced by 85, 85 and 73%
respectively, at 18J/cm?. The ability of Cur to act as an antifungal agent against C.
albicans biofilms has previously been reported (23,36). Accordingly, a similar
protocol (40puM of Cur and 18J/cm”) was used against one ATCC strain of C.
albicans and the authors observed a decrease of 87% in biofilm viability (23). On
the other hand, the photosensitization of C. glabrata and C. tropicalis biofilms by
Cur is a completely new result. It was interesting to note that C. glabrata isolates
in the planktonic phase seemed to be less susceptible to PDT in comparison with
C. albicans and C. tropicalis, but this observation was not true when biofilms
were considered. C. glabrata required a higher Cur concentration to achieve 4 log
reduction in CFU/mL counts and it was not completely inactivated in any of the
protocols tested. Other investigations also found the reduced susceptibility of C.
glabrata suspensions to photoinactivation (14,15). However, this reduced
susceptibility was not observed in C. glabrata biofilms, which showed similar
levels of photoinactivation in comparison with C. albicans biofilms. According to
Seneviratne et al. (11), C. albicans isolates usually form thicker biofilms with the
presence of hyphal elements that support the exopolymeric substances and

blastospores, promoting a three-dimensional multilayered community. In contrast,
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C. glablata isolates are more prone to producing thinner and compact biofilms
(11). In the present investigation, a liquid medium was used to grow the biofilms
(RPMI-1640) which induces hyphal formation in C. albicans cultures (37). Thus,
the presence of a robust architecture in C. albicans biofilms was probably an
important factor influencing the penetration of Cur and light during PDT,
differently from the thinner C. glabrata biofilms mainly composed of
blastospores. For this reason, it is believed that even with the C. glabrata cells
being more resistant to photoinactivation, the effect against biofilms was
equivalent between the two species. In addition, the comparison made among the
mean absorbance values (CV staining) found in control biofilms showed that C.
albicans isolates were strong biofilm-forming strains, when compared with C.
glabrata and C. tropicalis isolates (p<0.05). Conversely, other investigations have
found that C. tropicalis may have a similar ability to form biofilms when
compared with C. albicans (38). These different results probably reflect the
different growth conditions, i.e. culture medium and substrate, and physiological
variations among the strains used in different investigations. The results also
showed significant variation in response to PDT among the individual strains of
each species. The level of variation within the same species was more pronounced
in the planktonic cultures exposed to PDT, but biofilms also showed significant
discrepancies. Significant differences observed in the present study among
Candida species and strains with regard PDT susceptibility also concur with
previous studies (15,32,39). Therefore this investigation once again confirms the
importance of testing more than one isolate of Candida belonging to a given
species to characterize the species-specific behavior. In general, significant
variation in the response of individual strains was observed, but all of the isolates
were susceptible to Cur-mediated PDT.

The Cur-phototoxicity to microbial systems seems to be mediated through
the excited states of Cur, their subsequent reactions with oxygen and formation of
reactive species (40). The production of non-specific reactive components has
important advantages over traditional antifungal treatments. It is unlikely that

yeasts could develop resistance to them and microorganisms with innate or
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acquired resistance to antifungal drugs should be susceptible to photodynamic
damage. C. glabrata is recognized as having a stable resistance to fluconazole,
while C. tropicalis has shown rapid development of resistance to fluconazole and
amphotericin B, especially in cancer patients (6). Our results showed that although
Candida 1isolates differed in the response to PDT, the five clinical strains
belonging to each species were susceptible to Cur-mediated PDT indicating its
broad spectrum of action against Candida. According to CV staining assay, Cur-
mediated PDT not only reduced the metabolic activity of Candida biofilms, but
also decreased the biofilm biomass of all species evaluated. It has previously been
suggested that PDT can target bacterial biofilms by killing the cells and disrupting
biofilm architecture (41). Light micrographs performed by Goulart et al. (42)
showed that PDT was able to detach bacterial cells from the well in which
biofilms were formed. Thus, it possible to suggest that Cur mediated PDT can act
against Candida biofilms in a similar way, simultaneously altering yeast
metabolism and causing biofilm disarticulation. It has been suggested that lethal
photosensitization is likely to occur in the outermost layers of C. albicans
biofilms probably due to the superficial penetration of PS into the biofilm layers
(43). Since PDT can superficially disrupt the biofilm structure after a single
application, it is possible to suppose that repeated cycles of the therapy may be
capable of reducing the biofilm biomass, allowing deeper penetration of the PS
and promoting higher levels of biofilms inactivation. This mode of action can
have important relevance for the design of future clinical investigations on Cur-
mediated PDT.

In conclusion, the results from the present investigation showed that low
Cur concentrations can be highly effective for inactivating Candida isolates when
associated with light excitation. The three main Candida species that are
frequently associated with fungal infections were efficiently photosensitized with
the protocols tested. Thus, the parameters established in this in vitro investigation
will shortly be used in an animal model of Candida infection in order to verify the

effectiveness of the therapy for the treatment of oral candidiasis.
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TABLES

Table 1- Minimal Cur concentration (uM) required to achieve 4 log decrease in

log(CFU/mL) values after PDT at different light fluences.

Candida 2 2 2 3
. 5.28J/cm” 18J/cm” 25.5J/cm” 37.5J/cm
isolate

Cal 10 10 5 5
Ca2 10 10 10 10
Ca3 20 20 10 10
Ca4 20 10 10 10
Ca5s 5 5 5 5
Ca mean* 10 10 10 10
Cgl 20 20 20 20
Cg2 NA NA NA NA
Cg3 20 20 20 20
Cg4 20 20 20 20
Cg5 NA 20 20 20
Cg mean* NA 20 20 20
Ctl 10 5 5 5
Ct2 NA 10 10 20
Ct3 10 10 10 10
Ct4 10 5 5 5
Ct5 20 10 10 10
Ct mean* 10 10 10 10

*: Results obtained from the mean of the five clinical isolates.

NA: 4 log drop was not achieved at the light fluence.
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Table 3 - Percentage of reduction (%) in metabolic activity (XTT reduction assay)
obtained after treatment of Candida biofilms with PDT. The percentage was

calculated versus the XTT value obtained with P-L- group.

Candida PDT5.28J/cm’ PDT 18J/cm’
isolate 20uM  30uM 40uM 20uM 30pM  40uM
Cal 67 71 88 65 74 90
Ca2 30 48 70 56 76 87
Ca3 59 72 86 62 75 73
Cad 69 71 82 73 76 87
Cas 62 70 81 61 72 84
Ca mean* 57 66 81 63 75 85
Cgl 43 61 80 59 79 81
Cg2 71 71 80 76 86 84
Cg3 43 69 79 64 67 86
Cg4 53 70 83 74 84 90
Cg5 22 67 81 66 76 87
Cg mean* 46 67 81 67 79 85
Ctl 28 55 67 60 73 76
Ct2 33 54 69 47 80 89
Cea33 31 45 47 39 48 57
Ct4 22 39 66 33 53 71
Cts5 36 36 54 53 57 72
Ct mean* 29 46 61 46 62 73

*: Results obtained from the mean of the five clinical isolates.
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ABSTRACT

Background and Objective: Data obtained from in vitro investigations of
curcumin-mediated PDT are encouraging, but the lack of reliable in vivo evidence
has not allowed this method to be confirmed as an effective therapy for oral
candidiasis. Thus, this study describes the photoinactivation of C. albicans in a
murine model of oral candidiasis, using curcumin as a photosensitizer. Study
Design/Materials and Methods: Forty five 6-week-old female Swiss mice were
immunosuppressed, provided tetracycline to their drinking water, and then orally
inoculated with a suspension of C. albicans (10’ CFU/mL). Five days after oral
inoculation, animals belonging to P+L+ groups received a topical administration
of curcumin (20, 40 and 80uM) and illumination with LED light at 37.5)/cm?
(455nm). The use of curcumin or light alone were also evaluated (P+L- and P-L+
groups, respectively). Positive control animals did not receive any treatment
(P-L-) and negative control animals were not inoculated with C. albicans. After
swabbing to recover yeast from the tongue, the number of surviving yeast cells
was determined (CFU/mL) and analyzed by ANOVA and Tukey's post-hoc tests
(0=0.05). Animals were humanely killed, the tongues surgically removed and
processed for histological evaluation of presence of yeast and inflammatory
reaction. Results: All associations of curcumin with LED light were able to
significantly reduce C. albicans viability after PDT, when compared with the
log(CFU/mL) value of P-L- group. The use of 80uM associated with LED light
was able to promoted highest log;o reduction in colony counts (over than 4 logs).
The colony counts from P-L-, P+L- and P-L+ groups remained constant.
Conclusion: Within the limitations of this study, it was concluded that curcumin-
mediated PDT proved to be effective for in vivo inactivation of C. albicans

without harming the host tissue of mice.
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INTRODUCTION

Candida species have been reported as important pathogens in a broad
spectrum of human infections, ranging from localized mucocutaneous lesions to
serious invasive process (1). Some of the oral candidal infections of clinical
significance include the oropharyngeal candidiasis (OPC) and Candida-related
denture stomatitis (2,3,4). These are opportunistic infections often presented as a
chronic recurring condition, which affects mainly immunocompromised
individuals and denture wearers. In fact, the OPC is a frequent complication in
patients under corticosteroid therapy, immunosuppression after transplantation, or
with human immunodeficiency virus infection (3,4,5). Moreover, Candida spp.
can be involved in disseminated forms of disease, such as nosocomial infections
(6,7), and nosocomial bloodstream infections (6,8,9,10). Generally, Candida
albicans represents the predominant species, but the so-called non-albicans
Candida species can also act as opportunist pathogens (1,11). Management of oral
candidiasis is typically drug based and can involve topical and systemic antifungal
agents (12). However, relapse and recurrence are frequent, requiring either
repeated courses of drug therapy or long-term administration of antifungal agents
such as fluconazole (13). The extensive use of azoles has resulted in global
emergence of resistance in Candida species and subsequent treatment failures
(14,15). In addition, most manifestations of candidiasis are associated with the
formation of Candida biofilms on surfaces such as oral tissues, prostheses and
implanted devices (16). Antifungal resistance is a key characteristic of candidal
biofilms, which is mainly associated with the exopolymeric matrix, dominant
metabolic processes, and inter organism interactions (17). Due to the difficulties
associated with the use of conventional drugs and antifungal resistance, alternative
antifungal strategies are being actively sought. One such approach can be the
Photodynamic Therapy (PDT).

Photodynamic inactivation of microorganisms is based on the combination
of a drug, known as photosensitizer (PS), and the delivery of a visible light of the
appropriate wavelength to excite the PS molecule (18). The killing is a result of

the phototoxic reactions, in which PS absorbs photons and induces a serial of
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reactions involving the formation of radicals and reactive oxygen species (ROS).
These ROS can react rapidly with non-specific targets, such as cell membranes
and proteins leading to microbial destruction (18). For this reason, PDT carries
several advantages, for example high target specificity, few undesired side effects,
and little likelthood of promoting the development of resistance by
microorganisms (19). Different types of PS have been proposed for antifungal
PDT, however, complete killing of Candida species is not frequently achieved
and some of the available PS showed limited effectiveness against Candida
biofilms and animal models of candidiasis (20,21).

Curcumin is a small-molecular-weight compound that is isolated from the
rizhomes of Curcuma Longa L. and is one of the components of the commonly
used spice turmeric (22). Recent investigations have shown that curcumin can
have antifungal activity against Candida spp. and also the capability to inhibit
fluconazole resistance and to increase the fungicidal effects of amphotericin B in
Candida isolates (23,24,25). Additionally, the antifungal effects of curcumin may
possibly be enhanced by combination with light, especially in the blue spectral
region (26). Due to the superficial penetration depth of blue light into tissues (20),
curcumin can be suggested as a suitable PS for treatment of localized superficial
infections such as oral candidiasis. Low curcumin concentrations have been
shown to be highly effective for photoinactivating C. albicans, in planktonic and
biofilm form (26). It was also suggested that the therapy was more effective in
inactivating the yeast cell than a macrophage cell line, suggesting certain
specificity of curcumin-mediated PDT (26).

Therefore, the data obtained from in vitro investigations of curcumin-
mediated PDT are encouraging. However, the lack of reliable in vivo evidence has
not allowed this method to be confirmed as an effective therapy for the control of
oral candidiasis. Then, the aim of the present investigation is to contribute to in
vivo antimicrobial PDT development reporting the photoinactivation of C.
albicans in a murine model of oral candidiasis using different curcumin

concentrations in association with LED light.
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MATERIALS AND METHODS

Photosensitisers and light source: Natural curcumin was obtained by Sigma
Aldrich, USA. A stock solution (800uM) was prepared in Dimethylsulfoxide
(DMSO; 10%) and then diluted in saline solution to obtain the concentrations to
be tested. The PS concentrations tested were 20, 40 and 80uM, which correspond
to 7.4, 14.7 and 29.5mg/L. A handpiece with a blue (~ 455nm) light-emitting
diode (LED, LXHL-PR09, Luxeon® III Emitter, Lumileds Lighting, San Jose,
California, USA) were designed by Instituto de Fisica de Sdo Carlos (University
of Sao Paulo, Sao Carlos, SP, Brazil). The output power of light delivered at the
end of the handpiece was 89.2mW/cm’.

Microorganisms and culture condition: A reference strain of C. albicans was
used (ATCC number 90028; Rockville, Md, USA). This strain was maintained in
yeast-peptone-glucose (YEPD) at -70°C and was reactivated by cultivation in
Sabouraud Dextrose Agar containing Sug/mL gentamicin (SDA) at 37°C for 48
hours before each experiment. The yeast was inoculated in SmL of Tryptic Soy
Broth (TSB) and grown aerobically at 37°C for 24 h. Each culture was harvested
after centrifugation at 2000rpm for 10 min, washed twice with sterile distilled
water and resuspended in sterile saline to a concentration of 10’ CFU/mL (20).
Animal preparation and Candida inoculation: The research protocols for using
mice and all animal experiments were approved by the Ethical Committee for
Animal Investigations (Araraquara Dental School, UNESP- Univ Estadual
Paulista). Forty-five six-week-old female mice were used for all animal
experiments. The mice were kept in cages housing 5 animals in a temperature-
controlled room (23 + 2°C) with a 12:12 h light/dark cycle. Standard mouse chow
and tap water were given ad libitum.

The methodology described by Takakura et al. (27) and Mima et al. (20)
was used to induce oral candidosis in mice. The study design is shown in Figure
1. The animals were immunosuppressed with two subcutaneous injections of
prednisolone (Depo-Medrol, Laboratorios Pfizer Ltda., Guarulhos, SP, Brazil) at a
dose of 100mg/kg body weight 1 day prior to and 3 days after the infection with

Candida. Tetracycline hydrochloride (Farmdcia Santa Paula, Araraquara, SP,
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Brazil) in drinking water at the concentration of 0.83mg/mL was given to mice
beginning 1 day before inoculation. Animals were anesthetized by an
intramuscular injection with 50uL of 2mg/mL chlorpromazine chloride (Farmécia
Santa Paula, Araraquara, SP, Brazil) on each femur. Small cotton pads
(Cottonbaby, Higie-Plus Cottonbaby Ind. Com. Ltda., Sdo José, SC, Brazil) were
soaked in a C. albicans cell suspension (10’ CFU/mL) and the tongue of the
anesthetized mice was swabbed to produce oral infections.

Experimental and control groups: Five days after Candida inoculation, 40 mice
were randomized into 8 groups according to the type of treatment (P+L+20uM,
P+L+40uM, P+L+80uM, P+L-20uM, P+L-40uM, P+L-80uM, P-L+, and P-L-).
The animals were anesthetized by an intramuscular injection of 100mg/kg body
weight ketamine (Unido Quimica Farmacéutica Nacional S/A., Embu-Guacu, SP,
Brazil) and 10mg/kg body weight xylazine (Produtos Veterinarios J. A. Ltda.,
Patrocinio Paulista, SP, Brazil). Each animal was placed in a supine position on a
pad in a device fitted with stainless steel wires that were looped around the
incisors to hold the mouth opened. With mandible and cheeks retracted, the
tongue was gently positioned out of the mouth as far as possible to avoid any
injury to the tissue. Animals belonging to P+L+ groups topically received 70uL of
PS at the concentrations tested (20, 40 and 80uM) on the dorsum of the tongue
and mice were maintained in the dark during 20 min (pre-irradiation time). During
this period, the tongue of each animal was kept in the oral cavity and the PS was
not swallowed, since the animals were anaesthetized. After this period, tongue
was pulled out of the mouth again for illumination. The LED device was placed
onto the dorsum of the tongue and illumination was performed at 37.5J/cm’,
which corresponded to 7 min. The antifungal effect of the PS without light
excitation was tested by application of curcumin at the same concentrations (20,
40 and 80uM) for the same period of pre-irradiation time and irradiation but in the
absence of light (P+L- groups). The group that received light only was exposed to
the same LED fluence mentioned above without previous photosensitization with

PS (P-L+). The positive control group did not receive either PS or light (P-L-).
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A negative control group (NCGQG) of animals was not immunosuppressed
and did not receive C. albicans inoculation neither any treatment. Recovery of C.
albicans from tongues of all mice was done at only one time point (Day 7),
immediately after treatment for P+L+, P+L- and P-L+ groups. For all groups of
mice, the dorsum of the tongue was swabbed for 1 min with a cotton pad. The end
of the cotton pad was then cut off, placed in a tube containing ImL sterile saline
and vortexed for 1 min to resuspend the yeast cells. After that, duplicate 25uL
aliquots from the 10-fold serial dilutions were spread over the surface of SDA. All
plates were aerobically incubated at 37°C for 48h. After incubation, yeast colony
counts of each plate were quantified using a digital colony counter (CP 600 Plus,
Phoenix Ind Com Equipamentos Cientificos Ltda, Araraquara, SP, Brazil). The
colony forming unit per milliliter (CFU/mL) was determined and transformed into
logio. Each experimental and control group consisted of five animals.
Histopathological stydy: On day 8, all mice, from all groups, were sacrificed
with a lethal dose of ketamine. Tongues were surgically removed, fixed in 10%
formalin fixative solution at pH 7.2 and embedded in paraffin. Five-um thick
serial sections were cut, mounted on glass slides and stained with periodic acid-
Schiff and hematoxylin (PAS-H) stain for histopathological examination and
fungal detection in light microscope (Carl Zeiss 62774, Oberkochen, West
Germany). Tissue reaction due to C. albicans infection associated or not to the
PDT was examined by a pathologist blinded to the all groups of mice. A
descriptive analysis of the histological characteristics of the tissue with and
without local inflammatory response of varied intensity was performed.
Statistical analysis: Descriptive analysis was performed to summarize the results.
Data obtained were analyzed by means of a linear model ANOVA followed by
Tukey's post-hoc tests for multiple comparisons among experimental and control

groups. The significance level adopted was 5% (p<0.05).



05
3.3 @apfmlo 3

RESULTS”

After five days of Candida inoculation (day 7), macroscopic observations
showed typical lesions composed of white patches or pseudomembranes on the
tongue of all infected mice. The high yeast colonization was confirmed in P-L-
animals, since the mean colony counts in this group were of 1.89x10° CFU/mL.
On the other hand, animals that received neither imunosupression nor C. albicans
inoculation (NCG) showed absence of macroscopic signs of infection and no
colony growth after sampling.

The distribution of log;¢CFU/mL values obtained is presented in box plot
format (Figure 2). Two animals belonging to P+L+ 40uM group and four animals
from P+L+ 80uM group showed absence of colony growth on SDA plates after
treatment, suggesting the complete inactivation of C. albicans in these mice.
Table 1 shows the mean log;o drop in each of the P+L+ groups. The use of 80uM
of curcumin associated with LED light was able to promoted highest logi
reduction in colony counts (over than 4 logs). Nevertheless, all associations of
curcumin and LED light were able to significantly reduce C. albicans viability
after PDT, when compared with the log(CFU/mL) value of P-L- group (Table 2).
In general, the colony counts from P-L-, P+L- and P-L+ groups remained between
4.0 and 6.0 log;o(CFU/mL). The differences among the mean values of these
groups were considered statistically insignificant (Table 2).

Histological analysis of the tongue of the mice belonging to P-L- group
showed the presence of yeast and pseudohyphae limited to the keratinized layer
on the dorsum of the tongue, and no evidence of invasion of yeast in deep layers
of the epithelium. The subjacent connective tissue exhibited mild inflammatory
response mediated by mononuclear cells (Figure 3A). The histological
examination of animals from P+L- and P-L+ groups revealed similar
characteristics. Mice from negative control group showed no evidence of C.
albicans on the dorsum of the tongue and the epithelial and connective tissues
exhibited normal histological characteristics (Figure 3B). Histological

examination of tongue of four animals treated with PDT, at 80uM of curcumin,

* Os resultados originais e analises estio apresentados no Apéndice (Item 7.3)
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revealed absence of the fungi on the tongue of four animals (Figure 3C). Only one
animal from this group was still carrying C. albicans, but a discrete number of
cells was observed (Figure 3D). Animals belonging to the remaining P+L+ groups
showed reduced number of yeast, pseudohyphae and hyphae limited to the
keratinized layer on the dorsum of the tongue (Figure 3E,F).

DISCUSSION

C. albicans is a major opportunistic human pathogen that causes
superficial and disseminated forms of infections. The increasing emergence of
antifungal resistance amongst Candida spp. has resulted in a growing interest in
the antimicrobial effects of PDT as a therapy for the localized candidiasis. In this
context, different types of PS with distinct physicochemical properties have been
proposed. Curcumin is a naturally occurring, intensely yellow pigment that
exhibits potential therapeutic applications (22,23,28). Recently, this natural
compound has been shown to possess phototoxic potential against Candida cells,
both in planktonic and biofilm phases (26). However, in vivo application of
antimicrobial PDT using curcumin has not yet been established. Thus, the present
investigation was design to evaluate the association of curcumin and LED light
for photoinactivation of C. albicans in a murine model of oral candidiasis.

The results showed that PDT was able to promote antifungal effect against
C. albicans. The association of 20, 40 and 80uM with light was able to produce
significant reduction on Candida viable counts, when compared to untreated mice
(P-L). Although statistical analyses did not find significant differences between
the P+L+ groups using 40 and 80uM of curcumin, the highest concentration was
the only able to promote over than 4 logs of reduction in C. albicans viable
counts. In fact, four of the five animals belonging to this P+L+ group (80uM)
showed absence of colony growth after the treatment, indicating that complete
inactivation of C. albicans may have occurred in these animals. To our knowledge
there is no previously published study investigating the in vivo photodynamic
effects of curcumin against C. albicans. However, previous laboratory studies

have shown the lethal photosensitization of microorganism using some curcumin
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preparations (26,29,30). A recent investigation showed that a lower concentration
(20uM) was sufficient to produce complete photoinactivation of C. albicans
suspensions, when compared to the present study (26). Those authors also found a
decrease of 87% in C. albicans biofilm metabolism using the same concentration
and 18J/cm? of light (26). Moreover, the in vitro photodynamic effect of curcumin
against bacterial species has been described with the use of lower concentrations
(1-25uM) (30). According to Dai et al. (31) two main factors can be responsible
for the different outcomes when antimicrobial therapies, including PDT, are
compared in in vitro and in vivo studies. One is the host tissue competition for
binding the PS, which results in a reduced efficacy of in vivo microbial
photoinactivation. Other reasons are the formation of complex biofilm on tissue
surfaces where the PS access can be difficult and the decrease on PS concentration
in deep sites of tissues (31). Therefore this investigation once again confirms the
importance of using animal models that mimic human infections to establish
effective parameters of new antimicrobial therapies prior to clinical
recommendation. It is also important to mention that the antifungal properties of
curcumin per se have been reported and the in vitro evaluations suggested that
concentrations higher than 80uM (or 29.5mg/L) can be need to produce antifungal
effect (23,32,33). A recent publication found that the minimum inhibitory
concentration (MIC) of curcumin against 14 Candida strains ranged from 250 to
2000mg/L (34). Thus, higher concentrations of the compound are needed to
induce the antifungal effect without light excitation.

Over the years, a number of studies have been designed to investigate the
effects of antimicrobial PDT, especially in the dental field. The growing evidence
from in vivo investigations has resulted in the clinical approval of some PDT
systems for treating endodontic infections, periodontitis and dental caries (35).
However, there are relatively few studies concerning the topical treatment of oral
candidiasis by PDT. Previous in vivo reports on photoinactivation of C. albicans
using methylene blue (21,36) and porphyrins (20) have been published. Teichert
et al. (36) used high concentrations of methylene blue (450 and 500 mg/L) and the

overall reduction of C. albicans viability was approximately of 3 log;o. Recently,
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Martins et al. (21) reported the use of a lower methylene blue concentration
(100mg/L), but the number of C. albicans recovered from lesions remained
similar to untreated animals. The use of porphyrin derivatives to treat oral
candidiasis also required high concentrations of PS and only a discrete antifungal
effect (1.40 log;o drop) was reported (20). According to Jori et al. (37), the
efficiency of a PS can be expressed as the minimal concentration which induces a
4 log decrease in survival of microorganisms. In the present study, the use of

80uM of curcumin associated with 37.5)/cm’

of LED light was sufficient to
promote a drop of 4.65 logjy in C. albicans viability. Thus, compared to the
previous published studies on Candida photoinactivation, the findings presented
here can clearly contribute for the development of effective protocols of
antifungal PDT. In addition, curcumin-mediated PDT can have important
advantages over traditional treatments of oral candidiasis. First, illumination was
performed during only 7 minutes, indicating that PDT rapidly inactivated Candida
cells while antifungals can take days to work. Using the same animal model of
oral candidiasis, Takakura et al. (27) evaluated systemic treatment with
fluconazole (in drinking water during 3 days) and topical application of
amphotericin B (during 3 days). No Candida organisms were detected in animals
treated with fluconazole, while only a reduction of C. albicans was obtained after
topical treatment. In an experimental model of esophageal candidiasis,
administration of itraconazole (oral solution once a day for 3 consecutive days)
reduced the number of Candida cells from 6 to 4 log (CFU/mL) (38). Chami et al.
(39) reported that topical application of nystatin (twice a day for 8 consecutive
days), for the treatment of induced oral candidiasis in rats, reduced the mean
number of viable counts of C. albicans from 3.64 to 2.71 log(CFU/mL). Another
advantage of PDT is the broad-spectrum of action. The curcumin-phototoxicity to
microbial systems seems to be mediated through the excited states of the PS, and
their subsequent reactions with oxygen (40). The formation of non-specific
reactive species means that PDT could be the first choice to treat a localized
infection while a proper identification of the microorganisms involved is being

conducted.
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The preparation of specimens for histological evaluation was performed
six days after Candida inoculation. Animals belonging to P-L-, P-L+ and P+L-
groups showed substantial number of yeast and pseudohyphae localized in the
keratinized layer. No invasion of the epithelium was observed and a mild
inflammation was seen in the subjacent connective tissue. This finding is in
agreement with those reported by Mima et al. (20) which used similar model of
oral candidiasis. In contrast, when Takakura et al. (27) firstly described the murine
model of oral candidiasis used in the present investigation, a destruction of several
epithelial layers was reported. This was probably because those authors used a
clinical isolated strain to produce the candidiasis in the animals which can have
increased virulence factors, when compared to the reference strain (ATCC) used
in the present study. The histological analysis also revealed that PDT had no
adverse effects on the adjacent tissue. Although a low inflammatory response was
observed in subjacent connective tissue, this characteristic was also observed in
all mice infected with C. albicans, regardless the type of treatment received. Only
the animals from NCG, which did not received Candida inoculation, showed
absence of signals of inflammation in the subjacent connective tissue. Therefore,
the inflammation verified in PDT specimens may be associated with the Candida
infection and not be related to the PDT treatment. Similarly, a mild inflammatory
response in the subjacent connective tissues of mice infected with C. albicans,
submitted or not to PDT, was observed in a previous investigation (20). In
addition, these results agree with the investigation conducted by Fernandes et al.
(45), which demonstrated the effectiveness of PDT as an adjunctive treatment of
induced periodontitis without causing any harming effects on tissues. An
important observation was that the histological sections from PDT groups treated
with 20, 40 and 80uM of curcumin revealed a reduced number of yeasts and
hyphae in the keratin layer, compared to untreated animals. In fact, four animals
that received 80uM of curcumin and light showed absence of C. albicans in the
tissue surface. It has previously been suggested that PDT can target bacterial
biofilms by killing the cells and disrupting biofilm architecture (46,47). Thus, it

possible to suggest that curcumin-mediated PDT can act against Candida
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infections in a similar way, simultaneously killing the yeast and causing biofilm
disarticulation, which can explain the lack of Candida cells in the histological
sections.

Judging by the results obtained in the present study, curcumin represents a
potential new PS against Candida cells. A single application of PDT was
sufficient to produce complete elimination of C. albicans from some of the
evaluated mice. The most promising results were observed with the use of
curcumin at 80pM and illumination with 37.5J/cm?. Thus, the protocol established
in this investigation should expand further in order to evaluate the safety of
repeated applications of the therapy on the treatment of oral candidiasis. In
addition, the effectiveness of the therapy must be evaluated in clinical trials with a

long term evaluation of the outcome of the treatment.
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TABLES

Table 1- Mean log decrease in log(CFU/mL) values after PDT at different

curcumin concentrations.

Groups log1o drop
P+L+ 20uM 1.51
P+L+ 40uM 3.57
P+L+ 80uM 4.65

Table 2- Post hoc multiple comparisons among groups P-L-, P+L-, P-L+ and

P+L+ groups. The given values are the mean log;o(CFU/mL).

Groups Mean log;¢(CFU/ml)

P-L- 491"
P+L- 20uM 553"
P+L- 40uM 4.99"
P+L- 80pM 4.53%

P-L+ 5.45°
P+L+ 20pM 3.40°
P+L+ 40uM 1.34°
P+L+ 80uM 0.26°

Different lower case letters denote significant
differences among groups according to
Tukey's Test (p< 0.05).
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Figure 1- Study design. ~ Tetracycline hydrochloride was given in drinking water

during days 1 to 7; *: The P+L+ groups corresponded to the animals treated with

PS and LED light; " The P+L- groups corresponded to evaluation of the three

concentrations of PS alone; * The P-L+ group corresponded to evaluation of LED

light alone.
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Figure 2- Summary of log;oCFU/mL values obtained in control and experimental
groups. The box-plot shows the median (small filled squares), the Ist and 3rd

quartiles (outer edges of box), and the minimum and maximum values (error
bars).
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Figure 3- Histological sections of the tongue of mice (PAS-H, X 200). A-
Animals that received immunosuppression and C. albicans inoculation, but no
treatment (P-L- group); B- animals that did not receive immunosuppression, C.
albicans inoculation and any treatment (NCG); C and D-: Infected animals
belonging to P+L+ 80uM group; E- Infected animals belonging to P+L+ 40uM
group; F: Infected animals belonging to P+L+ 20uM group.
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O primeiro estudo realizado in vitro (Capitulo 1) teve como
objetivo avaliar a capacidade da curcumina em fotossensibilizar uma cepa padrao
de C. albicans, quando associada a uma fonte de luz do tipo LED no comprimento
de onda azul (predominantemente em 455nm). A completa inativagdo do micro-
organismo, na forma planctonica, foi observada com a utilizacdo de 20pM de
curcumina (ou 7,4mg/L) associada com doses de luz a partir de 5,28J/cm® (4
minutos de iluminagdo). A literatura atual ndo dispde de informagdes sobre a
fotoinativagcdo de C. albicans mediada pela curcumina, porém alguns estudos ja
sugeriram que este composto pode possuir efeito antifiingico na auséncia de luz
32336889 Martins et al.®® mostraram que a concentragdo minima de curcumina que
resultou em auséncia de coldnias vidveis de C. albicans foi de 64mg/L. Um
método de microdilui¢io em meio de cultura foi utilizado por Sharma et al.* para
verificar a susceptibilidade de espécies de Candida a curcumina. Os autores
relataram que a inibi¢do do crescimento fungico foi obtida com concentragdes de
curcumina a partir de 185mg/LL quando os micro-organismos estavam em meio
liquido, enquanto que maiores concentragdes foram necessarias (296-370mg/L)
para inibi¢do de crescimento em meio so6lido®”. Outra investigagdo sugeriu que a
divisdo celular de C. albicans foi aparentemente inibida apds exposi¢do a
curcumina (1,56 - 12,5g/L), e que esse efeito foi dependente da concentracao
utilizada™.

Os estudos citados sugerem um possivel efeito antifingico da
curcumina, mesmo na auséncia de iluminac¢do. No entanto, os resultados
apresentados no Capitulo 1 mostram que a efetividade da curcumina em reduzir a
viabilidade de C. albicans foi observada apenas quando este composto foi
associado a luz LED. Este resultado pode ser provavelmente justificado pela
utilizacdo de baixas concentragdes de curcumina, enquanto que a sua utilizagdo
sem luz parece exigir maiores concentragdes da substancia para que o mesmo

efeito antifingico ocorra. Resultados similares foram encontrados por Dahl et
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2 . . o . . J
al.?®. Os autores descreveram a inativagio de Salmonella typhimurin utilizando
10uM de curcumina associada a luz, enquanto que esta mesma concentracao nao

1.1 também

ocasionou efeito antimicrobiano na auséncia de luz. Tennesen et a
sugeriram que o efeito antibacteriano da curcumina ¢ acentuado quando existe
iluminac¢do do composto.

O tempo de incubagdo das células microbianas com o PS,
previamente a exposicdo a fonte de luz, ¢ conhecido como tempo de pré-
irradiacdo (PIT) °"''"''?, Este parece ser um fator importante para o sucesso da
PDT, pois determina a quantidade de PS que se unira a célula do micro-organismo
ou, em alguns casos, que podera penetrar pela membrana citoplasmatica antes que
a iluminacdo seja realizada. Quanto maior a proximidade das moléculas do PS
com as células, maior serd formacao de espécies reativas em local proximo ao

1,111 1
LT Jackson et al. °! descreveram que o PIT

alvo desejado, durante a iluminacao
influenciou a fotoinativac¢do de C. albicans mediada pelo azul de toluidina (TBO).
De forma semelhante, Wilson, Mia'"' sugeriram que a sobrevivéncia de C.
albicans apés PDT, mediada pelo TBO, diminuiu com o aumento do PIT de 1
para 3 minutos. Entretanto, os mesmos autores também verificaram que PITs
maiores do que 3 minutos nio mostraram influencia na efetividade da PDT'". Os
resultados do presente estudo mostraram que a incubagdo das suspensdes de C.
albicans com curcumina por periodos maiores que 5 minutos ndo resultaram em
maior efetividade da terapia quando a iluminacao foi realizada com o PS presente
na suspensao celular. Estes resultados estdo de acordo com os relatados por Dahl
et al.”*.Contudo, nas amostras em que a curcumina foi removida das suspensdes
de Candida apos o PIT (previamente a iluminacao), a completa inativagdao do
micro-organismo ndo foi conseguida, mesmo com a pré-irradiacdo por 20
minutos. Resultados similares ja foram descritos previamente®®, quando o efeito
fotodinamico sobre culturas de bactérias foi reduzido com a remog¢ao da
curcumina previamente a iluminacdo das amostras. Dessa forma, pode ser
sugerido que a fotoinativagdo de C. albicans, mediada pela curcumina, foi
influenciada pela presenca do PS no meio circundante as células. No entanto, os

resultados mostraram que, embora a completa inativagdo de C. albicans ndo tenha
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ocorrido quando a curcumina foi removida antes da iluminagdo, reducdo na
viabilidade fungica foi detectada. Por essa razdo, ¢ possivel supor que a
curcumina possa se ligar e/ou penetrar nas células fungicas durante o PIT. Na
investigagio conduzida por Haukvik et al.*’, imagens obtidas por microscopia de
fluorescéncia confirmaram a presenga de curcumina ligada as células de bactérias
gram-negativas e positivas. Portanto, os resultados apresentados sugerem uma
possivel ligacdo das moléculas de curcumina as células de C. albicans, mas este
fato ndo parece ter sido essencial para a fotoinativagdo do fungo. Avaliagdes
adicionais serdo necessarias para se determinar se o PS permanece aderido a
membrana citoplasmatica ou se existe penetragdo do composto para o interior das
células fungicas.

O efeito antifungico da curcumina sobre biofilmes de C. albicans
foi descrito em apenas um estudo, sem a associacdo de luz”. Na presente
investigacao, a PDT mediada pela curcumina promoveu reducdes significativas no
metabolismo dos biofilmes de C. albicans. O mesmo protocolo que ocasionou
completa inativacdo das células na forma planctonica (20uM de curcumina; 20
min de PIT; 5,28J/cm2), reduziu a atividade metabodlica dos biofilmes em 70%, o
que foi considerado estatisticamente significativo em comparagdo as amostras
controle. Adicionalmente, a utilizagdo de 40uM de curcumina promoveu reducio
de 68 e 87% no metabolismo dos biofilmes incubados com curcumina durante 5 e
20 minutos (PIT) respectivamente. Esses resultados parecem sugerir uma possivel
influéncia do PIT com curcumina na inativa¢ao dos biofilmes, o que poderia ser
justificado pelas caracteristicas estruturais desse tipo de crescimento

172489~ Os biofilmes consistem em uma comunidade de micro-

microbiano
organismos organizados em camadas de células e envoltos por uma matriz
polimérica. Esta estrutura tipica € responsavel por proteger os micro-organismos
no interior dessas comunidades®. Alguns PSs parecem possuir limitada
capacidade de atuar em biofilmes, o que tem sido atribuido a dificuldade de

3475 No estudo de

penetragdo do composto nas camadas celulares mais profundas
Pereira et al.””, imagens obtidas em microscopia eletrdnica de varredura
9

mostraram que a fotossensibilizacdo mediada por azul de metileno ocorreu
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predominantemente nas camadas mais externas dos biofilmes de C. albicans. De
acordo com os resultados da presente investigagdo, ¢ possivel supor que quanto
maior o PIT, maior a penetragdo da curcumina no interior dos biofilmes,
resultando em maiores percentuais de reducdo metabolica. Por essa razao,
Donnely et al.*? recomendaram a utilizacdo de maiores periodos de incubacgao de
PS para a avaliagdo da PDT em biofilmes. Adicionalmente, também ja foi
sugerido que a PDT sobre biofilmes de C. albicans parece exigir a utilizagdo de
maiores concentragdes de PS, em comparagdo com a forma planctdnica do micro-
organismo, de forma a compensar a maior quantidade de células e biomassa
existente nos biofilmes'”.

O efeito antibacteriano da curcumina, quando associada a uma
fonte de luz, vem sendo descrito por alguns autores”***1% A fotoinativacdo de
Enterococcus faecalis, Streptococcus intermedius e Escherichia coli ja foi
observada com a utilizagdao de 1 a 25uM de curcumina e iluminacao com luz azul
nas doses de 0,5 a 30J/cm® *°. De acordo com as informagdes disponiveis na

literatura, o efeito toxico da PDT mediada pela curcumina parece ocorrer apds a

80,93 1 93

excitacdo deste composto e a subsequente reagdo com oxigénio . Shen et a
observaram que a dilui¢do da curcumina em DMSO e sua posterior iluminagao
pode levar a formagio do radical anion superdxido (O,) e do 'O,. Também foi
sugerido que uma vez formado o radical O, outras espécies reativas como o
peroxido de hidrogénio (H,0;), podem ser produzidas e, assim, aumentar a
atividade fotossensibilizadora da curcumina’. Outra investigacdo, no entanto,
sugeriu apenas o envolvimento do H,O, na fotoinativagdo de bactérias mediada
pela curcumina®®.

De acordo com a metodologia empregada no Capitulo 1, a possivel
formagdo de 'O, foi investigada por meio da adicdo de azida de sddio (NaNj3)
previamente a ilumina¢do das amostras de C. albicans, tendo em vista que esta
substdncia ¢ um eficiente supressor do 'O. Foi observado que a fotoinativacio
das suspensoes de C. albicans ndo foi negativamente afetada pela presenga do
supressor, ou seja, pela auséncia da formagdo de 'O,. Estes resultados sugerem

1 - . . oA .
que a presenca de 'O, ndo parece ser essencial para que o efeito fotodindmico
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ocorra. No estudo de Haukvik et al.*® os autores examinaram a formagédo de 'O,
em diferentes formulagdes de curcumina e observaram uma limitada formacao
dessa espécie reativa de oxigénio. Esses resultados concordam com os de Dahl et
al.*® uma vez que os autores verificaram uma quantidade minima ou até a auséncia
da formacdo de 'O, quando a curcumina se apresentava diluida em solvente
protico. No presente estudo, o solvente aprdtico DMSO foi utilizado para
dissolver o p6 de curcumina, tendo em vista que esse ¢ praticamente insolivel em
agua. Em seguida, a solugdo estoque do PS foi preparada por meio da dilui¢do em
solucdo salina (solucao proética) de forma que a concentragao final de DMSO foi
de apenas 10%. Portanto, as solucdes de curcumina que foram expostas a luz eram
constituidas em sua maioria de uma solugdo aquosa/prdtica, o que poderia

explicar a baixa formagdo de '0,. Entretanto, os resultados da avaliacdo do PIT

o~

sugeriram que a curcumina pode se aderir a membrana celular, a qual

o~

considerada uma estrutura lipofilica semelhante a meios apréticos. Por isso,
possivel supor que ocorra a formacgdo de espécies reativas caracteristicas de
ambientes aproticos nas camadas lipofilicas da membrana citoplasmatica, e o 'O,
poderia se formar no interior da célula, como sugerido por Haukvik et al.*
Assim, os resultados do Capitulo 1 sugerem que o efeito fotodinamico mediado
pela curcumina pode ndo estar necessariamente vinculado a formagio de 'O,
porém o mecanismo de fotoinativacdo fungica e a produ¢do de outras espécies
reativas precisam ser investigados em estudos futuros.

Os resultados apresentados no Capitulo 1 também mostraram que a
utilizagdo de doses de luz superiores a 5,28J/cm’ ndio ocasionou maior efetividade
da PDT, quando as culturas planctonicas foram avaliadas. Além disso, também foi
observado que a capacidade de absorcao de luz pela solucdo de curcumina
diminuiu em fung¢do do tempo de iluminacdo (dose de luz) empregado. A
avaliacdo dos espectros de absorbancia e fluorescéncia foi realizada para
monitorar, de forma indireta, a fotodegradacdo da curcumina (20uM) e o
comportamento fotodindmico dessa solucdo. Esse tipo de andlise tem sido
empregado para comparar a eficiéncia fotodindmica de diferentes PSs, bem como

correlacionar a fotodegradagdo das moléculas do PS e a producdo de espécies
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reativas de oxigénio (ROS)'**’. De acordo com a alta taxa de fotodegradagdo
observada apds os maiores periodos de iluminagdo, pode ser sugerido que, apos
sua degradacao, a solugdo de curcumina produziu uma reduzida quantidade ROS.
Chignell et al.'® também relataram que a absorbéncia da curcumina diminuiu apds
sua iluminacao, indicando que a substancia foi fotodegradada e que esse processo
nao produziu fotoprodutos com alta capacidade de absor¢do de luz. Embora o
DMSO nido tenha sido utilizado como solvente, os autores sugeriram que a
degradagdo da curcumina durante exposi¢cdo a uma fonte de luz parece ser um
processo que corre independentemente da natureza do solvente utilizado'®. Por
isso, pode ser sugerido que a fotodegradacdo da curcumina ¢ provavelmente
acompanhada pela redu¢do na produgdo de ROS, j& que poucas moléculas
opticamente ativas continuam presentes na solucao. Este fato poderia justificar os
resultados observados apos a avaliacao de altas doses de luz, tendo em vista que
apos 4 minutos de iluminacio (5,28)/cm?) a solugdo de curcumina ja havia sofrido
fotodegradacado e, portanto, a produgdo de ROS seria deficiente. Apesar disso, o
pico de absor¢do e fluorescéncia da curcumina permaneceu constante no mesmo
comprimento de onda durante a iluminacdo. Portanto, se o processo de
degradacao ocasionou a producdo de fotoprodutos, esses ndo puderam ser
detectados na faixa do espectro de luz avaliado neste estudo.

Macréfagos sdo células imunoldgicas responsaveis por diversos
mecanismos de defesa quando hd o desenvolvimento de infecgdes superficiais
como a candidose'®. Por essa razdo, ¢ importante que o possivel efeito toxico da
PDT seja avaliado neste tipo celular’. Concentragdes a partir de 1uM de
curcumina associadas a luz promoveram reducdo significativa no metabolismo
celular dos macrofagos, quando comparado as células nao tratadas com PDT. O
efeito toxico ndo ocorreu nas amostras tratadas com curcumina sem iluminacao.
Um estudo prévio em culturas celulares ja sugeriu que a associagdo de curcumina
com luz pode produzir efeitos toxicos 4 células de mamiferos®’. Por outro lado,
também existem relatos de que a curcumina atuou seletivamente em células de
cancer sem afetar as células normais proximas a lesdo'®’. No presente estudo, a

PDT nao ocasionou a completa inviabilizagdo dos macrdéfagos, enquanto que o
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mesmo protocolo (20uM; 5,28J/cm?) foi efetivo em inativar completamente as
suspensoes de C. albicans. Dessa forma, pode-se supor que as células fungicas
foram mais susceptiveis ao dano fotodinamico do que os macréfagos. Estudos in
vivo poderiam confirmar a relevancia clinica desses resultados, ja que o efeito da
PDT pode ser influenciado pelas condigdes ambientais no local da infec¢ao, como
a presenca de outras biomoléculas e interacdes celulares. J& foi previamente
mostrado que a aplicag@o in vitro da PDT pode ocasionar danos em culturas de
fibroblastos™, enquanto que o mesmo protocolo nio foi capaz de induzir efeitos
toxicos nos tecidos de animais’'. Assim, os resultados preliminares encontrados
neste estudo in vitro ainda precisam ser investigados em estudos que simulem as
condi¢des encontradas clinicamente.

Embora a C. albicans ainda seja a espécie mais prevalente nas
infec¢des por Candida, outras vém sendo frequentemente isoladas de infecgdes
superficiais e sistémicas™". Entre as espécies ndo-albicans destacam-se a C.
glabrata e a C. tropicalis devido a sua alta prevaléncia® e a frequente resisténcia

1 ~ .
SBI08  por essa razdo, novas modalidades

aos tratamentos convencionais
terapéuticas para o tratamento das infec¢oes por Candida devem,
preferencialmente, possuir um amplo espectro de acdo atuando efetivamente na
inativagdo de diferentes espécies do mesmo género bem como em diferentes cepas
da mesma espécie. Tendo em vista os resultados promissores relatados no
Capitulo 1, outro estudo foi desenvolvido com o objetivo de se investigar o efeito
toxico da PDT mediada pela curcumina sobre diferentes isolados clinicos de C.
albicans, C. glabrata e C. tropicalis, na forma de suspensdes planctonicas e
biofilmes.

Os resultados obtidos apods a avaliagdo dos micro-organismos na
forma planctonica mostraram que a curcumina em associacdo com luz promoveu
efeito antifiingico para as trés espécies avaliadas. Segundo Jori et al.” a eficiéncia
de um PS pode ser expressa de acordo com a minima concentragdo do agente
capaz de induzir uma redu¢do de 4 logs no nimero de unidades formadoras de

colonia (ufc/mL). Para os isolados clinicos de C. albicans e C. tropicalis, a

reducdo de 4 logs foi observada com a utilizagdo de 10pM (3,7mg/L) de
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curcumina independentemente da dose de luz aplicada. Para as cepas de C.
glabrata, foi necessaria a utilizagdo de 20pM (7,4mg/L) de curcumina e
iluminagdo com doses de luz a partir de 18J/cm”. Adicionalmente, foi verificado
que a associacdo de 20uM de curcumina com 5,28J/cm2 e 18J/cm? de luz
ocasionou a auséncia de crescimento de colonias para os isolados de C. albicans e
C. tropicalis, respectivamente. Esse resultado estd de acordo com os descritos no
Capitulo 1, no qual uma cepa de referéncia da espécie C. albicans foi
completamente inativada apos a utilizacdo de 20uM de curcumina e luz. Além
disso, a utilizagao de curcumina sem luz ndo promoveu efeito toxico em nenhum
dos isolados clinicos, de forma similar ao relatado na avaliacdo da cepa padrao.
Isso ocorreu provavelmente devido as baixas concentracdes utilizadas para
fotossensibilizar as suspensdes planctonicas (< 20uM ou 7.4mg/L). Estudo
recente determinou que a minima concentracdo inibitéria (MIC) de curcumina
sobre 14 isolados clinicos de Candida variou entre 250 e 2000mg/L, enquanto que
o MIC do fluconazol sobre os mesmo isolados esteve entre 4 ¢ 64mg/L'*. Dessa
forma, os resultados apresentados no presente estudo novamente sugerem que o
efeito antifingico da curcumina pode ser acentuado com a associacdo de luz, o
que leva a utilizacdo de menores concentracdes do agente evitando assim a
ocorréncia de possiveis efeitos toxicos. Outro resultado observado foi que a
efetividade da PDT nem sempre esteve na dependéncia do aumento na dose de luz
utilizada. Considerando as 15 cepas avaliadas, a utilizagao de doses superiores a
18J/cm® ndo aumentou a efetividade da PDT sobre as células planctdnicas. A
fotodegradacdo da solugdo de curcumina durante a exposi¢do a luz, e
consequentemente, a diminui¢do na produ¢do de espécies reativas de oxigénio,
pode explicar esses resultados'®.

Tendo em vista que as doses de 5,28 e 18J/cm” foram efetivas na
inativacao de Candida na forma planctonica, € que doses de luz superiores nao
promoveram melhores resultados, ambas foram selecionadas para a avaliagdo em
biofilmes. A utilizagdo de 40uM de curcumina associada a 18J/cm® promoveu
uma reducao de 85, 85 e 73% na atividade metabolica dos biofilmes de C.

albicans, C. glabrata e C. tropicalis, respectivamente. De forma semelhante, o
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mesmo protocolo (40uM e 18J/cm?) foi responséavel pela diminui¢io em 87% do
metabolismo de biofilmes formados por uma cepa padrao de C. albicans (Capitulo
1). No entanto, a fotosensibilizagdo mediada pela curcumina de biofilmes de C.
glabrata e C. tropicalis ¢ um resultado completamente novo. Foi interessante
observar que os isolados de C. glabrata, na forma planctonica, mostraram menor
suscetibilidade a PDT em comparagdo aos de C. albicans e C. tropicalis, ja que
uma maior concentracdo de curcumina foi necessaria para promover 4 logs de
redu¢do nos valores de ufc/mL, e a completa inativacdo dos isolados ndo foi
observada. Outros estudos ja relataram a menor susceptibilidade de células
plancténicas de C. glabrata aos efeitos fotodinamicos'®**. Porém, este
comportamento ndo se repetiu na avaliagdo dos biofilmes, pois a resposta da
espécie C. glabrata foi semelhante aquela observada para C. albicans.

Segundo Seneviratne et al.*™® as cepas de C. albicans tendem a
formar biofilmes espessos com a presenga de hifas e pseudo-hifas atuando como
suporte para matriz extracelular e blastosporos, o que proporciona uma
caracteristica tridimensional e de multiplas camadas celulares ao biofilme. De
forma contraria, os isolados de C. glabrata parecem formar biofilmes menos
espessos e mais compactos, sem a presenca de hifas ou pseudo-hifas®. Na
presente investigacao, foi utilizado o meio de cultura RPMI 1640 para a formacao
dos biofilmes, o qual ¢ conhecido por induzir a formacao de hifas em culturas de
C. albicans'’. Portanto, pode ser sugerido que a maior espessura e
complexibilidade dos biofilmes formados por C. albicans proporcionaram uma
maior prote¢do contra a penetracdo do PS e da luz durante a PDT, diferentemente
dos biofilmes de C. glabrata. Entdo, é provavel que mesmo com a maior
resisténcia das células de C. glabrata a fotoinativacao, a resposta dos biofilmes foi
similar entre as duas espécies.

Adicionalmente, a comparagdo realizada entre os valores de
absorbancia obtidos apds a coloragdo por Cristal Violeta (CV) mostrou que os
isolados de C. albicans possuiram maior capacidade de formacdo de
biofilme/biomassa, em relacdo as cepas de C. glabrata e C. tropicalis (p<0,05).

Contrariamente, outros estudos relataram que a C. tropicalis parece ter capacidade
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de formacdo de biofilme semelhante a C. albicans’. Esses distintos resultados
ocorreram provavelmente devido as diferencas nas condi¢des de crescimento
adotadas, como por exemplo, o tipo de meio de cultura e substrato, além da
diferenca existente na fisiologia de diferentes cepas da mesma espécie.

Os resultados também revelaram uma significante variabilidade na
resposta a PDT entre os diferentes isolados da mesma espécie. O nivel de variagdo
observado foi mais pronunciado na avaliagdo das células planctonicas, porém os
biofilmes também mostraram diferencgas expressivas. Esse comportamento estd de
acordo com outros estudos que avaliaram a susceptibilidade de diferentes cepas a

cor : 4,40,61
tratamentos antifungicos’**"°

. Por esse motivo, a presente investigagdo confirma
a importancia de se avaliar mais de um isolado pertencente & mesma espécie
quando novas terapias antifingicas estdo sendo propostas. O mecanismo de agdo
da PDT mediada pela curcumina parece estar relacionado a reacdo de suas
moléculas excitadas pela luz com oxigénio, resultando na formagdo de espécies
reativas®’. Como a toxicidade desses componentes reativos nio ¢ especifica a um
alvo celular, a PDT pode apresentar importantes vantagens em relacdo aos
tratamentos antifingicos tradicionais, como a improvavel ocorréncia de
resisténcia microbiana. Além disso, espécies que apresentam resisténcia
antifingica as drogas tradicionais podem ser eficientemente inativadas por meio
do dano fotodindmico. Estudos relatam que a espécie C. glabrata possui
resisténcia intrinseca ao fluconazol, enquanto que um crescente numero de
isolados de C. tropicalis tem mostrado desenvolvimento de resisténcia ao
fluconazol e a anfotericina B>*. Os resultados apresentados no Capitulo 2
mostraram que, embora uma variagao significativa tenha sido observada entre os
isolados, todas as cepas avaliadas foram susceptiveis a PDT mediada pela
curcumina, independentemente da espécie. Isso indica o amplo espectro de agao
que a PDT pode apresentar sobre diferentes espécies de Candida e diferentes
isolados clinicos.

De acordo com a coloragao realizada com CV, a PDT nao somente
diminuiu o metabolismo celular dos biofilmes, como também reduziu a biomassa

aderida nas placas de orificios. Outras investigagdes sugeriram que a PDT pode
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atuar sobre biofilmes bacterianos por meio da morte das células e pela ruptura do
biofilme '**. Imagens de microscopia realizadas no estudo de Goulart et al.*’
mostraram que a quantidade de células aderidas aos biofilmes microbianos
diminuiu apos a aplicacdo da PDT. Por essa razdo, ¢ possivel sugerir que a PDT
mediada pela curcumina possa ter atuado de forma semelhante, alterando o
metabolismo celular e desarticulando as estruturas de biofilme, simultaneamente.
Isso explicaria a diminui¢do da biomassa dos biofilmes de Candida apods a
aplicagio da PDT. E importante ressaltar ainda que a completa auséncia de
metabolismo celular ndo foi observada em nenhuma condigdo experimental apos a
PDT, e sim reducdes significativas em relagdo aos biofilmes das amostras
controle. Isso ocorreu provavelmente devido a dificuldade da terapia em atingir as
camadas mais internas dos biofilmes. Ja foi sugerido que a fotossensibilizacdo de
biofilmes de C. albicans ocorre predominantemente nas camadas celulares mais
externas dos biofilmes, em decorréncia da penetragdo superficial do PS”. No
entanto, como a PDT parece causar uma diminui¢do na quantidade de células
aderidas aos biofilmes, ¢ possivel supor que repetidas aplicagdes da terapia
possam potencializar o efeito sobre os biofilmes. Esse efeito podera ser
investigado em estudos futuros.

As observacdes realizadas nos estudos in vitro mostraram o
potencial de aplica¢do da curcumina para inativacdo fotodinamica de espécies de
Candida. Porém, para que esse método possa ser aplicado clinicamente como
modalidade terapé€utica no tratamento de candidose bucal, a sua efetividade bem
como a possivel ocorréncia de efeitos adversos nos tecidos tratados deve ser
investigada. Considerando os resultados obtidos nos estudos anteriores, uma
avaliacdo in vivo foi conduzida para avaliar a efetividade da PDT na inativacao de
C. albicans presente no tecido lingual de camundongos em um modelo de
candidose bucal. Para isso, 0 modelo animal de candidose proposto por Takakura
et al.” e posteriormente reproduzido por Mima et al.”" foi utilizado.

As coletas microbiologicas realizadas imediatamente apos a
aplicacdo da PDT mostraram que a utilizagdo da curcumina em associagdo com

iluminagdo do tipo LED foi efetiva na fotoinativa¢do de C. albicans presente nas
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lesdes. Trés concentragdes de curcumina foram avaliadas (20, 40 e 80uM) e todas
promoveram reducdo significativa no nimero colonias viaveis, em comparagao
aos valores encontrados nos animais sem tratamento. Apesar da anélise estatistica
ndo apontar diferencas significantes entre os grupos de PDT tratados com 40 e
80uM de curcumina, apenas a maior concentragdo produziu reducao de 4 logs nos
valores de ufc/mL. Na realidade, a auséncia de crescimento de colonias foi
observada em quatro dos cinco animais pertencentes a esse grupo (80uM),
indicando que a completa inativagdo do fungo provavelmente ocorreu nesses
animais.

Apesar de ndo serem encontrados estudos na literatura que tenham
investigado in vivo a PDT mediada pela curcumina em Candida spp., os achados
das investigagdes anteriores realizadas in vitro ja haviam indicado o potencial da
aplicacdo desta terapia. Além disso, outros estudos laboratoriais publicados
previamente sugeriram a possibilidade da fotoinativacdo de micro-organismos
utilizando a curcumina como PS***. A mesma cepa padrio de C. albicans
(ATCC 90028) foi utilizada nos experimentos descritos nos Capitulos 1 e 3. Os
resultados descritos no primeiro capitulo mostraram que a utilizagao de 20uM de
curcumina associada a 5,28J/cm’ foi capaz de inativar completamente suspensdes
planctdnicas de C. albicans. Por outro lado, no estudo apresentado no Capitulo 3
foi necessdria a utilizagdo de maiores concentragdes da curcumina para que a PDT
resultasse em uma reduc¢ao satisfatoria na viabilidade de C. albicans. Segundo Dai

et al.”’

alguns fatores podem justificar a diferenca entre os resultados observados
para uma terapia antimicrobiana avaliada in vitro e in vivo. O primeiro fator que
deve ser considerado ¢ a presenca do tecido epitelial nas proximidades da
infeccdo, que pode competir com as células microbianas pela ligagdo com as
moléculas do PS reduzindo a eficiéncia da fotossensibilizacao. Outros fatores sao
a formacdo de biofilme na superficie de tecidos onde o acesso do PS pode ser
dificultado e também a diminui¢ao da concentracao do PS no interior das camadas
teciduais®. Portanto, os resultados deste estudo confirmam a importincia de se

realizar investigagdes em modelos animais que simulem as condi¢des encontradas

clinicamente, a fim de se estabelecer parametros efetivos da PDT previamente a



[22
4 (Discussdo

sua aplicacao clinica. Além disso, ¢ importante salientar que a maior concentracao
utilizada no presente estudo (80uM ou 29,5mg/L) ainda ¢ inferior as
concentragcdes necessarias para que a curcumina produza efeito antifingico na
auséncia de luz %%,

Nos ultimos anos, um consideravel nimero de investigacdes foi
publicado com o intuito de avaliar os efeitos antimicrobianos da PDT,
especialmente na area odontologica. O crescente nimero de evidéncias cientificas
proveniente de estudos in vivo resultou na aprovacdo de alguns sistemas
patenteados de PDT para o tratamento de infec¢des endodonticas, periodontite e
carie dental®®. Apesar disso, ainda existem pouco relatos na literatura sobre a
utilizagdo in vivo da PDT para o tratamento de infeccdes bucais por espécies de

69,98

Candida. A utilizagdo dos PSs azul de metileno e de um derivado de

porfirina’' ja foi investigada em estudos realizados em animais. Teichert et al.”®
utilizaram altas concentragdes de azul de metileno (450 e 500 mg/L) associadas a
iluminacdo com laser, e a reducdo na viabilidade de C. albicans presente nas
infeccdes foi de aproximadamente 3 logs. Recentemente, Martins et al.%’
utilizaram uma menor concentracdo do mesmo PS (100mg/L) em outro modelo
animal de candidose, com o objetivo de avaliar a viruléncia de C. albicans apos a
PDT. Foi relatado que apds o tratamento, o nimero de células vidveis de C.
albicans permaneceu o mesmo encontrado nos animais nao tratados. Utilizando o
mesmo modelo animal do presente estudo, Mima et al.”' descreveram a utilizagio
de altas concentragdes de um derivado da porfirina (500 e 1000mg/L) para
ocasionar apenas 1.40 logs de redu¢do na viabilidade de C. albicans. No presente
estudo, a associacdo de 80uM de curcumina com iluminagdo a 37,5)/cm®
promoveu uma diminuicao de 4,65 logs nas contagens de ufc/mL. Dessa forma, os
resultados encontrados podem contribuir para o desenvolvimento de protocolos
mais efetivos de fotoinativagao in vivo de Candida.

Além disso, o tratamento antifingico baseado na fotosensibilizagao
com curcumina parece possuir importantes vantagens em relacdo aos

medicamentos tradicionais. A iluminagdo das lesdes foi realizada durante apenas 7

minutos, enquanto que a utilizacdo de medicamentos topicos e sistémicos pode
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levar varios dias até que uma resposta seja obtida. Takakura et al.”” utilizaram o
mesmo modelo animal de candidose descrito no Capitulo 3 para avaliar o
tratamento sistémico com fluconazol e o tratamento tépico com anfotericina B,
ambos administrados durante trés dias consecutivos. A aplicacdo do medicamento
sistémico resultou na auséncia de micro-organismos vidveis, enquanto que a
aplicacdo topica da medicacdo apenas reduziu o numero de C. albicans nas
infeccdes’’. A administracdo sistémica de itraconazol (uma vez ao dia durante 3
dias) foi avaliada em um modelo experimental de candidose esofagica, e o nlimero
de células de Candida foi reduzido de 6 para 4 logs™. Chami et al.'® descreveram
a aplicagdo topica de nistatina (duas vezes ao dia durante 8 dias) em candidose
bucal induzida em ratos e o niimero de colonias vidveis de C. albicans foi
reduzido de 3,64 para 2,71 logs (ufc/mL). Assim, os resultados descritos nos
estudos citados mostram que além do maior tempo de aplicagdo dos
medicamentos, os tratamentos convencionais parecem promover uma redu¢do na
viabilidade fungica inferior ao obtido com a PDT mediada pela curcumina. Além
disso, o mecanismo de ac¢ao da fotoinativacdo de Candida tem sido relacionado a
producao de espécies reativas nao especificas, conferindo um amplo espectro de
acio da terapia®’.

Apbés 24h da aplicagio da PDT, todos os animais foram
sacrificados e as linguas foram removidas para posterior andlise histologica. As
laminas provenientes dos animais pertencentes aos grupos P-L-, P-L+ e P+L-
(controle positivo, aplicacdo somente de luz, aplicagdo somente da curcumina)
mostraram um elevado nuimero de C. albicans, tanto na forma celular
(blastosporos) como na forma filamentar (pseudo-hifas e hifas), localizados na
camada de queratina. Nao foi observada invasdo epitelial do micro-organismo,
porém o epitélio apresentou-se atréfico, com poucas papilas filiformes. Uma
discreta resposta inflamatoria foi identificada no tecido conjuntivo subjacente, o
qual apresentou predominio de células mononucleares em meio a uma densa
camada de colageno. Este achado estd de acordo com os descritos por Mima et
al.”! que utilizaram um modelo animal semelhante para indugdo de candidose em

camundongos. Porém, quando Takakura et al.”’ descreveram a metodologia de
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inducgdo de candidose utilizada no Capitulo 3, foi relatada a destruicdo de algumas
camadas de epitélio. Isto ocorreu provavelmente porque os autores utilizaram uma
cepa de C. albicans isolada clinicamente, que pode apresentar maior producgdo de
fatores de viruléncia®

referéncia (ATCC).

, enquanto o presente estudo utilizou uma cepa de

A comparagdo das caracteristicas histoldgicas encontradas nos
grupos tratados com PDT e no grupo P-L- sugere que a terapia aplicada ndo
ocasionou efeitos adversos nos tecidos linguais. Isso porque, independente da
aplicagdo ou ndo de tratamento, o mesmo nivel de resposta inflamatoria foi
observado no tecido conjuntivo de todos os animais que receberam inoculacao por
C. albicans. Somente os animais pertencentes ao grupo controle negativo, ou seja,
que ndo receberam inoculagdo de C. albicans, ndo apresentaram sinais de
inflamacao no tecido conjuntivo. Estes resultados sdo semelhantes aos observados
no estudo conduzido por Mima et al.”', no qual os autores verificaram discreta
resposta inflamatoria nos tecidos subjacentes ao epitélio lingual de todos os
animais que receberam inoculacdo por C. albicans, independente de terem sido
submetidos 4 PDT. Por outro lado, Junqueira et al.>* verificaram poucas altera¢des
epiteliais e menor resposta inflamatéria nas linguas dos animais dos grupos
tratados com PDT, quando comparados aqueles dos grupos que receberam apenas
aplicacdo de luz. A divergéncia relacionada a intensidade da reac¢do inflamatoria
observada nesses estudos pode ser justificada pela utilizacdo de diferentes PSs,
tempos de iluminagdo assim como diferentes metodologias de inducao de
candidose oral. Ainda, outro estudo mostrou que a aplicagio da PDT como
método auxiliar no tratamento de periodontite induzida em animais ndo levou ao
aparecimento de efeitos negativos nos tecidos subjacentes a infeccdo".

Uma importante observacao realizada foi que os animais tratados
com 40 e 80uM de curcumina e luz mostraram um reduzido nimero de células de
C. albicans na superficie do tecido, em comparacdo com os animais controle. Na
realidade, ndo foi visualizada nenhuma célula de C. albicans em quatro dos cinco
animais que receberam aplicacdo de 80uM e luz. Todos os animais desse grupo

apresentaram epitélio menos atréfico, com a presenca de papilas filiformes e
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camada de queratina com aspecto de normalidade, semelhante as caracteristicas
encontradas nos animais do grupo controle negativo. Os resultados obtidos no
Capitulo 2 haviam sugerido que a PDT mediada pela curcumina parece remover
as células de Candida aderidas em biofilmes. Adicionalmente, o efeito da PDT na
desarticulacdo da arquitetura de biofilmes microbianos também ja foi descrito em
outras investigagdes'*. Dessa forma, ¢ possivel supor que apos a aplicagdo da
PDT mediada pela curcumina, as células de Candida ndo permaneceram aderidas
ao tecido lingual dos animais, o que poderia explicar a auséncia de células
fingicas nos cortes histologicos observados. Além disso, também pode ser
sugerido que apds a eliminagdo do agente etiologico, o tecido epitelial dos
animais recuperou os aspectos de normalidade que haviam sido afetados pela
infec¢do fingica, como a presenca de papilas epiteliais, camada basal integra e
camada de queratina sem invasao microbiana.

Assim, a realizagdo dos trés estudos mostrou o potencial da
aplicacdo da curcumina como PS para fotoinativagdo de Candida spp. Uma Unica
aplicagdo da PDT (80uM e 37,5Jcm?) foi suficiente para promover a completa
eliminacdo das células de C. albicans em quatro dos cinco animais avaliados.
Portanto, os protocolos estabelecidos nesta investigacdo poderdo ser utilizados
futuramente para avaliacdo do efeito de repetidas aplicagdes da terapia no
tratamento de candidose bucal, tanto em animais como em investigacdes clinicas.
Além disso, o efeito de tratamento em longo prazo, bem como a comparagao da

resposta com antifiingicos tradicionais podera ser investigada.






5 Conclusdo

Com base nas condi¢cdes experimentais, e considerando as

limitagdes do presente estudo, foi possivel concluir que:

1. A associacdo de 20uM de curcumina com 5,28J/cm? de luz
promoveu a completa inviabilizacdo de uma cepa de referéncia de C. albicans em
suspensoes planctonicas.

2. O mesmo protocolo reduziu significativamente o
metabolismo de biofilmes formados in vitro com C. albicans ATCC, e o
metabolismo de uma cultura celular de macréfagos.

3. O efeito fotodindmico antifungico foi acentuado pela
presenca da curcumina no meio circundante durante a iluminacao e também pela
utiliza¢ao de maiores PITs.

4. Os espectros de absor¢do e fluorescéncia da curcumina, na
concentracdo de 20uM, mostraram uma elevada taxa de fotodegradagdao da
solucdo apos exposi¢do a luz do tipo LED no comprimento de onda azul.

5. A aplicagdo da PDT mediada pela curcumina promoveu
reducdo significativa na viabilidade de suspensdes planctonicas de 15 isolados
clinicos das espécies C. albicans, C. glabrata e C. tropicalis.

6. A utilizacdo de 40uM de curcumina em associagdo com
18J/cm? reduziu o significativamente o metabolismo e a biomassa dos biofilmes
dos isolados clinicos de C. albicans, C. glabrata e C. tropicalis.

7. Todas as combinacOes avaliadas de curcumina e luz
diminuiram significativamente o nimero de colonias viaveis de C. albicans

presente em lesdes induzidas de candidose bucal.
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5 Conclusdo

8. A aplicagdo da PDT mediada por 80uM de curcumina e
iluminagdo a 37,5J/cm® promoveu a completa eliminacio de C. albicans das
lesdes de candidose induzidas em quatro dos cinco animais avaliados.

9. A aplicacdo isolada da curcumina ou da luz ndo promoveu
efeito antifingico sobre C. albicans, e a utilizagdo da PDT ndo ocasionou injarias

aos tecidos expostos nos animais testados.
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/ ﬁpe"mdice - Resultados originais e andlises

Nesta secao estdo apresentados os resultados originais obtidos por
meio das metodologias empregadas nos Capitulos 1, 2 e 3. Além disso, também
estdo descritas as analises utilizadas para possibilitar a posterior interpretacao dos
resultados. A descricdo foi divida em trés partes principais, de acordo com o
capitulo onde os resultados estdo inseridos. A sequéncia utilizada para
apresentacdo dos resultados, dentro de cada capitulo, estd de acordo com a

sequéncia adotada no respectivo artigo.



7.1 Capitulo |

A- Avaliagdo da absorbancia e fluorescéncia da curcumina em fun¢do

da dose de luz (ou tempo de exposi¢do a luz)

As caracteristicas Opticas da solugdo de curcumina foram
investigadas em funcdo da dose de luz utilizada (ou tempo de iluminagdo). A
solucdo de curcumina 20uM foi iluminada e a capacidade de absor¢do de luz e
fluorescéncia da solugdo foi aferida antes e ap6s a iluminagao nos tempos de 1, 2,
3,4,5 10, 20 e 29 minutos, que correspondem a 1,32; 2,64; 3,96; 5,28; 6,60;
13,20; 26,4 e 37,5J/cm?, respectivamente. O espectro de absor¢ao foi obtido com
a utilizacdo do equipamento UV-Visible Spectrophotometer (Cary 50 Bio,
Varian). A fluorescéncia induzida por laser foi mensurada no equipamento
desenvolvido no Instituto de Fisica de Sao Carlos - USP com excitagdo a 405nm
acoplado ao equipamento USB4000 (Ocean Optics). Os resultados obtidos apos

essas analises foram apresentados graficamente nas Figuras Al e A2.

Doses de luz
(J/cm?)
0,00
E ......... 1,32
(5]
A Y 2 W 2,64
< — =396
‘g
= 5,28
= 6,6
T
S N e 13,2
2
< -——-264
- 375
300 400 500 600 700 800
Comprimento de onda (nm)

FIGURA Al. Espectro de absor¢ao de luz da curcumina 20puM em fun¢ao da dose
de luz. Faculdade de Odontologia de Araraquara, 2011.
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FIGURA A2. Espectro de fluorescéncia da curcumina 20uM em funcdo da dose
de luz. Faculdade de Odontologia de Araraquara, 2011.

Todas as curvas de absor¢do foram integradas, com ajuda do
software Microcal Origin 7.5 ™ e, dessa forma, foram calculadas as areas de
cada perfil de absorc¢ao. Os valores da integral normalizada, em rela¢do as doses
de luz avaliadas, foram dispostos segundo uma curva de decaimento. Por meio da
utilizagdo da formula abaixo, foi possivel calcular a taxa de fotodegradacdo da

solucio de curcumina, a qual foi de -6mM/s ou -0,27M/(J/cm?).

y(x) = Al.exp(-x/tl) + yo

Onde:

y (x) = fotodegradagao normalizado
Al = constante

tl = taxa de degradacgao

Yo = constante
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B- Avaliagdo de diferentes concentragoes de curcumina sobre células

planctonicas de C. albicans

Inicialmente, foram avaliadas nove diferentes concentracdes de
curcumina (0,005; 0,01; 0,05; 0,1; 0,5; 1; 5; 10 e 20uM, que correspondem a
0,0018; 0,0037; 0,018, 0,037; 0,18; 0,37; 1,8; 3,7 e 7,4mg/L) em associacdo com
uma dose de luz (37,5J/cm®) sobre suspensdes plancténicas de C. albicans
(condicdes denominadas de P+L+). As mesmas concentracoes do PS foram
avaliadas sem iluminacdo para se determinar o possivel efeito toxico da
curcumina isoladamente (condi¢des denominadas de P+L-). A condicao
denominada de controle foi constituida de amostras que nao receberam nem PS
nem luz (P-L-). Para cada condicdo avaliada, foram realizadas cinco repetigoes,
distribuidas aleatoriamente em diferentes ocasides de experimentos.

Para avaliacdo da viabilidade celular das amostras, foram obtidas
dilui¢des seriadas das amostras (10", 102 ¢ 10™), as quais foram plaqueadas em
placas de Petri contendo o meio de cultura Sabouraud Dextrose Agar contendo 5
ug/mL de cloranfenicol (SDA). Apds 48 horas de incubagdo a 37°C, as placas de
Petri foram submetidas a contagem de coldnias e os numeros de unidades

formadoras de coldnias (ufc/mL) foram calculados a partir da formula:

ufc/mL = nimero de coldnias x 10"
q

Onde:
n = valor absoluto da dilui¢do (0, 1, 2 ou 3)
g= volume (mL) pipetado em cada quadrante nas placas

Os valores originais de ufc/mL obtidos em todas as condi¢des
experimentais estdo apresentados nas Tabelas Al e A2.

Como os valores de ufc/mL sdo extremamente elevados, estes
foram transformados em logaritmo (de base 10) para a analise pretendida neste
trabalho. Inicialmente, procedeu-se a andlise descritiva dos dados por meio do
calculo das medidas de resumo (tendéncia central e variabilidade). As principais

medidas calculadas estdo apresentadas nas Tabelas A3 e A4.
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Tabela A3- Medidas de resumo, em log;o(ufc/mL), calculadas para as amostras
das condicOes experimentais P+L+. Faculdade de Odontologia de Araraquara,

2011

Medidas de Concentracées de Curcumina (uM)
Resumo 0,005 0,01 0,05 0,1 0,5 1 5 10 20
Média 6,25 6,28 632 6,17 521 449 256 1,47 0,00
Mediana 6,26 6,27 631 6,15 5,16 454 2,60 1,32 0,00
Variancia 0,00 0,01 0,01 0,00 0,02 002 0,03 0,05 0,00
Desvio padrao 0,04 0,08 0,09 006 0,15 0,15 0,17 0,22 0,00
Minimo 6,20 6,19 6,22 6,11 508 426 226 1,32 0,00
Maximo 6,29 640 644 624 546 4,62 272 1,79 0,00

Tabela A4- Medidas de resumo, em logjo(ufc/mL), calculadas para as amostras
das condi¢des experimentais P-L- e P+L-. Faculdade de Odontologia de

Araraquara, 2011

Medidas de PoL- P+L- (Concentracoes de Curcumina em puM)
Resumo 0,005 0,01 0,05 0,1 05 1 5 10 20
Média 6,44 0643 646 638 638 641 642 643 6,50 647
Mediana 6,46 643 646 639 637 642 642 643 649 6,49
Varidncia 0,01 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Desvio padrao 0,08 0,03 0,02 0,05 0,06 0,04 0,06 0,02 0,05 0,04
Minimo 6,33 639 644 6,30 631 636 635 640 643 641
Méximo 6,52 647 649 643 646 647 649 645 6,57 6,51

Como o objetivo principal do estudo foi de verificar qual
tratamento resultou em maior efetividade na inativacao de C. albicans, a analise
inferencial a ser utilizada deveria possibilitar a comparagdo entre os grupos
estudados. Inicialmente, os testes de Shapiro-Wilk e Bartlett foram utilizados para
a verificacdo da normalidade e homocedasticidade dos dados, respectivamente (a
= 0,05). O resultado de ambos os testes indicou valores de probabilidade maiores
que 0,05, confirmando que o conjunto dos dados atendia aos pressupostos
necessarios para utilizagao de testes paramétricos. Dessa forma, o teste estatistico
empregado para comparacao das médias dos grupos foi a Andlise de Variancia

(ANOVA), ao nivel de significancia de 5%.
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O resultado da ANOVA estd apresentado nas Tabelas A5 e A6,
para comparagdo entre os grupos P+L+ e P-L-, e P+L- e P-L-, respectivamente. E
importante notar que o tratamento de PDT mediado por 20puM de curcumina
resultou em valores nulos de crescimento de colonias, e, por se tratar de valores

iguais a zero, este grupo nao foi inserido na analise inferencial.

Tabela A5- Sumario da Analise de Variancia empregada para comparacdao das

médias dos grupos P+L+ e P-L-

Tabela A6- Sumario da Andlise de Variancia empregada para comparagdo das

médias dos grupos P+L- e P-L-

De acordo com as Tabelas A5 e A6, os valores de probabilidade
encontrados indicaram haver diferenga estatisticamente significativa em pelo
menos uma das médias dos grupos. Por isso, foi necessaria a utilizacdo de um
teste de comparagdes multiplas das médias (post hoc). O teste selecionado foi o
teste de Tukey, ao nivel de significancia de 5%, e os resultados estdo apresentados

nas Tabelas A7 e AS.
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Tabela A7- Resultado das comparacdes multiplas entre as médias dos grupos P-L-

e P+L+, por meio do teste de Tukey, ao nivel de significancia de 5%

Concentracoes Média de Teste
de Curcumina (uM) log (ufc/ml) Tukey*
0 (P-L-) 6,44 a
0,005 6,25 ab
0,01 6,28 ab
0,05 6,32 ab
0,1 6,17 b
0,5 5,21 c

1 4,49 d
5 2,56 e
10 1,47 f

*: letras iguais denotam médias  consideradas
estatisticamente semelhantes pelo teste de Tukey (p>0,05).

Tabela A8- Resultado das comparagdes multiplas entre as médias dos grupos P-L-

e P+L-, por meio do teste de Tukey, ao nivel de significancia de 5%

Concentracoes Média de Teste
de Curcumina (uM) log (ufc/ml) Tukey*
0 (P-L-) 6,44 ab
0,005 6,43 ab
0,01 6,46 ab
0,05 6,38 b
0,1 6,38 b

0,5 6,41 ab
1 6,42 ab
5 6,43 ab
10 6,50 a
20 6,47 ab

*: letras iguais denotam médias  consideradas
estatisticamente semelhantes pelo teste de Tukey (p>0,05).
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C- Avaliagdo de diferentes doses de Iuz associadas a trés
concentragoes de curcumina sobre células planctonicas de C.
albicans

As concentragdes de 5, 10 e 20uM foram selecionadas para serem
avaliadas em associagdo com diferentes doses de luz (1,32; 2,64; 3,96; 5,28; 6,60;
13,20 ¢ 26,4J/cm2), por meio da varia¢do do tempo de iluminagao das amostras (1,
2, 3,4, 5, 10 e 20 minutos respectivamente). Para cada condi¢do avaliada, foram
realizadas cinco repeticdes, distribuidas aleatoriamente em diferentes ocasides de
experimentos. A avaliacdo da viabilidade celular das amostras foi realizada de
forma semelhante ao descrito anteriormente (contagem de coldnias e calculo das
ufc/mL). Os valores originais de ufc/mL obtidos em todas as condigdes
experimentais estdo apresentados na Tabela A9.

Apbs a transformacdo dos valores em logaritmo (base 10),
procedeu-se a andlise descritiva dos dados por meio do céalculo das medidas de
resumo (tendéncia central e variabilidade). As principais medidas calculadas estdao
apresentadas na Tabela A10. Em seguida, os testes de Shapiro-Wilk e Bartlett
foram utilizados para a verificagdo da normalidade e homocedasticidade dos
dados, respectivamente (a = 0,05). O resultado de ambos os testes indicou valores
de probabilidade inferiores a 0,05, indicando que o conjunto dos dados nao
atendia aos pressupostos necessarios para utilizacdo de testes paramétricos.
Considerando a auséncia de normalidade e homocedasticidade dos dados, a
comparagdo dos grupos foi realizada por meio do teste ndo paramétrico de
Kruskal-Wallis, o qual se baseia no estudo posicional dos dados ou postos das
observagdes, ao nivel de significancia de 5%. Este teste forneceu o p-valor
3,034x10”, o qual ¢ muito inferior ao nivel de significincia adotado, indicando
haver diferenca estatisticamente significativa em pelo menos um dos grupos. Para
se detectar onde as diferencas se encontravam, foi necessaria a utilizagdo de um
teste ndo paramétrico de comparacdes multiplas (post hoc). Os resultados estdo

apresentados na Tabela A11.
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Tabela A9- Valores originais de ufc/mL obtidos apds avaliagdo da PDT, de
acordo com a concentragao de curcumina e dose de luz utilizada. Faculdade de

Odontologia de Araraquara, 2011

Concentracoes Doses de luz (J/cmz)
de Curcumina (uM) 1,32 2,64 3,96 5,28 6,6 13,2 26,4
5 1,04E+03 8,00E+01 1,20E+02 2,20E+02 5,80E+02 4,20E+02 1,00E+02

2,18E+03 2,60E+02 3,00E+02 4,00E+01 2,20E+02 3,80E+02 2,40E+02
4,40E+02 3,40E+02 3,00E+02 4,20E+02 1,00E+02 1,20E+02 2,00E+01
6,40E+02 1,40E+02 1,60E+02 6,00E+01 4,00E+01 2,00E+01 4,00E+01
1,08E+03 1,60E+02 2,00E+02 2,80E+02 2,00E+01 6,00E+01 2,40E+02
10 2,60E+02 1,80E+02 4,00E+01 2,00E+01 0,00E+00 0,00E+00 0,00E+00
1,60E+02 4,00E+01 6,00E+01 6,00E+01 6,00E+01 2,00E+01 6,00E+01
2,20E+02 1,00E+02 6,00E+01 2,00E+01 6,00E+01 6,00E+01 6,00E+01
2,80E+02 1,00E+02 4,00E+01 0,00E+00 4,00E+01 2,00E+01 4,00E+01
2,40E+02 6,00E+01 8,00E+01 4,00E+01 0,00E+00 0,00E+00 0,00E+00
20 4,00E+01 2,00E+01 6,00E+01 0,00E+00 0,00E+00 0,00E+00 0,00E+00
4,00E+01 2,00E+01 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00
6,00E+01 4,00E+01 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00
4,00E+01 4,00E+01 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00
4,00E+01 6,00E+01 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00

Tabela A10- Medidas de resumo, em logjo(ufc/mL), calculadas para as amostras
das condi¢des submetidas a PDT, de acordo com a concentragdo de curcumina

utilizada e dose de luz. Faculdade de Odontologia de Araraquara, 2011

Doses de luz Curcumina Medidas de Resumo
J/emd) (uM)  Média Mediana Varidncia Desvio padrio Minimo Maximo
1,32 5 2,97 3,02 0,07 0,26 2,64 3,34
10 2,36 2,38 0,01 0,09 2,21 2,45
20 1,65 1,61 0,01 0,08 1,61 1,79
2,64 5 2,24 2,21 0,06 0,24 1,91 2,53
10 1,93 2,00 0,06 0,24 1,61 2,26
20 1,53 1,61 0,04 0,20 1,32 1,79
3,96 5 2,31 2,30 0,03 0,17 2,08 2,48
10 1,74 1,79 0,02 0,13 1,61 1,91
20 0,36 0,00 0,64 0,80 0,00 1,79
5,28 5 2,16 2,34 0,19 0,44 1,61 2,62
10 1,21 1,32 0,50 0,70 0,00 1,79
20 0,00 0,00 0,00 0,00 0,00 0,00
6,60 5 2,01 2,00 0,33 0,57 1,32 2,76
10 1,04 1,61 0,90 0,95 0,00 1,79
20 0,00 0,00 0,00 0,00 0,00 0,00
13,20 5 2,08 2,08 0,30 0,55 1,32 2,62
10 0,89 1,32 0,69 0,83 0,00 1,79
20 0,00 0,00 0,00 0,00 0,00 0,00
26,40 5 1,94 2,00 0,22 0,47 1,32 2,38
10 1,04 1,61 0,90 0,95 0,00 1,79

20 0,00 0,00 0,00 0,00 0,00 0,00
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Tabela A11- Resultado das comparagdes multiplas entre grupos, por meio do teste

ndo paramétrico, ao nivel de significancia de 5%

Doses de luz Curcumina Posto
(J/em’) (uM) Médio*
1,32 5 102,80 °
10 87,20
20 50,90 °'¢
2,64 5 83,00 **
10 67,90 %
20 46,10 '
3,96 5 85,70 **
10 58,30 *'
20 2530 ™
528 5 77,30 *¢
10 39,70 '
20 16,00 '
6,6 5 68,70 %
10 41,00 ¢
20 16,00 '
13,2 5 74,10 *¢
10 33,30 &
20 16,00
26,4 5 66,70
10 41,00 ="
20 16,00

*: letras iguais denotam  grupos  considerados
estatisticamente semelhantes pelo teste ndo paramétrico
(p>0,05).

D- Avaliagdo dos PITs de 5 e 20 minutos com curcumina, presente ou
ausente no meio durante a iluminagdo, sobre células planctonicas

A associacio de 20uM de curcumina com 5,28)/cm’ foi
selecionada e a influéncia do PIT foi investigada sob estes parametros da PDT.

Amostras submetidas a PDT foram incubadas durante 5 ou 20 minutos

previamente a iluminagdo, e a curcumina foi removida ou mantida nas amostras
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durante a exposi¢dao a luz. Para cada condigdo avaliada, foram realizadas cinco
repeticoes, distribuidas aleatoriamente em diferentes ocasides de experimentos.
Avaliacdo da viabilidade celular das amostras foi realizada por meio de contagem
de colonias e célculo das ufc/mL. Os valores originais de ufc/mL obtidos em todas

as condigdes experimentais estdo apresentados na Tabela A12.

Tabela A12- Valores originais de ufc/mL obtidos apoés avaliacdo da PDT, de
acordo com o PIT utilizado. Faculdade de Odontologia de Araraquara, 2011

PIT
5 minutos 20 minutos
Curcumina + 0,00E+00 0,00E+00
0,00E+00 0,00E+00
0,00E+00 0,00E+00
0,00E+00 0,00E+00
0,00E+00 0,00E+00

Curcumina - 1,00E+02 4,00E+01
2,20E+02 0,00E+00
1,00E+02 0,00E+00
1,40E+02 0,00E+00
1,00E+02 2,00E+01

+: curcumina presente no meio durante iluminagao
-: curcumina removida previamente a iluminagao

Apds a transformacdo dos valores em logaritmo (base 10),
procedeu-se a analise descritiva dos dados por meio do célculo das medidas de
resumo (tendéncia central e variabilidade). As principais medidas calculadas estdao
apresentadas na Tabela Al13. Os resultados foram interpretados segundo a
obtencdo de inativagdo total do micro-organismo (auséncia de crescimento de
colonias) ou inativagdo parcial. Por isso, apenas a andlise descritiva foi necessaria

para interpretacao e discussao dos resultados.
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Tabela A13- Medidas de resumo, em log;o(ufc/mL), calculadas para as amostras
das condicdes submetidas a PDT, de acordo com o PIT e presenca de curcumina.

Faculdade de Odontologia de Araraquara, 2011

Medidas de 5 minutos PIT 20 minutos PIT
Resumo Cur + Cur - Cur + Cur -
Média 0,00 2,10 0,00 0,60
Mediana 0,00 2,00 0,00 0,00
Variancia 0,00 0,02 0,00 0,66
Desvio padrao 0,00 0,17 0,00 0,79
Minimo 0,00 2,00 0,00 0,00
Maximo 0,00 2,34 0,00 1,61

Cur +: curcumina presente no meio durante iluminacgao
Cur -: curcumina removida previamente a iluminacao

E- Avaliacdo da participacio do 'O na fotoinativagdo de C. albicans
A possivel participacdo do 'O, durante a fotoinativagio de C.
albicans foi investigada por meio da adicdo da solugdo de NaNj, nas
concentragdes de 100, 50 e ImM nas amostras. Para isso, os pardmetros de PDT
de 20pM de curcumina com 5,28)/cm” foram utilizados. Para todas as condi¢des
avaliadas, foram realizadas cinco repeti¢des, distribuidas aleatoriamente em
diferentes ocasides de experimentos. Avaliagdo da viabilidade celular das
amostras foi realizada por meio de contagem de coldnias e célculo das ufc/mL.
Foi observada auséncia de crescimento de colonias nas placas de Petri referentes a
todas as amostras avaliadas, independentemente da concentracdo de NaNj
utilizada (Tabela A14). Por essa razdo, os resultados foram apresentados apenas

de forma descritiva.
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Tabela A14- Valores originais de ufc/mL obtidos apos avaliacdo da PDT, de
acordo com o com a concentracdo de NaNjs utilizada. Faculdade de Odontologia

de Araraquara, 2011

NaN;
100mM 50mM 1mM
0,00E+00 0,00E+00  0,00E+00
0,00E+00 0,00E+00  0,00E+00
0,00E+00 0,00E+00  0,00E+00
0,00E+00 0,00E+00  0,00E+00
0,00E+00 0,00E+00  0,00E+00

F- Avaliagdo de diferentes concentragoes de curcumina sobre

biofilmes de C. albicans

Foram avaliadas cinco diferentes concentragcdes de curcumina (5;
10, 20, 30 e 40uM, que correspondem a 1,8; 3,7; 7,4; 11,05 e 14,7mg/L) em
associagdo com uma dose de luz (5,28J/cm”) sobre biofilmes in vitro de C.
albicans (P+L+). Além disso, também foram avaliados os PIT de 5 e 20 minutos.
A condi¢do denominada de controle foi constituida de amostras que nao
receberam nem PS nem luz (P-L-). Para cada condicao avaliada, foram realizadas
dez repetigdes, distribuidas aleatoriamente em diferentes ocasides de
experimentos. Em todas as condi¢des experimentais, a viabilidade celular foi
avaliada por meio do ensaio de redugdo do sal de XTT. O resultado da reacdo
quimica foi medido utilizando-se o espectrofotometro com filtro em 492nm. Os
valores originais de absorbancia obtidos em todas as condigdes experimentais
estdo apresentados nas Tabelas A15 e A16.

Inicialmente, procedeu-se a analise descritiva dos dados por meio
do calculo das medidas de resumo (tendéncia central e variabilidade). As

principais medidas calculadas estdo apresentadas nas Tabelas A17 e A18.
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Tabela A15- Valores originais de metabolismo celular (XTT) obtidos nos
biofilmes formados por C. albicans (P-L-), e nos biofilmes fotossensibilizados
com diferentes concentra¢des de curcumina, incubados durante 5 minutos (PIT) e

iluminados com 5,28J/cm?. Faculdade de Odontologia de Araraquara, 2011

Concentracoes de Curcumina
SuM 10uM  20pM  30pM  40pM
1,025 0,898 0,439 0,457 0,240 0,326
0,998 0,605 0,505 0,381 0,368 0,254
1,011 0,826 0,556 0,461 0,308 0,297
0,914 0,657 0,527 0,373 0,455 0,392
1,042 0,884 0,506 0,520 0,377 0,357
0,991 0,602 0,514 0,466 0,331 0,353
1,055 0,659 0,418 0,486 0,319 0,227
0,819 0,701 0,586 0,334 0,379 0,214
0,871 0,634 0,636 0,489 0,370 0,324
0,903 0,788 0,488 0,520 0,415 0,319

P-L-

Tabela A16- Valores originais de metabolismo celular (XTT) obtidos nos
biofilmes formados por C. albicans (P-L-), e nos biofilmes fotossensibilizados
com diferentes concentragdes de curcumina, incubados durante 20 minutos (PIT)

e iluminados com 5,28J/cm”. Faculdade de Odontologia de Araraquara, 2011

Concentracoes de Curcumina
SuM 10uM  20pM  30pM  40puM
1,025 0,789 0,386 0,247 0,194 0,167
0,998 0,669 0,398 0,272 0,306 0,150
1,011 0,863 0,420 0,397 0,230 0,198
0,914 0,589 0,371 0,282 0,166 0,043
1,042 0,516 0,462 0,320 0,330 0,190
0,991 0,789 0,441 0,356 0,187 0,051
1,055 0,574 0,329 0,195 0,222 0,082
0,819 0,576 0,408 0,163 0,242 0,156
0,871 0,730 0,374 0,324 0,202 0,099
0,903 0,689 0,399 0,284 0,124 0,095

P-L-
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Tabela A17- Medidas de resumo calculadas para os valores de metabolismo
celular (XTT) obtidos nos biofilmes formados por C. albicans (P-L-), € nos
biofilmes fotossensibilizados com diferentes concentracdes de curcumina,
incubados durante 5 minutos (PIT) e iluminados com 5,28J/cm”. Faculdade de

Odontologia de Araraquara, 2011

Medidas de PoL- Concentracoes de Curcumina (uM)
Resumo 5 10 20 30 40
Média 0,963 0,725 0,518 0,449 0,356 0,306
Mediana 0,995 0,680 0,510 0,464 0,369 0,322
Variancia 0,006 0,013 0,004 0,004 0,004 0,003
Desvio padrao 0,080 0,114 0,065 0,064 0,060 0,058
Minimo 0,819 0,602 0,418 0,334 0,240 0,214
Maximo 1,055 0,898 0,636 0,520 0,455 0,392

Tabela A18- Medidas de resumo calculadas para os valores de metabolismo
celular (XTT) obtidos nos biofilmes formados por C. albicans (P-L-), € nos
biofilmes fotossensibilizados com diferentes concentracdes de curcumina,
incubados durante 20 minutos (PIT) e iluminados com 5,28J/cm®. Faculdade de

Odontologia de Araraquara, 2011

Medidas de PoL- Concentracoes de Curcumina (uM)
Resumo 5 10 20 30 40
Média 0,963 0,678 0,399 0,284 0,220 0,123
Mediana 0,995 0,679 0,399 0,283 0,212 0,125
Variancia 0,006 0,013 0,001 0,005 0,004 0,003
Desvio padrao 0,080 0,114 0,038 0,071 0,062 0,056
Minimo 0,819 0,516 0,329 0,163 0,124 0,043
Maximo 1,055 0,863 0,462 0,397 0,330 0,198

Ainda, como uma forma descritiva para representagdo do efeito da
PDT sobre os biofilmes, foi calculada a porcentagem de redugdo do metabolismo
celular (XTT) dos biofilmes. Para isso, o valor médio de absorbancia obtido na
condigdo P-L- foi considerando como sendo 100% de metabolismo. Essas

porcentagens estdo apresentadas na Tabela A19.
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Tabela A19- Porcentagens de reducdo no metabolismo celular (XTT) calculados
para os biofilmes de C. albicans submetidos a PDT, de acordo com a

concentracdo de curcumina e PIT

Condicoes Porcentagem de reducio (%)
Experimentais S minutos PIT 20 minutos PIT
P+L+ 5uM 24,67 29,55
P+L+ 10pM 46,26 58,58
P+L+ 20pM 53,40 70,51
P+L+ 30uM 63,01 77,12
P+L+ 40uM 68,19 87,22

Como o objetivo principal do estudo foi de verificar qual
tratamento resultou em maior redugdo do metabolismo dos biofilmes de C.
albicans, a andlise inferencial a ser utilizada deveria possibilitar a comparagao
entre os grupos estudados. Inicialmente, os testes de Shapiro-Wilk e Bartlett
foram utilizados para a verificacdo da normalidade e homocedasticidade dos
dados, respectivamente (a = 0,05). O resultado de ambos os testes indicou valores
de probabilidade maiores que 0,05, confirmando que o conjunto dos dados atendia
aos pressupostos necessarios para utilizacao de testes paramétricos. Dessa forma,
o teste estatistico empregado para comparagdo das médias dos grupos foi a
ANOVA, ao nivel de significancia de 5%. Foram realizadas duas analises
independentes, uma para comparacao dos grupos submetidos ao PIT de 5 minutos
e P-L-, e a outra para comparagao dos grupos submetidos ao PIT de 20 minutos e
P-L-. Os resultados destas analises estdo apresentados nas Tabelas A20 e A21.

O valor de probabilidade encontrado em ambas as andlises indicou
haver diferenca estatisticamente significativa em pelo menos uma das médias dos
grupos. Por isso, foi necessaria a utilizacdo de um teste de comparacdes multiplas
das médias (post hoc). O teste selecionado foi o teste de Tukey, ao nivel de

significancia de 5%, e os resultados estdo apresentados nas Tabelas A22 e A23.
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Tabela A20- Sumario da Andlise de Variancia empregada para comparagao das

médias dos grupos P+L+ (5 minutos PIT) e P-L-

Tabela A21- Sumario da Analise de Variancia empregada para comparacido das

médias dos grupos P+L+ (20 minutos PIT) e P-L-

Tabela A22- Resultado das compara¢des multiplas entre grupos (5 minutos PIT),

por meio do teste de Tukey, ao nivel de significancia de 5%

Condig¢oes Média de Teste
Experimentais XTT  Tukey*

P-L- 0,963 a
P+L+ 5pM 0,725 b
P+L+ 10pM 0,518 ¢
P+L+ 20pM 0,449 cod
P+L+ 30uM 0,356 de

P+LA+ 40uM 0,306 e

*: letras iguais denotam grupos considerados
estatisticamente semelhantes pelo teste Tukey
(p>0,05).
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Tabela A23- Resultado das comparagdes multiplas entre grupos (20 minutos PIT),

por meio do teste de Tukey, ao nivel de significancia de 5%

Condig¢oes Média de Teste
Experimentais XTT  Tukey*

P-L- 0,080 a
P+L+ 5uM 0,114 b
P+L+ 10uM 0,038 ¢
P+L+ 20uM 0,071 d
P+L+ 30uM 0,062 de

P+L+ 40pM 0,056 ¢

*: letras iguais denotam grupos considerados
estatisticamente semelhantes pelo teste Tukey
(p>0,05).

G- Avaliacdo da PDT mediada pela curcumina sobre culturas

celulares de macrofagos

A PDT mediada pela curcumina nas concentragdes de 0,005; 0,01;
0,05; 0,1; 0,5; 1; 5; 10 e 20uM também foi avaliada sobre culturas celulares de
uma linhagem de macrofagos (RAW 264.7). Amostras tratadas com curcumina e
posteriormente iluminadas (5.28)/cm?) foram denominadas de P+L+. As mesmas
concentragdes de curcumina também foram avaliadas na auséncia de luz (P+L-),
assim como a luz na auséncia de PS (P-L+). As amostras controle (P-L-) ndo
receberam nem PS nem luz. Em todas as amostras, o metabolismo celular foi
determinado pelo ensaio MTT e as leituras de absorbancia da reacdo foram
avaliadas em espectrofotometro com filtro ajustado em 570nm. Uma analise
morfoldgica das células também foi conduzida por meio de Microscopia
Eletronica de Varredura (MEV).

Os valores originais de absorbancia obtidos com o ensaio MTT
estdao apresentados na Tabela A24. A andlise descritiva dos dados foi realizada por

meio do calculo das medidas de resumo, que estdo descritas na Tabela A25.
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Em seguida, foi verificado se o conjunto de dados atendia aos
pressupostos de normalidade e homocedasticidade, por meio dos testes de
Shapiro-Wilk e Bartlett, respectivamente, ao nivel de significancia de 5%. Ambos
os testes forneceram um p-valor maior que 0,05, indicandoque os dados foram
normalmente distribuidos, com homogeneidade de variancias. Assim, o teste
estatistico empregado para comparacao das médias dos grupos foi a ANOVA, ao
nivel de significancia de 5%. O resultado desta andlise estd apresentado na Tabela

A26.

Tabela A26- Sumario da Andlise de Variancia empregada para comparagao das

médias dos grupos P+L+, P+L-, P-L+ ¢ P-L-

O valor de probabilidade encontrado indicou haver diferenca
estatisticamente significativa em pelo menos uma das médias dos grupos. Por
isso, foi necessaria a utilizacdo de um teste de comparagdes multiplas das médias
(post hoc). O teste selecionado foi o teste de Tukey, ao nivel de significancia de

5%, e os resultados estdo apresentados nas Tabelas A27 e A28.

Tabela 27- Resultado das comparagdes multiplas entre grupos P-L-, P+L- e P-L+

por meio do teste de Tukey, ao nivel de significancia de 5%.

Condi¢oes Média de Teste
Experimentais MTT  Tukey*
P-L- 0,443 ab

P-L+ 0,699 b
P+L- 5uM 0,394 bce
P+L- 10puM 0,430 ac
P+L- 20uM 0,480 d

*: letras iguais denotam grupos considerados
estatisticamente semelhantes pelo teste Tukey
(p>0,05).
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Tabela 28- Resultado das compara¢des multiplas entre grupos P-L- e P+L+ por

meio do teste de Tukey, ao nivel de significancia de 5%.

Condicoes Média de Teste
Experimentais MTT  Tukey*
P-L- 0,443 a
P+L+ 0,005uM 0,562 bc
P+L+ 0,01 M 0,589 b
P+L+ 0,05uM 0,590 b
P+L+0,1uM 0,510 ac
P+L+ 0,5uM 0,412 ad
P+L+1uM 0,367 d
P+L+5uM 0,078 e
P+L+10uM 0,119 e
P+LA20uM 0,060 e

*. letras iguais denotam grupos considerados
estatisticamente semelhantes pelo teste Tukey

(p>0,05).



7.2 Capitulo 2

Inicialmente, foram avaliadas trés diferentes concentracdes de
curcumina (5; 10 e 20uM, que correspondem a 1,8; 3,7 e 7,4mg/L) em associagio
com quatro doses de luz (5,28; 18; 25,5 e 37,5J/cm?) sobre suspensdes
planctonicas dos micro-organismos (condi¢cdes denominadas de PDT). As mesmas
concentragdes do PS foram avaliadas sem iluminagdo para se determinar o
possivel efeito toxico da curcumina isoladamente (P+L-). A aplicagdo isolada da
luz também foi avaliada (P-L+). A condicdo denominada de controle foi
constituida de amostras que nao receberam nem PS nem luz (P-L-). Para cepa
avaliada, foram realizadas cinco repeticdes. Como foram utilizadas 5 cepas de
cada espécie, um total de 25 repeti¢des foram realizadas para cada espécie. Para
avaliacdo da viabilidade celular das amostras, foram obtidas dilui¢des seriadas das
amostras (107, 102 ¢ 107), as quais foram plaqueadas em placas de Petri contendo
o meio de cultura SDA. Apods 48 horas de incubagdo a 37°C, as placas de Petri
foram submetidas a contagem de coldnias e os nimeros de unidades formadoras
de colonias (ufc/mL) foram calculados.

Todas as cepas também foram utilizadas para formacao de biofilme
in vitro. Os biofilmes foram submetidos a PDT por meio da associacdo de trés
concentragdes de curcumina (20, 30 e 40uM, que correspondem a 7.4; 11,05 e
14,7mg/L) e duas doses de luz (5,28 e 18J/cm?). A condi¢do denominada de
controle foi constituida de amostras que ndo receberam nem PS nem luz (P-L-).
Para cepa avaliada, foram realizadas cinco repeti¢des. Como foram utilizadas 5
cepas de cada espécie, um total de 25 repeticdes foram realizadas para cada
espécie. Em todas as condigdes experimentais, o metabolismo celular foi avaliado
por meio do ensaio de redugdo de XTT. O resultado desta reagdo quimica foi
medido utilizando-se o espectrofotometro com filtro em 492nm.

Além disso, biofilmes adicionais foram utilizados para a realizagao
de coloragao cristal violeta (CV). Nestes casos, apenas a associacdo de 40uM com

18J/cm? foi avaliada, bem como amostras ndo submetidas a PDT (P-L-). Apos os
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procedimentos da coloragdo, foi realizada leitura em espectrofotometro com filtro

em 595nm.

A- Contagem de colonias (ufc/mL)

A.1- Isolados clinicos de C. albicans

Os valores originais de ufc/mL obtidos em todas as condi¢des
experimentais estdo apresentados na Tabela A29.

Os valores de ufc/mL foram transformados em logaritmo (base 10)
para a analise pretendida no estudo. Inicialmente, procedeu-se a andlise descritiva
dos dados, e as principais medidas de resumo calculadas estdo apresentadas na
Tabela 30. Tendo em vista os objetivos da pesquisa, que eram avaliar qual a
associa¢do entre PS e luz mais efetiva para reduzir a viabilidade dos micro-
organismos, e também avaliar se ha efeito dos diferentes isolados na variabilidade
dentro de cada grupo, a analise inferencial foi realizada por meio de um modelo
ANOVA aninhando, no qual o fator fixo foi representado pelos grupos
experimentais, e o fator aleatorio foi representado pelos diferentes isolados dentro
de cada grupo. Esta andlise se baseou na utilizagdo de um modelo linear com erros
distribuidos normalmente e  varidncias entre  grupos  apresentando
homocesdasticidade para o fator fixo, e fatores aleatorios distribuidos
normalmente com variancia constante. Para a realizagdo da ANOVA, as seguintes
hipodteses nulas (Hy) foram determinadas: Hyl- As médias dos grupos sdo iguais a
uma média global, o que significa que ndo ha grupos com médias estatisticamente
diferentes; Hy2- Os isolados dentro dos grupos nao afetam a variabilidade global
dos dados, ou seja, a variancia dos efeitos aleatorios ¢ igual a zero. Os grupos que
resultaram em médias nulas (valores iguais a zero de ufc/mL) foram removidos da

analise. Os resultados desta analise estao na Tabela A31.
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Os resultados indicaram que a Hyl foi rejeitada com p-valor
inferior a 0,0001. Em seguida, foram realizadas comparagdes multiplas para se
determinar onde se localizavam as diferencas entre os grupos estudados. O

resumo desta analise esta na Tabela A32.

Tabela A32- Resultado das comparagdes multiplas entre grupos, por meio do teste

de Tukey, ao nivel de significancia de 5%

Condicoes Média de  Teste
Experimentais logio Tukey*
P-L- 643 a
P-L+ 35,5)/cm’ 6,44 a
P+L- 5uM 648 a
P+L- 10pM 643 a
P+L- 20uM 642 a
PDT 5,28J/cm” ; 5uM 321 b
PDT 5,28J/cm’ ; 10pM 1,55  be
PDT 5,28J/cm” ; 20pM 0,00 -
PDT 18J/cm” ; 5uM 2,98  be
PDT 18J/cm” ; 10pM 1,45 be
PDT 18J/cm’ ; 20pM 0,00 -
PDT 25,5)/cm’ ; 5pM 2,56 be
PDT 25,5)/cm’ ; 10pM 0,86 ¢
PDT 25,5)/cm’ ; 20pM 0,00 -
PDT 37,5)/cnt’ ; 5pM 2,52 be
PDT 37,5)/cm’ ; 10pM 1,05 be
PDT 37,5)/cm’ ; 20pM 0,00 -

*:  letras iguais denotam grupos considerados
estatisticamente semelhantes pelo teste Tukey (p>0,05).
-: grupo ndo avaliado
Para a decisdo sobre a Hy2, foi determinado o intervalo de
confianca (IC 95%) da variancia dos efeitos aleatorios (Ge,), pois se o valor zero
estivesse incluido no intervalo, a Hy2 deveria ser aceita. O IC 95% calculado foi
de 0,8601676 < o, < 1,275388, e, portanto, o valor zero ndo estava incluido no
intervalo, o que levou a rejeicdo da Hy2. Além disso, foi determinado que 98% da
variabilidade observada dentro dos grupos pode ser explicada pela utilizagdo de

diferentes cepas [Geaz/ (cs2 + Geaz)].
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A.2- Isolados clinicos de C. glabrata

Os valores originais de ufc/mL obtidos em todas as condi¢des
experimentais estdo apresentados na Tabela A33.

Os valores de ufc/mL foram transformados em logaritmo (base 10)
para a andlise pretendida no estudo. Inicialmente, procedeu-se com a andlise
descritiva dos dados, que esta apresentada na Tabela A34. Conforme descrito para
a espécie C. albicans, a andlise inferencial foi realizada por meio de um modelo
ANOVA aninhando, no qual o fator fixo foi representado pelos grupos
experimentais, e o fator aleatorio foi representado pelos diferentes isolados dentro
de cada grupo. Esta andlise se baseou na utilizagdo de um modelo linear com erros
distribuidos normalmente e  varidncias entre  grupos  apresentando
homocesdasticidade para o fator fixo, e fatores aleatorios distribuidos
normalmente com variancia constante. Para a realizacdo da ANOVA, as seguintes
hipodteses nulas (Hy) foram determinadas: Hyl- As médias dos grupos sdo iguais a
uma média global, o que significa que ndo ha grupos com médias estatisticamente
diferentes; Hy2- Os isolados dentro dos grupos nao afetam a variabilidade global
dos dados, ou seja, a variancia dos efeitos aleatorios ¢ igual a zero. Os resultados
desta andlise estdo na Tabela A35.

Os resultados indicaram que a Hyl foi rejeitada com p-valor
inferior a 0,0001. Em seguida, foram realizadas comparagdes multiplas para se
determinar onde se localizavam as diferencas entre os grupos estudados. O
resumo desta analise estda na Tabela A36. Para a decisdo sobre a Hy2, foi
determinado o intervalo de confianca (IC 95%) da variancia dos efeitos aleatorios
(cea), pois se o valor zero estivesse incluido no intervalo, a Hy2 deveria ser aceita.
O IC 95% calculado foi de 0,6779487 < 6., < 0,9602301, e, portanto, o valor zero
ndo estava incluido no intervalo, o que levou a rejei¢do da Hy2. Além disso, foi
determinado que 99,3% da variabilidade observada dentro dos grupos pdde ser

explicada pela utilizagdo de diferentes cepas [Geaz/ (cs2 + cseaz)].
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Tabela A36- Resultado das comparagdes multiplas entre grupos, por meio do teste

de Tukey, ao nivel de significancia de 5%

Condicoes Média de Teste
Experimentais log;o Tukey*
P-L- 6,55 a
P-L+ 35,5)/cm’ 6,53 a
P+L- 5uM 6,58 a
P+L- 10pM 6,55 a
P+L- 20uM 6,56 a
P+L+ 5,28J/cm’” ; 5pM 519 ab
P+L+ 5,28J/cm ; 10pM 396  be
P+L+ 5,28J/cm’ ; 20pM 2,84 cde
P+L+ 18J/cm’ ; SuM 4,86 ab
P+L+ 18J/cm’ ; 10pM 3,62 bede
P+L+ 18J/cm’ ; 20pM 1,85  de
P+L+ 25,5)/cm’ ; 5pM 490 ab
P+L+ 25,5)/cm’ 5 10pM 3,59  bede
P+L+ 25,5)/cm” 5 20uM 1,83 de
P+L+ 37,5)/cm’ ; S5puM 497  ab
P+L+ 37,5)/cm’ 5 10pM 3,64  bede
P+L+ 37,5)/cm’ 5 20uM 1,79 e

*:  letras iguais denotam grupos considerados
estatisticamente semelhantes pelo teste Tukey (p>0,05).
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A.3- Isolados clinicos de C. tropicalis

Os valores originais de ufc/mL obtidos em todas as condi¢des
experimentais estdo apresentados na Tabela A37. Apods a transformagdao dos
valores de ufc/mL em logaritmo (base 10), procedeu-se a analise descritiva dos
dados, que estd apresentada na Tabela A38. Conforme descrito para as outras
espécies, a andlise inferencial foi realizada por meio de um modelo ANOVA
aninhando, no qual o fator fixo foi representado pelos grupos experimentais, € 0
fator aleatério foi representado pelos diferentes isolados dentro de cada grupo.
Esta analise se baseou na utilizagdo de um modelo linear com erros distribuidos
normalmente e variancias entre grupos apresentando homocesdasticidade para o
fator fixo, e fatores aleatorios distribuidos normalmente com variancia constante.
Para a realizagdo da ANOVA, as seguintes hipdteses nulas (Hg) foram
determinadas: Hyol- As médias dos grupos s@o iguais a uma média global, o que
significa que ndo hd grupos com médias estatisticamente diferentes; Hyp2- Os
isolados dentro dos grupos nao afetam a variabilidade global dos dados, ou seja, a
variancia dos efeitos aleatdrios ¢ igual a zero. Os resultados desta analise estdo na
Tabela A39.

Os resultados indicaram que a Hyl foi rejeitada com p-valor
inferior a 0,0001. Em seguida, foram realizadas comparagdes multiplas para se
determinar onde se localizavam as diferencas entre os grupos estudados. O
resumo desta andlise estd na Tabela 40. Para a decisao sobre a Hy2, foi
determinado o intervalo de confianga (IC 95%) da variancia dos efeitos aleatorios
(cea), pois se o valor zero estivesse incluido no intervalo, a Hy2 deveria ser aceita.
O IC 95% calculado foi de 0,5422329 < 6., < 0,7917113, e, portanto, o valor zero
ndo estava incluido no intervalo, o que levou a rejeicdo da Hy2. Além disso, foi
determinado que 98,8% da variabilidade observada dentro dos grupos pdde ser

explicada pela utilizagdo de diferentes cepas [Geaz/ (cs2 + Geaz)].
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Tabela A40- Resultado das comparagdes multiplas entre grupos, por meio do teste

de Tukey, ao nivel de significancia de 5%

Condicoes Média de Teste
Experimentais log;o Tukey*
P-L- 559 a
P-L+ 35,5)/em’ 571  a
P+L- 5uM 565 a
P+L- 10pM 562 a
P+L- 20uM 564 a
P+L+ 5,28J/cm’” ; 5pM 287 b
P+L+ 5,28J/cm’ ; 10pM 092 ¢
P+L+ 5,28J/cm’ ; 20pM 030 ¢
P+L+ 18J/em’ ; 5pM 1,59  be
P+L+ 18J/cm’ ; 10pM 027 ¢
P+L+ 18)/cm” ; 20pM 0,00 -
P+L+25,5)/cm’ 5 5pM 1,61 b
P+L+ 25,5)/cm” 5 10pM 028 ¢
P+L+ 25,5)/cm” 5 20uM 0,00 -
P+L+ 37,5)/cm’” ; 5uM 1,62 be
P+L+ 37,5)/cm’ 5 10pM 029 ¢
P+L+ 37,5)/cm’ 5 20uM 0,00 -

*:  letras iguais denotam grupos considerados
estatisticamente semelhantes pelo teste Tukey (p>0,05).
-: grupo ndo avaliado
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B- Metabolismo celular (XTT)

B.1- Isolados clinicos de C. albicans
Os valores originais de absorbancia obtidos em todas as condicdes

experimentais estdo apresentados na Tabela A41.

Tabela A41- Valores originais de absorbancia obtidos apo6s avaliagdo do
metabolismo dos biofilmes formados a partir dos 5 isolados clinicos de C.
albicans (Cal — Ca5), em todas as condi¢des experimentais. Faculdade de

Odontologia de Araraquara, 2011

Isolado . PDT 5,28J/cm” ¥ PDT 18J/cm* ¥
clinico 20uM* 30pM* 40pM* 20pM* 30pM* 40pM*
Cal 1,321 0,424 0341 0,158 0447 0297 0,142

1,339 0,409 0,327 0,129 0,464 0,329 0,126
1,331 0,440 0,394 0,125 0,481 0,332 0,112
1,235 0,406 0,427 0,176 0,470 0,383 0,114
1,278 0,440 0,391 0,200 0,418 0,318 0,179
Ca2 1,274 0,871 0,676 0,373 0,579 0,300 0,122
1,306 0,904 0,690 0,314 0,546 0,261 0,188
1,283 0,862 0,605 0,450 0,618 0,237 0,185
1,257 0,921 0,676 0,379 0,571 0,366 0,154
1,351 0,942 0,701 0,446 0,507 0,384 0,168
Ca3 0,970 0,404 0,277 0,102 0,335 0,224 0,085
0,914 0,343 0,258 0,084 0,365 0,217 0,071
0,891 0,399 0,223 0,101 0,355 0,223 0,021
0,863 0,403 0,207 0,186 0,338 0,230 0,960
0,955 0,335 0,312 0,157 0,363 0,232 0,102
Ca4 1,172 0,350 0,350 0,223 0,331 0,153 0,173
1,194 0,375 0,360 0,159 0,373 0,182 0,164
1,038 0,318 0,315 0,271 0,304 0,199 0,116
1,179 0,338 0,320 0,161 0,254 0,193 0,107
1,140 0,387 0,298 0,224 0,309 0,658 0,162
Cas 1,297 0,505 0,310 0,203 0,528 0,321 0,166
1,341 0,468 0,458 0,262 0,477 0417 0,170
1,353 0,456 0,438 0,212 0,490 0,408 0,234
1,163 0,466 0,364 0,267 0,481 0,357 0,145
1,208 0,498 0,332 0,241 0,506 0,300 0,274

*: Concentragdes de Curcumina
TF: Doses de luz
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Inicialmente, procedeu-se a analise descritiva dos dados, e as
principais medidas de resumo calculadas estdo apresentadas na Tabela A42. A
andlise inferencial foi realizada por meio de um modelo ANOVA aninhando, no
qual o fator fixo foi representado pelos grupos experimentais, e o fator aleatorio
foi representado pelos diferentes isolados dentro de cada grupo. Esta anélise se
baseou na utilizacdo de um modelo linear com erros distribuidos normalmente e
variancias entre grupos apresentando homocesdasticidade para o fator fixo, e
fatores aleatorios distribuidos normalmente com varidncia constante. Para a
realizagdo da ANOVA, as seguintes hipoteses nulas (Hp) foram determinadas:
Hp1- As médias dos grupos sdo iguais a uma média global, o que significa que nao
ha grupos com médias estatisticamente diferentes; Ho2- Os isolados dentro dos
grupos nao afetam a variabilidade global dos dados, ou seja, a varidncia dos
efeitos aleatorios € igual a zero. Os resultados desta andlise estdo na Tabela A43.

Os resultados indicaram que a Hypl foi rejeitada com p-valor
inferior a 0,0001. Em seguida, foram realizadas comparagdes multiplas para se
determinar onde se localizavam as diferencas entre os grupos estudados. O

resumo desta analise esta na Tabela A44.

Tabela A42- Medidas de resumo calculadas para as amostras de todas as
condigdes experimentais, considerando os resultados provenientes da avaliagdao do
metabolismo (XTT, absorbancia) dos biofilmes formados com 5 isolados clinicos

de C. albicans. Faculdade de Odontologia de Araraquara, 2011

Medidas de PL PDT 5,28J/cm* * PDT 18J/cm’ |
Resumo 20uM* 30pM* 40pM* 20uM* 30pM* 40uM*
Média 1,18 0,507 0,402 0,224 0436 0301 0,178

Mediana 1,235 0,424 0,350 0,203 0,464 0,300 0,154
Variancia 0,025 0,043 0,022 0,010 0,010 0,011 0,029
Desvio padrao 0,157 0,207 0,150 0,102 0,098 0,106 0,171
Minimo 0,863 0,318 0,207 0,084 0,254 0,153 0,021
Maximo 1,353 0,942 0,701 0,450 0,618 0,658 0,960

*: Concentragoes de Curcumina
F: Doses de luz
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Tabela A43- Sumario da ANOVA empregada para o modelo linear aninhado

o: variancia dos grupos
Oe.: variancia dos efeitos aleatorios

Tabela A44- Resultado das comparagdes multiplas entre grupos, por meio do teste

de Tukey, ao nivel de significancia de 5%

Condicoes Média de  Teste
Experimentais XTT Tukey*
P-L- 1,186 a
PDT 5,28J/cmt” ; 20pM 0,507 b
PDT 5,28J/cm’ ; 30pM 0,402 be
PDT 5,28J/cm’ ; 40pM 0,224 ¢
PDT 18J/cm’ ; 20pM 0,436  be
PDT 18J/cm’ ; 30pM 0,301  bc
PDT 18J/cm’” ; 40pM 0,178 ¢

*:  letras iguais denotam grupos considerados
estatisticamente semelhantes pelo teste Tukey (p>0,05).

Para a decisdo sobre a Hy2, foi determinado o intervalo de
confianca (IC 95%) da variancia dos efeitos aleatdrios (Ge,), pois se o valor zero
estivesse incluido no intervalo, a Hy2 deveria ser aceita. O IC 95% calculado foi
de 0,1044753 < 6., < 0,1788562, e, portanto, o valor zero ndo estava incluido no
intervalo, o que levou a rejeicao da Hy2. Além disso, foi determinado que 85,26%
da variabilidade observada dentro dos grupos pdde ser explicada pela utilizagao de

diferentes cepas [oeaz/ (cs2 + Geaz)].
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B.2- Isolados clinicos de C. glabrata
Os valores originais de absorbancia obtidos em todas as condi¢des

experimentais estdo apresentados na Tabela A45.

Tabela A45- Valores originais de absorbancia obtidos apo6s avaliagdo do
metabolismo dos biofilmes formados a partir dos 5 isolados clinicos de C.
glabrata (Cgl — Cg5), em todas as condi¢cdes experimentais. Faculdade de

Odontologia de Araraquara, 2011

Isolado PDT 5,28J/cm’ * PDT 18J/cm* ¥
clinico 20uM* 30pM* 40pM* 20pM* 30puM* 40pM*
Cgl 1,387 0,674 0,448 0268 0448 0267 0,251
0,945 0,553 0,477 0273 0477 0212 0,167
1,054 0,690 0,509 0219 0,509 0253 0,294
1,343 0,580 0,373 0,199 0473 0284 0,197
1,085 0,795 0479 0206 0,479 0,188 0,206
cg 0,761 0,197 0,182 0,109 0232 0,163 0,157
0,886 0252 0212 0177 0,177 0,100 0,038
0,874 0220 0244 0,146 0,222 0,107 0,149
0,751 0,227 0,273 0,198 0,18 0,149 0,162
0,793 0275 0,277 0,188 0,169 0052 0,157
Cg3 0,724 0469 0,284 0,154 0307 0,288 0,057
0,846 0365 0237 0,138 0,191 0277 0,176
0,852 0,394 0,198 0,175 0275 0254 0,132
0,671 0,483 0,276 0209 0346 0271 0,069
0,796 0,498 0,222 0,149 0266 0,188 0,111
Cgd 1,054 0458 0,267 0,191 0221 0,131 0,088
1,108 0397 0342 0,166 0261 0,147 0,065
0,938 0,421 0,286 0,139 0,240 0,144 0,103
0,844 0,439 0212 0,134 0262 0,168 0,075
0,726 0,477 0,301 0,172 0209 0,170 0,119
Cg5 1,101 0829 0,397 0,125 0333 0247 0,011
0,963 0,648 0212 0,187 0,347 0238 0,197
1,026 0,700 0,226 0210 0,298 0249 0,188
0,856 0,783 0,376 0220 0357 0246 0,134
0,989 0,866 0,393 0,192 0333 0,199 0,117

*: Concentragdes de Curcumina
T: Doses de luz



183
7.2 ﬂpémdice @apt%ulo 2

Inicialmente, procedeu-se a analise descritiva dos dados, e as
principais medidas de resumo calculadas estdo apresentadas na Tabela 46. A
andlise inferencial foi realizada por meio de um modelo ANOVA aninhando, no
qual o fator fixo foi representado pelos grupos experimentais, e o fator aleatorio
foi representado pelos diferentes isolados dentro de cada grupo. Esta anélise se
baseou na utilizacdo de um modelo linear com erros distribuidos normalmente e
variancias entre grupos apresentando homocesdasticidade para o fator fixo, e
fatores aleatorios distribuidos normalmente com varidncia constante. Para a
realizagdo da ANOVA, as seguintes hipoteses nulas (Hp) foram determinadas:
Hp1- As médias dos grupos sdo iguais a uma média global, o que significa que nao
ha grupos com médias estatisticamente diferentes; Ho2- Os isolados dentro dos
grupos nao afetam a variabilidade global dos dados, ou seja, a varidncia dos
efeitos aleatorios € igual a zero. Os resultados desta andlise estdo na Tabela A47.

Os resultados indicaram que a Hypl foi rejeitada com p-valor
inferior a 0,0001. Em seguida, foram realizadas comparagdes multiplas para se
determinar onde se localizavam as diferencas entre os grupos estudados. O

resumo desta analise esta na Tabela A48.

Tabela A46- Medidas de resumo calculadas para as amostras de todas as
condigdes experimentais, considerando os resultados provenientes da avaliagdao do
metabolismo (XTT, absorbancia) dos biofilmes formados com 5 isolados clinicos

de C. glabrata. Faculdade de Odontologia de Araraquara, 2011

Medidas de ., PDT 5,28J/cm> * PDT 18J/cm’ *
Resumo 20uM*  30pM* 40pM* 20pM* 30uM* 40pM*
Média 0,935 0,508 0,308 0,182 0,305 0200 0,137

Mediana 0,886 0,477 0,277 0,187 0,275 0,199 0,134
Variancia 0,033 0,040 0,009 0,002 0,011 0,004 0,004
Desvio padrao 0,181 0,200 0,097 0,041 0,104 0,065 0,067
Minimo 0,671 0,197 0,182 0,109 0,169 0,052 0,011
Méximo 1,387 0,866 0,509 0,273 0,509 0,288 0,294

*: Concentragoes de Curcumina
F: Doses de luz
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Tabela A47- Sumario da ANOVA empregada para o modelo linear aninhado

o: variancia dos grupos
G.,: variancia dos efeitos aleatdrios

Tabela A48- Resultado das comparagdes multiplas entre grupos, por meio do teste

de Tukey, ao nivel de significancia de 5%

Condicoes Média de  Teste
Experimentais XTT Tukey*
P-L- 0,935 a
PDT 5,28J/cnt” ; 20pM 0,508 b
PDT 5,28)/cm’ ; 30pM 0,308 be
PDT 5,28)/cm’ ; 40pM 0,182 ¢
PDT 18J/cm’ ; 20pM 0,305 be
PDT 18J/cm’ ; 30M 0,200 ¢
PDT 18J/cm’” ; 40pM 0,137 ¢

*:  letras iguais denotam grupos considerados
estatisticamente semelhantes pelo teste Tukey (p>0,05).

Para a decisdo sobre a Hy2, foi determinado o intervalo de
confianca (IC 95%) da variancia dos efeitos aleatorios (Ge,), pois se o valor zero
estivesse incluido no intervalo, a Hy2 deveria ser aceita. O IC 95% calculado foi
de 0,08128011 < 6, < 0,1448888, e, portanto, o valor zero ndo estava incluido no
intervalo, o que levou a rejei¢do da Hy2. Além disso, foi determinado que 42% da
variabilidade observada dentro dos grupos pdde ser explicada pela utilizacdo de

diferentes cepas [Geaz/ (cs2 + ceaz)].
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B.3- Isolados clinicos de C. tropicalis
Os valores originais de absorbancia obtidos em todas as condi¢des

experimentais estdo apresentados na Tabela A49.

Tabela A49- Valores originais de absorbancia obtidos apo6s avaliagdo do
metabolismo dos biofilmes formados a partir dos 5 isolados clinicos de C.
tropicalis (Ctl — Ct5), em todas as condi¢cdes experimentais. Faculdade de

Odontologia de Araraquara, 2011

Isolado PDT 5,28J/cm* ¥ PDT 18J/cm’ ¥

clinico 20uM* 30uM* 40pM* 20pM* 30uM* 40pM*
ctl 0,718 0492 0349 0260 0275 0,185 0,171
0,669 0,505 0,335 0272 0251 0,197 0,189
0,679 0,540 0,324 0,223 0258 0200 0,193
0,734 0,483 0284 0,199 0325 0,184 0,125
0,766 0,555 0,301 0,206 0,302 0,199 0,168
co 0611 0434 0334 019 0352 0,123 0,080
0,607 0416 0281 0,198 0319 0,134 0,075
0615 0441 0276 0221 0356 0,126 0,100
0,782 0482 0,357 0247 0381 0,127 0,028
0,711 0444 0283 0,168 0347 0,169 0,07
c3 0,651 0471 0345 0356 0392 0324 0305
0,600 0,444 0349 0,332 0419 0337 0306
0,636 0,434 0361 0,367 0401 0318 0,280
0,699 0421 0316 0355 0356 0312 0,264
0,623 0,453 0381 0,294 0,402 0367 0,238
c 0,699 0615 0458 028 0515 0423 0255
0,793 0,590 0,457 0275 05549 0390 0,276
0,782 0,655 0,489 0290 0,535 0392 0,210
0826 0,627 0481 0257 0,555 0,328 0214
0,830 0,586 0,499 0237 0496 0321 0,2
cts 0436 0317 0305 0205 0264 0224 0,172
0423 0,308 0312 0,224 0215 0214 0,104
0423 0,303 0310 0,206 0220 0211 0,164
0,583 0,354 0351 0214 0,205 0210 0,132
0,594 0301 0,302 0286 0241 0209 0,128

*: Concentragdes de Curcumina
T: Doses de luz
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Inicialmente, procedeu-se a andlise descritiva dos dados, e as
principais medidas de resumo calculadas estdo apresentadas na Tabela AS50. A
andlise inferencial foi realizada por meio de um modelo ANOVA aninhando, no
qual o fator fixo foi representado pelos grupos experimentais, e o fator aleatorio
foi representado pelos diferentes isolados dentro de cada grupo. Esta anélise se
baseou na utilizacdo de um modelo linear com erros distribuidos normalmente e
variancias entre grupos apresentando homocesdasticidade para o fator fixo, e
fatores aleatorios distribuidos normalmente com varidncia constante. Para a
realizagdo da ANOVA, as seguintes hipoteses nulas (Hp) foram determinadas:
Hp1- As médias dos grupos sdo iguais a uma média global, o que significa que nao
ha grupos com médias estatisticamente diferentes; Ho2- Os isolados dentro dos
grupos nao afetam a variabilidade global dos dados, ou seja, a varidncia dos
efeitos aleatorios € igual a zero. Os resultados desta andlise estdo na Tabela A51.

Os resultados indicaram que a Hypl foi rejeitada com p-valor
inferior a 0,0001. Em seguida, foram realizadas comparagdes multiplas para se
determinar onde se localizavam as diferencas entre os grupos estudados. O

resumo desta analise esta na Tabela A52.

Tabela A50- Medidas de resumo calculadas para as amostras de todas as
condigdes experimentais, considerando os resultados provenientes da avaliagdao do
metabolismo (XTT, absorbancia) dos biofilmes formados com 5 isolados clinicos

de C. tropicalis. Faculdade de Odontologia de Araraquara, 2011

Medidas de PDT 5,28J/cm” " PDT 18J/cm* "
Resumo 20uM* 30pM* 40pM* 20pM* 30pM* 40pM*
Média 0,660 0,467 0354 0255 0,357 0249 0,178

Mediana 0,669 0,453 0335 0247 0352 0211 0,172
Varincia 0,013 0,010 0,005 0,003 0,012 0009 0,006
Desvio padrio 0,115 0,102 0,069 0,056 0,108 0,093 0,078
Minimo 0423 0301 0276 0,168 0,205 0,123 0,028
Méximo 0,830 0,655 0499 0,367 0,555 0423 0,306

*: Concentragoes de Curcumina
F: Doses de luz
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Tabela A51- Sumario da ANOVA empregada para o modelo linear aninhado

o: variancia dos grupos
Oe.: variancia dos efeitos aleatorios

Tabela A52- Resultado das comparagdes multiplas entre grupos, por meio do teste

de Tukey, ao nivel de significancia de 5%

Condi¢oes Médiade Teste
Experimentais XTT Tukey*

P-L- 0,660 a

PDT 5,28)/cm’ ; 20pM 0,467 ab

PDT 5,28J/cmt” ; 30uM 0,354  be

PDT 5,287/cmt” ; 40uM 0,255 «od

PDT 18J/cn’ ; 20pM 0,357 be

PDT 18J/cn’ ; 30pM 0249 cd
PDT 18J/cm” ; 40pM 0178 d

*:  letras iguais denotam grupos considerados
estatisticamente semelhantes pelo teste Tukey (p>0,05).

Para a decisdo sobre a Hjp2, foi determinado o intervalo de
confianga (IC 95%) da variancia dos efeitos aleatorios (Ge,), pois se o valor zero
estivesse incluido no intervalo, a Hy2 deveria ser aceita. O IC 95% calculado foi
de 0,06175359 < 6, < 0,105659, e, portanto, o valor zero ndo estava incluido no
intervalo, o que levou a rejeicdo da Hy2. Além disso, foi determinado que 80,1%
da variabilidade observada dentro dos grupos pdde ser explicada pela utilizagao de

diferentes cepas [Geaz/ (cs2 + Geaz)].
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C- Cristal Violeta (CV)

Os valores originais de absorbancia obtidos em todas as condigdes

experimentais estdo apresentados na Tabela AS3.

188

Tabela AS53- Valores originais de absorbancia obtidos apods coloragdo dos

biofilmes de C. albicans, C. glabrata e C. tropicalis com cristal violeta, nas

condi¢des P-L- e PDT. Faculdade de Odontologia de Araraquara, 2011

Isolado C. albicans C. glabrata C. tropicalis

clinico P-L- PDT  P-L- PDT  PL- PDT
1 1,125 0,604 0,315 0,080 0,274 0,091
1,289 0,619 0,258 0,134 0,276 0,076

1,064 0,692 0,300 0,199 0,294 0,101

1,212 0,605 0,280 0,115 0,271 0,089

1,149 0,677 0,352 0,061 0,286 0,085

2 1,188 0,556 0,120 0,049 0,309 0,136
1,026 0,530 0,140 0,021 0,295 0,098

0,913 0,613 0,147 0,038 0,331 0,118

0,997 0,584 0,134 0,042 0,284 0,155

1,142 0,583 0,180 0,012 0,278 0,067

3 0,653 0,242 0,197 0,055 0,275 0,150
0,638 0,214 0,116 0,084 0,330 0,129

0,608 0,227 0,233 0,045 0,296 0,086

0,677 0,194 0,218 0,066 0,312 0,081

0,667 0,211 0,248 0,014 0,294 0,152

4 1,173 0,377 0,326 0,116 0,350 0,113
0,938 0,475 0,304 0,067 0,411 0,140

0,964 0,469 0,287 0,112 0,324 0,097

0,905 0,417 0,283 0,092 0,294 0,084

0,197 0,395 0,356 0,087 0,342 0,107

5 1,171 0,366 0,273 0,098 0,281 0,094
1,147 0,524 0,333 0,101 0,157 0,086

1,193 0,482 0,282 0,093 0,136 0,059

0,985 0,475 0,325 0,065 0,216 0,047

1,166 0,399 0,243 0,083 0,147 0,094

*: Condigdo PDT avaliou a associagdo de 40uM de curcumina com 18J/cm’
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Inicialmente, procedeu-se a analise descritiva dos dados, e as
principais medidas de resumo calculadas estdo apresentadas na Tabela A54. O
objetivo da analise por coloragdo com CV foi avaliar a biomassa dos biofilmes
tratados e ndo tradados com PDT, para cada espécie de Candida. Dessa forma, a
analise inferencial adequada a este objetivo seria aquela que possibilitasse a
comparacdo entre dois grupos independentes (P-L- e PDT). Para isso, os
resultados obtidos para cada espécie de Candida foram avaliados separadamente.
Em todos os casos, o teste de Shapiro Wilk foi utilizado para a verificagdo da
normalidade dos dados, ao nivel de significancia de 5%. O teste resultou em
valores de probabilidade inferiores a 0,05 para os grupos das trés espécies de
Candida, indicando a necessidade de utilizacdo de testes ndo paramétricos. Por
essa razdo, o teste de Wilcoxon (também conhecido como Mann-Whitney) foi
utilizado para realizar as comparagdes entre os grupos P-L- e PDT de cada espécie
avaliada, ao nivel de significancia de 5%. A hipdtese nula testada em todos os
casos foi a existéncia de igualdade entre os grupos. O resultado da andlise
individual de cada espécie resultou em valor de probabilidade muito inferior a
0,05 (< 0,0001), para as trés espécies. Assim, foi possivel observar que para a
média do grupo P-L- foi sempre superior a média do grupo PDT indicando a
reducdo na biomassa dos biofilmes de C. albicans, C. glabrata e C. tropicalis
apos exposi¢ao a PDT.

Adicionalmente, também foi realizada uma anélise comparativa
entre os grupos P-L- das trés espécies, com o objetivo de determinar qual das trés
espécies possuiu maior capacidade de formacao de biofilme. De acordo com o
resultado do teste de Shapiro-Wilk, os dados ndo se apresentavam normalmente
distribuidos (p<0,05). Além disso, o teste de Bartlett apontou a existéncia de
heterogeneidade de variancias entre os grupos (p<0,05). Desta maneira, a
comparagdo entre grupos foi realizada com o teste ndo paramétrico de Kruskal
Wallis, ao nivel de significancia de 5%. O resultado deste teste (y’g= 44,1585
com p-valor <10) apontou a existéncia de diferenca significante em pelos menos
um dos grupos. O resultado do teste ndo paramétrico de comparagdes multiplas

(post-hoc) esta apresentado na Tabela ASS.
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Tabela A54- Medidas de resumo calculadas para os valores de absorbancia
obtidos apos coloragdo dos biofilmes de C. albicans, C. glabrata e C. tropicalis
com cristal violeta, nas condigdes P-L- e P+L+. Faculdade de Odontologia de

Araraquara, 2011

Medidas de C. albicans C. glabrata C. tropicalis
Resumo PL- PDT  PL- PDT  P-L- PDT
Média 0,967 0,461 0,250 0,077 0,283 0,101

Mediana 1,026 0,475 0,273 0,080 0,294 0,094
Variancia 0,068 0,023 0,006 0,002 0,004 0,001
Desvio padrdo 0,261 0,153 0,075 0,041 0,062 0,029
Minimo 0,197 0,194 0,116 0,012 0,136 0,047
Méximo 1,289 0,692 0,356 0,199 0,411 0,155

*: Condi¢do PDT avaliou a associa¢ido de 40uM de curcumina com 18J/cm’

Tabela A55- Resultado das comparagdes multiplas entre grupos, por meio do teste

ndo paramétrico, ao nivel de significdncia de 5%.

Posto Comparacoes

Espécie i .
médio multiplas *
C. albicans 61,380 a
C. glabrata 29,380 b
C. tropicalis 23,240 b

*: letras iguais denotam grupos considerados estatisticamente
semelhantes pelo teste ndo paramétrico (p>0,05).
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Neste estudo, a PDT foi avaliada por meio da associagdo entre as
concentragdes de 20, 40 e 80uM de curcumina com a dose de luz de 37,5J/cm?
(P+L+). As trés concentragdes de curcumina também foram utilizadas para a
avaliacdo do efeito do PS sem luz (P+L-). Além disso, a aplicagdo isolada da luz
foi avaliada (P-L+). Os animais com infec¢do induzida por C. albicans que nao
receberam nenhum tratamento foram denominados de P-L-, e aqueles que ndo
receberam indugdo da infeccdo nem tratamento foram denominados de NCG
(grupo controle negativo). Para cada condi¢cdo avaliada, foram utilizados cinco
animais. A avalia¢do da viabilidade de C. albicans das amostras foi realizada por
meio de contagem de colonias e calculo das ufc/mL.

Apo6s a transformacdo dos valores em logaritmo (base 10),
procedeu-se a analise descritiva dos dados por meio do célculo das medidas de
resumo (tendéncia central e variabilidade). Em seguida, os testes de Shapiro-Wilk
e Bartlett foram utilizados para a verificagdo da normalidade e homocedasticidade
dos dados, respectivamente (a = 0,05). O resultado de ambos os testes indicou
valores de probabilidade maiores a 0,05, indicando que o conjunto dos dados
atendia aos pressupostos necessdrios para utilizagdo de testes paramétricos. Por
essa razao, o teste estatistico empregado para comparagdo das médias dos grupos
foi a ANOVA, ao nivel de significancia de 5%. De acordo com a Tabela A56, o
valor de probabilidade encontrado indicou haver diferenca estatisticamente
significativa em pelo menos uma das médias dos grupos. Por isso, foi necessaria a
utilizacdo de um teste de comparagdes multiplas das médias (post hoc). O teste
selecionado foi o teste de Tukey, ao nivel de significancia de 5%, e os resultados

estdo apresentados na Tabela A57.
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Tabela A56- Sumario da Andlise de Variancia empregada para comparagao das

médias dos grupos P+L+, P+L-, P-L+ e P-L-

Tabela A57- Resultado das comparagdes multiplas entre as médias dos grupos,

por meio do teste de Tukey, ao nivel de significancia de 5%

Condicoes Média de Teste

Experimentais logo Tukey*
P-L- 491 a

P-L+ 35,5)/cm’ 545  a

P+L- 20uM 553 a

P+L- 40puM 499 a

P+L- 80pM 4,53 ab

P+L+ 20uM 340 b

P+L+ 40pM 1,34 ¢

P+L+ 80uM 0,26 ¢

*:  letras iguais denotam médias  consideradas
estatisticamente semelhantes pelo teste de Tukey (p>0,05).
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ABSTRACT

study describes the association of curcumin with light
emitting diode (LED) for the inactivation of Candida albicans.
Suspensions of Candida were treated with nine curcumin
concentrations and exposed to LED at different fluences. The
protocal that showed the best outcomes for Candida inactivation
was selected to evaluate the effect of the preirradiation time
(PIT) on photodynamic therapy (PDT) effectiveness, the uptake
of curcumin by C. albicans cells and the possible involvement of
singlet oxygen in the photodynamic action. Curcumin-mediated
PDT was also assessed against biofilms. In addition to the
microbiological experiments, similar protocols were tested on a
macrophage cell line and the effect was evaluated by Methyl-
tetrazolium assay (MTT) and SEM analysis. The optical
properties of curcumin were investigated as a function of
illumination fluence. When compared with the control group, a
statistically significant reduction in C. albicans viability was
observed after PDT (# < 0.05), for both planktonic and biofilm
cultures. Photodynamic effect was greatly increased with the
presence of curcumin in the surrounding media and the PIT of
20 min improved PDT effectiveness against biofilms. Although
PDT was phototoxic to macrophages, the therapy was more
effective in inactivating the yeast cell than the defense cell. The
spectral changes showed a high photobleaching rate of ¢

INTRODUCTION

Candida albicans and other Candida species are important
pathogens associated with the opportunistic fungal diseases
(1), especially in immunocompromised patients (2) and den-
ture wearers (3). These micro-organisms can cause superficial
muu)wl infection such as oral candidosis and denture stoma-

s, and also disseminate other forms of di (4).

treatments available for Candida infection are typically drug
based and can involve topical and systemic antifungal agents
(2). However. antifungal treatment is limited to a very small
number of drug substances and the widespread use of these
agents, especially the azoles, has resulted in global emergence
of antifungal resistance and subsequent treatment failures
(10.11). Moreover, due to the fungistatic rather than fungicidal
effect of azoles (12), host defenses are essential for eradicating
the infection. Therefore, the use ol azole agents for oral
candidosis in immunosuppressed patients can be ineflfective,

The increasing incidence of fungal infections, coupled with
the growing resistance against antifungal agents, has driven
research to the development of alternative strategies, such as
topical photodynamic therapy (PDT). Conventional applica-
tions of PDT include the use of a sensitizing compound and
visible light to kill fast growing and tumor cells (13). The
extension of PDT as a therapeutic modality for the treatment
of some nononcological diseases, including microbial inacti-
vation and treatment of infections, represents a new important
field (14). Photodynamic inactivation of micro-organisms is
based on the combination of a drug, known as photosensitizer
(PS), and the delivery of a visible light of the appropriate
wavelength 1o excite the PS molecule (15). The interactions of
the PS in the excited state with oxygen produce cytotoxic
species that lead to microbial destruction (15). When com-
pared with other therapies, PDT has several advantages, such
as high target specificity (PS can be delivered to cells and light
can be focused on the site of the lesion), few undesired side
effects and little likelihood of leading to the development of
resistance by micro-organisms (16).

Hematoporphyrin derivatives are among the earliest type of
PS used (16). The sensitizers commonly used in anticancer
I’D'I are based on porphyrins and their analogs, which can be

sdministered systemically for retention in rapidly proliferating

According to the National Nosocomial Infections Surveillance
System (United States), Cavclicla spp. are the most commen
cause of fungal infection in critically ill patients (5). In
addition, some investigations hg shown that fungi are
involved in up 10 17% of all nosocomial infections (6,7), and
9-12% of nosocomial blood stream infections (5.8,9). The

*Corresponding author cmail: pavarina/a four.uncsp.br (Ana Cliudia Pavarina)
© 2011 Th
Photochemistry

Photobiology © 2011 The American Socicty of Photobiology 0031:865511

cells (13). In addition, different types of PS have been
proposed for antimicrobial PDT. PS interaction with the
cellular membranes and intracellular structures is of great
relevance in the response to PDT. Due to the vast diversity of
micro-organisms, a PS with distinct physicochemical proper-
ties may be required. Curcumin is a naturally occurring,
intensely vellow pigment that is isolated from rhizomes of the
Curcumna longa plant (17). It is a constituent of the spice
turmeric, and is in worldwide use as a cooking spice. flavoring
agent and colorant, An increasing number of investigations
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