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RESUMO 

Os materiais reembasadores para próteses dentais removíveis, após a exposição 

à cavidade bucal, apresentam alterações estruturais que facilitam a colonização 

por espécies de Candida. Neste contexto, o ácido undecilênico (AUD) tem sido 

incorporado na formulação deste material na tentativa de reduzir o 

desenvolvimento de biofilmes fúngicos. No entanto, concentrações de AUD 

liberadas pelo material reembasador e os efeitos destas sobre o desenvolvimento 

dos biofilmes de Candida ainda não foram elucidados. Por isso, a proposta deste 

estudo foi investigar a cinética de liberação do AUD a partir do material 

reembasador e avaliar o efeito deste sobre o desenvolvimento de biofilmes de C. 

albicans ou C. glabrata. Inicialmente, simulou-se in vitro a liberação do AUD na 

cavidade bucal através da imersão de corpos de prova de material reembasador 

(10 mm x 2 mm) em saliva artificial, sendo o produto da liberação quantificado 

através de cromatografia gasosa. Em seguida, a suscetibilidade de um isolado de 

referência e dois isolados clínicos de C. albicans (ATCC 90028, P01 e P34) e C. 

glabrata (ATCC 2001, P11 e P31) ao AUD foi investigada através da concentração 

inibitória mínima (CIM), concentração fungicida mínima (CFM) e tempo de morte 

celular (time-kill). Para avaliar o efeito do AUD sobre os biofilmes de Candida, 

películas de saliva foram formadas na superfície de corpos de prova de material 

reembasador contendo AUD (grupo experimental) ou não (controle) e, em 

seguida, biofilmes dos isolados citados foram formados sobre estas superfícies. 

Nos períodos de adesão, 24, 48 e 72 h de desenvolvimento dos biofilmes, foram 

realizadas análises de contagem celular através de diluição decimal seriada; de 

atividade metabólica através da redução mitocondrial do XTT; de estrutura dos 

biofilmes através da microscopia confocal a laser; e secreção enzimática de 

proteinases e fosfolipases através de métodos colorimétricos. Os dados foram 

submetidos à análise de variância seguida de teste de Tukey com nível de 

significância de 5%. As concentrações de AUD liberadas pelo material 

reembasador estavam dentro dos intervalos de CIM e CFM encontrados para 

todos os isolados avaliados. Pelo teste de time-kill foi possível observar que na 
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CIM, o AUD teve ação fungistática por até 8 horas de exposição, para todos os 

isolados investigados. A presença de AUD não alterou a contagem celular, 

atividade metabólica, estrutura dos biofilmes e secreção enzimática nos estágios 

iniciais de colonização (adesão e 24 h) para ambas as espécies investigadas (p > 

0.05). A exposição ao AUD resultou em menor contagem celular (p < 0.05) e 

atividade metabólica (p = 0.001) para os biofilmes maduros (48 e 72 h) de C. 

albicans, embora alterações estruturais e de secreção enzimática não foram 

identificadas (p > 0.05). Em contraste, biofilmes maduros de C. glabrata 

apresentaram maior quantidade de células (p = 0.004), atividade metabólica (p < 

0.001) e secreção de proteinases no grupo experimental (p < 0.001). 

Considerando as limitações deste estudo, pôde-se concluir que a liberação de 

AUD pelo material reembasador não evitou a colonização de biofilmes de 

Candida. 

 

Palavras-chave: Reembasadores de Prótese Dentária; Ácidos Undecilênicos; 

Biofilmes; Candida albicans; Candida glabrata. 
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ABSTRACT 

After exposure to oral cavity, denture liners exhibit structural alterations which 

facilitate colonization by Candida species. In this context, undecylenic acid (UDA) 

has been incorporated into denture liner formulation in an attempt to reduce the 

development of fungal biofilms. However, released concentrations of UDA from 

denture liner and its effects on Candida biofilms have not yet been elucidated. 

Therefore, the purpose of this study was to investigate the UDA-released 

concentrations from denture liner and evaluate its effects on C. albicans or C. 

glabrata biofilms development. Initially, it was simulated, in vitro, the UDA-releasing 

at oral cavity by immersing specimens of denture liner (10 mm x 2 mm) in artificial 

saliva, and the released product was quantified by gas chromatography. Then, 

susceptibility tests of a reference strain and two clinical isolates of C. albicans 

(ATCC 90028, P01 and P34) and C. glabrata (ATCC 2001, P11 and P31) for UDA 

were performed by minimal inhibitory concentration (MIC), minimal fungicidal 

concentration (MFC) and time-kill assays. For evaluate the effects of UDA-released 

on Candida biofilms, specimens of denture liner containing UDA (experimental 

group) or not (control group) were saliva-coated and then, biofilms of mentioned 

strains were developed on such surfaces. At adhesion phase, 24, 48 and 72 h, 

developed biofilms had their cells counts analyzed by serial dilution; metabolic 

activity by XTT reduction assay; biofilm structure by confocal laser microscopy; and 

enzymatic activity of proteinases and phospholipases by colorimetric methods. 

Data were subjected by analysis of variance followed by Tukey test with a 

significance level of 5%. UDA-released concentrations from denture liner were 

within the ranges of MIC and MFC for all strains evaluated. Time-kill results 

demonstrated that UDA at MIC had a fungistatic behavior for at least 8 hours of 

exposition for all strains investigated. The presence of UDA did not alter the cell 

counting, metabolic activity, biofilm structure and enzymatic secretion in the early 

stages of colonization (adhesion and 24 h) for both species investigated (p > 0.05). 

At UDA exposure, mature biofilms (48 and 72 h) of C. albicans presented lower cell 

counts (p < 0.05) and metabolic activity (p = 0.001), although structural changes 
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and enzymatic secretion were not identified (p > 0.05). In contrast, C. glabrata 

mature biofilms showed higher cell counts (p = 0.004), metabolic status (p < 0.001) 

and also high secretion of proteinases in the experimental group (p < 0.001). 

Within the limitations of this study, it could be concluded that UDA-released from 

DL did not avoid Candida biofilms colonization. 

 

Keywords: Denture Liners; Undecylenic Acids; Biofilms; Candida albicans; 

Candida glabrata. 

  



xiii 
 

SUMÁRIO 

 

 

 

INTRODUÇÃO 01 

 

 

CAPÍTULO: Effects of undecylenic acid released from  05  

  denture liner on Candida biofilms 

  

 

CONCLUSÃO 23 

 

 

REFERÊNCIAS 24 

 

 

ANEXOS 29 

  



1 
 

INTRODUÇÃO 

Mesmo com o desenvolvimento na área da Odontologia e com os 

investimentos feitos para a melhoria na saúde bucal da população, ainda é grande 

o número de indivíduos desdentados parciais e/ou totais. Os dados preliminares 

do SB Brasil 2010 (Brasil, 2012) demostram melhorias nos indicadores de saúde 

bucal da população brasileira, principalmente da população adulta, com redução 

na demanda por próteses dentais. Entretanto, o grande problema ainda se 

concentra na população idosa (65-74 anos), dos quais 23% ainda necessitam de 

próteses totais e 15% de próteses parciais. Dessa forma, ainda é notável a 

necessidade de reabilitação desta população com próteses dentais removíveis 

(Braden et al., 1995; Brosky et al., 2003). 

Nestas reabilitações, as próteses dentais removíveis geralmente são 

confeccionadas com resina à base de poli(metilmetacrilato), por suas boas 

qualidades estéticas, biocompatibilidade e custo-benefício (Brosky et al., 2003). 

No entanto, por ser um material rígido, em algumas situações clínicas, o atrito da 

base acrílica com a mucosa adjacente pode gerar desconforto e/ou lesões aos 

tecidos de suporte (Shim & Watts, 2000; Goiato et al., 2007). Além disso, em 

função do processo de reabsorção do osso alveolar, seja esta fisiológica e/ou 

patológica, pode ocorrer à desadaptação da prótese dental aos tecidos bucais, o 

que também causar irritação da mucosa (Bulad et al., 2004; Boscato et al., 2009; 

Hahnel et al., 2011). 

Com a finalidade de reduzir tais situações, os materiais reembasadores 

resilientes são frequentemente utilizados. Os reembasadores resilientes formam 

um grupo de materiais elásticos que preenchem total ou parcialmente a base das 

próteses dentais, com a finalidade de melhorar a adaptação aos tecidos de 

suporte e, consequentemente, permitir distribuição uniforme das cargas 

mastigatórias (Nikawa et al., 2003; Pavan et al., 2010; Hahnel et al., 2011). Entre 

os materiais reembasadores destacam-se os à base de resina acrílica (Goiato et 

al., 2007). Este tipo de material apresenta polímeros em sua composição, como o 

poli(etilmetacrilato), associados a solventes ou plastificantes, o que permite sua 
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característica de resiliência (Villar et al., 2003). Por esta característica, o uso dos 

reembasadores resiliente é indicado em situações clínicas cujo rebordo residual se 

encontra reabsorvido ou em lâmina de faca, casos de traumas mecânicos aos 

tecidos bucais provocados pelo uso de próteses dentais mal adaptadas, além de 

instalação de próteses imediatas convencionais ou sobre implantes (Bulad et al., 

2004; Taylor et al., 2008; Radnai et al., 2010). 

Apesar da boa tolerância biológica, os materiais reembasadores estão 

susceptíveis a alterações estruturais, os quais são inerentes às suas propriedades 

físicas (Nikawa et al., 1995; Nikawa et al., 2003; Pavan et al., 2010). Após a 

exposição à cavidade bucal, os materiais reembasadores a base de resina acrílica 

podem sofrer absorção de água e/ou saliva, bem como a e eliminação de 

plastificantes e outros componentes solúveis. Este processo de lixiviação resulta 

em endurecimento progressivo, distorção e alteração de rugosidade (Braden et al., 

1995). Além disso, o material reembasador também se torna suscetível ao 

envelhecimento. A manutenção deste na cavidade bucal por períodos que 

ultrapassem as recomendações dos fabricantes pode afetar sua rugosidade em 

decorrência da abrasão pelos tecidos de suporte e métodos de higienização, como 

escovação ou limpadores químicos (Goiato et al., 2007). 

Dessa forma, as alterações sofridas pelos materiais reembasadores torna-o 

um substrato de fácil colonização por microrganismos, tendo em vista que sua 

rugosidade de superfície dificulta a higienização e protege os microrganismos 

contra forças que tendem a deslocá-lo nas fases iniciais de colonização (Taylor et 

al., 2008; Pereira-Cenci et al., 2008a; Boscato et al., 2009; Pavan et al., 2010). 

Dentre estes microrganismos, autores evidenciam alta prevalência de espécies de 

Candida (Espinoza et al., 2003; Dar-Odeh & Shehabi, 2003; Ramage et al., 2004; 

Zaremba et al., 2006; Figueiral et al., 2007) que, em condições predisponentes 

como próteses dentais desadaptadas, higiene bucal deficiente, imunossupressão 

e/ou uso indiscriminado de antibióticos (Nucci & Marr, 2005), podem levar ao 

desenvolvimento de candidose associada ao uso de prótese dental (Dar-Odeh & 

Shehabi, 2003; Ramage et al., 2004). Tal patologia caracteriza-se por um 
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processo inflamatório na mucosa bucal adjacente à prótese dental removível e 

acomete cerca de 45,3% destes usuários (Figueiral et al., 2007). 

Na candidose associada ao uso de prótese dental, a C. albicans atua como 

principal agente etiológico e o mais virulento, o que está diretamente relacionado a 

sua capacidade de aderência a substratos bióticos e abióticos (Kumamoto & 

Vinces, 2005; Zaremba et al., 2006). O dimorfismo celular sofrido por esta espécie, 

no qual ocorre a conversão de células germinativas (leveduras) para a forma de 

crescimento filamentosa (hifas), é o fator responsável por esta eficiência (Ramage 

et al., 2004; Kumamoto & Vinces, 2005). Além disso, a secreção de enzimas 

hidrolíticas pelas células promove irritação da mucosa bucal, desencadeando o 

processo inflamatório característico da patologia (Ghannoum, 2000; Lyon & 

Resende, 2006). No entanto, apesar da C. albicans ser considerada o patógeno 

mais importante, outras espécies de Candida também são comumente isoladas da 

superfície das próteses e da mucosa bucal, em especial a C. glabrata (Luo & 

Samaranayake, 2002; Zaremba et al., 2006; Zomorodian et al., 2011). Esta 

espécie tem sido estudada em função de sua alta patogenicidade, apesar de não 

formar hifas verdadeiras, e por apresentar resistência natural a antifúngicos (Luo & 

Samaranayake, 2002; Zaremba et al., 2006; Thein et al., 2007). 

Durante a dinâmica de colonização e formação do biofilme na superfície do 

material reembasador, a aderência de Candida ao substrato é considerada como 

etapa inicial. Em seguida, inicia-se o processo de colonização propriamente dito 

com discreta formação de colônias que, após atingirem certo grau de organização, 

secretam uma matriz de polissacarídeos extracelulares conferindo sustentação e 

proteção ao biofilme que está em desenvolvimento (Chandra et al., 2001; da Silva 

et al., 2010). Dessa forma, na tentativa de interferir nesta dinâmica e reduzir a 

colonização por Candida, o ácido undecilênico (AUD), em função de suas 

propriedades antifúngicas, tem sido incorporado pelo fabricante na formulação de 

um material reembasador resiliente à base de resina acrílica. 

Sabe-se que o mecanismo de ação do AUD sobre células planctônicas de 

C. albicans está relacionado à capacidade da droga de inibir enzimas relacionadas 
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à síntese de ácidos graxos. Os ácidos graxos são molécula importantes na 

regulação do pH intracelular, e a inibição de sua síntese pode impedir a 

alcalinização do citoplasma (Stewart et al., 1988). Sabendo que a alcalinização 

citoplasmática é necessária durante o processo de dimorfismo sofrido por esta 

espécie, o AUD atua inibindo a conversão de leveduras em hifas (McLain et al., 

2000). No entanto, cabe ressaltar que apesar da ação antifúngica do AUD ser 

reconhecida, o comportamento da Candida em estado planctônico difere de 

quando está organizada em biofilmes, realidade presente na superfície das 

próteses dentais, e esta diferença diz respeito principalmente à capacidade de 

resistir a antifúngicos (Chandra et al., 2001; Ramage et al., 2004; Watamoto et al., 

2009). Em acréscimo, apesar de o AUD ser sugerido como o composto 

responsável pela redução na contagem de células viáveis de biofilmes de C. 

albicans desenvolvidos neste tipo de material (Pereira-Cenci et al., 2008b), as 

concentrações de AUD liberadas pelo reembasador e os efeitos destas sobre o 

desenvolvimento dos biofilmes de Candida ainda não foram avaliados.  

Considerando a liberação do AUD pelo material reembasador no meio 

bucal, poderia-se pressupor concentrações abaixo da inibitória mínima. O 

crescimento de biofilmes de Candida nestas condições poderia estimular a 

secreção de enzimas hidrolíticas e, consequentemente, aumentar a 

patogenicidade destes (Copping et al., 2005). Adicionalmente, levando em conta o 

mecanismo de ação do AUD sobre as células planctônicas de C. albicans (McLain 

et al., 2000), durante o desenvolvimento dos biofilmes de Candida, este 

antifúngico poderia inibir seu dimorfismo, alterando a conformação estrutural e, 

consequentemente, a contagem celular e atividade metabólica. Frente ao exposto, 

a proposta deste estudo foi investigar a cinética de liberação do AUD pelo material 

reembasador e avaliar o efeito deste composto sobre o desenvolvimento dos 

biofilmes de C. albicans ou C. glabrata.   
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Abstract 

Denture liners (DL) are easily colonized by Candida species. In an attempt to 

prevent biofilm colonization, undecylenic acid (UDA) has been incorporated in DL. 

In this in vitro study, the effects of UDA released from DL on Candida biofilms were 

investigated. The concentrations of UDA from commercial DL were determined by 

gas chromatography. Minimum inhibitory and fungistatic concentrations (MIC and 

MFC, respectively) tests were performed for C. albicans or C. glabrata using UDA 

in order to compare the concentrations released from DL. Specimens of DL with 

UDA (experimental group) and without UDA (control group) were fabricated and 

Candida biofilms were developed on DL surfaces. Biofilms were evaluated by cell 

counts, metabolic activity, structure and secretion of proteinase or phospholipase. 

UDA released were within the MIC and MFC ranges. In the presence of UDA, C. 

albicans biofilms were thinner with lower numbers of viable and active cells, 

although no significant enzymatic changes were observed relative to the control 

group (p > 0.05). In contrast, C. glabrata biofilms exhibited higher cell counts, 

greater metabolic activity and also increased proteinase activity in the presence of 

UDA relative to the control group (p < 0.05). Overall, UDA did not prevent Candida 

biofilm formation. 

 

Keywords: Denture Liners; Undecylenic Acids; Biofilms; Candida albicans; 

Candida glabrata. 

 

 

Introduction 

Denture liners (DL) provide a uniform distribution of stress at the 

mucosa/lining interface, thereby reducing the traumatic effects that dentures may 

cause for patients with thin or resorbed alveolar ridges, and are also used for 

provisional dentures after teeth extraction or implant surgeries (Taylor et al., 2008). 

In spite of their beneficial aspects, DL are known to be porous that are difficult to 

keep clean and may act as reservoirs for Candida species (Pereira-Cenci et al., 
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2008a). When associated with biological factors, such as cellular immunity, salivary 

flow and dietary or local factors, including denture cleanliness or trauma (Coco et 

al., 2008), the presence of C. albicans or other non-albicans species, particularly 

C. glabrata (Li et al., 2007), on DL surfaces, can predispose patients to the onset 

of Candida-associated denture stomatitis (CADS) (Boscato et al., 2009). 

CADS affect approximately 45.3% of denture wearers (Figueiral et al., 2007) 

and is clinically relevant for patients exposed to unexpected infections, particularly 

immunocompromised patients or the medicated elderly (Ramage et al., 2005). For 

this reason, denture materials containing or releasing antifungal agents have been 

proposed as a strategy for preventing Candida colonization (Cao et al., 2010; 

Radnai et al., 2010). In this context, manufacturers have been incorporating the 

antifungal agent undecylenic acid (UDA) in DL. Even though it is known that UDA 

inhibits the dimorphism of C. albicans planktonic cells (McLain et al., 2000) and 

has been implicated in the reduction of Candida cells on DL surfaces (Pereira-

Cenci et al., 2008b), there have been no studies measuring the concentration of 

UDA released from DL or the effect of released UDA on Candida colonization. 

Therefore, the aim of our study was to measure the concentrations of UDA 

released from DL and determine the effects of UDA-containing DL on C. albicans 

or C. glabrata biofilm development and enzymatic activity in vitro.  

 

 

Materials and methods 

Experimental design 

The in vitro study had a randomized and blinded design. Briefly, disc 

specimens were fabricated using DL with UDA (experimental group) or without 

UDA (control group). The surface roughness (SR) and surface free energy (SFE) 

of all specimens were measured. The concentrations of UDA released from the DL 

specimens were determined by gas chromatography. Susceptibility tests were 

performed for UDA against C. albicans or C. glabrata. Biofilms of both species 

were allowed to develop on discs surface for up to 72 h. Biofilm cell counts, 
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metabolic activity, structure, proteinase and phospholipase activity were measured 

at adhesion and after 24, 48 and 72 h. 

 

Materials 

 All chemicals were purchased from Sigma-Aldrich (St. Louis, MO, USA). 

Candida reference strains (C. albicans ATCC 90028 and C. glabrata ATCC 2001) 

and two clinical isolates of each species were used. 

 

Discs fabrication 

Disc specimens (10 x 2 mm) were fabricated according to the 

manufacturers’ directions using two commercial DL with similar chemical 

composition, one with UDA (experimental group) and one without UDA (control 

group). SR was standardized using a profilometer (Surfcoder SE 1700; Kosaka 

Laboratory Ltd., Kosaka, Japan). Three readings were made for both discs sides, 

until a mean value of 3.3 ± 0.5 µm was obtained. SFE was measured on saliva-

coated specimens using a goniometer (Ramé-Hart Instrument Co., NJ, USA) with 

an acid-base technique (Combe et al., 2004). The total SFE was 50.8 ± 0.67 

mJ/m2. After SR and SFE measurements, discs were ultrasonically cleansed in 

sterile water and used immediately. 

 

Concentration of UDA from DL 

All specimen discs were immersed in artificial saliva (1:10 w/v) with agitation 

for up to 168 h at 35ºC. In order to determine the concentration of UDA present in 

the artificial saliva, each immersion solution was extracted twice with ethyl acetate 

(EtOAc) and concentrated in a rotary evaporator (35ºC bath). Samples were 

analyzed using an HP 6890 gas chromatograph equipped with a HP 5975 mass-

selective detector (Agilent Technologies, Palo Alto, CA, USA). Initially, the amount 

of UDA in DL powder was determined (approximately 0.25%) and the 

concentrations released were calculated using standard curves generated from 
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dibutylphthalate and UDA standards. All tests were performed on five replicate 

samples. 

 

Candida growth conditions 

Candida strains were aerobically cultured under agitation for 18-20 h at 

35°C in yeast nitrogen base (YNB) supplemented with 50 mM glucose. Cells were 

harvested, washed twice with phosphate-buffered saline (PBS, pH 7.2). Inoculums 

were standardized optically to contain 107 cells/mL. 

 

Susceptibility tests 

Susceptibility tests were determined using M27-A3 standards (CLSI 

Document M27-A3, 2008) and time-kill curves were defined as described 

previously (Canton et al., 2009). Negative controls were also conducted. All tests 

were performed in triplicate, on three different occasions. 

 

Biofilm formation 

 Stimulated human saliva was collected, centrifuged (5 min, 10000 g, 4oC) 

and the supernatant was filter-sterilized and immediately used. The discs were 

placed vertically into a wells on a plate containing saliva and incubated under 

agitation for 1 h at 35°C to form a pellicle. Saliva-coated discs were then 

transferred to plates containing Candida inoculum prepared in YNB supplemented 

with 100 mM glucose, and incubated under agitation for 1.5 h (adhesion phase) at 

35°C. The samples were washed twice with PBS, transferred to plates containing 

fresh YNB medium and incubated under agitation for up to 72 h at 35°C. At the end 

of each 24 h period, the samples were washed and fresh medium was added. After 

adhesion periods of 24, 48 and 72 h, biofilms were analyzed by conducting cell 

counts, metabolic activity, structure, proteinase and phospholipase activity 

measurements. All experiments were performed in triplicate, on three different 

occasions. 
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Biofilm analyses 

For cell counts, the samples were immersed in PBS and sonicated at 7 W 

for 30s to disrupt the biofilm structure. The suspensions were serially diluted in 

PBS and samples were plated onto agar Sabouraud dextrose. Plates were 

incubated for 24 h at 35°C. Yeast cells were counted and data were expressed in 

cells/mL. Metabolic activity was analyzed using the XTT assay (da Silva et al., 

2008).  

Biofilm structure was evaluated using confocal microscopy (Leica 

Microsystems CMS, Mannheim, Germany). The samples were stained using 

SYTO-9 and propidium iodide (Molecular Probes, Eugene, OR, USA) and 

incubated with protection from light for 20 min at 35°C. Images were captured at 1-

µm intervals along the z-axis. COMSTAT software (Heydorn et al., 2000) was used 

to determine the bio-volume (µm3/µm2), average thickness (µm) and roughness 

coefficient (µm) of the biofilms.  

 For enzymatic activity measurements, the samples were sonicated and the 

suspensions were centrifuged (5 min, 10000 g). Measurements were then 

performed on the biofilm supernatant. Proteinase activity was determined as 

described previously (Pande et al., 2006). Briefly, the supernatant was mixed with 

1% azocasein at 1:9 (v/v) for 1 h, at which time the reaction was stopped with 10% 

trichloroacetic acid. Samples were then centrifuged and the absorbance of the 

supernatant was measured at 440 nm. Phospholipase activity was determined as 

previously described (Taniguchi et al., 2009). Briefly, supernatants were mixed with 

an equal volume of phosphatidilcoline substrate, incubated for 1 h at 35°C, after 

which time the absorbance was measured at 630 nm. Specific proteinase and 

phospholipase activity was established as a function of biofilm dry weight. 

All data were analyzed using two-way ANOVA tests followed by Tukey’s 

HSD test, using SAS software (SAS Institute, version 9.0, Cary, NC, USA). A 

significance level of 5% was used for all comparisons.  
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Results 

The mean concentration of UDA released from DL from the experimental 

group after 48 h of immersion was 344.97 ± 8.27 µg/mL. UDA release continued 

for up to seven days (Fig. 1A). Susceptibility tests were carried out and the minimal 

concentration required to inhibit C. albicans or C. glabrata growth was 256 µg/mL. 

The MFC values observed for both Candida species were 512 µg/mL (Fig. 1A). In 

addition, time-kill measurements demonstrated that at the MIC concentration, UDA 

showed fungistatic behavior on Candida growth until 8 h (data not shown). 

 It was observed that the early stages of biofilm colonization (adhesion phase 

and 24 h after inoculation) were not influenced by the presence of UDA for all 

parameters investigated (p > 0.05) compared to the control group (data not 

shown). However, for mature C. albicans biofilms (48 and 72 h), UDA released 

from the DL had a significant effect, resulting in lower cell counts (p < 0.05) (Fig. 

1B) and also lower metabolic activity (p = 0.001) (Fig. 1C) compared to the control 

group. In contrast, the cell count and metabolic activity of mature C. glabrata 

biofilms were significantly greater in the presence of UDA (p = 0.004 and p < 

0.001, respectively) (Fig. 1B and 1C). 
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Figure 1. Concentration of UDA released from DL and its effects on C. albicans or C. glabrata mature biofilms. (A) 

Concentrations of UDA released and the effects of released UDA on (B) cell counts and (C) metabolic activity of C. albicans or 

C. glabrata. Symbol (*) represents statistically significant differences between the control and experimental groups within each 

Candida strain (p < 0.05). 
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Exposure to UDA released from DL resulted in thinner biofilms for C. 

albicans (p < 0.05) (Figs. 2B, 3A and 3B). For C. glabrata biofilms, the bio-

volume increased (p < 0.001) (Fig. 2A) and the biofilm surface was regular with 

a lower roughness (p < 0.001) (Figs. 2C, 3C and 3D) in the experimental group 

as compared to control group. In terms of enzymatic activity, high proteinase 

secretion was observed for C. glabrata biofilms in the experimental group (p < 

0.001) (Fig. 2D), while there was no statistically significant difference in 

phospholipase activity for the two Candida species (p > 0.05). 
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Figure 2. Structural parameters and proteinase secretion of mature Candida biofilms (A) Bio-volume (µm3/µm2), (B) average 

thickness (µm), (C) roughness coefficient (µm), and (D) specific proteinase activity (U/mg dry weight). Symbol (*) represents 

statistically significant differences between the control and experimental groups within each Candida strain (p < 0.05). 
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Figure 3. Confocal z-slices images and 3D reconstruction of mature Candida biofilms. (A) C. albicans biofilms for 

control and (B) experimental groups; (C) C. glabrata biofilms for control and (D) experimental groups. 
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Discussion 

The incorporation of antifungal compounds in denture materials has been 

proposed as way to reduce Candida biofilm formation. However, it is unclear 

whether the concentration of antifungals released from denture materials are 

sufficient to inhibit Candida biofilm growth (Cao et al., 2010). Therefore, this in vitro 

study was performed in order to investigate if the concentration of UDA released 

from DL is likely to be clinically effective. Releasing sub-inhibitory concentrations 

could actually stimulate the secretion of enzymes, thereby increasing the 

pathogenicity of biofilms (Wu et al., 2000; Copping et al., 2005). Furthermore, UDA 

can inhibit the conversion of blastopores to hyphae and/or pseudo-hyphae for C. 

albicans cells (McLain et al., 2000), resulting in interference with biofilm structure, 

consequently affecting cellular viability and metabolic status. This study is the first 

to measure the concentration of UDA released from DL and to determine the 

effects of released UDA on Candida biofilms development and enzymatic activity. 

In the present study, the results of the susceptibility tests suggest that UDA 

showed fungicidal activity against planktonic cells of the Candida species. 

Additionally, the concentrations of UDA released from DL were within the MIC and 

MFC ranges for up to a week. However, susceptibility tests were performed in 

planktonic cells while most Candida cells in the oral cavity are associated with 

biofilms. It is known that biofilms differ substantially from planktonic cells, 

particularly in terms of their higher antifungal resistance (Chandra et al., 2001; 

Watamoto et al., 2009). 

In order to more effectively to mimic the oral cavity, the biofilm growth model 

used in this study was designed to simulate the relined surface of a complete 

upper denture, which is exposed to lower saliva flushing which can facilitate the 

establishment of Candida in a protected environment (Zomorodian et al., 2011). 

Additionally, the effects of the concentration of released UDA on Candida biofilms 

were considered, thereby disregarding the possible diluting effect of saliva in vivo. 

An important finding of our study was that UDA was not effective against the 

early stages of biofilm development for both species. This result could be explained 
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by the lower concentrations of UDA released at adhesion and after 24 h, indicating 

that this approach for administering UDA fails to prevent the first steps of a 

successful colonization. Time-kill results also demonstrated that at least 8 h are 

necessary to establish a fungistatic activity. In contrast, for mature biofilms, both 

Candida species were affected by concentrations of UDA released from DL. C. 

albicans exhibited lower numbers of viable and active cells in the experimental 

group, while the opposite was observed for the C. glabrata experimental group.  

The decrease in cell counts and metabolic activity of C. albicans biofilms 

can be explained by the molecular mechanism of UDA which inhibits enzymes 

related to lipid metabolism. Inhibition of lipid metabolism disrupts regulation of the 

cytoplasmic pH by allowing protons to cross the plasma membrane, thereby 

interfering with alkalization of the cytoplasm (Stewart et al., 1988). It has been 

shown that this process prevents the conversion of yeast to hyphae (McLain et al., 

2000) and that inhibition of such dimorphism is important, as there are correlations 

between the presence of hyphae cells and the formation of biofilms (Copping et al., 

2005).  

In contrast, the cell count and metabolic activities of mature biofilms of C. 

glabrata increased with exposure to UDA. This result is important, as it has been 

suggested that the colonization and growth of Candida species on biological 

surfaces could indicate their pathogenic potential (Luo & Samaranayake, 2002). 

Even though the MIC values were the same for C. albicans and C. glabrata, our 

study found no activity for UDA against C. glabrata biofilms. This could be due to 

their known capacity for acquiring antifungal resistance and the fact that they do 

not form true hyphae (Li et al., 2007). 

Secretion of enzymes, particularly proteinase and phospholipase, is 

considered the main virulence factor of Candida as these enzymes increase the 

ability of the fungi to colonize and penetrate tissues (Ghannoum, 2000). 

Phospholipase secretion can be modulated by environmental conditions, such as 

medium pH (Ghannoum, 2000) rather than the number of cells present. We 

demonstrated that phospholipase activity was not altered by the presence of UDA 
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for both species, which could be explained by the similar medium pH conditions 

found in our study (3.6, data not shown). The increase in proteinase activity 

observed for C. glabrata could be related to the constant exposure of the biofilm to 

UDA during biofilm development. As UDA was not effective against C. glabrata 

biofilms, its presence could function instead as a stress factor, stimulating 

enzymatic secretion (Wu et al., 2000; Copping et al., 2005). 

Regarding the observed biofilm structures, the presence of thinner C. 

albicans biofilms in the presence of UDA could be related to the lower cell counts 

observed and also a possible reduction in the number of hyphae. Furthermore, the 

reduction in growth, metabolism and virulence may also stimulate cell 

communication via several secreted molecules (Weber et al., 2010). Therefore, 

these molecules could have contributed to the expression of a number of 

morphology-specific genes necessary for robust biofilm development (Han et al., 

2011). For C. glabrata biofilms, the higher bio-volume and lower roughness found 

in the experimental group, when taken together, indicates a more aggregated 

spatial conformation of the cells. In addition, such biofilm conformations and 

related matrices could act as a barrier to the diffusion of UDA, thereby limiting its 

access to cells located at basal layers. 

Based on the results of this study, it is possible to conclude that UDA 

released from DL did not prevent Candida biofilm colonization. Further in vivo 

studies are necessary in order to determine whether the nutrient-rich environment 

of the oral cavity and the presence of saliva may affect the actions of UDA 

released from DL. 
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CONCLUSÃO 

Dentro das limitações deste estudo, os resultados apontam que a liberação 

de AUD pelo material reembasador não evitou a colonização por biofilmes de 

Candida e, adicionalmente, estimulou os biofilmes de C. glabrata, reconhecida 

espécie patogênica. 
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Anexo 2 – Ilustrações dos materiais e métodos 

 

 

Figura 1. Materiais reembasadores resilientes utilizados. A) Dentu-soft (grupo 

controle, DMG, Medrano SA, Argentina). B) Coe-soft (grupo experimental, GC 

America, Alsip, IL, USA). 

 

 

Figura 2. Cinética de liberação in vitro do AUD a partir do material reembasador. 

A) Corpos-de-prova imersos em saliva artificial. B) Saliva artificial e acetato de 

etila adicionados ao funil de separação. C) Concentração da amostra utilizando 

rotaevaporador. D) Cromatógrafo gasoso utilizado nas análises.   
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Figura 3. Testes de susceptibilidade de Candida ao AUD. A) Placa de 96 poços 

para determinação da concentração inibitória mínima (CIM). B) Subcultivo em 

placas de ágar Sabouraud dextrose (SDA) para determinação da concentração 

fungicida mínima (CFM). C) Candida cultivada em meio RPMI 1640 para o teste 

de time-kill. D) Placa de SDA com células viáveis para o teste de time-kill. 

 
 

 

Figura 4. Análise da contagem celular dos biofilmes de Candida. A) Desagregação 

dos biofilmes em sonicador. B) Diluição decimal seriada da suspensão 

desagregada. C) Placa de SDA para contagem de células viáveis.   
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Figura 5. Análise da atividade metabólica dos biofilmes de Candida. A) Sal de XTT 

e menadiona. B) Solução de XTT após oxidação mitocondrial. C) Leitura da 

alteração colorimétrica em espectrofotômetro. 

 

 
 

 

Figura 6. Análise da atividade da enzima proteinase dos biofilmes de Candida. A) 

Azocaseína para preparo do substrato de reação. B) Desagregação dos biofilmes 

em sonicador. C) Substrato de reação adicionado ao sobrenadante dos biofilmes. 

D) Leitura da alteração colorimétrica em espectrofotômetro.   
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Figura 7. Análise da atividade da enzima fosfolipase dos biofilmes de Candida. A) 

Fosfatidilcolina, cloreto de alumínio, Triton-X e azul de bromotimol para preparo do 

substrato de reação. B) Desagregação dos biofilmes em sonicador. C) Substrato 

de reação adicionado ao sobrenadante dos biofilmes. D) Leitura da alteração 

colorimétrica em espectrofotômetro. 

 

 

 

Figura 8. Análise da estrutura dos biofilmes de Candida através de microscopia 

confocal. A) Corante Molecular Probe’s Live/Dead BacLight viability kits. B) 

Microscópio confocal a laser. 
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Anexo 3 – Comprovante de submissão do artigo 

 


