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Abstract
Objectives—Candida albicans cells form biofilms on polymeric surfaces of dentures and other
prostheses introduced into the oral cavity. Many biofilm microorganisms exhibit resistance to
antimicrobial agents; C. albicans cells may also develop resistance to naturally-occurring antifungal
peptides in human saliva including histatins (Hsts) and defensins (hBDs). Therefore, we evaluated
Hst 5 activity on C. albicans biofilm cells compared to planktonic cells and measured whether surface
treatment of denture acrylic with Hst 5, hBD-3, or chlorhexidine gluconate could inhibit in vitro
biofilm development.

Methods—Acrylic disks were preconditioned with 500 μl saliva for 30 min, and inoculated with
C. albicans cells (106 cells/ml) for 1 h, at 37 °C. Non-adherent cells were removed by washing and
disks and were incubated in YPD growth medium for 24, 48, and 72 h at 37 °C. Candidacidal assays
were performed on 48-hour-biofilms and on planktonically-grown cells using Hst 5 (15.5 μM, 31.25
μM, 62 μM). Cell adhesion was compared on disks pre-coated with 0.12% chlorhexidine gluconate,
50 μM Hst 5, or 0.6 μM hBD-3 after 24 h, 48 h, and 72 h growth.

Results—No significant difference was observed in sensitivity to Hst 5 of biofilm cells compared
to planktonic cells (p > 0.05). Pre-coating disks with hBD-3 did not inhibit biofilm development;
however, Hst 5 significantly inhibited biofilm development at 72 h, while 0.12% chlorhexidine
significantly inhibited biofilm development at all time intervals (p < 0.05).

Conclusions—C. albicans biofilm cells grown on denture acrylic are sensitive to killing by Hst
5. Surface coating acrylic with chlorhexidine or Hst 5 effectively inhibits biofilm growth and has
potential therapeutic application.
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INTRODUCTION
Candida albicans is an opportunistic pathogen, commonly affecting individuals with a
compromised immune system. In the oral cavity, candidiasis is often related to denture use,
leading to the development of a condition referred to as denture-induced stomatitis. Olsen
(1974) identified yeasts in 78–100% of patients with denture-induced stomatitis compared to
30–60% in a non-denture-wearing population.1 Factors such as prosthesis fit, hygiene, and
host susceptibility contribute to the development and progression of this condition so that the
reported prevalence ranges between 10% to 67% in complete denture wearers among several
populations and age groups.2,3

Dentures create an environment that favors the localization and development of potentially
virulent organisms. In addition to isolating the underlying mucosa from the self-cleansing
action of the oral musculature, anaerobic and acidic conditions develop at the tissue-contacting
surface of a denture promoting yeast proliferation.4 C. albicans readily forms biofilms on
prosthetic surfaces, including denture acrylic.5 In vivo sampling has demonstrated higher levels
of Candida spp. on the denture surface compared to the palatal mucosa,6 and attachment of
these microorganisms to denture acrylic may permit dentures to serve as a reservoir for
continual infection.7 Biofilm cells typically exhibit increased resistance to antifungal agents
and the host immune system. Chandra et al. demonstrated increased resistance of C.
albicans biofilms grown on denture acrylic to fluconazole, amphotericin B, nystatin, and
chlorhexidine.8 Furthermore, C. albicans cells resuspended from a biofilm typically maintain
some degree of resistance to antimicrobials compared to planktonic cells.9 LaFleur et al.
documented the presence of resistant C. albicans cells following resuspension of a biofilm
exposed to amphotericin B and chlorhexidine.10 Although the killing activity of Hst 5 is well
documented against planktonic cells of C. albicans, the sensitivity of C. albicans cells grown
in a biofilm to Hst 5 has not been reported.

Efforts are ongoing to identify naturally occurring peptides with antimicrobial activity against
Candida biofilms. The benefits of using salivary peptides in the treatment of candidiasis include
non-toxicity to humans and effectiveness against C. albicans, including drug-resistant strains.
Salivary Histatins (Hsts) are a family of histidine-rich peptides produced in acinar cells of
human parotid and submandibular glands.11 Hsts contribute to the innate host defense system
and have potent antifungal activity against yeast and filamentous forms of Candida.11,12 At
least 50 Hst peptides have been identified in saliva. Hst 5 is the N-terminal 24 amino acid
segment of Hst 3 and has been shown in vitro to be highly toxic to yeast and filamentous forms
of C. albicans and other fungi at physiologic concentrations (15–50 μM).13 Hst 5 also has
candidacidal activity against azole-resistant strains of C. albicans.14 Structurally, Hst 5 has an
α-helical conformation with high levels of histidine, a net positive charge, and no disulfide
bonds. This structure prevents direct insertion across microbial cell membranes and
development of pores.13 Instead, Hst 5 binds to surface proteins on the cell membrane,
followed by entry into the cytoplasm and binding to intracellular targets. The binding site on
the cell wall has been identified as the Ssa family of proteins.15 Hst 5 is translocated across
the cell membrane and induces an efflux of ATP and ions, leading to a noncytolytic loss of cell
volume and cell death.16,17 The selectivity of Hst 5 to yeast cell wall contributes to
candidacidal activity against C. albicans and non-toxicity to human cells.18

Defensins are a family of cationic peptides providing innate immune defense, including
antifungal activity.19 They are divided into alpha and beta subfamilies based on sequence
homology and location of six conserved cysteine residues. Human β-defensin-1 (hBD-1)
through hBD-3 are expressed in epithelial tissues, including salivary glands, salivary
secretions, gingival epithelium, and gingival crevicular fluid.20 Release of hBD-3 is induced
by several factors, including mediators of inflammation and bacterial or candidal challenge.
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21 Antimicrobial activity of hBD-3 has been demonstrated across a broad spectrum, including
gram-negative and gram-positive bacteria, enveloped viruses, and fungi.22 Both hBD-2 and
hBD-3 have fungicidal activity against C. albicans, with hBD-3 having 10 times greater
potency than hBD-2.19 The mechanism of action of hBD-3 against bacteria involves
membrane depolarization and permeabilization.22 However, little is known about its
mechanism of action against fungi, although the same Ssa cell wall proteins involved in the
candidacidal activity of Hst 5 are also necessary for hBD-3 killing.23

Chlorhexidine is a cationic chlorophenyl bisbiguanide that binds to negatively charged
surfaces. It has a broad spectrum of antimicrobial activity24 including C. albicans.25–27
Chlorhexidine is more effective than nystatin or amphotericin B in killing adherent C.
albicans cells.27 Studies by McCourtie et al. and Spiechowicz et al. demonstrated that pre-
treatment of acrylic with chlorhexidine reduces adherence of C. albicans.29,30 Exposure of
Candida to chlorhexidine results in loss of structural integrity, diminished ability to adhere,
and fragmentation of the cell wall.26 A notable feature of chlorhexidine is that it adheres to
salivary glycoproteins in plaque and is slowly released over time. Following a one min rinse
with chlorhexidine, 30% was retained in the oral cavity for 24 h.31 This pharmacologic feature
of chlorhexidine permits extended activity following exposure in the oral environment and
allows for wider spacing of doses.

Current treatment regimens for denture-induced stomatitis include the use of topical antifungal
agents applied to the affected musoca and prosthesis. Despite resolution of the mucosal
infection, fabrication of new dentures is generally recommended to eliminate the source for
renewed infection. Treatment methods directed toward reducing initial fungal attachment and
subsequent biofilm development on denture acrylic would be beneficial in reducing the
incidence and severity of this condition. This study was designed to evaluate the potential for
surface treatment of denture acrylic with antifungal peptides or agents to inhibit biofilm
development.

METHODS
Fabrication of Acrylic Disks

Heat-cured polymethylmethacrylate (PMMA) disks (23 mm × 1.5 mm) were fabricated using
two injection-molding processing techniques: 1) SR Ivocap Injection System with SR Ivocap
High Impact resin (Ivoclar Vivadent, Schaan, Liechtenstein); and 2) Success Injection System
with Lucitone 199 resin (Dentsply International, York, PA). PMMA disks were processed
according to manufacturers’ instructions from standard aluminum disks invested in Type III
dental stone. Disks were equivalent in size and surface finish. No surface modification was
made to the processed disks following recovery. Disks were placed in distilled water for 24 h
and stored dry until used.

Cell Preparation
C. albicans strain CAI-4 was used in all experiments. This strain was subcultured from a thawed
suspension of CAI-4 stored at −70 °C. Cells were incubated on YNB agar (Difco) at room
temperature for 48 h and then maintained at 4 °C until used. Prior to use in cell adhesion and
candidacidal assays, cells were inoculated in 10 ml of YPD growth medium in a shaker (250
rpm) at room temperature for 14 h to an Optical Density600 of 0.8 –1.2 (Genesys 10 UV
Spectrophotometer, Thermo Fischer Scientific, Waltham, MA). Cells were washed twice with
10 ml of 10 mM of sodium phosphate buffer (NaPB) (Na2HPO4/NaH2PO4, pH 7.4) by
centrifugation (2125 × g, 5 min). Cells were resuspended in NaPB and quantified with phase-
contrast microscopy (40× power) using a counting grid. Cells were diluted to 106 cells/ml in
NaPB and held in suspension until used for the candidacidal assay or the cell adhesion assay.
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Saliva Collection and Preparation
Whole unstimulated saliva was collected from one healthy volunteer into a chilled sterile vial
and centrifuged (5900 × g, 10 min) at 4 °C to remove cellular debris. The supernatant was
collected and stored at −70 °C. Thawed saliva was used to condition disks as described below.

Biofilm Conditions
PMMA disks were placed in a 12-well polystyrene culture plate (BD Biosciences, San Jose,
CA). Disks were conditioned with 500 μl of saliva at room temperature for 30 min, then washed
twice with NaPB. Disks were inoculated with 1 ml of CAI-4 cells (106 cells/ml) and placed in
an incubator for 1 h at 37 °C. Non-adherent cells were then removed by washing twice with
NaPB, and 1 ml of YPD growth medium was placed over the inoculated disks and incubated
for 24, 48, or 72 h at 37 °C. At 24-hour intervals, the growth medium was removed and disks
were washed twice with NaPB to remove non-adherent cells. For the 48 and 72 h groups, wells
were replenished with 1 ml of YPD growth medium and disks were incubated at 37 °C. At the
end of the incubation interval (24, 48, or 72 h), growth medium was removed and disks were
washed twice with NaPB to remove non-adherent cells. Cells were recovered from the disks
into NaPB suspension by using a cell scraper (BD Biosciences, San Jose, CA). Cells were
quantified with phase-contrast microscopy (40× power) (Nikon Eclipse E400, Nikon
Instruments, Inc., Melville, NY) using a counting grid (Petroff-Hausser Counter, Hausser
Scientific, Horsham, PA). Mean cell number and standard error are reported.

Pre-coating PMMA Disks with Antifungal Agents
The effect on biofilm cell numbers was evaluated by pre-coating Lucitone disks with either of
the following: 1) 0.12% chlorhexidine gluconate (PerioGard, Colgate-Palmolive, New York,
NY); 2) 50 μM Hst 5 (synthesized by GeneMed Synthesis, Inc., San Antonio, TX); or 3) 0.6
μM hBD-3 (Peptides International, Osaka, Japan). Concentrations of antifungal peptides were
selected based on previous studies which demonstrated potent killing at physiologic
concentrations.13,23 Disks were fabricated and conditioned with saliva as above. Following
washing with NaPB, 500 μl of antifungal solution was applied to test disks and 500 μl of NaPB
was applied to control disks for 1 h at room temperature. Disks were washed twice with NaPB
and treated as above for inoculation, biofilm development, and quantification. Experiments
were conducted in triplicate. Mean cell numbers and standard error are reported.

Candidacidal Assay
Candidacidal assays were performed on cells resuspended from three independent 48-hour-
biofilms using Hst 5 in concentrations of 15.5 μM, 32.25 μM, and 62 μM. Cell suspensions
were diluted with NaPB and aliquots of 500 cells were spread on agar plates in duplicate and
incubated for 48 h at room temperature. Cell colonies were quantified using an automated
counter (aCOLyte, Synbiosis, Frederick, MD) and cell survival was expressed as a percentage
of control, and loss of viability was calculated as (1 – [colonies from Hst 5-treated cells ÷
colonies from control cells]) × 100.

Statistical Analysis
Statistical analysis was performed using GraphPad Prism v4.02 (GraphPad Software Inc., San
Diego, CA). Cell death in the candidacidal assay was analyzed using a two-tailed, two-sample
independent t-test. Biofilm cell numbers was analyzed using a paired one-tailed, two-sample
independent t-test. A p-value ≤ 0.05 was considered statistically significant.
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RESULTS
Development of C. albicans biofilm on denture acrylic

Figure 1 provides a visual representation of the biofilm formed on acrylic disks following
staining with Coomassie blue. Growth times were selected to optimize the density and surface
area of the candidal biofilm. Saliva was applied to the acrylic prior to inoculation with C.
albicans based on the results of our initial experiments demonstrating a positive effect of saliva
on increasing biofilm growth (Figure 2). Acrylic surfaces that were conditioned with saliva 30
min prior to inoculation had a significantly greater mean cell number of 3.5 ± 0.3 × 107 after
72 h of growth compared to non-conditioned disks, which had a mean cell number of 3.0 ± 0.4
× 106 (p = 0.0097).

Denture acrylic from two manufacturers was initially evaluated when developing the biofilm
growth model to determine whether both substrates support equivalent biofilm growth of C.
albicans. Ivocap and Lucitone acrylic represent two commonly used materials used in modern
injection-molding denture processing systems. Both acrylics supported equal biofilm growth
at all time intervals (Figure 3). The mean cell number on Ivocap acrylic was as follows: 9.4 ±
1.6 × 106 at 24 h; 1.8 ± 0.2 × 107 at 48 h; and 3.4 ± 0.4 × 107 at 72 h. The mean cell number
on Lucitone acrylic was as follows: 1.3 ± 0.2 × 107 at 24 h; 2.2 ± 0.2 × 107 at 48 h; and 3.5 ±
0.4 × 107 at 72 h. There was no difference in biofilm cell number on either acrylic at 24, 48,
or 72 h (p > 0.10).

C. albicans resuspended from a biofilm on acrylic are sensitive to Hst 5 killing
Killing activity of Hst 5 on C. albicans was evaluated by performing a candidacidal assay on
two types of C. albicans cells – planktonic cells and cells obtained from a 48 h biofilm grown
on denture acrylic. The candidacidal activity of Hst 5 was measured over a range of physiologic
concentrations.. Hst 5 activity on C. albicans biofilm cells was similar to planktonic cells at
all concentrations except one (Figure 4). The mean cell death of planktonic cells was 72.5 ±
4.1% at 15.5 μM Hst 5; 84.5 ± 4.6% at 31.25 μM Hst 5; and 89.6 ± 5.5% at 62.0 μM Hst 5;
while cell death of biofilm cells from Ivocap acrylic was 32.3 ± 7.8% at 15.5 μM Hst 5; 75.8
± 2.3% at 31.25 μM Hst 5; and 93.2 ± 3.0% at 62.0 μM Hst 5 and cells from Lucitone acrylic
was 64.8 ± 3.1% at 15.5 μM Hst 5; 94.6 ± 2.4% at 31.25 μM Hst 5; and 99.1 ± 0.6% at 62.0
μM Hst 5. There was no significant difference in sensitivity to Hst 5 of resuspended C.
albicans biofilm cells from either Lucitone or Ivocap acrylic compared to planktonic cells (p
> 0.05) at any Hst 5 concentration, although some reduction in killing was observed in cells
recovered from Ivocap acrylic biofilms compared to planktonic cells at the lowest Hst 5
concentration (p < 0.05). These results demonstrate that C. albicans biofilm cells from denture
acrylic do not acquire reduced sensitivity to killing by Hst 5 at physiologic concentrations.
Since there was no difference in cell growth on either acrylic, one acrylic (Lucitone) was
selected as the substrate for biofilm growth studies. We next pre-coated disks with antifungal
peptides to determine whether one surface treatment could decrease biofilm development.

Pre-coating acrylic with Hst 5, hBD-3, or chlorhexidine gluconate alters C. albicans biofilm
formation

In order to evaluate the effect of denture acrylic surface treatment on C. albicans biofilm
growth, assays were performed following pre-coating acrylic with various concentrations of
peptides (Hst 5 or hBD-3) or chlorhexidine. Biofilm cell numbers were measured at 24, 48,
and 72 h of growth and compared to a control biofilm grown on non-treated acrylic. Hst 5
inhibited biofilm development of C. albicans at later stages of growth (Figure 5). The mean
cell number on control disks (without Hst 5 pre-coating) was 1.4 ± 0.4 × 107 at 24 h; 1.8 ± 0.3
× 107 at 48 h; and 4.0 ± 0.5 × 107 at 72 h, while the mean cell number on acrylic disks pre-
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coated with 50 μM Hst 5 was 8.7 ± 1.7 × 106 at 24 h; 1.2 ± 0.4 × 107 at 48 h; and 1.6 ± 0.4 ×
107 at 72 h. This reduction in cell number was significantly lower at 72 h of growth (p = 0.011).

Acrylic pre-coated with hBD-3 resulted in a slight inhibition of biofilm development of C.
albicans (Figure 6). The mean cell number on control disks (without hBD-3 pre-coating) was
1.5 ± 0.2 × 107 at 24 h; 1.8 ± 0.2 × 107 at 48 h; and 3.3 ± 0.5 × 107 at 72 h compared with
acrylic disks pre-coated with 0.6 μM hBD-3 (1.4 ± 0.4 × 107 at 24 h; 1.1 ± 0.2 × 107 at 48 h;
and 2.3 ± 0.3 × 107 at 72 h). The difference in biofilm cell number did not reach significance
at any time interval (p = 0.06 at 48 h and p = 0.09 at 72 h). Increasing the concentration of
hBD-3 to 1.2 μM did not result in any significant reduction in cell number (data not shown).

In contrast to defensin results, acrylic pre-coated with 0.12% chlorhexidine gluconate
substantially inhibited biofilm development of C. albicans (Figure 7). The mean cell number
was reduced by at least one log on Ivocap acrylic pre-coated with chlorhexidine (1.2 ± 0.2 ×
106 at 24 h; 1.4 ± 0.5 × 106 at 48 h; and 2.9 ± 0.9 × 106 at 72 h) or Lucitone acrylic pre-coated
with chlorhexidine (1.5 ± 0.2 × 106 at 24 h; 1.3 ± 0.4 × 106 at 48 h; and 2.2 ± 0.5 × 106 at 72
h) compared with control disks without chlorhexidine (1.1 ± 0.1 × 107 at 24 h; 2.0 ± 0.2 ×
107 at 48 h; and 3.4 ± 0.3 × 107 at 72 h). The biofilm cell numbers on both Ivocap and Lucitone
acrylic pre-coated with 0.12% chlorhexidine gluconate were significantly lower than uncoated
acrylic at all time intervals (p < 0.05).

In summary, no significant reduction in C. albicans biofilm cell development was observed
by pre-coating acrylic with hBD-3. However, significant reduction in biofilm cell number was
achieved with 50 μM Hst 5 after 72 h and pre-coating acrylic with 0.12% chlorhexidine resulted
in a significant reduction in biofilm growth over the entire 72 h time course.

DISCUSSION
In the present study, we used a simplified protocol for quantifying candidacidal activity and
biofilm cell number that could readily be incorporated into a clinical investigation. The biofilm
growth model simulated in vivo conditions of static biofilm growth found at the tissue-
contacting surface of a denture. Static growth conditions create a relevant model for denture
biofilm studies since these biofilms are well contained and protected from the rest of the oral
environment by the denture. In an effort to simulate clinical conditions, acrylic disks were
processed and handled using customary techniques for fabricating dentures in a modern dental
laboratory. The surface finish of the acrylic disks was maintained as-processed, which
simulates the tissue-contacting surface of a denture. We initially evaluated C. albicans biofilm
growth on Ivocap or Lucitone denture acrylic that have different chemical structures and
perhaps different manufacturing processes. We found that both Ivocap and Lucitone supported
equal biofilm growth after coating with saliva, suggesting that chemical differences among
acrylics are minimal once coated with saliva.

Several studies have shown that saliva promotes adhesion of C. albicans to denture acrylic.5,
8,32 Like other surfaces in the oral cavity, denture acrylic becomes coated with a salivary
pellicle consisting of α-amylase, high-molecular-weight mucins, lysozyme, and s-IgA.33 that
may serve as receptors for the adhesion of C. albicans. Saliva may also facilitate the diffusion
of nutrients into a biofilm system, promoting biofilm growth. Our studies found that disks
conditioned with saliva for 30 min prior to inoculation had a significantly greater C.
albicans biofilm growth than unconditioned disks, confirming the role salivary components
have not only on initial adherence but also for subsequent biofilm development. In addition to
promoting cell adhesion, conditioning the acrylic with saliva more closely simulates clinical
conditions.
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Antimicrobial resistance is a common phenomenon in cells recovered from biofilms. C.
albicans cells resuspended from a mature biofilm maintained fluconazole resistance even after
the biofilm had been disrupted.34 Similarly, amphotericin B resistance was observed even
following resuspension and regrowth of C. albicans biofilm cells.9 In contrast to such drug
resistance, we found that Hst 5 retained full candidacidal activity against C. albicans recovered
from biofilm growth. Thus Hst 5 maintains high potency against biofilm phase C. albicans and
suggests a potential role for this peptide as a topical therapeutic agent in the management of
denture stomatitis. Interestingly, Hst 5 pretreatment of acrylic disks did not result in a
significant reduction of biofilm development until 72 h, suggesting that Hst 5 is effective in
reducing growth of C. albicans biofilms on denture acrylic during later stages of development,
but has little effect on initial stages of growth. This finding is in agreement our previous
work35 as well as that of others36 in which there was no difference in initial attachment of C.
albicans to surface-modified acrylic; however, a significant decrease in colonization of C.
albicans occurred at later stages of growth. This is consistent with the known functions of Hst
5 as a direct fungicidal peptide rather than a pellicle component that influences adhesion of C.
albicans.

Surprisingly, disks pre-coated with hBD-3, which is a potent fungicidal peptide with about 10-
fold higher activity than Hst 5, did not decrease biofilm formation at any time point. Two
possible explanations for this lack of effect are that 1) adsorption to the salivary pellicle may
prevent interactions with C. albicans by not favoring its release or 2) hBD-3 may adhere poorly
to salivary pellicles or be degraded by candidal or salivary enzymes. Further studies are needed
to determine why hBD-3 has such poor activity in this model.

In contrast, surface treatment by chlorhexidine was highly effective in reducing both C.
albicans adhesion and growth when applied directly to the surface of acrylic, in agreement
with previous studies.29,30 This is likely due to the ability of chlorhexidine to adhere to salivary
components in pellicle (and being slowly released) in addition to its antifungal activity.25–
27 The reduction in biofilm growth and adhesion supports the role of chlorhexidine as a
potential therapeutic agent in the prevention and treatment of denture stomatitis, however the
sensitivity of other strains of C. albicans to such surface treatment requires further evaluation.

We show in this study that pre-coating acrylic with Hst 5 and chlorhexidine has potential for
reducing biofilm development of C. albicans in a model of denture stomatitis. Given that
resistant strains of C. albicans are becoming increasingly problematic, there are important
benefits to developing therapeutic applications of Hst 5. They are nontoxic to human cells and
are effective against drug-resistant strains of C albicans. Further in vitro and in vivo research
is needed to develop Hst 5 as a potential therapeutic peptide for the treatment of denture
stomatitis.
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Fig. 1.
Biofilm formation on acrylic disks (stained with Coomassie blue). The intensity and surface
area of the biofilm increased over time. Biofilm growth tended to concentrate at the periphery
of the disks.
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Fig. 2.
Conditioning acrylic with saliva promotes C. albicans biofilm growth. Biofilms were
developed on acrylic with or without saliva conditioning prior to inoculation with C.
albicans (106 cells/ml). After 72 h of biofilm growth, cells were removed and quantified with
phase-contrast microscopy. Acrylic conditioned with saliva had a significantly higher mean
cell number (3.5 ± 0.3 × 107) compared to non-conditioned disks (3.0 ± 0.4 × 106) (p = 0.0097).
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Fig. 3.
Ivocap and Lucitone acrylic substrates support equivalent C. albicans biofilm growth. Acrylic
was conditioned with saliva, inoculated with C. albicans (106 cells/ml), and incubated for 24,
48, or 72 h at 37 °C. Cells were quantified with phase-contrast microscopy. Mean cell numbers
and standard error are reported. There was no significant difference in biofilm cell numbers
between either acrylic at any time interval (p > 0.10).
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Fig. 4.
C. albicans resuspended from a biofilm on acrylic are sensitive to Hst 5 killing. Controlled
candidacidal assays were performed on C. albicans cells resuspended from three independent
48-hour-biofilms using Hst 5 in concentrations of 15.5 μM, 32.25 μM, and 62 μM. Cell survival
was expressed as a percentage of control, and loss of viability was calculated as (1 – [colonies
from Hst 5-treated cells ÷ colonies from control cells]) × 100. At higher concentrations of Hst
5, there was no difference in killing of planktonic cells and cells resuspended from either
Lucitone or Ivocap acrylic biofilms (p > 0.05).
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Fig. 5.
C. albicans biofilm cell numbers on acrylic with and without Hst 5 surface pre-treatment.
Surface treatment occurred prior to inoculation of acrylic with C. albicans (106 cells/ml).
Biofilms incubated for 24, 48, or 72 h at 37 °C. Cells were quantified with phase-contrast
microscopy. Mean cell numbers and standard error are reported. Biofilm cell numbers were
significantly lower on treated acrylic after 72 h of growth (p = 0.011).
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Fig. 6.
C. albicans biofilm cell numbers on acrylic with and without hBD-3 surface pre-treatment.
Surface treatment occurred prior to inoculation of acrylic with C. albicans (106 cells/ml).
Biofilms incubated for 24, 48, or 72 h at 37 °C. Cells were quantified with phase-contrast
microscopy. Mean cell numbers and standard error are reported. There was no significant
reduction in cell number at any time interval (p = 0.06 at 48 h and p = 0.09 at 72 h).
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Fig. 7.
C. albicans biofilm cell numbers on acrylic with and without chlorhexidine surface pre-
treatment. Surface treatment occurred prior to inoculation of acrylic with C. albicans (106 cells/
ml). Biofilms incubated for 24, 48, or 72 h at 37 °C. Cells were quantified with phase-contrast
microscopy. Mean cell numbers and standard error are reported. Biofilm cell numbers on
Ivocap and Lucitone acrylic pre-treated with chlorhexidine were significantly lower than
control acrylic at all time intervals (p < 0.05).
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