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Abstract
The aim of this study was to investigate the influence of tobacco components, tobacco
extract (TE) nicotine and Cotinine on fungal colonization and biofilm formation on
two acrylic denture resins. Surface topography of the denture materials and alteration
of fungal susceptibility to an anti-fungal agent, Nystatin of both planktonic and biofilm
fungal cells grown on the acrylic resins were investigated. Ivocap and Lucitone 199
polished and roughened acrylic resin discs were fabricated and randomly assigned
to control, tobacco extract-, nicotine-, and Cotinine-treated groups. Candida albicans
biofilm was prepared on the resin discs in the presence or absence of tobacco
components. The relative number of viable fungal cells was determined by the
MTT assay. Quantization of biofilm growth was performed by dry weight analysis.
Nystatin susceptibility [minimum inhibitory concentration (MIC)] was determined by
microdilution method. Statistical significance was evaluated using ANOVA followed by
Fisher’s test (p<0.05). The study showed that the roughened discs had significantly
greater numbers of C.albicans than the polished discs, Lucitone 199 acrylic discs
promoted significantly more fungal biofilm growth than Ivocap discs, and the presence
of tobacco components significantly enhanced biofilm formation on both types of
acrylic resin. Dry weight analysis showed similar results. The Nystatin susceptibility
assay showed that cells treated with tobacco components were more resistant to this
antifungal agent.
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Introduction
Denture stomatitis, a common oral disease, can induce
pathologic changes to the denture-bearing tissues. These tissue
changes can vary from localized hyperemia to diffused erythema
to papillary hyperplasia [1,2]. Patients with severe denture
stomatitis may experience pain, itching, and/or burning sensation
[3-5]. Studies have shown that the prevalence of denture
stomatitis in the edentulous population ranges from 15% to over
70% with more cases found in the elderly, women, smokers, and
immunocompromised [6-12]. Candida albicans adherence and
colonization of denture prostheses has been shown to induce
denture stomatitis [13,14]. In general, C.albicans species exist
as commensal organisms in about 33% of the adult dentate
patients and about 75% of the complete denture patients. Smears
obtained from the intaglio surface of dentures often demonstrate
the presence of the invasive filamentous hyphal form [8-17].
Denture base resins are susceptible to fungal colonization in
the oral environment. Surface roughness is one of the factors
that aids in the initial fungal attachment. Surface defects such
as scratches, cracks, and porosities serve as protective surfaces
for microorganisms to bind [18,19]. One of the more common
denture resins used today is polymethylmethacrylate (PMMA), a
polymer developed in the 1930s [20]. PMMA can be classified as
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heat-activated or chemically-activated resin based on the method
of polymerization. Heat-activated PMMA can be processed
by compression-molded, injection-molded, or microwaveprocessed techniques [21]. Physical characteristics of PMMA
are dependent on the type of resin as well as the processing
technique. Manufacturers of the injection-molded resin claim
that the “cross-linked, high impact thomopolymer” obtained
after polymerization offers excellent polishability and helps
reduce plaque build-up [22]. It has been reported that use of
tobacco products induces fungal denture stomatitis in susceptible
patients [23]. According to a study by Arendorf et al. there are
higher numbers of Candida in tobacco smokers as compared to
non-smokers [24]. Salivary nicotine and cotinine are widely used
in clinical and epidemiological smoking studies [25]. Nicotine is
a weak base with a pKa value that approaches 8. When salivary
pH increases, the non-ionized form of nicotine is absorbed
across the buccal and nasal membranes [26]. Cotinine, the major
metabolite of nicotine, has been reported to have a pKa of 5 [27].
The concentration of cotinine in saliva is variable depending on
an individual’s nicotine metabolism and the salivary pH. Salivary
concentrations of nicotine and cotinine can be affected by many
factors such as cigarette brand, length of cigarette, gender, puffing
behavior, and testing methods [28]. Robson et al. [29] reported
that salivary nicotine concentrations ranged from 0.36µg/ml to
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more than 4.6µg/ml and cotinine concentrations ranged from
0.0096µg/ml to more than 1.4µg/ml in individuals who smoked
2-20 cigarettes per day. In contrast, Cote et al. [28] reported
each cigarette’s nicotine concentration to be between 100µg/
cigarette to more than 2650µg/cigarette. While smoking has
been implicated as one of the factors contributing to denture
stomatitis; however, its exact pathogenic influence has yet to be
demonstrated.

Nystatin, discovered and isolated in the early 1950s from
Streptomyces noursei [30], is one of the most common antifungals
used to treat C. albicans-induced denture stomatitis. It is a broad
spectrum polygene agent shown to inhibit Candida cell growth
and division [31]. It is available in oral rinses, creams, and slowreleasing tablets [32]. Studies have shown that prophylactic
oral application of Nystatin may prevent systemic spread of oral
candidal infection in immunocompromised individuals [33] and
suppresses candidal adhesion to denture acrylic surfaces [34,35].
Understanding the underlying factors leading to fungal adhesion
to denture acrylic resin surfaces and the roles that nicotine and
cotinine play in biofilm formation may help alleviate the problems
associated with denture-induced stomatitis. This first aim of
this study was to evaluate the effect that tobacco components
had on two different denture base acrylic resins with polished
and roughened surface topography. The second aim was to test
Nystatin susceptibility of Candida grown in the presence of
tobacco components. The null hypothesis was that the surface
topography, type of acrylic resin, and tobacco treatment would
not affect fungal growth.

Materials and Methods

Preparation of experimental denture discs
Acrylic resin discs (10 mm x 1mm) were prepared from
polymethyl methacrylate (PMMA) obtained from two different
manufacturers. 10 mm diameter vinyl polysiloxane (VPS)
(Dentsply International Inc., York, PA) rods were prepared and
invested in type III dental stone (Whip Mix Corp., Louisville, KY)
in the respective flasks. Ivocap (Ivoclar Vivodent AG, Schaan,
Liechtenstein) was processed via the injection-molded technique
using 5.0 ml diameter wax sprues and then boiled. Then 20 g
polymer and 30ml monomer were mixed together for 5 minutes
in the Cap Vibrator and polymerized for 35 min, the experimental
materials were cooled. The resin rods were cut into sample discs
(10mm x 1mm) using an electric saw (Cut-Off Saw, Harbor Freight
Tools, Calabasas, CA). A roughened surface was obtained by
using an acrylic bur (Komet, Rock Hill, SC) to abrade the discs.
To obtain a polished surface, acrylic discs were pumiced using
a combination of medium and fine pumice (Whip Mix Corp.)
and polished using polishing compound (Grobet, Carlstadt, NJ).
Lucitone 199 (Dentsply International Inc., York, NY, USA) was
mixed at 3.2:1 powder to liquid ratio. The VPS rods were removed
after the stone was set. The acrylic resin was trial packed twice and
the excess was removed before final flask closure. Lucitone 199
was polymerized using the long curing cycle. The same methods
detailed above were used to obtain polished and roughened discs.
The discs were stored in purified water for seven days to remove
any residual monomer. They were decontaminated by rinsing
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with bleach, then soaking in 70% ethanol for 2 hours, and finally
were exposed to UV light overnight. The discs were routinely
tested for sterility by culturing overnight in tissue culture media.

Tobacco components tested

Nicotine and cotinine were obtained from Sigma Chemical
Co (St. Louis, MO, USA). Tobacco extracts were prepared by
immersing the cigar tobacco leaves (10 g) in paraffin-stimulated
clarified whole human saliva for 4 hours and then the mixture was
subjected to sonication and the mixture was left on a stirrer at
4 C for 6 hours. The supernatant was collected by centrifugation
and then freeze-dried. The tobacco extract and its products were
suspended in phosphate buffered saline (PBS) to a concentration
of 10.0 µg/ml for the study.

Culturing of fungal cells and assay for their adhesion to
denture discs

Candida albicans 18807 was obtained from the American
Type Culture Collection (ATCC, Manassas, VA) was grown in
Sabouraud’s broth (SAB, Gibco, Grand Island, NY) at 30ºC for 48
hours. The cells were washed with PBS and suspended to contain
1x107 cells/ml using a spectrophotometer. Triplicate samples
of each test disc was incubated with 1.0 ml of fungal cells along
with 100 µl of tobacco products for 24 h. The bound cells were
collected from each disc. The biofilm-grown cells were prepared
by placing two ml of fungal suspension in a sterile 24-well multi
well culture plate (Becton Dickonson and Co., Franklin Lakes,
NJ), with appropriate test disc (in triplicate) along with 100 µl of
tobacco products and incubated at 30ºC for 7 days. During this
period, an aliquot (0.1 ml) of SAB supplemented with 10% sucrose
was added each day. Discs incubated with SAB alone served as
controls. Biofilm-grown cells from each disc was collected.

Assessment of fungal adherence to the denture discs

The number of freshly cultured and biofilm-grown fungal
cells adhered to the denture discs in the presence or absence
of tobacco components was determined by MTT cell viability
assay. In brief, 50 µl of MTT [3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide] solution (1 mg/ml medium; Sigma
chemical Co.) was added to each well and incubated at 37°C for
2 hours. Then 0.1 ml of solubilization solution (20% (w/v) SDS,
2.5% (v/v) 1 N HCl and 2.5% (v/v) acetic acid (80%), pH 2) was
added and incubated overnight. Production of formazan by viable
cells was assessed by measuring the absorbance at a wavelength
of 570 nm using an ELISA reader (Spectro star Nano, BMG
Labtech, Inc., Ortenberg, Germany). All test samples (in triplicate)
were assayed three times using the same protocol.

Dry weight analysis and assessment nicotine effect on
C. albicans sensitivity to Nystatin

Equal numbers of Ivocap and Lucitone 199 sample discs
were divided into polished and roughened groups. The polished
and roughened groups were further subdivided into control
and nicotine-treated samples. The eight groups had a total of
24 samples. The acrylic resin discs were pre-weighed prior to
biofilm formation and the measurements were recorded. Biofilm
of C. albicans was grown as described above in the presence of
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nicotine (0.1 ml of 10 µg/ml stock) or with PBS (control group).
The susceptibility of planktonic and biofilm-grown C. albicans to
ten different concentrations of the antifungal agent nystatin was
determined using the National Committee for Clinical Laboratory
Standards guidelines. Analytical grade nystatin powder (SigmaAldrich Co.) was dissolved in 100% dimethyl sulfoxide (DMSO)
and absolute ethanol (3:2 ratio). The inoculum was prepared
from one week old biofilm cells (105 CFU/ml). One ml aliquot
of the suspension was placed in 10 different sterile glass tubes
with varying concentrations of nystatin (0.195 µg/ml to 100 µg/
ml). The fungal cells were incubated for 24 hours. The minimum
inhibitory concentration (MIC) of nystatin, determined visually,
was defined as the lowest concentration at which there was 100%
inhibition of C. albicans growth, as indicated by the absence of
turbidity. Cells incubated with same solvent mixture without
nystatin served as controls.
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Figure 1: Comparison of adherent viable fungal cells influenced by
surface topography of Ivocap acrylic discs and the effect of tobacco
components.

Data Analysis

Results of MTT assays and dry weight analyses were evaluated
by ANOVA followed by Fisher’s test, with a statistical significance
set at p value <0.05.

Results

Differences in fungal colonization on denture discs influenced
by surface topography and tobacco components were determined
on freshly-cultured and biofilm-grown C. albicans by MTT viable cell
assay. In this study we also examined the effect of extract prepared
from tobacco leaves (TE), nicotine and Cotinine, the two major
components of tobacco. Figure 1 demonstrates the differences
in fungal adhesion to Ivocap denture discs. The tobacco extract
(TE), nicotine and cotinine all enhanced the colonization of C.
albicans both on polished and roughened denture discs, however,
the roughened surfaces showed significantly (P < 0.026) more
fungal cells adhered than the polished surfaces. On the roughened
surfaces the number of viable fungal cells was significantly higher
(P < 0.014) than the polished surfaces in the presence of nicotine
and cotinine. TE had no significant difference in fungal adhesion
between polished and roughened surfaces. The data of Figure 2
demonstrates the differences in fungal colonization on Lucitone
denture discs. All three tobacco components had a significant (P <
0.011) effect on the number of viable fungal cells adhered to these
discs compared to the control. No remarkable difference in fungal
adhesion was seen when nicotine and cotinine was added to the
polished denture discs compared to the TE. On the other hand,
the number of viable C. albicans found on roughened surfaces was
significantly higher (P <0.046) in the presence of both cotinine
when compared to nicotine. Collectively these results suggest that
the surface topography influences the fungal colonization, and
the presence of tobacco components further exaggerates these
differences.

Figure 2: Demonstration of differences in C. albicans adherence to
polished and roughened Lucitone 199 discs and the effect of tobacco
products.

Nystatin susceptibility analysis

Figure 3 shows the minimum inhibitory concentration (MIC) of
the nine tested groups. The nystatin MIC for cells in the planktonic
(non-nicotine treated and non-denture disc) group was 1.56µg/
ml. The nystatin MIC for the Ivocap polished and roughened,
non-nicotine treated biofilm groups was 12.5µg/ml. The MIC for
the Lucitone 199 polished and roughened, non-nicotine treated
biofilm groups was 25µg/ml. The MIC of nicotine-treated biofilm
groups was 50µg/ml.

Dry weight analysis

Table 1 demonstrates the average dry weight values of the
eight sample groups. There were significantly greater number of
cells found on the roughened surfaces than the polished surfaces
of both types of resin (p<0.039), more cells on Lucitone 199 than
Ivocap discs (p<0.041), and more cells in nicotine- and cotininetreated groups than their respective control groups (p<0.024).

Figure 3: Differences in minimum inhibitory concentration of
Nystatin on fungal biofilm formation influenced by surface topography
and nicotine.
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Table 1: Fungal biofilm load on denture acrylic material (micrograms ±
Standard error).
Treated
With

Ivocap

Lucitone

Buffer
(control)

1.33 ± 0.29

1.73 ± 0.42

1.87 ± 0.42

1.93 ± 0.57

Nicotine

1.99 ± 0.39

2.77 ± 0.69

3.51 ± 0.77

3.83 ± 0.91

TE

Cotinine

Discussion

1.68 ± 0.31
1.95 ± 0.61

1.91 ± 0.37
2.99 ± 0.74

2.08 ± 0.53
3.92 ± 0.84

2.26 ± 0.64
4.16 ± 0.98

The null hypothesis in this study was rejected since the surface
irregularity, type of acrylic resin, and treatment with tobacco
components affected fungal growth significantly. However,
since MTT assay results varied among the different comparison
groups, this suggested that the biofilm formation could have
resulted from a complex phenomenon with a multifactorial
origin. Given the vast range of denture base resins available, the
results of this study could not be extrapolated and applied to
other compression- and injection-molded materials. The results
from the MTT assay of C. albicans grown on discs of different
surface topography showed that some groups were affected by
surface properties while others were not. For example, fungal
growth on Ivocap nicotine- and cotinine-treated roughened discs
was significantly greater than on their polished counterparts.
In contrast, rough surfaces on Ivocap and Lucitone 199 did not
significantly enhance fungal growth when compared to the
polished groups. These results were in agreement with other
studies on surface topography which suggest that increased
fungal growth on rough surfaces may be due to greater micro
surface area available for attachment. Once attached, the fungal
cells were less likely to be dislodged from these surfaces [18,19].
In general, Lucitone 199 resin promoted more fungal growth than
Ivocap. As evaluated by the MTT cell viability assay, Lucitone
199 polished and roughened denture discs treated with nicotine
or cotinine promoted significantly more C. albicans growth than
their Ivocap counterparts. However, in the absence of nicotine and
cotinine, no significant differences were found between Lucitone
199 and Ivocap discs (polished or roughened). Fungal growth in
nicotine- or cotinine- treated groups was significantly increased,
except in the Ivocap polished groups, when compared to the
control. This could be due to many factors that can prevent a study
from reliably measuring nicotine and cotinine concentration intra
orally as outlined by Cote et al. [28], a pilot study was performed
prior to the full study. The results suggested that a concentration
of 1.0µg/ml of nicotine and cotinine could induce fungal growth.
This concentration was approximately the same concentrations
reported by Robson et al. [28] but lower than concentrations
reported by Cote et al. [28] since nicotine and cotinine elicited
similar fungal responses, only nicotine was tested in the dry
weight analysis. The results from this analysis showed significant
differences in fungal growth between roughened and polished
surfaces, the two denture materials, and nicotine-treated and
control groups. In the case of the Ivocap polished discs, the results
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of dry weight analysis and MTT analysis were contradictory. While
the fungal viability data revealed higher fungal colonization on
nicotine-treated polished Ivocap discs, they did not significantly
differ from the control, whereas the values from the nicotinetreated group did significantly increase when compared to the
control in the dry weight analysis. These results may be due to
the variation in the assays employed. MTT assay measured viable
cells, where as the dead cells that were taken into consideration
in the dry weight assay. The minimum inhibitory concentration
of nystatin in the planktonic baseline group without denture disc
and nicotine treatment was 1.56µg/ml, which was in agreement
with previous studies by Anil and Ellepola When Ivocap denture
discs were introduced, the nystatin MIC increased to 12.5µg/ml,
three times more than baseline reading. The biofilm grown on
Lucitone 199 denture discs, the nystatin MIC increased to 25µg/
ml, four times more than baseline reading. When nicotine and
denture discs were added, the nystatin MIC further increased to
50µg/ml, five times more than the baseline reading. While surface
topography did not affect the efficacy of nystatin treatment, the
denture material and tobacco treatment raised the MIC three to
five folds as compared to the baseline group. This may be the first
study that tested biofilm-grown cells’ susceptibility to the antifungal agent nystatin. Further studies are needed to investigate
the surface topography quantitatively, the hardness and density of
the denture materials, other denture materials, other antifungal
agents, and the effects of different concentrations of nicotine and
cotinine.

Conclusion

This study assessed the influence of surface topography,
denture material, and tobacco component treatment on C.
albicans biofilm growth. The data obtained from this study
indirectly suggest that the factors examined in this study may
play an influential role in fungal-induced denture stomatitis. The
study also demonstrated significant differences in fungal growth
on polished and roughened surfaces, and significant differences
in fungal growth on different types of acrylic discs, with a higher
degree of biofilm formed on Lucitone 199 surfaces. Furthermore,
tobacco components appeared to enhance biofilm formation,
and biofilm fungal cells were more resistant to nystatin than the
planktonic cells. Within the limitations of this study, it suggests
that when adjustments are made to dentures, they should be
polished prior to placement in an attempt to reduce the degree
of fungal growth. In immune compromised patients, denture
topography and smoking habits along with increased resistance
to anti-fungal agents may increase the risk of fungal induced
denture-stomatitis. Therefore, the antifungal treatment in these
patients may have to be more closely monitored.
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