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Figure 9: Confocal fluorescence microscopy. 40 X magnification. Live cells of C.
albicans are stained green, dead cells are red.
a) 24 hr. biofilm of C. albicans strain AD-1 adherence on 0% phosphate disks

without salivary pellicle
b) 24 hr. biofilm of C. albicans strain AD-1 adherence on 0% phosphate disks

with salivary pellicle

b)
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Effects of PMMA phosphate content on biofilm formation:

We examined whether increasing the amount of phosphate incorporated in
PMMA would increase the rate @f. albicansadherence or biofilm formation on the
naked surface. Changing the phosphate content of PMMA showed no difference in
biofilm metabolism/formation. Comparing PMMA with 0% (control) and 5% phosphate
(p = 0.329), 0% and 15% phosphate (p = 0.345) and 5% and 15% phosphate (p = 0.999)
showed no statistically significant differences (Table 5). Therefore asiagthe
guantity of phosphate incorporated in PMMA resins did not affect biofilm in our model

system.



61

. Effects of PMMA surface coating on biofilm formation:

Our goal was to examine whether coating various PMMA surfaces vhtir eit
whole stimulated clarified filtered saliva or fetal bovine serum (FB&)le&vmodify their
ability to bindC. albicansand form a biofilm when compared with the formation of
biofilm on uncoated surfaces. Coating the PMMA surfaces with saliva or skawed
significantly enhanced biofilm metabolism/formation (Figure 14, Table MR
surfaces coated with saliva significantly increased (p < .0001) the bioBkaboiism
when compared to the biofilm formed on uncoated PMMA. PMMA surfaces coated with
serum significantly increased (p = 0.029) the biofilm metabolism when compares to t
biofilm formed on uncoated PMMA (Table 5). The difference between saliva-coated and
serum-coated surfaces was statistically not significant (Tabléh®ugh there was a
clear trend towards a stronger effect for saliva. Overall, coatingutfieces of PMMA

with saliva or serum enhancé&d albicansadhesion and biofilm metabolism.
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II. C. albicans strain dependent effects on adherence and biofilm metabolism on
PMMA surfaces:

Four strains o€. albicansdesignated strains A, B, C and D, were used in this
experiment. The bronchial lavage sample (strain A) showed the greatalsolicet
activity followed by the sputum sample (strain B). There was no staligtsignificant
difference (p = 0.274) between these two strains. Oral isolates (sIrdljsvere less
metabolically active when compared with the bronchial and sputum strains. Gunpa
the two oral isolates with one another showed no statistically significéeteti€e (p =
0.842) (Table 5). These results suggest that biofilm development, as reflected by
metabolic activity, is strain dependent and tBaalbicansstrains isolated from denture
stomatitis patients, showed less ability to form a biofilm then bronchial or spaitaims

in this model system.
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IV.  Change in PMMA surface roughness values

After several experiments which showed equivocal results, we began to
remeasure our Ra values. We observed an increase in roughness over time. Surface
roughness increased on the same PMMA surfaces measured throughout our experiment
and this could have been due to mineral deposition which was not removed by our
cleaning procedures, or possibly could be due to remaining biofilm matrix thaivas
completely dissolved in our washing/sterilizing technique. It appearsstisatface
roughness increased over time, so did adherence/biofilm metabolism@falbicans

strains(Figure 10, 11 & 12).
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Figure 10: a) Positive correlation between surface roughness and biofilm metabolic
activity for 0% Phosphated PMMA
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Figure 11: b) Positive correlation between surface roughness and biofilm metabolic
activity for 5% Phosphated PMMA
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Figure 12: c) Positive correlation between surface roughness and biofilm metabolic
activity for 15% Phosphated PMMA
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Statistical Analysis (Table 5)

A factorial design was used to execute the experiments. It included 3 main
factors. Each factor included several levels:
1. Candida strain — bronchial, sputum, two oral isolates (Table 4)
2. Surface coating — saliva, serum or naked surface (control)

3. Phosphate content — 0%, 5%, 15%A,)

A three-way ANOVA was used to analyze the data (PROC GLM, SAS Cary,
NC). The main analysis was followed by a series of pairwise compatisogsTukey’s
test. This procedure adjusts for multiple comparisons. For each pairwise campari
made, the mean difference and its 95% confidence interval are reported (Tabledll), as
as the probability that the difference was due to chance.

Main effects were found to be significant for surface coatingGralbicans
strain. No two and three-way interactions were significant statlgticeherefore,
comparisons were limited to among the levels of each main effect.

Results of the statistical test showed that saliva and serum had sighifica
increased optical density (measured spectrophometrically in nanomet¢ys€émpared
to the control. This implies that saliva-coated and serum-coated surfdcagteater
ability to support biofilm formation than the untreated surfaces. OralesotdC.
albicansresulted in less metabolic activity than bronchial lavage or sputum sample
isolates although all four strains were capable of adherence and biofilm

development/metabolism.



Table 5: Comparisons among levels of three major factors involved in biofilm
formation. Surface coating, phosphate content, and Candida strain.

68

The difference in optical density(m), the 95% confidence interval, and the p-
value are listed for each comparison.

Effect Comparison Difference| LowerCL | UpperCL p-value
TREATMENT |Saliva - Serum 0.015481 -0.003977 0.03494( 0.1480
TREATMENT | Saliva - Uncoated 0.036667 0.01720¢ 0.056125 <.0001
TREATMENT |Serum - Uncoated 0.02118% 0.001727 0.040643 0.0291
PHOSPHATE 0-5 -0.01177¢ -0.03123¢ 0.00768( 0.3290
PHOSPHATE 0-15 -0.01151¢ -0.030977 0.00794( 0.3451
PHOSPHATE 5-15 0.00025¢ -0.01919¢ 0.019717 0.9995
CANDIDA A-B 0.01719¢ -0.00744€ 0.041841 0.2740
CANDIDA A-C 0.048667 0.024023 0.073311 <.0001
CANDIDA A-D 0.04079C 0.01614€ 0.065434 0.0001
CANDIDA B-C 0.03146¢ 0.006825 0.056113 0.0060
CANDIDA B-D 0.02359% -0.001051 0.04823¢ 0.0662
CANDIDA C-D -0.007877 -0.03252¢ 0.016767 0.8423
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Figure 13: Chart showiniall the pooled data for phosphate percentage treait
groups. &hnsand standard deviationsorresponding to: Candid

strain and coated or naked PMMA di
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Figure 14: Chart showincpooledmeans and standard deviations correspondin

each treatment grouindividually
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This thesis reproduced anvitro model for investigating the interactions
betweerC. albicansbiofilms and various modification of a PMMA denture base
material. Chandra et developed the original model with the goal to grow biofilms on
acrylic. With this knowledge we reproduced a sustainable and active mono$pegads
biofilm system that allowed us to test three variables that magst &ifefilm formation on
PMMA surfaces.

In addition an effort was made to gain a better understanding of the irtesacti
between various surface properties of PMMA and the adherence abflityatificans.

The principle that the oral environment creates a proteinacious pellicle on denture
surfaces through salivary secretions was maintained. Similarly, tloésedfea serum
pellicle were studied, which may have relevance in areas of traumafiamdation.
Acquiring a colony of microorganisms on a denture base is believed to produci specif
receptors that promote the adherence of Candida'8ellkis suggests that PMMA
surfaces coated with salivary pellicle will have surface recefaodhesins og.
albicanswhich promote anchorage and subsequent biofilm formation.

In vitro studies of denture pellicle formation on acrylic surfaces have
shown the direct influence saliva has on the adherence of y&¥sta.the present study,
results suggested that with the addition of whole stimulated pooled saliva, theme was a
increase in biofilm metabolism and presumably adherence of all four sifgins
albicans(see figure 9). This heavily suggests that PMMA surfaces coated vativarg
pellicle create an attractive environment for microbial adherenceutaséguent biofilm
development.

There are multiple ways of collecting saliva. In this study, whole
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stimulated fresh pooled saliva was obtained from four healthy individuals teeapur
clinical scenario. Almost all previous research (Table 1) studying salpedlicle on
acrylic resins has demonstrated different saliva collection technigbesy may have
contributed to widley varied findings. For all studies in this body of workyassalas
collected, filtered, and immediately used to best represent a clingsakcanario and
maintain the integrity of the saliva as much as practically possible. rében results
demonstrated improved adherence with saliva. They may be comparable to previous
research in that whole stimulated saliva was shown to mildly enl@aradbicans
adherence as compared to untreated/unconditioned PR1Ahe fitting surface of a
maxillary denture covers the minor salivary glands and therefore toofjehis form of
saliva in the future, though difficult, may be more clinically appealing.

Inflammation from denture trauma or mucosal irritation may cause
compositional changes in pellicle and possibly propogate denture induced stdfatitis.
Denture trauma can release serum transudate, a form of extracelidldefking
through the mucosal epithelium and coating the intaglio surface of the denture higVith t
in mind, this study looked at the effects serum ha€ .aabicansadherence and biofilm
metabolism as well. The results indicated a significant increase abatietactivity of
cells grown on serum-coated disks, suggesting, along with other studies, that PMMA
surfaces coated with serum enhance the adhesidarafida®®°

Surface charge is not present in denture resins used today and may be an
important alteration to PMMA surfac&s!**'#2 C. albicansspecies have an ability to
colonize polymeric surfaces based on hydrophobic and free energy consid8ratimn.

surface of PMMA objects is hydrophobic. This appears to attract other@sxtith
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hydrophobic surfaces, such@salbicans A denture base having a negative surface
charge may hinder the initial adhesion interaction via repulsive elecitdstates. In
addition, a negative charge may increase the presence of protectweccatiti-

microbial peptides in the pellicf&. Giving PMMA an anionic surface charge is a way of
increasing its hydrophilicity and preventing adhesion of less hydrophitimorganisms,
reducing the patients risk of developing denture induced stomatitis.

Surface charge was modified through the addition of phosphate groups within the
monomer of the PMMA mixtures. The PMMA phosphate concentration levels used in
this study were 0%, 5% and 15%. These levels were based on previous research that
confirmed adequate physical strength for the fabrication of denture bakgshasphate
containing resin$”>*?* The results of this study showed that incorporation of a negative
surface charge, at varying concentrations, in PMMA resins had no effect onlitiyeo&bi
different strains of Candida develop a biofilm. This is in contrast to the original
hypothesis that surface charge would reduce adhesion and biofilm metaboligma)lgrig
postulated by Park et'awho found a decrease @ albicansadherence by adding a
negative carboxyl group to PMMA.

Several factors may explain the difference observed. They include i) the
functional groups, ii) assays to measure biofilm metabolism, iii) Candida strains) a
different biofilm model. Explanations could include also differences in PMifase
roughness. The present investigation showed that surface roughness can chahge over t
course of an investigation.

The literature shows that surface roughness may override any aditreects

that the negative phosphate charge in our PMMA provitigt:° Surface roughness



75

allows microorganisms to settle in areas that are protected from flud fenees.
Moreover if the roughness was due to calcium deposition then the surface would also
show a drop in net negative charge. In a personal communication by Dentino et al, 2010,
which used a similar protocol, they found that by adding a washing step and soaking the
PMMA disks in EDTA (ethylenediaminetetraacetic acid) after geaperiment, one
could maintain the original surface roughness (Ra) of the disks even afted seve
experiments. EDTA is a chelating agent and has the ability of sequestetaigome
such as C&, Mg®* and F&".*%® It was determined that once the deposits had been
removed with EDTA, phosphate containing PMMA co-polymers were in fact capble
reducingC. albicansadherence and/or biofilm metabolism to the naked surface in a
phosphate dependent manner. Once surface roughness is eliminated or greatly reduced to
near the postulated threshold roughness value (0.2 peipw which no effect on
adhesion should be expected, then surface charges on PMMA denture bases may have an
effect onC. albicansadherencand/or biofilm metabolism. However, the clinical utility
of this approach is not certain and more studies need to be done.

Various strains o€. albicanshave differing adherence capabilities and cell
surface hydrophobicities. For example Minagi & edbmpared two specie§, tropicalis
andC. albicansand each demonstrated variation in adherence to hydrophobic surfaces
such as heat-cured resins. Adherendg.dlbicanswas far lower than of. tropicalis
and it was determined that the closer the surface free energy is betlvstrate and
microorganism, the greater the probability of adherence. Another factteemstrated
by Klotz et al?, is that size and shape of Candigiecies varies, resultsing in variable

adherence to different substrat@his study demonstrated strain-dependent differences



76

in adherence behavior f@. albicans Statistically significant differences were found

when comparing bronchial and sputum strains to both oral isol@tesbicanssolated

from denture stomatitis patients appeared to have less XTT activity whenrednipa

the bronchial wash and sputum isolates. This corresponds with previous research in that
microorganisms demonstrated specific species characteristicsrirabdarate their

capacity to adhere to surfaces substrates at varying tafés.
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The objective of this study was to invesitgate the the effect of proteicgalhd
phosphate charge density on adhesion and biofilm formatiGn abicansto polymethyl
methacrylate-based resins. Four different strair@apididawere incorporated in this
study, and we wanted to determine if there was a variation in their abilityotoize|
various acrylic surfaces. The methods employed in this study for the ionroéa
biofilm on PMMA were taken from Chandra et®alThe methods for disk preparation
were taken from Dhir et al and Puri et &M

Within the limitations of thisn vitro study, it can be concluded that with an
increase in phosphate charge density (increased anionic charge capeciyas no
significant change in the amount®©f albicansadherence and/or biofilm metabolism.
The introduction of a salivary pellicle as well as the addition of serunnmgaatithe
PMMA surfaces did, however, show statistically significant increas€s albicans
biofilm metabolism which was later confirmed microscopically. The prateous
salivary pellicle showed great€r. albicansadhesion compared to that of the serum. The
level of biofilm metabolism on PMMA surfaces was strain dependent. Orakisplat
collected from infected denture stomatitis patients, had significamtiycesl biofilm
formation when compared with that of bronchial or sputum strains.

Overall the ability ofC. albicansto have significant biofilm metabolic activity on
PMMA surfaces was dependent on strain and surface coating. Although the aésult
this study did not support that phosphate containing PMMA surfaces can f2duce
albicansadherence, further testing of biofilm formation on uniform smooth surfaces (Ra
< 0.2 um) and studign vivoneed to be undertaken to determine if negatively charged

PMMA could still be an effective inhibitor of Candida adhesion.
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