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Effect of Silicon dioxide coating
of acrylic resin surfaces on
Candida albicans adhesion

Abstract: Acrylic resin has been used in the manufacture of prostheses,
however, in the oral cavity, this material starts to retain microorganisms
capable of causing gingival inflammation due its porosities. The aim of
this study was to evaluate the influence of the use of silicon dioxide as
a coating layer applied onto acrylic resin, on the adhesion of Candida
albicans (Ca). After the incubation period in Sabouraud Dextrose Broth,
a total of 1 ml of the Ca suspension was added to plate wells, each well
containing a specimen of acrylic resin. The adhesion ability of Ca on
acrylic resin was determined by counting colonies. Three groups (n = 6)
of acrylic resin were assessed: with polishing (RP); without polishing
(RW); with polishing and coating layer of silicon dioxide (RPC).
Ca deposited on the surface of the acrylic resin was also observed
using Scanning Electron Microscopy (SEM). Statistical assessment
by Kruskal-Wallis and Student-Newman-Keuls Method were done
(a = 2%). There was significant difference among the groups. The RPC
group showed the lowest growth, with an average of 5.59 Log CFU/cm?
there was a statistically significant difference in relation to group RW,
which presented a growth of 6.07 Log CFU/cm? and to group RP with
591 Log CFU/cm? (p < 000.1). SEM images demonstrated that in the
RP and RPC group, the surface of the resin had greater regularity, and
smaller number of microorganisms. The application of silicon dioxide
coating on acrylic resin appears to be a promising alternative, and its
use can help in reducing the adhesion of Ca in prostheses.
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Introduction

Acrylic resin has been widely used in dentistry in the manufacture
of prostheses since 1937, due its several advantages such as low cost and
ease of handling.! However, over time, this material retains pigments and
microorganisms capable of causing bad breath and gingival inflammation.
To date, there is no effective method to reduce the microbial adhesion and
pigments retained in the porosities of the acrylic resin surface.? These
microorganisms include Candida albicans, which has the ability to adhere onto
soft and hard tissues, causing important infections known as candidiasis.?

Various cleaning methods have been used for the disinfection
of dentures such as toothpastes, vinegar, sodium hypochlorite,
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chlorhexidine gluconate, and chlorhexidine soap.?
In spite of acting effectively on biofilm removal
from other surfaces, they may change the physical
and mechanical properties of resin negatively.*
There have been attempts to create acrylic resins
with antimicrobial properties by incorporating
antifungal agents as in composite resin.> However,
these agents can change the properties of the acrylic
resin, influencing its aesthetics and durability.

Furthermore, these agents are released over
time, reducing their effectiveness. A sealed and flat
surface is of great importance in preventing biofilm
retention.® Studies have shown that silicon dioxide in
nanoscale has been used in hospital environments
and does not interfere with surface properties, in
addition to minimizing the risk of infection.” Its
coating results in a surface with biologic load that
is massively reduced and easy to clean. A German
patent filed in 2007 by Jiirgens and Schwindt,?
had already published a set of applications of a
nanoscale silicon dioxide coating as well as their use.
Furthermore, a recent in vivo study demonstrated
the biocompatibility of acrylic resin coated with
silicon dioxide promising be a bioprotective coating
with low deleterious risk to the individual.’ Thus,
the objective of this study was to evaluate if the
application of a silicon dioxide coating layer on
acrylic resin commonly used on temporary partial
prosthesis or complete dentures is able to reduce
the Candida albicans adhesion.

The null hypothesis was that the use of silicon
dioxide as a coating layer on acrylic resin does not
act as a retention inhibitor of C. albicans adhesion.

Methodology

Preparation of resin

Altogether, there were 18 specimens (10x10x2mm
dimensions) of acrylic thermoplastic resin (VipiCril
Plus, VIPI Indtstria Comércio Exportagdo e
Importacao de Produtos odontolégicos Ltda, Sao
Paulo, Brazil) produced. The acrylic thermoplastic
liquid (PALATON, Dencril Comércio de Plasticos
Ltda, Pirassununga, Brazil) and the acrylic resin
powder (VipiCril Plus, VIPI Induastria Comércio
Exportagdo e Importacao de Produtos odontolégicos
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Ltda, Sdo Paulo, Brazil), were mixed in a container,
according to the proportions indicated by the
manufacturer. The acrylic resin was inserted into
a single rectangular silicone mould (10 x 180 x 2
mm dimensions) and after the start of the plastic
phase, the material was pressed over 10 minutes in
a pneumatic digital polymerizing electric cooker
(Protécni Equipamentos, Araraquara, Brazil) at
80°C temperature and 100 pounds pressure. The
specimens were cut using a double-face diamond
wheel in low speed under water cooling to the
given dimensions and the finishing was done with
a double-face diamond disc (Microdont, Sao Paulo,
Brazil), to obtain standardized dimensions of the
specimens. The specimens were randomly divided
into three groups (n = 6 each group) according to
the surface treatment: with polishing (RP); without
polishing (RW); with polishing and coating (RPC).
Final polishing for RP and RPC groups, was carried
out with a felt disc used with pumice stone and
White of Spain (Asper Industria Quimica Ltda, Sdo
Caetano do Sul, Brazil).

The coating in the RPC group was a layer of silicon
dioxide base (Liquid Glass Shield, TOPTEK Equipment
Ltda, Belo Horizonte, Brazil) (RPC), applied according
to the manufacturer’s instructions. A vial of silicon
dioxide (Liquid Glass Shield) was shaken before
each application. The silicon dioxide was sprayed on
sterile gauze. This gauze was then used to apply to
the surface of the resin by rubbing. The resins with
silicon dioxide was then left to cure for 24 hours. All
groups had a negative control, represented by an
uncontaminated composite resin specimen.

Microbial isolates

This study was conducted with an ATCC 90028 C.
albicans. Before the tests, the isolate was reactivated
in Sabouraud Dextrose Agar (SDA; Merck & Co.,
Inc., Kenilworth, USA), for 24 hours at 37 °C. Briefly,
yeasts were subcultured in chromogenic medium
CHROMagar™ Candida (Difco, Morgan Hill, USA),
to check the purity of the culture after all tests.’

Candida albicans growth
Yeast was grown at 37°C, 120 rpm, for 18 hours
in Sabouraud Dextrose Broth (SDB; Difco, USA).
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After the incubation period, the suspension was
washed in phosphate saline buffer (PBS; pH 7.0) and
re-suspended in artificial saliva (Botica Ouro Preto
Compounding Pharmacy, Maringa, Brazil) to a final
concentration of 1.0 x 107 cells/ml. A total of 1 ml of
this suspension was added to 24 plate wells, with each
well containing a specimen of acrylic resin (1 x 1 cm):
RP, RW and RPC. The plates were incubated for two
hours at 37 °C at 60 rpm."

Quantification of adhesion capacity

Adhesion capacity were analysed according to
Queiroz et al.! with modifications. After the incubation
period (2 hours), the suspension of each well containing
a specimen was removed and washed once with
PBS in order to remove non-adherent yeasts. The
specimens were scratched with a needle to remove
the adherent yeasts. They were then re-suspended in
1 ml of PBS and a serial and plated dilution in SDA
was carried out. These plates were incubated for 24
hours at 37°C. The number of adherent yeasts was
determined by counting the colonies formed and the
results were expressed as Log CFU/cm?

Scanning electron microscopy

For the Scanning Electron Microscopy (SEM)
analysis, deposits on the surface of the acrylic
resin were fixed with glutaraldehyde (2.5%) and
cacodylate buffer (0.1M) for 4 hours. Samples were
then dehydrated in a series of ethanol washes (70,
80, 90, 95, and 100%). The specimens were fixed
on supports, coated with gold-palladium in argon
atmosphere, using a gold-sputter module in a high-
vacuum evaporator. The samples were observed
with a SEM (FEI Quanta 250, Hillsboro, USA) at
x1000 magnification.

Statistical analysis

All tests were performed in triplicate, on three
independent days. The results were analyzed using
the Software R i386 3.0.2. The data was initially
subjected to the Shapiro Wilk test to analyze the
data normality. Once a normal distribution was
not verified, data were compared with Kruskal-
Wallis One-way analysis of variance on ranks
and all pairwise multiple comparison procedures

(Student-Newman-Keuls Method) were done. All
tests were conducted with 99% confidence level.

Results

The average among the duplicates of each group
of adherence capacity is represented in Figure 1 and
in Figure 2, it is possible to observe the characteristics
of the material surface, as well as the adhesion by C.
albicans, by SEM images.

The RPC group with a layer of silicon dioxide base
and polishing showed the lowest growth (5.59 Log
CFU/cm? £ 0.1), presenting a statistically significant
difference (p < 000.1) when compared to RW (6.07 Log
CFU/cm?£0.1) and RP (591 Log CFU/cm? £ 0.1). This
data correlates with the images observed by SEM.

Figure 2 presented a fairly irregular surface on
the specimens (RW) as the resin was not polished
(Figure 2A) and also shows higher adhesion by C.
albicans (Figure 2B). However, Figure 2B shows a dense
layer on the surface of the acrylic resin of the RW
group, probably due to the accumulation of artificial
saliva (indicated by the white arrow) with C. albicans
(indicated by the red arrows) in the irregularities of
the material.

In the groups RP (C and D) and RPC (E and F),
the surface of the resin was presented with greater
regularity, promoting less adherence by C. albicans
(indicated by the red arrows).

Log CFU/cm?

B RW I RP

B RPC

*Student-Newman-Keuls Method. Statistically significant difference
(o < 000.1).

Figure 1. Median values of the C. albicans adhesion on acrylic
resin surfaces according to the three groups tested: RW-without
polishing; RP- with polishing; RPC- with polishing and coating
layer of silicon dioxide.
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Figure 2. Scanning Electron Microscopy (SEM) analysis of the acrylic resin specimen’s surface (X 1000 magnification). (A) Control specimen
without yeast on the resin without the polish (RW) surface; (B) Specimen with the yeast on the resin without the polish (RW) surface. White
arrows indicate a dense layer probably due to the accumulation of artificial saliva with C. albicans (red arrows) in the irregularities of the
material; (C) Control specimen without yeast on the resin polished surface (RP); (D) Specimen with the yeast (red arrows) on the resin
polished surface (RP); (E) Control specimen without yeast on the resin polished surface after the use of silicon dioxide coating layer (RPC);
(F) Specimen with the yeast (red arrows) on the resin polished surface after the use of silicon dioxide coating layer (RPC).
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Discussion

In the present research, the null hypothesis was
rejected as when silicon dioxide was applied onto
polished acrylic resin, the C. albicans adhesion was
lower than when it was not used, demonstrating that
the product has the potential to reduce adhesion of
microorganisms on an intraoral prosthesis. This
may influence the prevention of local and systemic
infections related to the use of prostheses made of
acrylic resin. According to clinical studies with Candida
spp., counts greater than 100,000 (10°) CFU are related
to some infectious process in the oral cavity."”'*"* The
present study demonstrated that with a coating of
silicon dioxide on acrylic resin there was a reduction
in CFU of C. albicans (< 100,000).

C. albicans is a commensal yeast, found in the oral
cavity of 75% of the population. Its pathogenicity
is greater in immunosuppressed individuals, who
can often suffer recurrent infections such as oral
candidiasis.? Clinically, these patients present with
pain and irritation in the oral mucous membrane.**
In an immunosuppressed patient, this infection is
closely related to respiratory infections.” These
infections are often related to prostheses used
by individuals. Acrylic prostheses are commonly
used in oral rehabilitation. C. albicans infections are
common, especially when patients fail to maintain
good hygiene of the prosthesis. This is important
because, according to the literature, although patients
realise the importance of cleaning a prosthesis, they
may not necessarily know how to do it." In addition,
in patients with systemic disorders, candidiasis is
more often found in the oral cavity compared to
healthy people.”

Polished resins that have a coating of silicon
dioxide showed the lowest amount of C. albicans
compared to polished resins and resins without
the application of coating, with significant
differences between the RPC and RP groups.
This demonstrates the usefulness of the coating.
The resins with polishing presented results with
significant differences in comparison to the
resins without polishing; this can be explained
by the uneven surface, which can generate more
adherence of the microorganism. This was clear with

statistical differences between the groups RW vs RP
and RW vs RPC.

The ability of C. albicans to adhere to acrylic
resin surfaces is an important initial step to start
colonization of the microorganism and subsequent
invasion of the host tissue.> Additional to this,
uneven surfaces can increase the accumulation of
organisms in prostheses, even after cleaning them.
Rough surfaces, with the presence of summits and
other particularities, help the growth of hyphae.
Prostheses with improper or inadequate polishing
present with topology that favors the growth of
these hyphae.'

Silicon dioxide produces an invisible < 250 nm
thick layer of coating and has been indicated as a
bioprotective coating for surfaces susceptible to
colonization by microorganisms.® This nanofilm has
characteristics such as a cationic nature, resistance
to acids, hydrophobia, oleophobia, high flexibility,
antibacterial and antifungal properties, resistance
to corrosion and abrasion,® and it is possible that
these characteristics are responsible for reducing the
adhesion of C. albicans on the acrylic resin surface
coated with silicon dioxide in the present study.

A recent in vivo study testing the biocompatibility
of silicon dioxide nanofilm used as an antimicrobial
agent on acrylic surfaces, demonstrated that coating
with NP-Liquid Glass had the highest level of tissue
compatibility, and the best cell repair, being highly
promising for use in clinical practice.’

In this study, it was not possible to analyze
the adherence of silicon dioxide on the surface of
the resin, nor the change of surface roughness.
Given these limitations, the use of atomic force
microscopy would be beneficial in future research,
in order to analyze the surface roughness of resins
and silicon dioxide adherence on the surfaces.
However, the use of a cover layer with silicon
dioxide that decreases microbial adhesion appears
to be important clinically. Other studies with silicon
dioxide should be carried out, to evaluate possible
changes on the acrylic resin surface after applying
a layer of coating as well as the durability of its
protective effect.
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Conclusion

The application of silicon dioxide coating on acrylic
resin seems to be a promising alternative, and its use
can help in reducing the adhesion of C. albicans in
prostheses, which is essential to the longevity and
success of treatment with dentures or a removable
acrylic resin prosthesis.
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