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Background: Inhibition of Candida albicans on denture resins could play a significant role
in preventing the development of denture stomatitis. The safety of a new dental material with
antifungal properties was analyzed in this work.

Methods: Poly(methyl methacrylate) [PMMA] discs and PMMA-silver nanoparticle discs
were formulated, with the commercial acrylic resin, Nature-Cryl™, used as a control. Silver
nanoparticles were synthesized and characterized by ultraviolet-visible spectroscopy, dispersive
Raman spectroscopy, and transmission electron microscopy. The antifungal effect was assessed
using a luminescent microbial cell viability assay. Biocompatibility tests were carried out
using NIH-3T3 mouse embryonic fibroblasts and a Jurkat human lymphocyte cell line. Cells
were cultured for 24 or 72 hours in the presence or absence of the polymer formulations and
analyzed using three different tests, ie, cellular viability by 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay, and cell proliferation by enzyme-linked
immunosorbent assay BrdU, and genomic DNA damage (Comet assay). Finally, the samples
were evaluated mechanically, and the polymer-bearing silver nanoparticles were analyzed
microscopically to evaluate dispersion of the nanoparticles.

Results: The results show that PMMA -silver nanoparticle discs significantly reduce adherence
of C. albicans and do not affect metabolism or proliferation. They also appear not to cause
genotoxic damage to cells.

Conclusion: The present work has developed a new biocompatible antifungal PMMA denture
base material.

Keywords: cytotoxicity, genotoxicity, dental polymers, denture bases, Candida albicans,
antifungal effect

Introduction
The main purposes of dentures are to restore dental function, facial appearance, and
maintain the wearer’s health.! Adherence of Candida albicans to host cells or polymers,
such as denture acrylic resin, is an essential and necessary first step in successful
colonization and development of infection.> Development of denture stomatitis is
influenced by, among other factors, the denture base material.* A prosthesis placed in
the oral cavity leads to changes in environmental conditions, preventing the mechanical
cleansing effect of the tongue and salivary flow, and encouraging formation and deposit
of biofilms on both prosthetics and adjacent mucosa.*

Dentures are made of poly(methyl methacrylate) (PMMA) acrylic resin.’ The inner
surface of the prosthesis is rough,® and in addition to local (eg, poor hygiene, local
trauma, tissue integrity loss) and systemic factors (eg, malnutrition, diabetes mellitus,
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human immunodeficiency virus infection, xerostomy),
contributes to the proliferation of C. albicans,”® as well as to
adherence of this pathogen in 60% of patients with removable
prostheses.”!® C. albicans has been shown to be an important
opportunistic pathogen causing infection in the oral cavity
and to be able to colonize acrylic materials.®!! A cleaning
routine may be instituted to prevent and remove accumulation
of micro-organisms and to remove mucin, food remains,
calculus, and stains.'?

Silver nanoparticles can kill all pathogenic micro-
organisms, and no report as yet has shown that any
organism can readily build up resistance to them. An
easy, environmentally friendly approach was used to
synthesize silver nanoparticles, given that biomolecules
found in plants can reduce silver ions from silver nitrate
to silver nanoparticles.” An acrylic resin that can prevent
adhesion of micro-organisms is currently unavailable.
However, this study describes an acrylic resin containing
silver nanoparticles that can be used to produce dentures
with antifungal properties. Silver nanoparticles have been
used for their antimicrobial effect in different biomedical
applications,'* also in modifying commercial acrylic resins
but not in the formulation of an experimental acrylic for
denture bases. Silver nanoparticles are also reported to be
nontoxic to humans and very effective against bacteria,
viruses, and other eukaryotic micro-organisms at very low
concentrations and without side effects.!* For example,
different concentrations of silver nanoparticles added to
Lucitone 550 denture resin demonstrated an antimicrobial
effect.'®

Although the literature reports various studies related to
silver nanocomposites with antimicrobial applications in the
medical field,! very few studies concerning addition of silver
nanoparticles to denture base resins have been published."”
A pilot study demonstrated that silver nanoparticle-loaded
chemically cured resins made with silver benzoate 0.2% and
0.5% (w/w) which were tested in vitro for antibacterial activity
against Streptococcus mutans. The results showed 52.4% and
97.5% bacterial inhibition, respectively, and further work is
now warranted to test for mechanical properties.'® Casemiro
et al reported an evaluation of a commercial acrylic resin
containing a 2.5% silver and zinc zeolite compound, the
results of which indicated higher antimicrobial activity but
decreased flexural and impact strength.!”

Biological methods used for synthesis of silver nano-
particles are considered safe and ecologically sound for
fabrication of nanomaterials as an alternative to conventional
physical and chemical methods." Studies have indicated

that biomolecules like proteins, phenols, and flavonoids not
only play a role in reducing ions to the nanosize range, but
also play an important role in the capping of nanoparticles.?
Reduction of silver ions using combinations of biomolecules
found in these extracts, such as vitamins, enzymes/proteins,
organic acids (such as citrates), amino acids, and polysaccha-
rides, is an environmentally benign yet chemically complex
process.?!

The aim of the present research was to develop an acrylic
resin containing silver nanoparticles as an antifungal agent
and test its biocompatibility to ensure production of a non-
toxic antifungal compound for denture bases. The hypothesis
tested was that silver nanoparticles added to PMMA acrylic
resin would decrease adherence of C. albicans and result in
a biocompatible material with flexural properties meeting
those specified for denture bases.

Materials and methods

Synthesis of silver nanoparticles

Natural synthesis was prepared using a plant infusion
containing 12.15 g of Geranium maculatum leaves and
100 mL of deionized water, which acted as a reducing agent
for the formation of silver nanoparticles from silver ions.
In a round flask, 20 mL of ethylene glycol (Sigma-Aldrich,
St Louis, MO) was heated at 176°C, and 10 mL of the natural
infusion was then added as drops. Five minutes later, 1.6 mL
0f 0.025 M silver nitrate solution (Sigma-Aldrich) was added
over 2 minutes. The resulting silver nanoparticles were washed
twice in ethanol and acetone for 10 minutes, with sonication
followed by centrifugation for 5 minutes at 7000 rpm.*

Spectroscopy analyses

Ultraviolet-visible absorption spectroscopy was performed in a
Spectronic Genesys 2PC Spectrophotometer (Triad Scientific;
Manasquan, NJ) to confirm synthesis of silver nanoparticles.
Raman dispersive spectroscopy was performed in a Senterra Dis-
persive Raman Microscope (Bruker, Billerica, MA) equipped
with aA 685 nm laser and FT-Raman (Nicolet Analytical Instru-
ments; Madison, WI) with A 1064 nm in the laser, coupled with
an Olympus microscope. The silver nanoparticle solution was
deposited on a sample holder without further preparation.

Microscopy

Transmission electron microscopy was performed using a
JEOL-1010 electron microscope (JEOL, Peabody, MA).
The samples were prepared by dropping silver nanoparticle
solution onto the microscopy grids allowing evaporation of
water.
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PMMA-silver nanoparticle resin samples
Pink PMMA powder was synthesized using the suspension
polymerization technique, adding TiO, and Fe,O,
nanoparticles in situ as pigments.?* Discs measuring
20 mm X 2 mm were obtained by mixing PMMA and
methyl methacrylate monomer (MMA, Sigma-Aldrich)
in a volume ratio of 3:1. The MMA monomer was added
with 1 pg/mL of silver nanoparticles and 1% of benzoyl
peroxide as an initiator before mixing with the PMMA
powder. When the PMMA-silver nanoparticle mixture
reached the plastic phase, it was packed into metallic molds
to be polymerized by microwave irradiation at 500 W for
3 minutes.**

PMMA and PMMA-silver nanoparticle discs were
prepared. The commercial acrylic resin, Nature Cryl™
MC (GC America Inc, Alsip, IL), was thermopolymerized
following the manufacturer’s instructions and used as a
control. The discs were washed and sterilized under ultraviolet
irradiation for 5 minutes prior to use in the Candida albicans
assay and biocompatibility tests. Experimental and control
acrylic samples were made for each group (n =9, minimum),
according to International Organization for Standardization
(ISO)-10993-5.%

C. albicans adherence test

A C. albicans strain (90026) obtained from the American
Tissue Culture Collection (ATCC, Manassas, VA) was
cultured overnight in yeast broth (Sigma-Aldrich). Sterilized
resin specimens (n = 9) were placed into 24-well sterile
culture plates (Nunc, Thermo Fisher Scientific, Roskilde,
Denmark), and a 500 pL yeast suspension containing
1 X 10° colony-forming units was added. After 24 hours of
incubation at 37°C, nonadherent cells were removed from
the specimens by washing for 10 minutes under sonication,
followed by three washings with distilled water for one
minute each under shaking. Adherent fungi were extracted
by incubation with 1.0 mL of benzalkonium chloride for
15 minutes. Finally, a microbial cell viability assay based on
luminescent ATP measurement (Bac Titer-Glo™, Promega,
Fitchburg, WI) was performed to determine the number of
viable cells adhered to the acrylic resins. Aliquots of extract
(20 puL each) were mixed briefly with 30 uL of BacTiter-Glo
reagent in 1.5 mL clear Eppendorf tubes, and luminescence
was recorded after 5 minutes in a 20/20 luminometer (Turner
Biosystems, Sunnyvale, CA) at a wavelength emission of
590 nm. Relative luminescence intensity was measured in
10-second integration periods. The experiment was carried
out in triplicate.?

Cell culture

NIH-3T3 mouse fibroblasts were used as adherent cells
to determine the toxicity of the nanomaterials. 3T3 cells
are derived from different mouse strains, and this strain
was obtained from the National Institutes of Health in the
US.? The NIH-3T3 fibroblasts (ATCC CRL-1658) were
maintained in Dulbecco’s Modified Eagle’s Medium (Gibco,
Invitrogen, Carlsbad, CA) containing 10% fetal bovine serum
(Gibco) and 100 U/mL penicillin-streptomycin at 37°C in
5% CO, with 95% humidity. The cells were plated into
24-well sterile plates (Nunc) at a concentration of 1 x 10*
cells per well and incubated in 500 puL of culture medium.
After 24 hours, the culture medium was renewed, and the
specimens were carefully deposited in direct contact with
the NIH-3T3 cell monolayer.

Relevant cell types used to analyze the toxicity of nano-
materials include leukocytes in culture.”’ Jurkat cells are
human T lymphocytes established from the peripheral blood
of patients with acute T cell leukemia. Jurkat cells (ATCC
TIB-152) were maintained in RPMI 1640 medium (Gibco)
with the same conditions for cell culture as those described
earlier. The cells were plated into 12-well sterile plates at a
concentration of 5 x 10* cells per well and incubated using
1 mL of culture medium. The specimens were then carefully
deposited in direct contact with Jurkat cells.

Toxicity and genotoxicity assays

MTT and BrdU assays were performed using NIH-3T3 cells.
Specimens from PMMA -silver nanoparticles, PMMA, and
Nature Cryl were sterilized by exposure of both faces to
ultraviolet irradiation for 5 minutes. Adherent cells were
next exposed to the specimens and proliferation was assessed
by reductase enzyme activity, indicated by transformation
of MTT into a colored reduced form.??® After incubation
for 24 hours and 72 hours, the resins were removed, an
MTT assay was performed following the manufacturer’s
instructions, and absorbance was measured in a microplate
reader (Bio-Rad 680, Hercules, CA) at a wavelength of
655 nm, where:

% viability = Optical density of the samples/optical
density of the control group x 100.

The control specimen was a culture without acrylic resins.
Samples were analyzed in triplicate, and three independent
experiments were performed. For the BrdU assay, NIH-
3T3 cells were counted, placed onto culture plates, and
maintained for 24 hours to obtain adherence. Twenty-four
hours after exposure to the specimens, the medium was
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removed and the BrdU assay was performed according to
the manufacturer’s instructions (Roche, Indianapolis, IN).
Briefly, after incubation of the cells in the presence of the
samples, the samples were removed and 10 UL of labeling
solution was added for a 2-hour incubation period. Next, the
medium was aspirated and a FixDenat solution was added and
maintained for 30 minutes of incubation at room temperature.
The liquid was then removed and 100 pL of working solution
(anti-BrdU POD and antibody dilution solution 1:100) was
added for 90 minutes at room temperature. The liquid was
removed and 150 puL of washing solution was added twice.
Finally, the liquid was removed and 100 puL of substrate
solution was added for incubation over 15 minutes at room
temperature. Absorbance was measured by a microplate
reader (Bio-Rad 680) at a wavelength of 415 nm.

The Jurkat cells were counted using the manner described
earlier, and then exposed to the specimens for 24 hours. The
Comet assay was performed as previously reported,?’ with
some modifications. The glass slides were briefly coated
with regular agarose 0.5% in a Tris/borate/EDTA buffer
(TBE 1x , Sigma-Aldrich). After 24 hours of incubation,
the resins were removed from the cell culture and suspended
in agarose type VII low gelling temperature (Sigma) at a
final concentration of 0.7% in phosphate-buffered saline,
pH 7.4. After solidification, a cover of agarose NA (GE
Healthcare Bio-Science, Uppsala, Sweden) was placed at a
concentration of 0.5% in phosphate-buffered saline. Next,
the glass slides were incubated in the dark for 3 hours at 4°C
into a lysis buffer (2.5 M NaCl, 10 mM Tris, 10% dimethyl
sulfoxide, and 1% Triton X-100, Sigma). Electrophoresis
was then carried out for 20 minutes at 25 V and 4°C in
TBE buffer (pH 7.4), followed by neutralization with Tris
(hydroxymethyl) aminomethane hydrochloride (Tris-HCI,
Sigma) at pH 7.5 for 10 minutes. Staining was done with
ethidium bromide in the dark for 20 minutes. The cell nuclei
were observed directly using an ultraviolet light microscope
(Leica, Chicago, IL) and photographed. Each experiment
was performed in triplicate.

Mechanical properties

A flexural strength test was performed in accordance with
ISO specification 1567.%° Five specimens (65 x 10 X 2.5 mm)
from each group were fabricated and subjected to the
flexural strength test in a universal testing machine (Zwick/
Roell-Z005) using three-point loading. A constant crosshead
speed of 5 £ 1 mm per minute was used and the load was
applied until fracture. Mean flexural strength (MPa) and
flexural modulus (GPa) were calculated.

Microstructure of PMMA-silver

nanoparticle acrylic resin

Scanning electron microscopy was performed for the
polymerized PMMA-silver nanoparticles to evaluate
distribution of the silver nanoparticles in the acrylic resin.
The observations were made using a JEOL JSM-6060LV
scanning microscope.

Statistical analysis

Values are expressed as the mean * standard error of
the mean. Statistically significant differences between
groups were determined by analysis of variance followed
by the unpaired Student’s #-test using GraphPad Prism
software (GraphPad Prism 5.0, Software Inc, La Jolla,
CA). Differences between means were considered to be
statistically significant at P < 0.05.

Results and discussion

Recent advances in nanotechnology have helped us to modify
the size and shape of nanoparticles, provided different ways
in which to use these nanoparticles in the diagnosis and
treatment of various diseases, and facilitated their application
in fields such as bioscience and medicine.>'*> The efficacy of
silver nanoparticles against C. albicans has been confirmed
in some commercial dental materials.** Nevertheless, to the
authors’ knowledge, no study to date has attempted to modify
synthesized acrylic resins containing silver nanoparticles for
dentures, or confirm an antifungal effect against C. albicans
and cytocompatibility.

Synthesis of silver nanoparticles

The nanoparticles were prepared using a natural green
infusion as a reduction agent. The silver nanoparticle
solution prepared was light yellow in appearance, indicating
formation of silver nanospheres. The reduction process
was extracellular and rapid, enabling easy biosynthesis of
silver nanoparticles. During glycolysis, plants produce a
large amount of hydrogen ions along with nicotinamide
adenine dinucleotide, which acts as a strong reducing
agent, and this seems to be responsible for formation of the
silver nanoparticles. Water-soluble antioxidant agents like
ascorbic acid also seem to be responsible for reduction of
silver nanoparticles.

The resulting silver nanoparticles show good antimicrobial
activity against a number of common pathogens.!> As
microbicides, these silver nanoparticles are interesting
candidates for research because of their effectiveness in small
doses and their minimal toxicity.*? They also indicate that use
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of plants for nanoparticle synthesis can be advantageous over
other biological processes by circumventing the elaborate
procedures required for maintaining cell cultures,™ as
demonstrated in the present work.

Spectroscopy analyses

The samples show an optical absorption band peaking at
about 410 nm (Figure 1A). This indicates typical absorption
of metallic silver nanoclusters due to surface plasmon
resonance and collection of spherical silver nanoparticles."
Raman spectroscopy confirms characteristic peaks of silver
particles at 1310, 1405, and 1600 cm™ (Figure 1B). There
are no other published spectra of silver nanoparticles for
comparison.

Transmission electron microscopy

Figure 1C is an electron transmission micrograph showing
spherically shaped silver nanoparticles in a size range of
10-20 nm. The nanoparticles were placed in deionized water
as a dispersing medium, allowing the particles to separate for
more detailed observation. Transmission electron microscopy
showed formation of well dispersed silver nanoparticles in
the nanometric range. This is an important point because
the antimicrobial activities of colloidal silver particles are
influenced by the particle dimensions, with smaller particles
having a greater antimicrobial effect.*

Microbial adhesion and cellular
compatibility

Denture wearers are susceptible to colonization by
C. albicans.*® Stomatitis is an inflammatory process of the
oral mucosa associated with the presence of C. albicans,
which is usually the major etiological agent.’’ Herein,
we performed microbial tests to assess for attachment of
C. albicans, the most common oral pathogen,*® onto standard
PMMA and PMMA -silver nanoparticle discs. As shown in
Table 1, the PMMA-silver nanoparticle discs showed less
C. albicans adherence and, compared with PMMA and
Nature Cryl (commercial resin) discs, there was a statistically
significant difference in adherence. This demonstrates the
antifungal effect of silver nanoparticles when added to the
PMMA formulation, suggesting that this novel acrylic resin
could be developed as a denture base.

Given that the antifungal effect may be related to a wide
spectrum of cellular toxicity, the activity of mouse fibroblasts
and human lymphocytes cultured in the presence of standard
and nanoparticle-containing materials was explored. Given
that most dental materials release small amounts of various
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Figure | Silver nanoparticle analysis. (A) Ultraviolet spectrum showing the presence
of plasmon at 410 nm. (B) Raman dispersive spectra indicating characteristic peaks
of silver nanoparticles at 1410 cm™ and 1620 cm™'. (C) Transmission electron
micrograph showing spherically shaped nanoparticles and particles measuring
10-20 nm.

substances into their physiological environment (eg, the pulp
and oral cavity), it is important to ensure that the potential
cytotoxicity of dental materials is minimal, eg, ISO 10993-3%
and ISO 10993-5,* for cytotoxicity and genotoxicity in
biomaterials, respectively. The hazardous and toxic effects
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Table | Adherence of Candida albicans was significantly reduced
in the PMMA group with silver nanoparticles

Acrylic resins Light relative units x 10°

PMMA/AgNPs 4.8 £ 0.5%
PMMA 11.5+1.2
Nature Cryl 18.7+25

Note: n = 9, one-way analysis of variance, *P < 0.05.
Abbreviation: PMMA, poly(methyl methacrylate).

of silver nanoparticles have not been studied extensively.*’
The MTT assay, incorporation of BrdU test, and Comet
assay are widely used to determine the potential toxicity of
substances,*' so were used in the present study.

A metabolic enzyme assay, reflecting viability of cultured
cells, demonstrated that the PMMA -silver nanoparticle discs

showed biocompatible behavior in that they do not influence
cell proliferation under conditions equivalent to those of
untreated cells. According to the statistical analysis, it was
determined that PMMA-silver nanoparticles versus PMMA
(P =0.7369) and PMMA -silver nanoparticles versus Nature
Cryl (P=0.8907) were not statistically different. Non-toxicity
of PMMA and PMMA-silver nanoparticles was observed in
the MTT assay including 24 hours and 72 hours of exposure
(Figure 2A), and quantification is shown in Figure 2B. BrdU
is a cellular immunoassay that uses a mouse monoclonal
antibody directed against BrdU. The ability to detect a
minimum number of proliferating cells in a given sample
depends on the amount of BrdU incorporated into the cells
and thus on the labeling period. The BrdU assay was used
in mouse fibroblast cells in this study to assess for DNA
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Figure 2 Biocompatibility in NIH-3T3 mouse cells. (A) MTT assay performed in PMMA and Nature Cryl™ groups showed no significant statistical differences at 24 hours
and 72 hours. (B) Cells were exposed to PMMA formulations for 24 hours and proliferation was analyzed using BrdU antibodies.
Note: No significant differences were found between the groups according to one-way analysis of variance (P = 0.05).

Abbreviation: PMMA, poly(methyl methacrylate).
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damage. The results show that proliferation of cells in all
cases was not limited by the presence of the specimens. The
experimental samples showed no significant differences, ie,
PMMA-silver nanoparticles versus controls (P = 0.7603),
PMMA versus controls (P = 0.8244), or Nature Cryl versus
controls (P = 0.1887). However, cells exposed to ultraviolet
radiation showed significant DNA damage (P = 0.0051).
Moreover, genotoxicity was assessed using human lym-
phocytes. The Comet assay, also called single-cell gel elec-
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trophoresis, is a sensitive and rapid technique for quantifying
and analyzing DNA damage to individual cells. The image
that is obtained resembles a “comet”, with a distinct head
and tail. The head is composed of intact DNA, while the tail
consists of damaged (single-strand or double-strand breaks)
or broken pieces of DNA. Applications of the Comet assay
have included the study of mammalian cells.** The results
suggest no toxicity to cells, in contrast with cell exposed
to ultraviolet radiation (Figure 3A and B). Where PMMA-

b

a a a a

T T T T T
> & ¥

© Q N\ S S
& R & @ &&Q’
@
@@?‘ < S
<

Figure 3 Genotoxic assay in Jurkat human cells. Comet assay images showing formation of tails when genotoxic cell damage was caused by contact with the acrylic
materials. Images showing round cells indicate that the genetic DNA material is intact and that the cell nucleus has not been damaged. Jurkat cells exposed to direct
ultraviolet irradiation for 5 minutes were used as a positive control. (A) Representative photographs of single-cell gel electrophoresis ethidium bromide-stained nuclei.

(B) Corresponding quantitative analysis of positive cells with DNA damage (P < 0.05).
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silver nanoparticles versus controls (P = 0.5185), PMMA
versus controls (P = 0.5185), Nature Cryl versus controls
(P=0.378), presented markedly significant differences when
comparing to cells exposed to ultraviolet radiation versus
controls (P = 0.0001). Our results indicate that these materi-
als could be used to make biocompatible resins.

Yen et al®® reported that smaller silver nanoparticles
(3 nm) are more cytotoxic than larger particles (25 nm),
indicating the importance of particle size. In this context,
the silver nanoparticles fabricated in the present study were
larger, and it was confirmed that they did not cause cytotoxic
or genotoxic damage in NIH-3T3 or in Jurkat cells. These
results demonstrate that PMMA-silver nanoparticles are a
suitable means of producing nontoxic materials with anti-
microbial properties for use in dentistry.

Mechanical properties

The mean GPa and MPa of the three tested materials are shown
in Table 2. Statistical analysis indicated significant differences in
GPabetween the PMMA, PMM A -silver nanoparticle, and Nature
Cryl groups (P < 0.05). PMMA and PMMA -silver nanoparticles
showed a higher MPa than Nature Cryl. On the other hand,
the flexural strength of the Nature Cryl group was the highest
(116.1 £ 10.73 MPa), followed by the PMMA and PMMA-
silver nanoparticle groups. The PMMA-silver nanoparticle
group showed a higher GPa and lower MPa compared with other
materials analyzed here; however, both values were within the
ISO-1567 specification (ie, at least 2000 GPa and 65 MPa).*°

Microstructure of PMMA-silver
nanoparticle acrylic resin

Scanning electron microscopic analysis of the PMMA-silver
nanoparticles (Figure 4) showed fairly good dispersion of
silver nanoparticles in the polymer matrix, with little aggre-
gation, which facilitated more release of silver ions and
consequently higher antibacterial activity.**

Table 2 Main values and standard deviation of flexural modulus
and flexural strength of the evaluated acrylic resin

Acrylic resin Flexural modulus* Flexural strength**

(GPa) (MPa)
PMMA 46+0.21* 92.1 + 1.49*
PMMA + AgNPs 3.9+0.25° 76.2+£0.25°
Nature Cryl 3.3+032° 116.1 +10.73°

Notes: *Different letters indicate significant difference, P value = 0.0096; **different
letters indicate significant difference, P value = 0.0078.

L D34 x80k 10pm

PMMA/AgNPs

Figure 4 Scanning electron micrograph of PMMA-silver nanoparticles showing a
homogeneous silver nanoparticle distribution in the PMMA matrix.
Abbreviation: PMMA, poly(methyl methacrylate).

Conclusion

Spherical silver nanoparticles were synthesized and added
to a PMMA formulation, resulting in successful reduction
of'adherence of C. albicans. The PMMA-silver nanoparticle
compound developed was not found to be cytotoxic or geno-
toxic, according to mitochondrial enzymatic activity, estima-
tion of DNA replication, and non-DNA genomic damage in
culture cells. The flexural properties of the PMMA-silver
nanoparticles acrylic resin were also evaluated showing that
the main values were according to the ISO—1567. An antifun-
gal biocompatible PMMA was developed as a denture base.
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