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Results: The incorporation of all preservative agents into the material diminished the microbi-
al growth of three microbial species. The PMMA resin combined with sodium metabisulfite ex-
hibited the greatest anti-microbial activity that reduced almost all bacterial cells and about
40% of C. albicans. All modified resins showed no significant cytotoxicity against L929 cells.
The addition of food preservatives did not significantly alter the flexural strength of the PMMA
resin (~84—92 MPa). However, the flexural modulus of the PMMA incorporated with food pre-
servatives (~2,024—2,144 MPa) was significantly lower than the unmodified PMMA.
Conclusion: Three food preservatives, especially sodium metabisulfite, could be applied as
anti-microbial additives into the denture base resin. The PMMA incorporated with the additives
did not show cytotoxicity. Although, the addition of the food preservatives altered the me-
chanical properties, the materials still provided acceptable flexural properties.
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Introduction

Poly (methyl methacrylate) (PMMA) has been commonly
used as denture base materials for several decades. It has
advantages of easy manipulation and processing, low cost,
good appearance, and acceptable color stability.’"* How-
ever, the denture base materials are prone to be colonized
by microorganisms in the oral environment, including
Staphylococcus aureus, Pseudomonas aeruginosa and
Candida albicans.>> These can contribute diseases in the
oral cavity, especially denture stomatitis that is one major
problem among denture wearers.® Moreover, microbial in-
fections can also cause systemic effects, such as pneumonia
and endocarditis.”® Thus, an improvement of denture base
materials to include anti-microbial activity is essential.

One attempt to promote anti-microbial properties of
denture base materials is an incorporation of drugs or anti-
septics such as ketoconazole, chlorhexidine, and quater-
nary ammonium salts.’™"" Although, anti-microbial drugs
are effective, the drug resistance and toxicity issue might
occur. Herein, preservative agents, including zinc oxide
microparticles (ZnO; ~45um), potassium sorbate (PS;
Ce¢H;KO,), and sodium metabisulfite (SM; Na,S,0s5) were
introduced as alternative compounds. The preservatives
have been used in foods and cosmetics to prevent microbial
growth.'>'3 Therefore, the anti-microbial effect of the
denture base combined with these additives could be ex-
pected with favorable biocompatibility.

The purpose of this study was to incorporate different
food preservatives (ZnO, PS, and SM) into a PMMA denture
base resin and evaluate in vitro anti-microbial activity
against various species and cytotoxicity to L929 fibroblast
cells. An influence of the additives on mechanical proper-
ties of the materials was also investigated.

Materials and methods
PMMA denture base resin

The heat polymerized denture base acrylic resin was man-
ufactured by the Siam Cement Public Company Limited.
(SCG; Bangkok, Thailand) and used throughout the study.
The product composition was mentioned in the patent.'
Briefly, the powder was predominantly PMMA particles
with average molecular weight 1.2 x 10 g/mol and particle
size around 80 um. The liquid compartment mainly con-
sisted of methyl methacrylate (MMA) monomer and also a
small amount of initiator, plasticizer, and stabilizer. For
anti-microbial denture base formulae, the food pre-
servatives were mixed with the PMMA powder to certain
concentrations (0.25 %w/w of ZnO, 1.0 %w/w of PS, and 0.5
%w/w of SM) according to the previous patent.™

To fabricate the denture base specimens in all experi-
ments, the metal moulds were designed to achieve uniform
sized specimens. The powder and liquid were mixed ac-
cording to the manufacturer’s recommendations (20g:
11 mL). The materials were packed into the mould at dough
stage under pressure of 2—4bar for 20min. The mould
containing specimens was places in water tank for 45 min at
90°C and then cooled for an hour before deflasking. The
excess resin was trimmed off with high-speed burs and
finished using silicon carbide papers. Prior to the testing,
the specimens were wet-grinded under water cooling using
metallographic grinding papers with a grain size of
approximately 30 um (P500). For biologic tests, the mate-
rials were cleaned by 70% ethanol and sterilized both sides
by UV-C radiation for 15 min.

Anti-microbial property of the modified PMMA
denture base

Three oral microbial species were selected, including S.
aureus (ATCC 6538p), P. aeruginosa (ATCC 27853), and C.
(ATCC 10231). The cell culture media and condition are
described in Supplementary data. The evaluation of anti-
microbial effect of the denture base resin incorporated
with the preservative agents was adapted from the Inter-
national  Organization for  Standardization (ISO)
22196:2011." In this method, the microbial suspension was
adjusted to the turbidity of 0.5 McFarland standard
(~2.5x 10° to 1.0 x 10° cells/mL). Then, 400 pul of the cell
suspension was inoculated on the acrylic surface
(5.0 x 5.0 x 0.4 cm® in size) and covered by sterile overhead
projector film (4.0 x 4.0 x 0.1 cm? in size). The specimens
were incubated at 354 1°C for 24 h. After incubation, the
cells were extracted by Soybean Casein Lecithin Polysorbate
(SCLP) broth. The extracted cells were diluted and swirled
onto sterile agar plates with potato dextrose agar. The
plates were incubated at 35+ 1°C for 48 h. The number of
colonies was counted and then calculated into cells/cm?.
The unmodified PMMA resin contacted to the cell suspension
for 0 and 24 h were used as the controls. Each group was
done by three parallel specimens (as shown in Fig. 1). Three
independent experiments (n = 3) were performed. In this
study, the anti-microbial effect of modified denture base
materials was represented by the relative microbial reduc-
tion (%) compared with the unmodified PMMA after incuba-
tion for 24 h as Equation (1).

Relative microbial reduction =[(No — N;) / Ng] x 100
(Equation 1)

where: Ny was the number of viable cells (cells/cm?) on the
unmodified PMMA after 24 h.

N; was the number of viable cells (cells/cm?) on the
modified PMMA after 24 h.
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Figure 1

Experimental design for the evaluation of the anti-microbial property of the denture base resins incorporated with food

preservatives. PBS: Phosphate buffer saline; PMMA: Poly(methyl methacrylate); PS: Potassium sorbate; SCLP: Soybean Casein
Lecithin Polysorbate; SM: Sodium metabisulfite; ZnO: Zinc oxide particles.

In vitro cytotoxic assay

The cytotoxicity of the PMMA resin incorporated with food
preservatives were conducted by 3-(4,5-Dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) assay according
to the 1SO 10993-5:2009."¢ The mouse fibroblast L929 cells
at 10° cells/cm® were plated in a 96-well plate at 100 uL
each well. The cells were incubated at 37 °C, 95% humidity,
and 5% CO, for 24 h.

The acrylic resin specimens were prepared by metal
mould and cut in small pieces weighted 0.2 g. The speci-
mens were extracted by 1 mL of Minimum Essential Medium
(MEM) at 37 °C for 24 h. Thermanox® Plastic coverslip and a
polyurethane film containing 0.1% Zinc dieth-
yldithiocarbamate (ZDEC) were employed as negative and
positive controls, respectively. 100 uL of the liquid extracts
was then transferred to the well containing L929 cell
monolayer. For untreated wells, the cell monolayer was
added by 100 uL of MEM. All groups were incubated at 37 °C
under 95% humidity and 5% CO, for 24 h. Six replicates for
each group were performed. Thereafter, the well contain-
ing MEM without the cell line was used as a blank. The cell
line was gently washed with phosphate buffer saline (PBS).
The viable cells were stained with 50 uL of 0.1% MTT in
Dulbecco’s Modified Eagle’s medium (DMEM) without sup-
plement and phenol red. The cells were incubated in 95%
humidity, 5% CO, atmosphere for 2h. Then, MTT was
removed and washed with PBS. After adding 100 uL of iso-
propanol for each well, the 96-well plate were shaken for
30min and measured the absorbance at 570 nm (ODszg)
using a microplate reader. The percentage of viable
L929 cells was calculated by comparing the ODs7o with the
untreated group. Eight independent experiments (n = 8)
were done.

Three-point flexural test of the anti-microbial
denture base materials

Flexural strength and modulus of the denture base incor-
porated with anti-microbial additives were investigated by

three-point flexural tests according to the ISO 20795-
1:2013."” The heat-cured acrylic were mixed with recom-
mended P:L ratio at 20:11 as the manufacturer’s in-
structions. The specimens were fabricated by flasking
technique using the stainless steel mold mounted with
dental stone internally to control the dimension (length
64 mm; width 10mm; thickness 3.3mm). The prepared
acrylic was grinded with Silicon carbide (15 pm) waterproof
abrasive papers under running water and then immersed in
distilled water at 37°C for 48 h. Seven specimens (n = 7)
for each material were fabricated and tested by TG-5kN
universal testing machine (Shimadzu, Japan). For the
three-point flexural test, the test condition was set with a
support span of 50 mm and a crosshead speed of 5 mm/min.
Flexural strength and modulus of the materials were
calculated by following formulae (Equations (2) and (3),
respectively):

Flexural strength = 3PL/2bh?, (Equation 2)

where P is the maximum load in fracture (N), L is the sup-
port span (mm), b is the test piece width (mm) and h is the
test piece thickness (mm).

Flexural modulus = FL3/4dbh3, (Equation 3)

where F is the load at the proportionate point on the
load—deformation curve (N) and d is the deformation at a
load of F (mm).

Data analysis

All statistical computations were performed by SPSS Inc.
Released 2009. PASW Statistics for Windows, Version 18.0.
Chicago: SPSS Inc. The significant differences between cell
viabilities and mechanical properties of the anti-microbial
resins compared with the unmodified PMMA control were
analyzed by one-way ANOVA followed with Dunnett’s test
at o = 0.05.
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Results

Relative microbial reduction of the acrylic resin
incorporated with preservatives

The numbers of microbial cells at contact periods for 0 and
24 h onto the unmodified PMMA resin are shown in Table 1.
For all microbial species, the numbers of viable cells on the
unmodified PMMA surface significantly increased after 24 h
(p <0.05). For the modified PMMA resins, their anti-
microbial effect was represented by a decrease in the
number of microbial cells compared with the control PMMA.
Three additives provided an inhibition effect against all
microbial species (Fig. 2). The gram-positive bacterium, S.
aureus, was highly susceptible (almost 100% microbial
reduction) to the anti-microbial acrylic resins. Whereas,
the moderate microbial inhibitory effect (about 40%) was
observed in the gram-negative bacterium, P. aeruginosa.
Only the acrylic resin with SM showed strongly anti-
microbial effect (~98%). For opportunistic fungus, C.
albicans exhibited less susceptibility (30—40% microbial
reduction) among all materials.

In comparison between the PMMA combined with
different preservative agents, the denture base with SM as
the additive appeared the most effective composition to
inhibit microorganisms, especially against both positive and
negative gram bacteria (more than 90% microbial reduc-
tion). While, the formulae with ZnO and PS provided strong
microbial inhibition for only S. aureus and showed moder-
ate effect less than 50% reduction for both P. aeruginosa
and C. albicans.

Cytotoxicity of the anti-microbial PMMA materials

The short-term cytotoxicity against L929 fibroblast cells of
the heat-cured acrylic resin incorporated with preservative
agents is shown in Fig. 3. The PMMA denture base without
additive had no cytotoxic effect to L929 cells. The incor-
poration of all preservatives did not significantly cause the
cytotoxicity when compared with the PMMA control
(p <0.05).

Table 1  Number of viable microbial cells treated on the
unmodified heat-polymerized PMMA resin for 0 and 24 h.

Microbial Number of viable microbial cells
species (x10%cells/cm?)
PMMA PMMA contact
contact period®
period® 24 hours
0 hour
S. aureus 1.19 +£0.62 68.27 + 16.35*
P. aeruginosa 2.21+£0.25 94.2 + 15.37*
C. albicans 0.84 +0.06 12.33 + 2.32*

Values were represented in mean + standard deviation (n = 3).
Asterisk indicated significant different from the unmodified
PMMA with 0 h-contact period (p < 0.05).
PMMA: Poly(methyl methacrylate).

@ Contact period can be defined as an exposure time of the
microbial cells onto the PMMA surface.

Flexural modulus and flexural strength of the anti-
microbial acrylic resins

From three-point flexural test according to the 1SO 20795-1,
two mechanical properties, including flexural strength and
modulus, of the materials are shown in Table 2. The acrylic
denture base produced by SCG company showed flexural
strength and modulus about 83 and 2,400 MPa, respectively.
The addition of preservative agents did not provide a sig-
nificant alteration in the flexural strength of the materials.
Nevertheless, all additives significantly decreased the
flexural modulus of the materials to about 2,000 MPa
(p < 0.05).

Discussion

As described previously, denture base materials prone to be
reservoir for microbial colonization from several patho-
gens.>*'8 |n this study, the incorporation of food pre-
servatives into the acrylic denture base was introduced to
promote anti-microbial effect. Various food preservatives
including zinc oxide (ZnO), potassium sorbate (PS), and
sodium metabisulfite (SM) were preliminarily studied their
optimal compositions which were mentioned in the previ-
ous patent.™

Three problematic oropharyngeal microorganisms were
selected including S. aureus, P. aeruginosa, and C. albicans
as representatives for gram-positive bacteria, gram-
negative bacteria, and fungi, respectively. The anti-
microbial mechanism of these additives have been
purposed.'?'9723 ZnO generated reactive oxygen species
(ROS) that caused cellular damage and apoptosis.?® While
plausible mechanism for two weak acid preservatives (PS
and SM) could be an interruption of cellular metabolism by
an accumulation of protons inside the microbial cells. >’
Both PS and SM also induced lipid peroxidation that dete-
riorated the cell membrane.?? Additionally, SM that is the
sulfur-containing compound was reported about the
releasing of sulfur dioxide molecules. These compounds can
cleave disulfide bonds of in protein structures causing
enzyme destruction and cellular damage.??

From the anti-microbial testing, the unmodified PMMA
resin itself did not provide the inhibitory effect against the
microbial species (Table 1). The incorporation of all food
preservatives into the PMMA resins could reduce the mi-
crobial growth as illustrated in Fig. 2. The anti-microbial
effect of the materials against S. aureus was stronger
than that against P. aeruginosa, and C. albicans. One
possible reasons could be the difference in their cellular
protective structures. Because the gram positive S. aureus
has only one cytoplasmic membrane, it would be more
susceptible to anti-microbial agents than other species that
possess cell membrane bilayer.?* While the cell wall
composition of C. albicans, consisting glucan and mannan
structures, mostly differs from that of both nonsporulating
bacteria.?® This might lead to the lowest microbial inhibi-
tion of the materials against C. albicans. Furthermore,
there was a difference in the anti-bacterial activity against
P. aeruginosa among three compositions. The PMMA with
SM showed greater inhibitory effect to P. aeruginosa than
that combined with PS. This could be explained by the
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Table 2 Flexural strength and modulus of the heat-
polymerized PMMA resin with different food preservatives.

Acrylic resin Flexural Flexural modulus
strength (MPa) (MPa)

PMMA (control) 82.65+4.59 2,376.71 £172.76

PMMA plus ZnO 83.75+7.77 2,023.57 + 119.13*

PMMA plus PS 85.01 +4.27 2,143.75 + 53.89*

PMMA plus SM 91.84 + 10.05 2,030.43 + 58.75*

Values were represented in mean + standard deviation (n = 7).
Asterisk indicated significant different from the PMMA control
(p <0.05).

PMMA: Poly(methyl methacrylate); PS: Potassium sorbate; SM:
Sodium metabisulfite; ZnO: Zinc oxide particles.

Table 3 Minimum inhibition concentrations against P.
aeruginosa of three anti-microbial agents from some pub-
lished articles.

Compound MIC (%) Method Refs.
Zn0 0.05 %

Microtiter plate based assay

~0.02 Agar plate diffusion assay 22
PS 0.15 Agar plate diffusion assay L2
1 Broth microdilution technique 2°
>1 Microtiter plate based assay %’
SM 0.05 Agar plate diffusion assay L2
0.125  Broth microdilution technique 2°
1 Microtiter plate based assay %’

MIC: Minimum inhibition concentration; PS: Potassium sorbate;
SM: Sodium metabisulfite; ZnO: Zinc oxide particles.

Table 4

The preliminary cytotoxic testing of the modified den-
ture base resins was done according to the ISO standard
about biological testing of medical devices.'® The PMMA
acrylic resin from SCG company did show cytotoxic effect
to L929 fibroblast cells (Fig. 3). Thus, the denture base
itself appeared to be biocompatible. The anti-microbial
additives in this study have been widely used as pre-
servatives in food and cosmetic products. The concentra-
tions of all preservative agents into the PMMA resin were
within safety range.’'* Therefore, the denture base
incorporated with these anti-microbial agents did not
cause cytotoxic issue. However, the products should also
be evaluated in animal models before applying in a clinical
trial.

Besides biocompatibilty assessment, the mechanical
properties of the materials were also evaluated. The
additives could influence or deteriorate the material
properties.®> In this study, the PMMA resin manufactured
by SCG company showed flexural properties about
83 MPa and 2,400 MPa for flexural strength and modulus,
respectively. The incorporation of the food preservatives
raised the flexural strength but reduced the flexural
modulus of the PMMA resin. This should be further
investigated. Although the anti-microbial PMMA resins
showed the alteration in the flexural properties, these
materials still provided acceptable flexural strength and
modulus according to the ISO 20795-1:2013 (65 and
2,000 MPa, respectively).'”

Within the limitation in this study, it can be concluded
that the incorporation of three preservative agents into
the denture base resin promoted anti-microbial activity
(Table 4). The PMMA combined with 0.5 %w/w of sodium
metabisulfite appeared to be an effective composition
providing the great inhibition effect against both gram-

Summarized properties including anti-microbial activity against various microorganisms, L929 cell viability, and

flexural properties of the heat-cured PMMA resin incorporated with food preservatives.

Acrylic resin “Anti-microbial activity In vitro PMechanical
S. aureus P. aeruginosa C. albicans Cytotoxicity properties
PMMA + ZnO J J J Biocompatible Acceptable
PMMA -+ PS JH J J Biocompatible Acceptable
PMMA + SM K Jo J Biocompatible Acceptable

PMMA: Poly(methyl methacrylate); PS: Potassium sorbate; SM: Sodium metabisulfite; ZnO: Zinc oxide particles.
2 Anti-microbial activity was represented by relative microbial reductions (/ = less than 50% reduction; // = over than 90%

reduction).

P Acceptable mechanical properties according to the ISO 20795—1:2013 were more than 65 and 2,000 MPa for flexural strength and

modulus, respectively.

minimum inhibition concentration (MIC) of SM itself against
P. aeruginosa of was lower than that of PS in many studies
(Table 3).'22%27 Whereas, ZnO particles into the PMMA
exhibited less microbial reduction against P. aeruginosa in
spite of its low MIC in previous articles.”®*° This could be
explained by size-dependent anti-bacterial activity of ZnO
particles.’® In this study, the particle size of ZnO was
45 um, approximately. Therefore, the surface-to-volume
ratio was lower than that of nano-size ZnO in previous
studies.

positive and gram-negative bacteria. All additives did
not cause cytotoxicity. Regarding to the mechanical
properties, the modified resins still provided acceptable
flexural properties according to the ISO 20795-1:2013.
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