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Abstract
Purpose: This study aimed to investigate the antimicrobial properties and cytotoxicity
of the monomer methacryloyloxyundecylpyridinium bromide (MUPB), an antiseptic
agent capable of copolymerizing with denture base acrylic resins.
Materials and Methods: The antimicrobial activity of MUPB was tested against
the species Candida albicans, Candida dubliniensis, Candida glabrata, Lactobacillus
casei, Staphylococcus aureus, and Streptococcus mutans. The minimum inhibitory and
fungicidal/bactericidal concentrations (MIC, MFC/MBC) of MUPB were determined
by serial dilutions in comparison with cetylpyridinium chloride (CPC). The cytotoxic
effects of MUPB at concentrations ranging from 0.01 to 1 g/L were assessed by MTT
test on L929 cells and compared with methyl methacrylate (MMA). The antimicrobial
activity of copolymerized MUPB was tested by means of acrylic resin specimens
containing three concentrations of the monomer (0, 0.3, 0.6% w/w). Activity was
quantified by means of a disc diffusion test and a quantification of adhered planktonic
cells. Statistical analysis employed the Mann-Whitney test for MIC and MFC/MBC,
and ANOVA for the microbial adherence test (α = 0.05).
Results: MUBP presented lower MIC values when compared with CPC, although
differences were significant for C. dubliniensis and S. mutans only (p = 0.046 and
0.043, respectively). MFC/MBC values were similar for all species except C. albicans;
in that case, MUPB presented significantly higher values (p = 0.046). MUPB presented
higher cytotoxicity than MMA for all tested concentrations (p < 0.001) except at
0.01 g/L. Irrespective of the concentration incorporated and species, there was no
inhibition halo around the specimens. The incorporation of MUPB influenced the
adhesion of C. albicans only (p = 0.003), with lower CFU counts for the 0.6% group.
Conclusions: It was concluded that non-polymerized MUPB has an antimicrobial
capacity close to that of CPC and high cytotoxicity when compared with MMA. The
antimicrobial activity of MUPB after incorporation within a denture base acrylic resin
did not depend on its elution, but was shown to be restricted to C. albicans.

Wearing complete dentures may have adverse effects, such
as denture-induced stomatitis, a common recurring disease in
edentulous patients, on the health of both oral and denture-
supporting tissues.1-3 Despite the multifactorial etiology of
stomatitis, great importance can be attributed to bacterial
and Candida spp. infections, especially when associated with
poor oral hygiene.4,5 Abu-Elteen and Abu-Alteen6 observed

that the prevalence of C. albicans among complete denture
wearers was 78.3%, whereas only 36.8% of a group of healthy
dentate subjects presented it. Acrylic resin denture bases play
an important role as reservoirs of microorganisms, leading
to increased risk of Candida colonization.7,8 The adherence
of these fungi to polymeric surfaces is implicated as the first
step in the pathogenesis of associated stomatitis.4,9 Following
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Figure 1 Structure of MUPB.

adherence, microorganisms are capable of dividing, forming
microcolonies, secreting exopolymeric material, and ultimately
forming a 3D biofilm.3

There has been increasing interest in the incorporation of bio-
cides in polymeric dental materials. Several authors attempted
to combine antifungals or antiseptics with temporary soft liners
or with denture acrylic resin, such as nystatin,10-12 miconazol,13

ketoconazol,13 fluconazole and itraconazole,10 chlorhexidine,14

triclosan,15 titanium dioxide,16 and zeolites.17 However, mate-
rials that release agents may exert toxic effects or induce popu-
lation shifts of microorganisms and may suffer from short-lived
effectiveness and deterioration of their mechanical properties.18

Options, such as surface treatment by glow-discharge plasma,19

glazes,20 incorporation of polar radicals into the polymer,21 and
the copolymerization of fluoroalkyl methacrylates22 have been
studied.

There are other alternatives with the aim of imparting an-
timicrobial activity to acrylic resin, without depending on the
elution of agents. Examples of these alternatives are: the incor-
poration of metallic silver nanoparticles23 and copolymerizable
quaternary ammonium compounds.24-26 A possible advantage
of the latter is the covalent linking of antiseptic compounds to
dental polymers, which integrates them strongly.27 An attempt
to incorporate covalently bound antiseptics into denture base
acrylic resin has been described.25,28 However, it was based on
a quaternary ammonium compound mixed with the polymer of
an acrylic resin at high concentrations. There has been no pre-
vious description of the addition of an antiseptic methacrylic
monomer, which could result in an effective material, except
for a small preliminary experiment by Imazato et al.29

The 12-methacryloyloxydodecylpyridinium bromide
(MDPB) monomer, a quaternary ammonium compound
formed by a dodecylpyridinium group and a methacrylate
group, is a recently developed copolymerizable biocide. When
incorporated into dental composites and adhesive systems in
small quantities, it maintains antiseptic effects after the curing
process, without elution of the active substance.18 Neverthe-
less, the synthetic route to MDPB involves the use of expensive
reagents, such as 12-bromo-l-dodecanol. The substitution of
the latter by more affordable reagents can result in a potentially
more cost-effective antimicrobial monomer. An interesting
option is the 11-bromo-l-undecanol, which would result in a
new monomer, namely, methacryloyloxyundecylpyridinium
bromide (MUPB).

The aim of this study was to determine the antimicrobial
activity of the MUPB monomer in its non-polymerized form
and following its incorporation into a denture base resin and to
determine its cytotoxicity. The evaluated monomer is a quater-
nary ammonium compound, which, similar to MDPB, presents
a methacryloyl group capable of copolymerizing with conven-
tional acrylic resins.

Materials and methods
Structure of MUPB

Figure 1 shows the structure of MUPB, which is a com-
pound of quaternary ammonium undecylpyridinium bro-
mide and a methacryloyl group, synthesized as follows: 11-
methacryloyloxyundecyl bromide (MUB) was synthesized by
a reaction of 11-bromo-l-undecanol and methacrylic acid at
78◦C for 32 hours. Purified MUB was then converted to MUPB
by reaction with pyridine at 100◦C for 30 minutes and puri-
fied. Configuration of the product was confirmed with 1H-NMR
(Bruker 400 MHz, Bruker BioSpin Corp., Billerica, MA).

Strains

C. albicans (ATCC 90028), Candida dubliniensis (ATCC
7987S), Candida glabrata (ATCC 2001), Staphylococcus au-
reus (ATCC 6538), Streptococcus mutans (ATCC 25175), and
Lactobacillus casei (ATCC 393) were used. These species have
involvement with denture stomatitis and are able to colonize the
edentulous oral cavity by adhering to acrylic resin.7,30,31 The
fungi from stock cultures were cultivated in Sabouraud dex-
trose agar (SDA), and all bacteria were cultivated in brain heart
infusion (BHI) agar (HiMedia, Mumbai, India). A loopful in-
oculum of each microorganism was transferred to 10 mL of
Tryptic Soy Broth (TSB) (HiMedia) and incubated at 37◦C for
24 hours before each experiment.

MIC and MFC/MBC measurements

The minimum inhibitory concentration (MIC) assay was based
on the microbial growth in TSB containing different concen-
trations of MUPB. The initial concentration of uncured MUPB
in TSB was set at 10 g/L, and serial two-fold dilutions were
made into 50 μL volumes of TSB in the wells of 96-well mi-
croplates. That procedure resulted in 12 concentrations ranging
from 10 to 0.005 g/L. Bacterial cultures of each microorganism
were incubated overnight and adjusted to 1–5 × 106 CFU/mL
suspensions in TSB prior to inoculating 50 μL into each well
containing MUPB solution. After incubation in a candle jar
for 24 hours at 37◦C, the MIC value was determined by visual
examination.

Subcultures were made from the wells without visible growth
of microorganisms by spreading 10 μL on SDA plates (HiMe-
dia) plates for Candida species and BHI agar plates for bacteria.
Each plate was incubated in a candle jar for 1 to 2 days at 37◦C,
and the MBC value was defined as the lowest concentration of
MUPB that precluded colony formation on agar. The values for
all strains were compared with cetylpyridinium chloride (CPC)
(Sigma, St. Louis, MO), measured by the same method.
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Cytotoxicity Test

The MTT (3-(4,5-dimethyl-thiazoyl)-2,5-diphenyl-SH-tetra-
zolium bromide) method, which reflects mitochondrial
metabolism, was carried out on L-929 mouse fibroblasts. Cells
were cultivated (6 × 103 cell/well) in 96-well microplates
(Costar Corp., Cambridge, MA) containing Dulbecco’s Modi-
fied Eagle’s Medium (DMEM; Gibco, Grand Island, NY) sup-
plemented with 10% fetal calf serum (Gibco), 100 IU/mL peni-
cillin, 100 μg/mL streptomycin, and 2 mmol/L glutamin and
incubated for 24 hours at 37◦C with 5% CO2 and 95% air.

After attachment, phosphate-buffered saline (PBS, pH = 7.1)
and 200 μL of MUPB solution were added. Unpolymerized
MUPB was first dissolved in dimethyl sulphoxide (VETEC
Quı́mica Fina, Duque de Caxias, Brazil) (maximum: 1% v/v)
and then in complete medium without fetal bovine serum. The
final concentrations of MUPB were 1, 0.5, 0.25, 0.05, and
0.01 g/L. The same procedure was repeated for the methyl
methacrylate (MMA) monomer (Aldrich, Stanheim, Germany),
which served as a control.

After 48 hours of cell growth in either the control or test
culture media, the cytotoxicity of the solutions was assessed.
Each well received 20 μl of MTT solution (5 g/L in Hanks
balanced salt solution), and the microplates were further incu-
bated at 37◦C for 3 hours. After the incubation period, 100 μL
of acidified isopropanol (0.04 N HCl in isopropanol) was added
to the cultures and mixed thoroughly to dissolve the dark blue
formazan crystals. After this, cell viability was determined by
spectrophotometric measurement of absorbance at 550 to 620
nm (Labsystems Multiskan Ascent, Thermo Labsystems, Van-
taa, Finland). Each test was conducted four times as in previous
studies.32,33

Inhibitory effect on microbial growth

A heat-polymerized acrylic resin (Lucitone 550; Dentsply In-
ternational Inc., York, PA) was used as the control and the
basis for two experimental groups. Three disc-shaped (15-mm
diameter × 1-mm thick) specimens were obtained for each
group and species. Metal master patterns were individually in-
vested in high-viscosity silicone (Zetalabor; Zhermack S.p.A,
Badia Polesine, Rovigo, Italy), and supported by type III dental
stone (Herodent; Vigodent SA Ind Com, Rio de Janeiro, Brazil)
within flasks. After the dental stone had set, the flasks were sep-
arated, and the master patterns were removed from the silicone
mold. For the control group, a portion of monomer (10 mL)
and polymer (21 g) was mixed for each flask, according to the
manufacturer’s recommendations, thus reaching a dough stage,
and then the mixture was placed into the molds. For the other
groups, MUPB was incorporated at 0.3% or 0.6% (w/w). The
first concentration was based on a preliminary test described in
the patent for MDPB; at that opportunity, acrylic resins con-
taining 0.3% MDPB were tested with promising results against
S. mutans.25 In this study, 0.6% MUPB was tested to determine
whether higher doses would improve antimicrobial properties.

A pneumatic press (PM-2000; Techno Máquinas Ltda, Vin-
hedo, Brazil) was used for packing the denture base resin,
initially at 500 kgf and finally at 1250 kgf, maintained for
60 minutes. The resin was polymerized in a water bath, accord-
ing to the manufacturer’s instructions (73◦C for 90 minutes,

Table 1 Criteria for determining microbial growth under the specimens

Score Status

3 Dense bacterial growth or attachment on the whole surface
2.5 Dense bacterial growth or attachment covering more than

2/3 of the surface
2 Dense bacterial growth or attachment covering 2/3-l/2 of the

surface, or moderate bacterial growth or attachment on
the whole surface

1.5 Dense bacterial growth or attachment covering l/2–1/3 of the
surface

1 Dense bacterial growth or attachment covering 1/3–1/5 of
the surface, or slight bacterial growth or attachment on the
whole surface

0.5 Bacterial growth or attachment covering less than l/5 of the
surface

0 No bacterial growth or attachment

followed by 30 minutes at 100◦C). The flasks containing acrylic
resin discs were then bench cooled overnight before deflasking.
The excess resin was trimmed with a bur (Maxi-Cut; Malleifer
SA, Ballaigues, Switzerland). Each disc was then finished us-
ing 200-, 400-, 600-, and 1,200-grit wet/dry abrasive paper
(Norton; Saint-Gobain Abrasivos Ltd, Guarulhos, Brazil) in a
polishing machine (DPU-10; Panambra Ind. e Técn. S.A., São
Paulo, Brazil) at 250 rpm for 60 seconds. Dimensions were
confirmed with a digital caliper (Model CD-6’’ CSX-B; Mi-
tutoyo Sul Americana Ltda., Suzano, Brazil). The discs were
immersed for 5 days in distilled water at 37◦C and sterilized
by ethylene oxide. Testing protocols were conducted at least
15 days after sterilization.

For each concentration of MUPB, the bottom surface of three
discs was placed onto an SDA plate inoculated with 100 μL
of 1–5 × 106 CFU/mL of each Candida species or BHI agar
plate for bacteria. Plates were incubated aerobically at 37◦C for
24 hours, and the elution of antibacterial components was esti-
mated from the production of inhibition zones around the discs.
Discs were then removed, and microbial growth in contact with
the acrylic resin was determined by means of a visual scoring
system (Table 1).34 One disc per plate was placed for each con-
trol and experimental material, and the test was performed in
triplicate.

Measurement of microbial adherence

A series of cube-shaped specimens (10 mm × 10 mm × 3 mm)
was obtained according to the aforementioned procedures. Ten
specimens for each concentration of MUPB were placed in
tubes with 10 mL of TSB inoculated with each microorganism.
After aerobic incubation at 37◦C for 24 hours, specimens were
taken from these suspensions and washed with saline five times
to dislodge loosely bound plaque. Afterwards, each specimen
was immersed in 10 mL of 1 mol/L NaCl and vortexed vigor-
ously for 1 minute and allowed to stand for 9 minutes, followed
by a short vortex for 1 minute to collect the adhered cells.
Dilutions (10−1 to 10−3) were transferred to plates contain-
ing an SDA or BHI agar as appropriate (10 μL each dilution).
Plates were incubated at 37◦C for 48 hours, and colonies were
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counted for quantification of colony-forming units per milliliter
(CFU/mL).

Statistical analysis

Comparisons by means of parametric tests were performed
only for normally distributed variables that presented homoge-
neous variances. This way, results for MIC and MFC/MBC
were analyzed by the Mann-Whitney test and those for
the cytotoxicity assay by two-way ANOVA, followed by
Student–Newman–Keuls test. The inhibitory effect on bac-
terial growth assay generated an ordinal variable; therefore,
it was analyzed by Kruskal–Wallis test. As the counts of
adhered cells were normally distributed after transformation
(log (CFU+1)/mL), data for adherence assays were analyzed
by means of one-way ANOVA followed by Tukey HSD test.
Analysis was performed at a 0.05 level of significance by means
of a software package (PASW 17.0.0; SPSS Inc., Chicago, IL).

Results
MIC and MFC/MBC measurements

Table 2 summarizes results for MIC and MFC/MBC of uncured
MUPB and CPC. MUPB presented lower MIC than CPC for
all species, although their differences were significant only for
C. dubliniensis and S. mutans. Regarding MFC and MBC, a
slighter difference was found between the tested compounds for
almost all species. A significant difference was found only for
C. albicans, with MUPB presenting higher values than CPC.

Cytotoxicity test

Table 3 and Figure 2 show results obtained by means of the MTT
assay. Differences between monomers (p < 0.001) and among
concentrations (p < 0.001) were highly significant, as was their
interaction (p < 0.001). MUPB and MMA presented similar
cytotoxicity only at the lowest concentration tested (0.01 g/L);
moreover, their cytotoxic effect can be considered negligible
for this concentration. MMA caused significant reduction in
viable cells only at the highest concentration tested (1 g/L).

Table 2 MIC and MFC/MBC of MUPB and CPC [mean (standard de-
viation)] in g/L, and comparison between compounds (Mann-Whitney
test)

MIC MFC/MBC

MUPB CPC p MUPB CPC p

C. albicans 0.63
(0.00)

0.84
(0.71)

0.480 5.83
(3.82)

0.84
(0.71)

0.046∗

C. dubliniensis 0.83
(0.36)

5.83
(3.82)

0.046∗ 6.67
(2.89)

5.83
(3.82)

0.637

C. glabrata 1.04
(0.36)

5.42
(4.39)

0.105 5.21
(4.69)

5.42
(4.39)

0.822

S. mutans 1.04
(0.36)

3.33
(1.44)

0.043∗ 4.17
(1.44)

5.83
(3.82)

0.637

S. aureus 1.75
(0.66)

3.57
(5.58)

0.513 5.83
(3.82)

3.59
(5.55)

0.376

L. casei 0.63
(0.00)

6.67
(5.77)

0.480 4.58
(4.73)

6.68
(5.75)

0.817

∗Significant difference (p < 0.05).

Table 3 Absorbance at 570 nm for the MTT assay [mean (standard
deviation)] in percent

Concentration (g/L)

0.01 0.05 0.25 0.5 1

MMA 95.3 (4.5) Aa 93.8 (5.1) Aa 96.9 (1.8) Aa 89.2 (6.2) Aa 65.7 (9.1) Ab

MUPB 90.0 (6.0) Aa 52.3 (6.3) Bb 6.5 (0.8) Bc 7.2 (0.7) Bc 8.3 (0.5) Bc

Vertically, means with same uppercase letters are not significantly different. Horizontally,

means with same lowercase letters are not significantly different (Student–Newman–Keuls

test, p < 0.05).

Nevertheless, a change in the concentration of MUPB from
0.01 to 0.05 g/L resulted in a 42% lower absorbance. When
compared with 0.01 g/L, a concentration of 0.25 g/L caused
further reduction (87%), but higher concentrations caused no
significant change.

Figure 2 Mean absorbance for the MTT test in
percent. Error bars represent standard
deviations.
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Table 4 Scores for the inhibitory effect of acrylic resin discs and com-
parison among groups, according to the studied species

Groups

Species Disc Control (0%) 0.30% 0.60% Kruskal–Wallis test

C. albicans 1 2 1 1 KW = 1.654; p = 0.437(ns)

2 1 2.5 1.5
3 1.5 2.5 1

C. dubliniensis 1 0 0 0.5 KW = 1.143; p = 0.565(ns)

2 0.5 0.5 0.5
3 0.5 0.5 0.5

C. glabrata 1 1 1 1.5 KW = 0.164; p = 0.921(ns)

2 0 0.5 0.5
3 2.5 1.5 0.5

S. mutans 1 0 0.5 0 KW = 0.800; p = 0.670(ns)

2 0 0 0
3 0.5 0.5 0.5

S. aureus 1 0 0.5 0 KW = 0.800; p = 0.670(ns)

2 0 0 0.5
3 0.5 0.5 0

L. casei 1 0 0 0 KW = 0.000; p = 1.000(ns)

2 0 0 0
3 0 0 0

(ns)No significant difference (p > 0.05).

Table 5 Quantification of microorganisms adhered on acrylic resin spec-
imens [mean (standard deviation)] in log(CFU+1/mL), and comparison
among groups (one-way ANOVA)

C. albicans C. dubliniensis C. glabrata S. mutans S. aureus L. casei

0% 5.6 (0.7) 6.1(0.6) 5.0 (0.4) 5.9 (0.6) 6.7(0.5) 0.9 (2.4)
0.3% 5.9 (0.4) 5.7 (0.7) 4.9 (0.3) 5.7 (0.5) 7.1 (1.1) 0.7 (2.1)
0.6% 4.9 (0.7) 6.1(0.5) 5.0 (0.5) 5.7 (0.3) 6.8 (0.4) 1.3 (2.4)
p 0.003∗ 0.372(ns) 0.880(ns) 0.577(ns) 0.612(ns) -

∗Significant difference (p < 0.05).
(ns)No significant difference (p > 0.05).

Inhibitory effect on microbial growth

No inhibition zone was produced by either control or experi-
mental discs, indicating that no antimicrobial component was
eluted. Table 4 presents scores for fungal and bacterial growth
under each disc. No difference was found among the three ex-
perimental groups, regardless of the species tested.

Measurement of microbial adherence

Mean values and standard deviations for microbial counts are
shown in Table 5. The incorporation of 0.6% MUPB signifi-
cantly inhibited the adherence of C. albicans, whereas no statis-
tical difference was found between the 0.3% MUPB and control
groups. Irrespective of concentration, MUPB had no influence
on the other species.

No adhered L. casei was detectable on most specimens.
The control group presented a count higher than zero (6.8 log
(CFU + 1/mL)), as well as the 0.3% group (5.9 log(CFU +
1/mL)). The 0.6% group presented only two positive results
(4.5 and 5.8 log(CFU + 1/mL)). For this species, compari-
son among groups was done by means of the Kruskal–Wallis
test, and no significant difference was found (KW = 0.323;
p = 0.851).

Discussion
This preliminary in vitro assessment found that the MUPB
monomer presents antimicrobial activity in its uncured form.
Results for a structurally similar monomer, MDPB, were
similar, with strong antimicrobial activity against Strep-
tococcus spp., Lactobacillus spp., and other cariogenic
species.18,24,27,35-42 Although only C. dubliniensis and S. mu-
tans presented significant differences, MUPB showed a trend
towards lower MIC than those for CPC, regardless of the
species. Since CPC is a quaternary ammonium compound with
a high spectrum frequently used in dentifrices and mouthrinses,
results have shown that MUPB is an efficacious antimicrobial
agent; however, MUPB presents slightly lower MIC values
when compared with MDPB, which can be explained by a
longer extension of the aliphatic chain of the latter, namely
11 versus 12 carbon atoms. The longer the aliphatic chain linked
to the pyridinium group, the higher the hydrophobic interaction
between the compound and cell wall’s lipidic components; thus,
the greater the antimicrobial activity.24,43

MFC and MBC values varied according to species, with
MUPB presenting a significantly lower effect than CPC only
for C. albicans. This reinforces the potential of MUPB as an
antimicrobial agent, since the overall results were similar to
those of the control compound; however, MDPB presented
higher MBC than CPC against cariogenic species.32,39 This
difference was explained by the higher hydrophilicity of CPC
and the absence of the methacryloyl group, with the latter re-
ducing interaction with cell walls. The differences between
MUPB and CPC were similar to those between MDPB and
CPC with regard to MFC and MBC.32 These results indicate
similar mechanisms involved in the antimicrobial activity of the
two monomers. Nevertheless, the MBC values of MDPB were
slightly lower than those found for MUPB, which suggests the
same bactericidal activity with lower concentrations.32,37

MUPB was cytotoxic at relatively low concentrations when
compared with the control monomer, MMA. An IC50 close to
0.05 g/L was observed, which is nearly similar to the IC50 of
MDPB on human pulp cells (0.04 g/L),32 and 20 times lower
than the value found for MMA. The cytotoxicity of MUPB
can be compared with that of other monomers, such as HEMA
and UDMA,44 which are widely used in dental composites
and light-polymerized denture base resins. The present results
should not necessarily be viewed as unfavorable, since several
monomers used in dental adhesives are more cytotoxic than
this, that is, Bis-GMA, TEGDMA, and UDMA (IC50: 0.0048,
0.0357, and 0.0087 g/L, respectively).45 Moreover, the aliquots
of MUPB incorporated into the tested resin were relatively
small. Because of that, amounts of MUPB may be present in
extracts from polymerized resins at concentrations lower than
those of MMA or dental composite monomers; however, more
relevant conclusions regarding the safety of MUPB cannot be
drawn until further clinically relevant assays are carried out.32,46

The absence of inhibition halos was a common finding for all
groups or species studied and showed that no eluted compound
inhibited microbial growth, that is, uncured MUPB. This indi-
cates that MUPB was immobilized within the polymeric chains
by means of copolymerization. Similar results were found
for MDPB against A. viscosus, L. casei, and Streptococcus
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spp.,18,34,41,47 and for TBAEMA against Escherichia coli.48

As MUPB and MDPB are very similar, the same copolymer-
ization ability can be expected for both. Such antimicrobial
monomers can copolymerize their methacrylic radical with
acrylic resins,18,49,50 and the opposite molecular portion, the
quaternary ammonium radical, would act by direct contact
with microbial cells.18 As long as the compounds become cova-
lently linked to the denture base resin, the effect of incorporated
MUPB is not expected to diminish over time.

The method used to assess microbial growth under speci-
mens was based on visual scoring, and was unable to detect
differences among control and experimental groups. A similar
method was used to test the incorporation of MDPB into dental
composites and showed reduction in the growth of S. mutans,
L. casei, and A. viscosus.18,24,34,47 Although the method used is
not very sophisticated, it is able to detect important differences
among groups; however, it is debatable whether the groups
were not different, or the discrepancies were too small and
would demand other methods of assessment to be detected.

C. albicans presented significantly lower adherence to spec-
imens associated with the incorporation of 0.6% of MUPB.
This agrees with the findings of another study that found lower
adherence of C. albicans on acrylic resin containing a poly-
merized quaternary ammonium compound.25,28 However, the
effect was only found when much higher concentrations were
incorporated, suggesting that MUPB presents strong antifungal
properties against this species. Reduction of S. aureus was also
found after the ammonium polymer had been incorporated. In
this study, no reduction of the latter was found, and the pos-
sible reason for this is the different protocol used. Different
concentrations of the agent, as well as the immersion in arti-
ficial saliva,51-53 might have been responsible for the different
results.

The difference among groups in terms of the adherence of C.
albicans is an interesting finding by itself. Distinct species of the
genus Candida differ according to their surface hydrophobicity
and ability to form hyphae,55 which are features associated with
their adherence and virulence.7 C. albicans is less hydrophobic
than C. glabrata56 and may present greater variation in response
to environmental factors when compared with C. dubliniensis.57

Other studies about the adherence of Candida spp. on acrylic
resin have also shown wide variation among species.7,56

Incorporated MUPB was unable to affect the adherence of
bacterial cells, and the explanation for this may be associated
with cell morphology. Gram-positive bacteria (i.e., S. mutans,
S. aureus, and L. casei) show less susceptibility to antimi-
crobial agents such as silver-based agents23,58 and MDPB.37

Those bacteria have more peptidoglycans in their cell walls
than gram-negative bacteria, which may prevent damage to
their plasma membrane caused by quaternary ammonium rad-
icals. Nevertheless, it is possible that incorporated MUPB may
present an important antimicrobial effect at higher concen-
trations or even be efficacious against gram-negative species
at the tested proportions. Another copolymerizable quaternary
ammonium compound, TBAEMA, was able to reduce adhered
S. aureus after incorporation, but at a minimum concentration of
1.5% (w/w).26

Future studies would be necessary to investigate possible un-
desirable effects of MUPB on other properties of denture base

acrylic resins, such as those found after incorporating other an-
timicrobial agents.16,17,59-61 We have already assessed mechan-
ical properties and color stability of a resin containing 0.6%
MUPB, and no important deleterious change was found.62 De-
spite the results of this preliminary study with planktonic cells,
future research using biofilm models associated with quantita-
tive and qualitative approaches should be encouraged.63 Such
research may provide more information about the interaction
between microbial communities and the incorporated MUPB
in specific applications. Based on this study, a possible specula-
tion is that resins containing 0.6% MUPB might prevent fungal
infections by means of a selective effect on C. albicans, though
bacterial cells would still adhere as normal; however, future
studies should also gather results with regard to other prop-
erties, such as the elution of components, compatibility with
artificial teeth and in vivo biocompatibility, as well as other
applications of the MUPB monomer, that is, as a component of
denture glaze resins.

Conclusions
Uncured MUPB was comparable with CPC in terms of antimi-
crobial activity and nearly 20 times more cytotoxic than MMA.
When incorporated into a denture base acrylic resin, MUPB
was able to reduce the adherence of C. albicans. This action
did not depend on the release of eluates into the surrounding
medium.
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