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Objective: Denture base materials are susceptible to fungal adhesion, which 
is an important etiological issue in the pathogenesis of denture stomatitis. 
The purpose of this in vitro study was to evaluate the antifungal activity and 
cytotoxicity of denture base material containing silver microparticles. Materials 
and Methods: The polymethyl methacrylate (PMMA) denture base material was 
used, and silver microparticles were added to the polymer powder in different 
concentrations by volume (0%, 0.25%, 0.5%, and 1%). Their antifungal activity 
against Candida albicans was assessed in terms of colony-forming units. PMMA 
disc specimens containing silver microparticles were eluted with culture medium 
for 1, 2, and 5 days. The cytotoxicity of the eluates to cultured L929 mouse 
fibroblast cells was evaluated using a real-time cell analysis (RTCA) system and 
the 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide (MTT) assay. 
Results: The antifungal effect against C. albicans increased with the percentage of 
silver microparticles (P < 0.05). For both tests, both RTCA and the MTT assay, no 
time- or silver-dependent cytotoxicity of PMMA denture base material containing 
silver microparticles was observed. Conclusions: PMMA denture base material 
containing silver microparticles have antifungal activity and no cytotoxic effect.
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dental materials are due to their release of small amounts 
of various incorporated substances into the physiological 
environment.[13] Their antifungal effects may also be 
related to a wide spectrum of cytotoxic effects; however, 
any potential cytotoxic effect must be minimized in 
dental materials.[14] Silver ions are biologically active,[15,16] 
so silver may have adverse effects on human cells.[17] 
Although the literature reports various studies related 
to silver nanoparticles with antifungal applications in 
PMMA denture base materials,[10-13] silver nanoparticles 
have higher toxicity than silver microparticles.[16,18,19] 
In addition, the incorporation of silver micro-particles 
in PMMA denture base material may be easier, and 
producing silver microparticles may be more efficient 

IntroductIon

Polymethyl methacrylate (PMMA) heat-polymerized 
resin has continued to be the most frequently used 
material for denture bases since its introduction in 
1937.[1] However, this material is susceptible to fungal 
adhesion,[2] which is an important etiological issue in the 
pathogenesis of denture stomatitis.[3] Although Candida 
species other than Candida albicans (C. albicans) have 
also been isolated from denture stomatitis lesions, C. 
albicans is their primary pathogen.[4] Because the first 
step in the development of infection is fungal adherence 
to PMMA denture base materials,[5] preventing C. 
albicans adherence may help to treat denture stomatitis.

Silver particles may have strong antifungal effects in 
various biomedical applications.[6-8] Production of silver 
nanoparticles involves a series of chemical processes 
that are different than those for silver microparticles,[9] 
and various studies have examined the antifungal effects 
of PMMA denture base materials containing silver 
nanoparticles.[10-13] The antifungal properties of these 
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than producing silver nanoparticles in daily clinical 
practice. Therefore, new studies are necessary to evaluate 
PMMA denture base material containing silver micro-
particles under in vitro conditions.

According to The International Organization for 
Standardization (ISO), dental materials must be evaluated 
for biocompatibility before being applied to patients.[14]  
The ISO recommends that this biocompatibility first be 
assessed by in vitro cytotoxicity assays using isolated 
cells and has recommended several techniques (e.g., 
3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium 
bromide [MTT] and 2, 3-bis-(2-methoxy-4-nitro-5-
sulfophenyl)-2 H-tetrazolium-5-carboxanilide assays and 
agar and filter diffusion tests).[20] These techniques provided 
information about the time points to be investigated but 
ignored the kinetic effects. For this reason, to better assess 
the cytotoxicity of materials, these techniques can support 
by the real-time cell analysis (RTCA). RTCA enables 
constant and noninvasive monitoring of the proliferation of 
living cells because the micro-sensor perceives changes in 
the viable cell numbers in the wells.[21] Using the different 
cytotoxicity tests, that measure the viability of cells may 
have more reliable results.

The purpose of this in vitro study was to evaluate 
the antifungal activity and cytotoxicity of a denture 
base material containing silver micro-particles with 
different percentages. The first research hypothesis was 
that PMMA denture base material containing different 
percentages of silver microparticles would not show 
antifungal activity against C. albicans. The second 
research hypothesis was that silver microparticles do 
not have high cytotoxicity in combination with PMMA 
denture base material when assessed using two different 
cytotoxicity assays.

MAterIAls And Methods

Table 1 list the heat-polymerized PMMA denture base 
material (Meliodent, Heraeus Kulzer GmbH and Co., 
Hanau, Germany) and silver microparticles (Ferro 
Corporation Cleveland, Ohio, USA) selected for this 
experiment. C. albicans ATCC 2091 was purchased as 
a stock culture (KUKENS study group, Department 
of Microbiology, University of Istanbul, Turkey) for 
antifungal activity assay. The L929 mouse fibroblast cell 
line (NCTC clone 929 [L-cell, L929, derivative of strain 
L; ATCC CCL-1]) was used to determine the cytotoxic 
effects of the samples.

Sample preparation
Four groups of samples were prepared with different 
percentages of silver microparticles by volume: 0% 
(control), 0.25%, 0.5%, and 1%. The silver microparticles 
were incorporated into the polymer powder of the 

PMMA denture base material; the powder had a 
consistent liquid volume ratio of 3:1. When the mixed 
material reached the dough stage, it was put into molds 
prepared using Teflon discs to create samples. Ten disc-
shaped samples (10 mm in diameter and 2 mm thick) per 
group were fabricated for the antifungal activity assay, 
and 36 disc-shaped samples (10 mm in diameter and 1 
mm thick) per group were fabricated for the cytotoxicity 
assays from PMMA denture base material. All discs were 
polymerized in water for 7 h at 70°C, stored for 3 h at 
100°C in an automated polymerization unit (Kavo EWL 
5501; Kavo Electrotechnisches Werk GmbH, Leutkirch, 
Germany), and left at 37°C in distilled water for 24 h.[22] 
Prior to the assay, the discs were cleansed ultrasonically 
in distilled water for 20 min and exposed to ultraviolet 
light for another 20 min to kill any microorganisms that 
may have caused contamination during fabrication.[23]

Antifungal activity assay
The C. albicans strain was placed on Sabouraud Dextrose 
Agar (SDA) (Becton Dickinson, Sparks, MD, USA) and 
incubated at 37°C for 48 h. After this period, a suspension 
containing 106 of C. albicans/mL was prepared in sterile 
saline solution with the aid of a spectrophotometer 
(Shimadzu Corp., Kyoto, Japan) to achieve a wavelength 
of 530 nm and optical density of 0.284. Each disc 
specimen was placed in a sterile tube containing 2 mL 
of fungal suspension and incubated at 37°C for 90 
min. Then, each disc specimen was transferred to tubes 
containing 10 mL of sterile saline solution, and the 
adhered cells were dispersed by vortexing. Dilutions of 
this solution were prepared, and aliquots of 0.1 mL were 
plated on SDA. After incubation, the numbers of colony-
forming units of the microorganism were determined; 
the reduction in viable, adherent cells was calculated by 
comparison with control specimens.[24]

Cytotoxicity assays
Complete cell culture medium without serum was used 
for elution. Eluates of the samples were prepared by 
placing three PMMA denture base material discs into 
their own sterile tubes with 9 mL of elution medium.[25]  

Table 1: Denture base material and silver used in this study
Material Manufacturer Lot number
Meliodent

Heat-polymerisable material 
(powder: Polymethyl 
methacrylate liquid: 
Methyl methacrylate, 
dimethacrylate)

Heraeus Kulzer 
GmbH and Co., 
Hanau, Germany

10JUN023

S11000-04 silver 
microparticle

Particle size: 3 µm

Ferro Corporation 
Cleveland, Ohio, 
USA

261614
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expressed as a percentage of the untreated control cells. 
Eluates were analyzed in quadruplicate.

Statistics
Data were analyzed using GraphPad Prism 5.0 (GraphPad 
Software, La Jolla, CA, USA) and are presented as means 
± standard deviations (SDs). Statistically significant 
differences were assessed using the Kruskal-Wallis test, 
followed by the Mann-Whitney U-test. Pooled data were 
subjected to analyses of variance with post hoc Tukey’s 
tests. Differences were considered statistically significant 
at P < 0.05.

results

Antifungal activity assay
Table 2 provides the mean values and SDs for the 
antifungal activity against C. albicans of denture base 
material containing silver microparticles. The addition 
of silver microparticles to the denture base material 
significantly reduced the adherence of C. albicans to the 
surface (P < 0.05).

Cytotoxicity assays
Real-time cell analysis assay
The CI values of 1-day eluates with the RTCA assay 
were measured over 138 h [Figure 1]. Table 3 provides 
the mean values and SDs of the CI values and the 
viability (%) at different time points. At the acute and 

They were then incubated at 37°C for 1, 2, and 5 days in 
a humidified atmosphere of 5% CO2 and 95% air. Elution 
times were identified to extend intervals used in previous 
reports[23,26-28] to identify any trends in cytotoxicity over 
time. The eluates were sterilized by filtration through 
a 0.22 µm filter (Millex-GP; EMD Millipore Corp., 
Billerica, MA, USA), and samples were transferred to 
new tubes containing fresh elution medium after each 
elution period. Elution medium with no specimen was 
also incubated as a negative control. Next, 10% fetal 
bovine serum (Biochrom, Berlin, Germany) was added 
to the eluates, and they were stored at -20°C until the 
cytotoxicity assay.

Two in vitro cytotoxicity assay techniques were used: 
RTCA xCELLigence System and the MTT Cell 
Proliferation Kit (Roche Diagnostics GmbH, Mannheim, 
Germany).

Real-time cell analysis assay
The RTCA assay was used to evaluate cell viability 
according to the manufacturer’s protocol. After seeding 
150 µL cell suspensions into the wells (3 × 104 cells/
well) of the E-plate 96, cells were treated with the 
1-day eluates in 50 µL volumes at 24 h and monitored 
every 10 min for 138 h. Untreated cells were used as 
controls, and eluates were analyzed in quadruplicate. 
To quantify the number of viable cells, the data were 
expressed in a cell index (CI) and exported to Excel 
software (Microsoft Corporation, Seattle, WA, USA). 
Cell viability at specific time points was expressed as 
a percentage of the untreated control cells. Statistical 
analyses of the data were performed at 24, 56, and 138 h 
to observe immediate, acute, and chronic cell responses, 
respectively.

3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl 
tetrazolium bromide assay
The MTT test was performed to indicate the acute cell 
response in 1-, 2-, and 5-day eluates. The MTT Cell 
Proliferation Kit (Roche Diagnostics GmbH, Mannheim, 
Germany) contained a labeling reagent and a solubilization 
solution. First, 3 × 104 cells/100 µL medium were plated 
per well in 96-well plates and incubated at 37°C for 24 
h in a humidified atmosphere of 5% CO2 and 95% air. 
All eluates were added in 50 µL volumes, and cells were 
treated for 28 h. After treatment, 10 µL of MTT labeling 
reagent was added to each well and incubated for 
another 4 h. Then, 100 µL of the solubilization solution 
was added to each well and incubated overnight. After 
incubation, colorimetric absorbance was measured at 580 
nm (reference wavelength at 650 nm) using a microtiter 
plate reader (Universal Microplate Reader ELX 800; Bio-
Tek Instruments Inc., Winooski, VT, USA) in accordance 
with the manufacturer’s protocol. Cell viability was 

Table 2: Mean (±SD) numbers of colony forming units of 
Candida albicans

Material Percentage of silver
0 (control) 0.25 0.5 1

Meliodent 11.11 (±10.93) 3.20 (±2.29)* 2.50 (±1.89)* 1.70 (±1.02)*

*P<0.05 versus 0% control group. SD=Standard deviation

Figure 1: Cell index value of 1-day elutes was measured throughout 138 
h with the real-time cell analysis assay
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wearers.[3] While denture hygiene, trauma, systemic 
diseases, and immune system deficiency also play roles 
in denture stomatitis, the invasion of Candida species is 
associated with its progression;[2] in fact, the adherence of 
C. albicans to PMMA denture base materials is the first 
step in the development of infection.[5] Significantly, the 
current study showed that PMMA denture base material 
containing silver microparticles showed antifungal 
activity by reducing the adhesion of C. albicans. In 
addition, the results demonstrated a pattern of antifungal 
activity that increased with the percentage of silver. 
The findings are consistent with those of other studies 
that used silver to prevent C. albicans adhesion to treat 
denture stomatitis.[10-13]

According to ISO standards, a reduction of cell viability 
by more than 30% is considered to indicate cytotoxicity.[20]  
By this standard, and corroborated by two separate 
and unrelated cytotoxicity assays, the PMMA denture 
base material containing different percentages of 
silver microparticles were not cytotoxic. The MTT test 
illustrated the acute cell response in 1-, 2-, and 5-day 
eluates. In RTCA, the CI values of 1-day eluates were 
measured throughout 138 h with the RTCA assay 
[Figure 1] and expressed as the value of cell viability at 
immediate, acute, and chronic cell responses [Table 3]. 
Despite the same cell numbers, the MTT assay showed 
that all silver groups increased cell viability, but RTCA 
showed that the 0.25% group significantly decreased cell 
viability when compared to control groups for acute cell 
response and 1-day eluates. This could be due to the fact 
that the MTT assay only detects cell viability through 
mitochondrial metabolism while the RTCA results are 
affected by quality of cell-cell adhesions, cell membrane 
integrity, and cell adhesion to the well.[29] In other words, 
the RTCA system may have observed reduced cell 
viability while the MTT assay did not because the RTCA 
system is more sensitive.

In this study, the cell viability values did not change 
among 1-, 2-, and 5-day eluates (P > 0.05) [Table 4]. It 

chronic cell responses, cell viability was significantly 
reduced in the denture base material with 0.25% silver 
microparticles (P < 0.05).

3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide 
assay
Table 4 provides the mean values and SDs for cell 
viability of 1-, 2-, and 5-day eluates. Significant 
differences were observed between the 0% (control) 
and all silver groups in the 1-day eluates. For all elution 
periods, there were no statistically significant differences 
in cell viability values (P > 0.05).

dIscussIon

The current study evaluated the antifungal activity and 
cytotoxicity of denture base material containing silver 
microparticles. The results obtained did not support 
the first research hypothesis that PMMA denture base 
material with silver microparticles would not show 
antifungal activity against C. albicans, but the results did 
support the second hypothesis that silver microparticles 
do not have high cytotoxicity in combination with PMMA 
denture base material. Thus, denture base material 
containing silver microparticles was not cytotoxic after 
elution into cell culture medium using RTCA and the 
MTT assay.

Denture stomatitis, which is defined as an inflammatory 
process of the mucosa underlying PMMA denture base 
materials, has a 10–75% prevalence in prosthesis-

Table 3: Mean (±SD) cell index values and cell viability (%) of groups at immediate, acute and chronic cell 
response (real-time cell analysis) for 1-day eluates

Material Time
Immediate cell responses Acute cell responses Chronic cell responses

Cell index Cell viability Cell index Cell viability Cell index Cell viability
Control (untreated 
cells)

1.4±0.1 100±7.2 2.7±0.1 100±2.5 4.2±0.1 100±2.8

Meliodent/0.25% silver 1.2±0.1 84.8±10 2.2±0.1* 80.9±3.2* 3.5±0.1* 83.5±2.2*
Meliodent/0.5% silver 1.3±0.1 90.7±7.9 2.4±0.0 89.3±1.2 3.6±0.4 85.1±8.6
Meliodent/1% silver 1.3±0.2 92.0±10 2.6±0.1 97.0±4.3 4.0±0.3 94.7±6.6
*P<0.05 versus control group at same time point. SD=Standard deviation

Table 4: Mean (±SD) of cell viability (%) of groups at 
acute cell response (MTT assay)

Elution 
period

Material Percentage of silver
0 (control) 0.25 0.5 1

Day 1 Meliodent 87.7±5.6 105.8±14.2* 102.3±2.8* 103.1±5.2*

Day 2 Meliodent 89.1±4.5 93.2±11.6 94.9±5.8 101.3±6.4
Day 5 Meliodent 103.8±6.6 90.7±7.2 95.0±5.2 105.0±8.0
*P<0.05 versus 0% control group at same day. SD=Standard 
deviation, MTT=3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl 
tetrazolium bromide
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enhanced antifungal activity. Thus, according to the 
results of this study, as assessed by RTCA and MTT 
assays, silver microparticles have no cytotoxicity in 
combination with PMMA denture base material.
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