Research article

ISSN 2234-7658 (print) / ISSN 2234-7666 (online)
http://dx.doi.org/10.5395/rde.2014.39.2.109

®

CrossMark

click for updates

RUE

Restorative Dentistry & Endodontics

Antibacterial properties of composite resins
incorporating silver and zinc oxide nanoparticles on
Streptococcus mutans and Lactobacillus

Shahin Kasraei’, Lida
Sami’, Sareh Hendi’,
Mohammad-Yousef
AliKhani‘, Loghman
Rezaei-Soufi’, Zahra
Khamverdi'*

'Dental Research Center, Department of
Restorative Dentistry, Dental School,
’Department of Oral Medicine, Dental
School, *Department of Endodontic,
Dental School, “Department of
Microbiology, *Department of
Restorative Dentistry, Dental School,
Hamadan University of Medical
Sciences, Hamadan, Iran

Received October 20, 2013;
Accepted January 20, 2014.

'Kasraei S; Khamverdi Z, Dental
Research Center, Department

of Restorative Dentistry, Dental
School, “Sami L, Department of Oral
Medicine, Dental School, *Hendi S,
Department of Endodontic, Dental
School, “AliKhani MY, Department
of Microbiology, *Rezaei-Soufi L,
Department of Restorative Dentistry,
Dental School, Hamadan University
of Medical Sciences, Hamadan, Iran
*Correspondence to

Zahra Khamverdi, DDS, MS.
Associate Professor, Dental Research
Center, Department of Restorative
Dentistry, Dental faculty, Hamadan
University of Medical Sciences, Besat
Blvd, Hamadan, Iran 65176-59114
TEL, +98-811-8381059; FAX, +98-
811-8381085; E-mail, zkhamverdi@
yahoo.ca

Objectives: Recurrent caries was partly ascribed to lack of antibacterial properties in
composite resin. Silver and zinc nanoparticles are considered to be broad-spectrum
antibacterial agents. The aim of the present study was to evaluate the antibacterial
properties of composite resins containing 1% silver and zinc-oxide nanoparticles
on Streptococcus mutans and Lactobacillus. Materials and Methods: Ninety discoid
tablets containing 0%, 1% nano-silver and 1% nano zinc-oxide particles were prepared
from flowable composite resin (n = 30). The antibacterial properties of composite
resin discs were evaluated by direct contact test. Diluted solutions of Streptococcus
mutans (PTCC 1683) and Lactobacillus (PTCC 1643) were prepared. 0.01 mL of each
bacterial species was separately placed on the discs. The discs were transferred to
liquid culture media and were incubated at 37C for 8 hr. 0.01 mL of each solution
was cultured on blood agar and the colonies were counted. Data was analyzed with
Kruskall-Wallis and Mann-Whitney U tests. Results: Composites containing nano zinc-
oxide particles or silver nanoparticles exhibited higher antibacterial activity against
Streptococcus mutans and Lactobacillus compared to the control group (p < 0.05). The
effect of zinc-oxide on Streptococcus mutans was significantly higher than that of silver
(p < 0.05). There were no significant differences in the antibacterial activity against
Lactobacillus between composites containing silver nanoparticles and those containing
zinc-oxide nanoparticles. Conclusions: Composite resins containing silver or zinc-
oxide nanoparticles exhibited antibacterial activity against Streptococcus mutans and
Lactobacillus. (Restor Dent Endod 2014;39(2):109-114)
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Introduction

Dental caries is one of the most common infectious diseases, in which demineralization
of hard tooth tissues occurs by the acid produced as a result of fermentation of
carbohydrates by bacteria.' At present, the majority of carious teeth are restored with
tooth-colored restorative materials and composite resins due to esthetic reasons.
In fact, restorations with composite resins have predominantly replaced dental
amalgam restorations.”” An important consideration of composite resin restorations
is polymerization shrinkage, which produces gap between the restoration and tooth
structure, leading to recurrent caries and the final failure of restoration.’ It has been
demonstrated that more microbial plaque is formed on the surface of composite resin
restorations compared to amalgam and glass-ionomers.“ As a result of the absence of
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antibacterial activity in composite resins, attempts have
been made to incorporate antibacterial agents such as
chlorhexidine, methacryloyloxydodecylpyridinium bromide
(MDPB) monomer, ursolic acid and chitosan into composite
resins and bonding agents to provide therapeutic effects
and antibacterial activity.">” One of the methods suggested
is addition of certain antibacterial agents at nano levels to
dental composite resins.*™

Nanotechnology is a molecular-level technology and is a
promising scientific and applied field in today’s medicine.
Zinc oxide and silver have proper antibacterial activity and
when they are converted into nanoparticles their surface-
to-volume ratio increases, improving their antibacterial
activity.""™ Studies have shown that zinc oxide can inhibit
the production of acid by the dental plaque by inhibiting
Lactobacillus and Streptococcus mutans.™ In addition, its
antibacterial effect on gram-positive and gram-negative
bacteria has been demonstrated. As a result, it is used as
an antibacterial agent along with citrate in oral hygiene
products such as toothpastes and anti-gingivitis agents."
Metallic silver is another element commonly used in
dentistry. Silver has a superior antibacterial activity
compared to other metals; it has a strong cytotoxic effect
on a broad range of microorganisms in both metallic and
ionic forms. This antibacterial activity has a large number
of medical and hygienic applications.”*"® Several studies
have evaluated the cytotoxicity of silver nanoparticles
on fungi, protozoa, a number of viruses, and gram-
negative and gram-positive bacteria such as Streptococcus
mutans, Lactobacillus, E. coil and Staphylococcus aureus,
confirming the antibacterial and bactericidal properties
of silver nanoparticles.””"* Since silver is effective against
Streptococci in the oral cavity and periodontal pathogens
and prevents adhesion of bacteria to surfaces and formation
of biofilms, it can be used as a useful antibacterial additive
to dental materials.”*® Some studies have reported the
antibacterial activity of silver nanoparticles in tooth-
colored restorations against oral Streptococci.*’

If these composite resins are used as liners beneath
restorations or cements used to bond orthodontic brackets,
the antibacterial effects of composite resins containing
metallic nanoparticles might decrease the development
of recurrent caries, increase the longevity of tooth
restorations, and be effective in decreasing the formation
of bacterial biofilms on teeth and restorations. The aim of
the present study was to incorporate zinc oxide and silver
nanoparticles into the dental composite resins and to
evaluate the effect of these particles on the prevention of
bacterial aggregation.

Materials and Methods

The present experiment was carried out on 90 composite
resin discs. Flowable composite resin (Opallis, FGM,
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Joinville, SC, Brazil) was used as control. ZnO nanoparticle
powder, with an average particle size of 50 nm (Maleke-
Ashtar Faculty of Nano Tech., Isfahan, Iran) and Ag
nanoparticles, with an average particle size of 20 nm (Top
Nano Tech Co., Taipei, Taiwan), were separately added into
the structure of the composite resin in the laboratory in
special containers at a concentration of 1% wt. Then a
high-speed mixer (DAC FVZ-K 2006, Hauschild Engineering,
Hamm, Germany) was used for mixing and homogeneity
of the mix. Round molds were prepared from Polyvinyl
chloride with a diameter of 4 mm and a thickness of 1
mm. The molds were placed on a glass slab. A spatula was
used to place the composite resins into the molds; then
another glass slab was placed on the molds. Both sides of
the molds were cured for 60 seconds using a light-curing
unit (Optilux 501, Kerr, Orange, CA, USA) and incubated
in distilled water at 24C for 24 hours. Ninety composite
resin discs were prepared with 30 discs containing nano-
Zn0, 30 discs containing nano-Ag, and 30 discs without
nanoparticles. The composite resin surfaces were polished
with 600, 800, and 1,200 grit SiC papers (Matador 991A,
Soflex, Starcke’s Co., Melle, Germany) to remove the resin-
laden surface layer.

Scanning electron microscopy with an energy dispersive
X-ray analytical system (SEM-EDX) was performed on
two samples in each group to confirm the homogeneity
of distribution of nanoparticles in the composite resins.
Therefore, two composite resin discs were selected in each
group and divided into half using a chisel-like blade and
the broken surfaces were gold sputter coated (Sputter
coater K450X, EMITECH Ltd., Ashford, England) in a thin
12 - 15 nm layer to prevent the sample surfaces from
burning during SEM observation. The broken surfaces
of each sample were observed with a scanning electron
microscope (TESCAN, VEGA II XMU, Brno - Kohoutovice,
Czech Republic) at x350 (Figure 1). The elemental gold was
eliminated from the diagram by the system software.

Zn1 o agas e
Magnification: x350 Accelerating Voltage (Kv): 20.0 Process
Time: 2 Min  Coated Gold thickness (nm): 15.0

Figure 1. SEM-EDX image of the surface of the composite
resin samples containing 1% of silver and zinc-oxide
nanoparticles.
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The following method was used to compare the
antibacterial properties of composite resin discs in
a direct contact test. Streptococcus mutans bacterial
suspension (Persian type culture collection, PTCC 1683)
and Lactobacillus bacterial suspension (PTCC 1643) in
brain-heart infusion (BHI) broth with concentration of 0.5
McFarland were prepared (1 mL of this solution contains
approximately 1.5 x 10° bacteria). Based on a pilot study,
since a visual method was used to count bacteria, in order
to decrease the number of bacterial colonies and make
it easy to count them, 0.5 McFarland suspension was
diluted 1,000 times to achieve a concentration of 1.5 x 10°
bacteria in 1 mL. The composite resin discs were sterilized
in an autoclave. A sampler was used to place 0.01 mL of
the bacterial suspension on the surface of the disc samples.
Then the samples containing bacterial suspension were
incubated in an incubator containing 5 - 10% of CO, gas
for 1 hour at 37T to vaporize the water. The samples were
placed in test tubes containing sterile 0.5 mL BHI broth
and incubated in an incubator containing 5-10% of CO, gas
at 37C. After 12 hours of incubation, a sterile sampler was
used to retrieve 0.01 mL from each liquid culture media to
uniformly spread on a blood agar plate (Merke, Damstadt,
Germany). The blood agar plates were incubated for 48
hours at 37C and then the numbers of bacterial colonies
(Colony Forming Unit, CFU) were visually counted.

Kolmogorov-Smirnov test revealed a lack of normal
distribution of data. Therefore, non-parametric Kruskal-
Wallis and Mann-Whitney U tests were used for data
analysis with SPSS 10 statistical software at a 0.05
Significance level.

Results

The mean value and standard deviation of the numbers
of Streptococcus mutans and Lactobacillus active colonies
on surface of blood agar plates in the control group were
126 + 29.47 and 3.8 + 2.54, respectively. The mean values
and standard deviations of the numbers of Streptococcus
mutans and Lactobacillus colonies in the 1 wt% nano zinc
oxide group were 7.33 + 7.19 and 0.73 £ 0.79, respectively,
while these means were 0.93 + 1.53 and 1.2 + 0.77, in the
1 wt% nano silver group, respectively (Table 1). According
to the results of Kruskal-Wallis test, there were significant
differences between the control and test groups in relation
to the effect on Streptococcus mutans and Lactobacillus
(p < 0.05, Table 1). According to the results of Mann-
Whitney U test, composite resins containing 1% of zinc
oxide nanoparticles and those containing 1% of silver
nanoparticles exhibited a significant antibacterial activity
against Streptococcus mutans and Lactobacillus compared
to the control group (p < 0.05). The effect of incorporating
1% of zinc oxide nanoparticles into composite resin on
Streptococcus mutans was significantly higher than that

http://dx.doi.org/10.5395/rde.2014.39.2.109

Antibacterial properties of composite resins containing nanoparticles

Table 1. Comparing mean numbers of bacterial colonies (CFU)
on the surface of blood agar plates in each group (n = 15)

Groups ;ZEtZ:iZ Mean = SD *p value
Control 126.0 + 29.47
Composite Zn0 1% SM 0.93 +1.53 0.000
Composite Ag 1% 7.33+£7.19
Control 3.80 + 2.54
Composite Zn0 1% LB 1.20 £ 0.77 0.000
Composite Ag 1% 0.73 £0.79

*Kruskal-Wallis test, SM, Streptococcus mutans; LB, Lactobacillus;
SD, standard deviation.

of incorporating 1% of silver nanoparticles (p < 0.05).
However, no significant difference was observed between
the antibacterial activities of silver and zinc oxide
nanoparticles on Lactobacillus.

Discussion

Nanotechnology is making progress in several scientific
fields, including dentistry. In this technology, materials are
converted into nanometric sizes in order to produce new
properties of the materials.?*** Antibacterial properties of
zinc oxide and silver nanoparticles and their compounds
have been used in various medical branches.”** Due to the
potential of composite resins to attract microorganisms
compared to other restorative materials,”* the present
study made an attempt to evaluate the antibacterial
properties of composite resins containing zinc oxide and
silver nanoparticles against Streptococcus mutans and
Lactobacillus, which have a significant role in recurrent
caries. Silver is a safe bactericidal metal because it is
non-toxic to animal cells but is very toxic to bacteria,
killing them.” Although metals and metallic oxides, such
as zinc oxide, are considered toxic to human cells at high
concentrations, they do not seem to be toxic at very low
concentrations.***?’

In some studies, diffusion agar disc technique has
been used to evaluate antibacterial properties of cured
composite resin.”“**** However, since composite resins
do not secrete any antibacterial agents and the growth
inhibitory halo does not form, direct contact technique and
BHI broth culture media were used in the present study
to evaluate the antibacterial properties of composite resin
discs.'"*** In some previous studies, spectrophotometry
of the liquid of the culture media has been used in order
to determine bacterial counts.”® The mechanism of these
methods is based on the turbidity of the culture media for
the evaluation of antibacterial properties of the materials
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containing antibacterial particles.”**® Since active and
vital bacteria have a great role in dental caries, without
considering vitality of the bacterial cells, determination
of bacterial count based on spectrophotometry or direct
visualization of bacteria on the surface of composite resin
disk under a fluorescent microscope may not be a suitable
method. Therefore, in the present study tracing of vital
bacterial counts were carried out by placing 0.01 mL of the
bacterial solution from each tube on the blood agar culture
media since liquid culture media might contain viable and
non-viable bacteria.

The results of the present study showed that the number
of colonies of viable bacteria in the composite resin plates
in the control group was significantly higher than that
in the two other groups, demonstrating the bactericidal
activity of composite resins containing zinc oxide
nanoparticles and silver nanoparticles against Streptococcus
mutans and Lactobacillus. Most previous studies have
shown the antibacterial activities of zinc oxide and
silver nanoparticles incorporated into the composition of
composite resins, but there are differing reports about
concentration and efficacy of zinc oxide and silver."*"*
In the present study, there was a significant difference in
the bactericidal activity of composite resins containing
1% of zinc oxide nanoparticles and 1% of silver against
Streptococcus mutans, revealing a higher antibacterial
activity of zinc oxide against Streptococcus mutans.
Contrary to the results of the present study, Hernandez-
Sierra et al. evaluated the effects of silver (25 nm),
zinc oxide (125 nm) and gold (80 nm) nanoparticles on
Streptococcus mutans and reported that the antibacterial
activity of silver nanoparticles is much higher than those
of zinc oxide and gold nanoparticles.® These differences
might be attributed to the size of applied nanoparticles.

Yoshida et al. demonstrated the antibacterial activity of
composite resins containing high concentrations of silver
nanoparticles (up to 10%) against Streptococcus mutans.™
Spencer used 1.23% and 13% concentrations of zinc oxide
nanoparticles for bonding orthodontic brackets to evaluate
their antibacterial activity and concluded that zinc oxide
can decrease decalcification as a result of orthodontic
treatment.” In the present study, 1% concentration was
used in order to avoid the toxicity of silver and zinc and
achieve a higher degree of esthetic results in case of
silver use. Furthermore, pervious studied showed that
incorporation of zinc-oxide or silver nanoparticles up to
1% into the resin composites could significantly inhibit
the cariogenic bacteria, without sacrificing the mechanical
properties such as flexural strength, flexural modulus,
compressive strength and micro-shear bond strength of the
resin composites.'*"**

The addition of water-soluble fluoride releasing filler
is another attempt to provide composite resins with
antibacterial activity. Fluoride is known to inhibit the
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biosynthetic metabolism of bacteria. Some studies reported
that fluoride releasing resin composites may play an
important role in decreasing the cariogenic composition of
dental biofilms.* Van Dijken et al. showed that the fluoride
concentrations released from restorations are not enough
to affect the metabolism of mutans streptococci in dental
plaque.® Incorporation of inorganic fluoride has resulted in
increased fluoride release, but leads to voids in the matrix
as the fluoride leaches out of the material.*

Preparation and use of composite resins with antibacterial
activity can have a role in improving the clinical results
of orthodontic and restorative treatments with composite
resins. Orthodontic treatment with fixed appliances makes it
difficult for the patient to follow oral hygiene instructions.
As a result, caries risk increases due to accumulation of
plaque around orthodontic brackets and bonds.*” Recurrent
caries and microleakage in posterior composite resin
restorations, especially in Class II restorations at cervical
areas, are considered important factors in the failure of
tooth-colored resin restorations.* Use of composite resins
containing zinc oxide and silver nanoparticles might be
effective in reducing the risk of recurrent caries.”* In
order to preserve the esthetic appearance of restorations
it is possible to use bactericidal composite resins as a
liner beneath final restorations so that changes in color
as a result of incorporation of nanoparticles to composite
resin would be minimized. Discoloration due to silver is
a major problem with all the silver-containing materials
and it especially holds true for tooth-colored composite
resins.” Previous studies have shown that incorporating
silver compounds at concentrations higher than 10%
into dental materials significantly decreases compressive
strength, tensile strength and elastic modulus.” Use of low
concentrations of metallic nanoparticles can prevent severe
staining of composite resins.”

Conclusions

The results of the present study showed that composite
resins containing zinc oxide and silver nanoparticles can
significantly inhibit the growth of two important oral cavity
microorganisms: Streptococcus mutans and Lactobacillus.
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