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Purpose: The purpose of this study was to investigate the effect of different commercially
used dental materials (RelyX Luting Plus and Dyract Extra) mixed with either a metallic
ionic solution or a colloidal suspension of metallic nanoparticles. Both the solution and the
suspension contained a mixture of silver, copper, and lithium ions.

Methods: The metal/ion-incorporated dental materials were prepared into disk-shaped
samples and tested against the growth of Staphylococcus aureus. The susceptibility of
bacteria against the antibacterial dental disks was tested using two methods: counting the
colony-forming units per milliliter and disk diffusion (Kirby—Bauer). The incorporated
materials (Dyract and Rely cement) were tested for ion release using flame atomic absorption
spectroscopy.

Results: Assessment showed efficient antibacterial activity of metal ion—incorporated Rely
luting cement, exhibited by the formation of inhibition zones larger than those formed by the
standard antibiotic, as well as a reduction in bacterial number of sevenfold after incubation
for 24 hours. Dyract material incorporated with nanoparticles showed no significant clear
zones and had no inhibiting effect on bacterial colony numbers after incubation for 24 hours.
The release of silver, copper, and lithium metal ions depended on the type of both dental
material and the incorporated nanoagents. The metal ion—incorporated Rely Plus cement
released the highest levels of metal ions, which was attributed to its antibacterial efficiency.
Conclusion: Rely Plus cement incorporated with the nanoparticle suspension demonstrated
high antibacterial potency, due to the release of the highest concentrations of silver, copper,
and lithium metal ions. This work is the first direct comparative study of dental materials
with different forms of nanomixtures (metallic nanoparticles and soluble metallic ions) and
their antibacterial effects after incubation with bacterial culture for 24 hours.

Keywords: RelyX Luting Plus, Dyract Extra, metallic ionic solution, suspension of metallic
nanoparticles, antibacterial activity

Introduction

Research interest in nanotechnology has grown dramatically recently,due to the expo-
nential increase in nanomaterial production and marketing.' > There are tremendous
precursors used in the production of nanomaterials for utilization in many fields.
Researchers favor natural sources in the synthesis of metallic nanoparticles, mainly
silver nanoparticles.*”” Metallic nanoparticles are made either of a single element or a
combination of elements, eg, nanoparticles can be made solely of silver or a combina-
tion of silver and copper elements. Silver nanoparticles can be shaped differently, eg,

submit your manuscript

Dove n

http:

in O

International Journal of Nanomedicine 2020:15 4325-433 1 4325
© 2020 Rawashdeh et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/
AT terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http: i g/licenses/by-nc/3.0/). By accessing

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0001-7024-4789
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Rawashdeh et al

Dove

spheres or rods. On the basis of their dimensionality, nano-
materials are classified into different groups, such as dendri-
mers, nanoparticles, nanofilms, and nanotubes. This further
adds to the diversity of nanoscale materials.®

Various approaches and techniques have been developed
for the synthesis of nanomaterials to make them one of the
most applicable and widely used materials in science. For
example, silver nanoparticles are used as biocides and

4-7,9

antioxidants and utilized either alone or integrated into

other structures/substances. Additionally, silver nanoparticles

have biomedical and pharmaceutical applications, such as

1011 not to mention

12-14

cancer treatment and medical imaging,
other uses in engineering, cosmetics, and agriculture.
One important branch in nanotechnology is nanodentistry,
which has evolved as an extension of application of nanoma-
terials in dentistry. The insertion of dental materials with
antibacterial activity inside the oral cavity provides a good
strategy for prevention of the development of dental
diseases.'>"”

This study introduces an original methodology for asses-
sing the biocidal activity of a nanoparticle suspension versus
free ions obtained from their counterpart nanoparticles.
Antibacterial activity results were compared between nano-
colloids incorporated into dental materials versus a nanoso-
lution incorporated into dental materials. A critical point for
controlling the activity of nanomaterials is their mode of
action.'® For metallic nanoparticles, ion release is an impor-
tant and determining factor in their biological activity. Trend
and duration of ion release of nanocontaining restorative
materials vary according to several chemical and physical
parameters, though this study did not assess the time neces-
sary to complete the release of ions. The aim of this work
was to test the antibacterial properties of two commercial
dental materials (RelyX Luting Plus and Dyract Extra) fol-
lowing treatment with nanomixtures. The ionic solution
contained metallic ions of silver, copper, and lithium while
the colloidal suspension of nanoparticles contained counter-
part ions in addition to the silver, copper, and lithium nano-
particle. The hypothesis was that this combination of metals
is unique and serves as an excellent biocidal agent for dental
application.

Methods
Preparation of Antibacterial Dental

Materials
Two dental materials were used in this study: RelyX Luting
Plus (RL; 3M ESPE) and Dyract Extra (Dentsply). Each of

the two types of dental material was incorporated with either
metallic ionic solutions or colloidal suspensions of nanopar-
ticles (Figure 1) and then formed into disks (Metallic and
ionic mixtures were kindly provided by QuarTek). The ionic
solution was derived originally from a colloidal suspension of
nanoparticles contains insoluble particles and free ions.
Heavy particles were settled in a test tube, and the supernatant
liquid containing the ions was transferred to a new tube to be
used as ionic solution. Both nanomixtures (the solution and
the suspension) were made of the same metals: silver, copper,
and lithium. RelyX Luting Plus is a self-cured resin, while
Dyract Extra was solidified using a dental ultraviolet light—
curing lamp following the manufacturer’s instructions. The
two nanomixtures (the solution and the suspension) were
applied at a concentration of 100 pg/mL to each dental
material disk. Disks were made to be fairly close in shape
and size for each type of dental material.

Inhibitory Effect of Incorporated Dental
Materials Against Growth of
Staphylococcus aureus

Staphylococcus aureus bacterial cultures in liquid broth
and on solid agar were subjected to treatment with incor-
porated-material disks. Two methods were used to evalu-

ate antibacterial activity: disk incubation into inoculated
broth and disk diffusion (Kirby—Bauer).

Figure | Representative drawing of the colloidal suspensions of nanoparticles used
in the study. The average size of nanoparticles was 100 nm.
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Disk Incubation in Inoculated Broth

S. aureus culture was prepared by inoculation in a tryptic
soy broth (Difco BBL) and incubation overnight at 37°C,
and then a dilution of this bacterial culture was induced to
reach a bacterial count of 3.5x10° CFU/mL and subjected to
treatment with incorporated-material disks. Each disk was
dipped in 1 mL bacterial broth and incubated at 37°C, then
CFU/mL was recorded after 2 and 24 hours of incubation
with disks (Figure 2). Serial dilution was done for each
sample, and from each dilution a certain volume was culti-
vated on tryptic soy agar media (Difco) and incubated for
2448 hours, in order to estimate the CFU/mL of the sample.

Disk-Diffusion Method (Kirby—Bauer)

On an agar plate, Miiller-Hinton agar media (HiMedia
Laboratories), were inoculated overnight (log phase) with
bacterial broth (S. aureus), by dipping a sterile loop swab
into bacterial broth and then streaking the loop over the
entire surface of the agar plate. Plates were allowed to dry
for 5-15 minutes at room temperature. Disks of the differ-
ent dental materials were applied and gently pressed down
onto the agar plate. The antibiotic gentamicin was used as
the positive control and incorporated into disk materials at
a concentration of 100 pg/mL. Plates were incubated at
37°C for 24 hours. The diameter (mm) of the zone of
inhibition was recorded for each disk material.

Inoculated broth
with S. aureus

Atomic Absorption for Measuring lon

Release

Furnace atomic absorption spectrometry (PerkinElmer 272)
was used to measure release of ions from dental-material
disks incorporated with different forms of nanometals.
Standard silver, copper and lithium solutions were prepared
at concentrations of 0.5, 1, 3, 5, 10 and 20 pg/L (all standard
solutions diluted in 1% HNO;). The incorporated dental—
material disks were incubated in tryptic soy broth, and the
ions released (Ag, Cu, and Li) measured after 2 and 24 hours
of incubation. Absorption of Ag, Cu, and Li was measured
at wavelengths of 328.1, 328, and 670 nm, respectively.

Results

S. aureus growth had reduced after 2 and 24 hours of
incubation with the incorporated RelyX Luting Plus
cement in comparison to the control (Table 1; Figure 3,
A and B). After 24 hours’ incubation with Rely Plus disks
mixed with the metallic ionic solution, the bacterial count
had reduced sevenfold compared to the negative control
(Table 1, Figure 3B) whereas for the NP suspensions the
reduction was threefold. Dyract Extra—incorporated disks
resulted in no inhibition of bacterial growth after their
incubation in inoculated broth. Similarly to the results
obtained from disk incubation into bacterial broth, the
Bauer—Kirby test results for disks of RelyX Luting Plus,

Tryptic soya agar plates

Figure 2 Sketch representing disk incubation into inoculated broth. Each of the three disks from each dental material was incubated into bacterial broth: the first a control
containing the material only, the second incorporated with a suspension of metallic nanoparticles, and the third incorporated with metallic ions. Bacterial numbers (CFU/mL)

were obtained by cultivation on tryptic soy agar after 2 and 24 hours of incubation.
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Table | Average values of CFU/mL of S. aureus After 2 and 24
hours® Incubation with Rely Plus Dental Material Mixed with
Either lonic or Nanostructured Metals

2 hours 24 hours
Control 2.5x10° 8.7x10°
RL 6.0x10° 5.0x108
RLI 3.0x10° 1.8x10°
RL2 2.0x10° 3.5x10?

Abbreviations: RL, disk of Rely Plus only; RLI, disk of RL mixed with nanoparticle
suspension; RL2, disk of RL mixed with ionic solution.

and not Dyract Extra, showed antibacterial activity, with
the formation of larger inhibition zones (Figure 4).
Inhibition-zone diameter varied between the two types of
dental material incorporated with different metallic mix-
tures. Dyractincorporated with ionic solution showed a
slight suppression in bacterial growth, illustrated by the
formation of smaller inhibition zones than those formed by
the antibiotic disk, and the zone of inhibition measured for
the gentamicin disk was largest, with a diameterof 23 mm,
for Dyract. Rely Luting Plus disks incorporated with the
antibacterial mixtures showed a zone of inhibition of 15
mm, larger than the zone of inhibition formed by the
control (11 mm) and the material-only disk (without
metallic incorporation — 10 mm), which was expected,
since the material itself contained fluoride, which affects
bacterial growth; however, for disks mixed with nanome-
tals, the zone of inhibition was larger. Dental disks incor-
porated with the ionic solution showed greater ion release

than disks incorporated with nanoparticlesuspensions
(Table 2). Moreover, Rely Plus cement incorporated with
the metallic ionic solution) showed the highest silver,
copper, and lithium concentrations. However, the two
mixtures of the suspension and solution incorporated into
Rely Plus showed similar antibacterial activity using the
Bauer—Kirby method.

Discussion

The dental materials used in this study were compomer
materials and a glass ionomer, which are used as either
filling material or cement for dental prosthesis. These are
well-developed dental materials that have many optimized
properties, such as ease of handling, low viscosity, good

flow, and low polymerization.'® '

The current study
aimed to add a further enhancement property to these
materials with the incorporation of antibacterial nanomix-
tures made of silver, copper, and lithium.

Nanomixtures incorporated into RelyX Luting Plus
exhibited noticeable antibacterial activity after 2 hours’ incu-
bation (Figure 3A), regardless of the kind of nanomixture
used, with bacteria number reduced twofold. However, after
24 hours, disks with metallic ions resulted in a sevenfold
reduction in bacterial colony counts, while disks with metal-
lic particles resulted in a threefold reduction (Figure 3B).
Similar results have been reported in literature for the bacter-

icidal effect of dental materials with silver nanoparticles on S.
9,22-24

aureus colony counts.

Figure 3 Tryptic soy agar plates of S. aureus after 2 hours (A) and 24 hours (B) of incubation with Rely Plus disks mixed with two types of nanomixtures: NP suspension and
metallic ionic solution represented by RL; and RL,, respectively. The negative control was a culture only, with no dental material disk added (designated S.a), and the positive

control wa a culture after incubation with Rely Plus only disks (designated RL).
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Figure 4 Results of Bauer—Kirby method. The plate on the left has disks of the dental material Dyract Extra. Dg, Dyract disk mixed with 100 pg/mL gentamicin; D7, Dyract
only disk; D, Dyract disk mixed with nanoparticle suspension; D, Dyract disk mixed with ionic solution. The plate on the right shows disks of the dental material RelyX
Luting Plus. RLg, Rely Plus disk mixed with 100 pg/mL gentamicin; RL", Rely Plus only disk; RL,, Rely Plus mixed with nanoparticle suspension; RL;: Rely Plus mixed with ionic
solution. Dyract disks are relatively smaller, due to shrinkage induced after light-curing.

Diskdiffusion is commonly used for evaluating the
antibacterial activity of metallic nanoparticles. This study
showed high susceptibility of bacteria to Rely materials
with either form of nanomixture after 24 hours’ incuba-
tion. This result is in agreement with previous studies that
used agar disk-diffusion to demonstrate the susceptibility
of S. aureus to metallic nanoparticles.*”’ However, the
inhibitory extent of silver nanoparticles depends to a
greater degree on the synthesis approach used, and thus
the diameter of the inhibition zone against S. aureus exhi-

bits a variety of concentrations.*”” Furthermore, instead of

Table 2 Concentrations (ug/mL) of Ag, Cu, and Li Released from
Dental Materials After 2 Hours and 24 Hours, Calculated Based on
Absorption Values Obtained by Atomic Absorption Spectrometry

Ag Released Cu Rel d Li Rel d

2 24 2 24 2 24

hours | hours hours | hours hours | hours
RL + NI 10.9 18.6 — 6.3 1.1 6.4
D + NI 0.55 5.5 — 5.0 1.1 7.0
RL + N2 14.7 25 — 6.5 2.6 9.6
D+ N2 22 8.8 — 38 3.8 7.0
RL 0 1.8 — 0.8 3.8 9.6
D 0.14 1.4 — 0.5 3.8 9.7
Broth + 100 16.4 16.5 5.02 — 1.15 0.53
ug/mL
Broth 0.14 0.14 0 — 1.1 0.44

Notes: Solutions/suspensions diluted 10% before readings.
Abbreviations: RL, Rely Plus cement; D, Dyract Extra resin material; NI, nano-
particle suspension; N2, metallic ion solution.

paper disks, dental porcelain incorporated with one kind of
metallic nanoparticle was evaluated by Hashem et al®’
using the disk diffusion, and the authors found that the
growth of S. aureus was inhibited effectively. This is
similar to the results of our work.

Furnace atomic absorption spectrometry was used in
this study, and revealed that Rely Plus cement mixed with
the metallic ionic solution had the highest concentrations
of silver, copper, and lithium. Rely Plus cement used in a
previous study demonstrated similar results, silver having
the greatest diffusion.?® The size factor plays to the advan-
tages of ion release, and thus contributes to higher anti-
bacterial activity for Rely cement with ionic forms of
metals, not that with metallic particles. Previous studies
have demonstrated that smaller silver nanoparticles show-
more ion release than larger particles.’”*® However, it is
noteworthy that the focus of the current study was to
distinguish between free ions and solid particles and their
ability to exert antibacterial effects.

Possessing antibacterial properties, the self-cured mate-
rial — Rely Plus cement combined with nanometallic mix-
tures — resulted in a marked decrease in bacterial viability
compared to the control after incubation in the broth for 2 and
24 hours, while the incorporated Dyract material, which was
ultraviolet light—cured, did not result in bacterial reduction,
even after incubation in the broth for 24 hours. The slow
release of ions from Dyract material reduces its antibacterial
potency.”’ In addition to the type of dental polymer, the
method and extent of polymerization is another factor that

International Journal of Nanomedicine 2020:15
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accounts for ion leakage from dental material, and thus affects
the functionality of antibacterial contents.?***! Based on
these results, the high antibacterial activity of the nanoincor-
porated dental material is attributed to high ion leakage.?’

Conclusion

This study showed that incorporated cement material exhib-
ited good antibacterial activity, while light-curing of dental
resin retarded the diffusion of nanoparticles. The antibacterial
activity of the incorporated dental material is related to the
released ions. Higher ion release causes an increase in anti-
bacterial activity. The highest concentrations of Ag, Cu, and Li
were obtained from cement material mixed with the ionic
solution. Since the ions were smaller, they showed more
efficient antibacterial activity. The low antibacterial activity
of Dyract compomer—incorporated materials can be related to
the low release of ions: incorporated Dyract-material disks
induced no or little toxicity to S. aureus compared to the
incorporated cement (Rely Plus) disks, which exerted greater
toxicity on bacteria. Rely Plus is a self-cured material, while
Dyract compomer is a light-cured material, and thus it can be
concluded that the method used for material polymerization
may have limited ion release from the incorporated
nanoparticles.
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