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Abstract

Aim: Nanopropolis has become the subject of interest in medicine and dentistry as a natural product due to its outstanding proper-
ties, particularly antimicrobial activity. This study aimed at investigating the effect of nanopropolis on flexural strength of polymethyl
methacrylate (PMMA).

Materials and methods: Three groups of two acrylic resin brands namely Acropars and Triplex containing 0 (control group), 0.5%,
and 1% of nanopropolis were prepared in 64x10.0x3.3 mm according to ISO 20795-2 (2013). Fifteen samples were allocated to each
concentration. Flexural strength was determined following immersion in water and incubation at 37°C for 50+2 hours using a universal
testing machine at a crosshead speed of 5+1 mm/min. Data were analyzed using ANOVA, Tukey HSD, and ¢-test. P<0.05 was set as
statistical significance.

Results: Control groups of Acropars and Triplex showed the highest mean flexural strength within their own group which both were
higher than the recommended 50 MPa. The mean flexural strength of Triplex incorporated with 0.5 and 1% of nanopropolis was higher
than that of Acropars with the same percentage.

Conclusions: The mean flexural strength of Triplex remained above the recommended value of 50 MPa after incorporation of both 0.5
and 1% nanopropolis. However, that of Acropars dropped below it.
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for retention.l’) These appliances are mostly fabricated
from PMMA due to its various advantages including ease
of processing, fitting accuracy, convenience, and reason-

INTRODUCTION

In fact, high prevalence of malocclusion amongst growing
children entails interceptive orthodontic treatments!!-*!
that are commonly performed using removable appliances.
In addition, removable appliances have been used as re-
tainers since the 1920s and still remain as practical means

able cost.l®! Despite all perfect features, it is highly prone
to colonization of microorganisms!’-") which may lead to
dental caries, periodontal diseases, and chronic atrophic
candidiasis. Therefore, several efforts have been employed
to introduce antibacterial efficacy to PMMA. In this sense,
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PMMA has been incorporated with different antimicrobial
agents such as silver nanoparticles!!?), silicon dioxide and
titanium dioxide!!), carbon nanotubes!'?, chlorhexidine
diacetatel!¥], 2-methacryloyloxyethyl phosphorylcholine
(MPC), and quaternary ammonium dimethylaminohexa-
decyl methacrylate (DMAHDM)!"4, polyethylene oxide
(PEO)["l, nanodiamonds!'®! and so on . Despite the in-
corporation of PMMA with a range of antibacterial agents,
there is still lack of consensus in terms of their clinical effec-
tiveness.!!”) In this regards, the contemporary trend towards
natural products has drawn attentions to propolis (bee
glue) as a promising ingredient for both medical and dental
applications.['®1°] Propolis has a wide range of outstanding
biological scopes including antioxidant and anti-ageing!2°/,
anticancer?!), immunomodulatory!??), antidiabetic!?}], an-
ti-inflammatory and anti-allergic**! properties along with
wound healing promotion[?*l. Moreover, several investiga-
tions have confirmed its activity against wide spectrum of
bacterial?®), viruses!?”) and fungil?®!. Additionally, propolis
has been utilized vastly in dentistry to alleviate dentin hy-
persensitivity and aphthous stomatitis, prevent dental car-
ies, pulp capping, storing the avulsed teeth and to culture
the PDL cells®! and so on. Propolis mouthwash and paste
inhibit Streptococci mutans and Lactobacilli. Also, propolis
paste improves the healing of periodontal socket after ex-
traction by 90% in human subjects.*°! The inhibitory effect
of 300 pg/mL propolis nanoparticle against E. faecalis for
the purpose of root canal disinfection is comparable with
6% NaOCL and 2% CHX.P! Furthermore, PMMA con-
taining 1 or 2% of propolis nanoparticles has presented an-
tibacterial activity against common oral pathogens such as
Streptococcus mutans, Streptococcus sanguinis, Lactobacillus
acidophilus, and Candida albicans.®?) Therefore, propolis
can be considered as a promising agent to incorporate with
PMMA due to its numerous beneficial attributes. In spite of
that, the effect of propolis on the mechanical properties of
PMMA should be taken into account as a crucial require-
ment in order to endure the loads imposed in the oral cav-
ity. To the best of our knowledge, there is lack of evidence
in this respect.

AIM

Thus, this study aimed to investigate the effect of incorpo-
rating nanopropolis (NPS) on flexural strength of PMMA
in order to induce antimicrobial features in PMMA with-
out compromising its mechanical properties.

MATERIALS AND METHODS

Nanopropolis preparation

Pure propolis was purchased from Gold Zagros (Lorestan,
IRAN). Twenty grams of pure propolis was dissolved in

100 ml of ethanol for 7 days at room temperature and then
filtered through filter papers (Wattman-40Ashless-Ger-
many) to remove rough particles. Afterwards, pure prop-
olis particles were isolated by adding the solution to dis-
tilled water at 1:10 ratio. The suspension was placed in
an ultrasonic bath for 20-30 minutes to obtain propolis
nanoparticles. The achieved colloidal NPS was centrifuged
at 9000 rpm for 20 minutes using a centrifuge machine
(HeroLab-22000 rpm, Germany) and then filtered by filter
papers. Nanoparticles were verified under scanning elec-
tron microscope (SEM; Zeiss, Oberkochen, Germany) at
x65000 magnification (Fig. 1).

Figure 1. SEM image of NPS at x65000 magnification.

The colloid was poured to plates and placed in a freezer
at —80°C for 20 minutes followed by freeze drying (Freeze
dryer, LYOTRAP, LTE scientific, UK) at —=70°C for 24 hours
to obtain powder form of NPS particles.

Sample preparation

Mold preparation

Stainless still molds were machined in 65x12x4 mm con-
sidering the shrinkage of polymer. Impressions were taken
of molds using the putty-wash technique (Silicone impres-
sion material, Hydro, Detax, Germany).

Sample groups

Two commercial acrylic resin groups including Acropars
(Marlic Medical Industries Co, Tehran, Iran) and Triplex
(Ivoclar Vivadent AG, Schaan, Liechtenstein) were selected.
Three subgroups, each including 15 samples, were prepared
for the examination: one control group comprising acrylics
without NPS and two experimental groups consisting of
acrylic resins incorporated with 0.5% and 1% NPS. Acrylic
preparation was preformed according to manufacturer’s in-
struction and the doughy acrylic resins were inserted into
the impression mold and pressed using glass slide until the
completion of self curing at 26°C. Cured polymeric sam-
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ples were removed from molds after 1 hour and grinded
to 64x10.0x3.3 mm using 60 and 80 grit sandpapers to
meet the ISO 20795-2 (2013) standard of the polymeric
base of orthodontic appliance.l**! Each sample was meau-
sured three times using a digital caliper (Insize, USA) with
a precision of 0.1 mm. Each sample was allocated a number
from 1 to 90 (Fig. 2).

Figure 2. Control samples of Triplex acrylic resin on the left, and

Triplex acrylic resin incorporated with 0.5% NPS on the right.

Flexural strength test

Samples were immersed in water and incubated at 37°C for
50+2 hours (Incubator, PECO-Iran). Then flexural strength
test was carried out using a universal testing machine
(Zwick 7250, Germany). Specimens were undertaken an
increasing load at a crosshead speed of 5+1 mm/min to the
failure point. Flexural strength was calculated according to
the following equation:

0=3Fl/2bh?

where F delegates the force in Newton at failure point, |
stands for the distance between supports in millimeters with
an accuracy of +0.01 mm, b and / are the width and height
in millimeters, respectively, at the center of the sample.

Statistical analysis

Statistical analysis was performed by IBM SPSS version 25
using one-way ANOVA, two-way ANOVA, Tukey HSD,
and T-test. P less than 0.05 was considered statistically sig-
nificant.

RESULTS

Triplex and Acropars incorporated with 0, 0.5%, and 1%
NPS were prepared for flexural strength test. The experi-
ment was conducted on 90 samples of six groups. Results of
the flexural strength showed a descending trend in flexural
strength with increasing the concentration of NPS (Fig. 3).

Flexural strength of acrylic resin
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Figure 3. Mean flexural strength (MPa) of two acrylic resins in-
corporated with 0, 0.5, and 1% of NPS.

So that the mean flexural strength of Acropars incorporat-
ed with 1% of NPS dropped to 18.60+14.81 MPa and that
of Triplex came to 51/33+16/47 MPa.

The highest mean value was recorded in acrylic resins
without NPS in both Acropars and Triplex groups (Ta-
ble 1). The two way ANOVA test indicated a different effect
of NPS percentage on flexural strength according to the
type of resin, denoting a significant interaction between
acrylic resin type and NPS percent.

The mean flexural strength of control group of Acropars
(58/58+8/87 MPa) and Triplex (62/43£10/61 MPa)
showed no significant difference (p=0.29, 95% CI).
On the other hand, the mean flexural strength of Tri-
plex+0.5% NPS (58/25+26/49 MPa) was significantly high-
er than that of Acropars with the same percentage of NPS
(24/91£11/22 MPa) (p<0.001, 95% CI). Likewise, the mean
flexural strength of Triplex+1% NPS (51/33+£16/47 MPa)
was higher than Acropars+1% NPS (18/60+14/81 MPa)
significantly (p<0.0001, 95% CI). Incorporation of both 0.5
and 1% NPS had no adverse effect on the flexural strength
of Triplex although decreased that of Acropars. Among
Acropars samples, the mean flexural strength was signifi-
cantly different between the subgroups using one-way
ANOVA test (p<0.0001). Acropars without NPS represent-
ed significantly higher mean flexural strength than either
0.5% or 1% NPS incorporated samples (p<0.0001, 95% CI)

Table 1. Mean flexural strength of Acropars and Triplex incorpo-
rated with 0, 0.5, and 1% of NPS.

Flexural strength value

:::Z:fc reN NPS%  Number MPa
Mean SD
0 15 58/58 8/87
Acropars 0.5 15 24/91 11/22
1 15 18/60 14/81
0 15 62/42 10/61
Triplex 0.5 15 58/25 26/49
1 15 51/33 16/47
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Table 2. Comparison between the mean flexural strength of Acropars and Triplex incorporated with 0%, 0.5%, and 1% of NPS.

P value
Acropars Acropars Acropars Triplex Triplex Triplex
0% 0.5% 1% 0% 0.5% 1%
Acropars, 0% - <0.001* <0.001* 0.291 - -
Acropars, 0.5% <0.001* - 0.323 - <0.01* -
Acropars, 1% <0.001* 0.323 - - - <0.001*

* significant difference according to P

in pairwise comparisons using Tukey HSD test. There was
no significant difference between the flexural strength of
0.5% and 1% nanoprolis incorporated Acropars (p=0.323,
95% CI). Among Triplex samples, mean flexural strength
showed no significant difference between the subgroups
(p=0.283, 95% CI).

DISCUSSION

Several attempts have been made to incorporate antimi-
crobial agents into PMMA to address the microbial colo-
nization.['” In this regard, NPS might serve as a promising
alternative to metal antimicrobial agents due to its remark-
able antibacterial, antiviral, and antifungal effectiveness
along with biological safety and natural source.’**! Indisput-
ably, PMMA incorporated with NPS should also meet the
recommended flexural strength for clinical practice as well.
Nanoparticles may act as small-sized fillers and therefore
enhance or reduce mechanical properties.>>3”] Various
nanoparticles have been introduced to PMMA in several
previous investigations. Nanodiamonds at a concentration
of 0.5% improved flexural strength of PMMA due to the
crystalline structure of diamond, intense chemical bonds,
and suitable diffusion of nanoparticles in the resin matrix.
However, higher concentration of nanoparticle resulted in
lower flexural strength due to the inadequate ratio of poly-
mer.1%®) Addition of zinc oxide nanoparticles up to 1.4% in-
creased the flexural strength of PMMA."**! Incorporation
of 2.5% and 5% zirconium oxide nanoparticles boosted
flexural strength of PMMA regardless of resin thickness.!*"!
Silicon dioxide nanoparticles revealed a dose-dependent
reducing effect on flexural strength, higher concentration
leading to lower value due to the presence of voids and ag-
glomeration of nanoparticles.!*!!

Since the antibacterial activity of NPS modified-PMMA
against S. mutans, S. sanguinis, L. acidophilus, and C. albi-
cans has been proven by the authors lately®?), this study
was designed to evaluate the effect of NPS incorporation on
flexural strength of two acrylic resins namely Triplex and
Acropars. In control groups, the mean flexural strength of
Triplex was slightly higher than that of Acropars although
the difference was insignificant and both were more than
50 MPa which is the minimum flexural strength base on
ISO 20795-2:2013.331 Current results indicated that the

mean flexural strengths of Triplex+0.5% and 1% NPS were
lower than that of control Triplex although the differences
were insignificant (p=0.821 and p=0.258, respectively) and
remained above the recommended value.l** On the oth-
er hand, incorporation of both 0.5% and 1% NPS resulted
in significant reduction of the mean flexural strength of
Acropars (p<0.0001) to less than the accepted value. This
may be explained by the interference of nanoparticles as
impurities with resin polymerization. Moreover, nanopar-
ticles may act as plasticizers and result in higher amount of
unreacted monomers.

The differences between various acrylic resins have been
considered in previous studies.*?] Triplex and Acropars
self-curing acrylic resins opted in this study are different in
terms of composition and concentration of oligomers, plas-
ticizers, crosslinkers, initiators, and accelerators which may
have to diverse effect of NPS on flexural strength of each.
The present results for Acropars groups containing NPS
are consistent with the previous reports with some oth-
er particles. Incorporation of higher percentage of AL, O,,
TiO,, and SiO, (3-5%)*3), 10% ratio of TiO,, ZrO,, Sic-na-
no, Si,N, and HA-nanol*¥, 0.5 and 1% of either TiO, or
Si0,!* decreased flexural strength of PMMA significant-
ly. Kul et al. revealed no significant differences in flexural
strength of PMMA (Heraus Kulzer) following the addition
of SiC, ALO, or Ag by 10 wt%*! which is in line with the
current values achieved in 0.5 and 1% NPS enriched-Tri-
plex. Nevertheless, there are controversies on how the in-
corporation of various antibacterial agents would affect
the flexural strength of PMMA. For instance, in the study
conducted by Yadav et al., incorporation of 10% mass of
silver zinc zeolite, chlorhexidine (CHX), and fluconazole
decreased the flexural strength of PMMA (Trevalon) sig-
nificantly which was in accordance with our results in the
Acropars groups. Their observations may be due to an
increase in residual monomer in the zeolite porosities or
disruption of the physical structure of the polymer by ei-
ther CHX or large particles of fluconazole. It might also be
attributed to the high percentage of the nanoparticles they
used.[“®l Contrariwise, in the research by Ratanajanchai et
al., addition of 1.0% w/w of potassium sorbate, 0.5% w/w
of sodium metabisulfite and 0.25% w/w of zinc oxide parti-
cles as antimicrobial agents increased the flexural strength
and decreased the flexural modulus of PMMA but with-
in the acceptable range.[”) Similarly, in a study by Lee et
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al., incorporation of 0.5%, 1%, and 2% graphene-oxide
nanosheets into PMMA introduced antimicrobial activity
without any adverse effect on flexural strength. Besides, ad-
dition of 0.5% graphene-oxide improved flexural strength
which may be due to the ability of graphene-oxide to de-
flect cracks.[*8! Incorporation of 0.4%, 0.8%, and 1.6% of
Galla Chinese extract into Acropars conferred antibacterial
property along with improvement in the flexural strength
of PMMA which the latter attributed to the covalent bonds
creation between Galla extract and Acropars.*’! To our
knowledge, despite promising addition of propolis to other
substrates such as glass ionomer or resin composite, there
is lack of evidence on mechanical properties of PMMA in-
corporated with NPS. Regarding the addition of propolis to
other substrates, incorporation of 25% and 50% ethanolic
extracts of propolis into glass ionomer inhibited S. mutans
with no adverse effect on shear bond strength.[*% Similarly,
2% and 5% NPS incorporated into composite resin exhib-
ited antibacterial effect against S. mutans and S. sanguinis
beside acceptable shear bond strength.[>!] Several factors
including but not limited to nanoparticle’s type, formula-
tion, structure, and concentration along with the rate of
dispersion in resin matrix and probability of interfering
with the polymerization might affect the results. In addi-
tion, the properties of the matrix, which the nanoparticles
introduced to such as formulation or mode of polymeriza-
tion are other key factors in achieved data. Thus, further
studies considering the aforementioned variables along
with subsequent evaluation of antimicrobial efficiency, cy-
totoxic effect of nanoparticles, roughness of fractured sur-
face and other major mechanical properties such as mod-
ulus of elasticity are recommended. In vitro experiments
considering the effect of time, aging and so on to simulate
clinical conditions are required. Ultimately, clinical investi-
gations are essential to generalize the results to the practice.

CONCLUSIONS

The effect of NPS on flexural strength of acrylic resin is de-
pendent on the commercial type and concentration of the
nanoparticle. Addition of 0.5% and 1% propolis nanoparti-
cles to Triplex does not have any adverse effect on its flex-
ural strength. However, it drops that of Acropars below the
acceptable value.
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Pe3tome

Llenb: Hanonponouc cTas mpegMeToM NHTepeca B MeAVLIHE U CTOMAaTO/IOTMM KaK HaTypaJIbHbIil IPOYKT 6/1arofiapsi CBOMM BbIJa-
IOL[VIMCSI CBOJICTBAM, B YACTHOCTY aHTUMUKPOOHOI aKTUBHOCTH. Lle/Ibio JaHHOTO MCCIeNoBaHNs OBUIO M3yIeHNe BIUAHN HAaHOIPO-

II0/IMCa Ha IIPOYHOCTb Ha M3rub moanmeTmiMerakpuaata (PMMA).

Matepuanbl n MeTofibl: Tpy rpymmbl aKpUIOBBIX CMOJI IBYX MapoK, a MMeHHO Acropars u Triplex, comepkamue 0 (KOHTpO/IbHAS
rpynma), 0.5% u 1% HaHOIIponoNNca, 6bUIN IPUTOTOB/IEHDI B pasMepax 64x10.0x3.3 mm B cootBetcTBuM ¢ ISO 20795-2 (2013). [ls
Ka>K/I0/1 KOHIJeHTPAIMK OBbUIO BBIfIE/IEHO IMATHAALATb 00pasiioB. [IpOYHOCTD Ha M3TMO ONpefesIsA/IN IOC/Ie HOIPY>KEeHUA B BOAY Y MH-
Ky6aumu npu 37°C B TedeHue 50+2 4acoB ¢ MCIOIb30BAaHMEM YHUBEPCATIbHON VMCIIBITATeIbHO MAIIVMHBI IIPY CKOPOCTH TPaBePChI
51 mm/min. [TanHble 6bUIM IpoaHanu3upoBaHbl ¢ ucnonbsosanueM ANOVA, Tukey HSD n t-kpurepus. P<0.05 mpuxyumamm 3a
CTAaTUCTUYECKYIO 3HAYMMOCTb.

Pesynbtatbl: KonTponbHble rpynmst Acropars u Triplex mokasamy caMyro BBICOKYIO CPEJHIO IIPOYHOCTD Ha M3rub B CBOEII IpyIIIIe,
KOTOpas B 00eNx Ipyniax mpessiirana pekomerayemsie 50 MPa. Cpenusis mpousocTs Ha usrn6 Tpummekca ¢ go6asinennem 0.5 u 1%
HaHOMIPOIONNca OblIa BbIlIe, 4eM Y AKpOIIapca ¢ TeM >Ke IIPOLICHTOM.

3akntoueHune: CpenHsis IpouHOCTD Ha n3rub Tpurmekca ocTaBamach Bblllle peKOMeHAyeMoro 3HadeHws B 50 MPa mocie fo6asnenns
Kak 0.5, Tak 1 1 % Hanonponomica. OgHAaKO MOKasarenb ACropars OIyCTU/ICA HIYKe 9TOTO YPOBHA.

KnroueBble c/ioBa

aKpmjioBas CMO/Ia, IPOYHOCTb Ha I/ISI‘I/I6, HaHOIIPOIIOINC

Folia Medica | 2023 | Vol. 651 No. 5 827

Folia Medica



