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Abstract

Introduction: Formation of white spots and initial carious lesions are the most important complications of fixed orthodontic treat-
ment. Preparation of orthodontic adhesives containing antimicrobial agents might be a practical solution for the prevention of the
mentioned defects.

Aim: The current study aims to assess the antimicrobial and cytotoxicity effects of a conventional orthodontic adhesive containing dif-
ferent concentrations of nano-graphene oxide (N-GO).

Materials and methods: 50 Transbond XT orthodontic adhesive discs containing 0, 1, 2, 5, and 10% N-GO were prepared and
sterilized by 25 kGy Gamma irradiation. After determination of cytotoxicity potential of modified orthodontic adhesive on human gin-
gival fibroblast (HGF) cells, antimicrobial effects of the modified orthodontic adhesive against Streptococcus mutans in the preformed
cariogenic biofilms was investigated using eluted components from composite discs by comparing the viable counts of bacteria after 3,
7, 15, 30, and 60 days of the aging process in artificial saliva.

Results: Based on the results, there was no cytotoxic effects of modified orthodontic adhesive on HGF cells (p>0.05). Transbond XT
orthodontic adhesive containing 5 and 10 wt% N-GO reduced considerably the mean total viable counts of S. mutans up to 30 days
(p<0.05). However, at 60 days, only 10 wt% N-GO could statistically decrease the colony-forming unit (CFU)/mL of test microorgan-
isms. Antimicrobial activity of eluted components from modified orthodontic adhesive discs against S. mutans was in line with the
concentration of N-GO.

Conclusions: At 5% and 10% concentrations, a modified orthodontic adhesive containing N-GO has a significant antimicrobial activ-
ity against S. mutans in cariogenic biofilms.
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Abbreviations

N-GO: nano-graphene oxide;
CFU: colony-forming unit;
WSL: white spot lesion;

NPs: nanoparticles;

S. mutans: Streptococcus mutans;
BHI: brain heart infusion;

SD: standard deviation;

ZnO: zinc oxide

INTRODUCTION

Enamel decalcification or a white spot lesion (WSL) adja-
cent to fixed orthodontic appliances are the most common
complications (up to 96%) of orthodontic treatment which
may increase the cost and increase the time of patient vis-
its.! The WSLs occur due to the microbial biofilm/plaque
formation found to arise in patients who undergo fixed or-
thodontic treatment as compared to non-orthodontic sub-
jects.? The fixed orthodontic appliances can play a role as a
constraint in the patient’s ability to maintain good oral hy-
giene, decrease the cleansing function of saliva, and reduce
remineralization of the enamel surface. Thus, to address
these important issues, different antimicrobial agents such
as cationic curcumin doped zinc oxide nanoparticles were
incorporated into the orthodontic adhesives.>*

Deliberate embedding of nanoparticles (NPs) in den-
tal materials including resin-based composites and ap-
plication of nanomaterials for improvement in dentistry
has been much lauded and rapidly gaining significant
importance. Inorganic NPs, including nano-graphene ox-
ide (N-GO), are the most commonly used as antimicrobi-
al agents, which are more encouraging.® Previous studies
have demonstrated that N-GO is effective against Strepto-
coccus mutans, a major causative agent of WSL and dental
carries.®

Ever since the observation of the antimicrobial and an-
ti-biofilm activities of N-GO in 2010, the interest in anti-
microbial N-GO materials is rapidly growing. It has been
shown that the sharp edges of N-GO can vigorously rup-
ture and puncture the microbial membrane via physico-
chemical processes (a.k.a. “nanoknife” mechanism) result-
ing in microbial cells death.” N-GO containing materials
show great promise for inhibition of microbial proliferation
and combating microbial infections including dental caries
due to its intrinsic antimicrobial and antibiofilm activities
of N-GO.2

AIM

Consequently, the current experimental study aimed to as-
sess the antimicrobial activity of a conventional orthodon-
tic composite resin blended with N-GO against S. mutans
in the preformed cariogenic biofilms.

MATERIALS AND METHODS

Synthesis of N-GO

N-GO was prepared using Hummers method.’ Briefly, flake
graphite (10 g), KMnO, (6 g), K,FeO, (4 g), and H,BO,
(0.01 g) (all purchased from Merck, Darmstadt, Germa-
ny) were dissolved in H,SO, (100 mL) (Merck, Darmstadt,
Germany) by keeping them in cool water bath (5°C). Then,
KMnO, (5 g) was added and incubated into a water bath
(35°C, for 3 h). The volume of the suspension was increased
up to 400 mL by adding dH,0, and incubated at 98°C for 3
hours. After adding 30 wt% H,0, (12 mL) (Merck, Darm-
stadt, Germany) to the solution, it was centrifuged (10000
rpm; 20 min). Then residuals were washed with HCI (5%)
and dH, O, repeatedly and dried at 60°C.

Characterization of N-GO

Field emission scanning electron microscopy (FESEM;
Zeiss, Sigma VP, Germany, 15 kV accelerating voltage) with
Image] program was used to determine the morphology of
N-GO.

Modified orthodontic adhesives samples
preparation

Orthodontic adhesive Transbond XT (3 M Unitek, Mon-
rovia, CA) and Transbond XT supplemented with different
concentration of N-GO (0, 1, 2, 5, and 10%) were used as
the original and the test materials, respectively. The ortho-
dontic adhesive was prepared using a mixing spatula on a
glass slab in a moderately dark room until a uniform con-
sistency was achieved. FESEM was used to determine the
uniform consistency of modified adhesive. Metal molds
(5 mm in diameter and 1 mm thick) were used to make
disc-shaped orthodontic adhesive samples containing dif-
ferent concentrations of N-GO (Fig. 1) based on a previous
study.*

Cytotoxic effects of N-GO on normal
human gingival fibroblast cell line

Human gingival fibroblast cells (HGF, CELL No. IBRC
C10459) were obtained from the National Center for Bio-
logical Genetic Resources of Iran. The cell line was cultured
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Figure 1. Sample preparation of modified orthodontic adhesives using N-GO.

in Dulbeccos Modified Eagle Medium (DMEM) medium
(Gibco, Germany) supplemented with 10% fetal bovine
serum (FBS; Gibco, Thermo Fisher Scientific, Inc., Waltham,
MA, USA), 100 U/mL penicillin, 100 pg/mL streptomycin,
and 100 pg/mL amphotericin B (all purchased from Sig-
ma-Aldrich, Steinheim, Germany). Cells were grown at
37°C with 5% CO,/95% air in a humidified incubator. The
culture medium was changed every three days. In the two
subculture, HGF cells with 1x10° cells/mL were seeded in
a flat-bottomed 96-well cell culture microplate (JET BIO-
FIL’, Jet Bio-Filtration Co., Ltd, and Guangzhou, China)
and allowed to attach for 24 h in a humidified incubator
at 37°C in the presence of 5% CO,. After 24 h of incuba-
tion, HGF cells were treated with different concentrations
of N-GO (0, 1, 2, 5, and 10%). Finally, a 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
colorimetric assay was used to determine the cytotoxicity
effects of N-GO on HGF cells and cell viability was mea-
sured at 570 nm using a spectrophotometric microplate
reader (BioTek Elx 808, USA).1°

Microorganism and growth conditions

Streptococcus mutans (ATCC 35668) was grown in brain
heart infusion (BHI) broth (Merck, Darmstadt, Germa-
ny) under capnophilic atmosphere (aerobic plus 5% CO,)
at 37°C for 48 h. To assay the antimicrobial efficacy of the
modified orthodontic adhesive doped with N-GO by an
eluted component test against S. mutans, the cariogenic
biofilms were prepared as described previously.

Eluted component test

This assay was used to evaluate the antimicrobial effect
of N-GO released from modified orthodontic adhesive
samples according to a previous study.!! Following gam-
ma-irradiation sterilization, the 50 discs with the different
concentrations of N-GO were placed in tubes containing 1
mL of sterile artificial saliva by 0.22-micron filter (0.453 g
CaCl,-2H,0, 0.2 g KCl, 0.0025 g Na,S-9H,0, 0.2 g NaCl,
0.345 g NaH,PO,-2H,0, 0.5 g urea in 1000 ml of distilled
water; pH 7) at 37°C for up to 60 days in an aging process.*
After 3, 7, 15, 30, and 60 days, 100 pL of the content of
the tubes were transferred to the separate wells of the 96-
well microtiter plates containing the preformed cariogenic
biofilm as described previously.* The microplates were then
shaken in a shaking incubator with 120 rpm in an capno-
philic atmosphere for 24 h at 37°C. The wells were then
sonicated under ultrasonic conditions with an ultrasonic
power of 100 W and a frequency of 30 kHz for 15 s. The
obtained microbial suspension was serially diluted and cul-
tured in BHI agar. The S. mutans colony counts were deter-
mined as mentioned in the previous study.!?

Statistical analysis

Statistical analysis was performed using SPSS version 22.0
(SPSS Inc., Chicago, IL, USA). Tukey’s post hoc analysis
was used for the pairwise comparisons of the experimental
groups. The significance level was set at p<0.05.
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RESULTS

Confirmation of synthesized N-GO

The morphology of N-GO was confirmed by FESEM
analysis. As demonstrated in Fig. 2a, N-GO was a na-
no-sized particle around 10 nm in diameter with the
spherical morphology and acceptable distribution of par-
ticles. Also, uniform consistency of modified adhesive is
shown in Fig. 2b.

Cell viability assay

The cytotoxicity of HGF cells non-targeted and HGF
cells-targeting N-GO was evaluated. The results of MTT
assay showed that there was no significant cytotoxic effects
against HGF cells (p>0.05), which suggested that N-GO
had no effect on eukaryotic cells (Fig. 3).

Effect of Orthodontic Adhesive Doped with N-GO

Eluted component assay

Table 1 shows the mean + SD of CFU/mL values of the
groups tested. The highest CFU/mL was found in the con-
trol group (6.23£0.07) and the least CFU/mL was found
with 10 wt% N-GO after 15 days (2.56+0.14), with the dif-
ference being statistically significant (p=0.001). As shown
in Table 1, a significant difference in the mean CFU/mL of
the modified composite and conventional (control) groups
was observed (p<0.05). The modified composite adhesive
groups containing 5 and 10 wt% N-GO showed high anti-
microbial activity compared to the conventional compos-
ite adhesive as controls (p<0.05). According to the results
in Table 1, concentrations of 5 and 10 wt% N-GO could
significantly reduce the counts of viable microorganisms
(CFU/mL) up to 30 days (p<0.05). Despite the higher an-
timicrobial activity in the 10 wt% N-GO group compared
to 5 wt% N-GO, the difference was not significant (p>0.05).
However, at 60 days, only 10 wt% N-GO could consider-

Figure 2. a) SEM image of the synthesized N-GO (1000x magnification [scale bar represents 1 um]); b) Uniform consistency of modi-

fied adhesive (1000x magnification [scale bar represents 200 um]).

Figure 3. Cell viability of treated HGF cell by N-GO. A) Inverted micrograph of HGF cells at a final magnification of x40; a) Control
(HGF cell without treatment); b) 0% N-GO; ¢) 1% N-GO; d) 2% N-GO; e) 5% N-GO; f) 10% N-GO. B) Cell viability at 570 nm (in

percent).
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Table 1. Number of colony-forming units (CFU) per milliliter
of S. mutans (mean + SD) in the different treatment groups com-
pared with the control group in eluted component test

Days Corfcen- S. mutans
tration (%) Mean +SD* of Log,, CFU/mL P value
Control 6.231£0.07 -
1 5.88+0.38 0.122
2 5.53£0.40 0.071
> 5 2.97+0.09 0.001
10 2.65+0.09 0.001"
1 5.50+0.41 0.068
2 5.26+0.50 0.064
7 5 3.05+0.15 0.001"
10 2.83+0.12 0.000
1 5.18+0.77 0.141
2 4.83+0.48 0.055
. 5 3.01+0.12 0.000
10 2.56+0.14 0.000"
1 5.36+0.50 0.072
2 4.65+0.80 0.070
%0 5 3.19+0.13 0.002"
10 2.97+0.13 0.001
1 5.77£0.36 0.125
2 5.31+0.38 0.064
60 5 4.57+0.59 0.051
10 2.84+0.09 0.000"

*SD: standard deviation, *p<0.05

ably reduce the number of S. mutans (p<0.05). According
to Tukey’s post hoc analysis, no significant difference was
observed between 1 and 2 wt% N-GO in all days examined
(p>0.05). Analysis of the data of eluted component test for
assessment of microbial count reduction at five different
time points by two-way ANOVA showed that the interac-
tion effect of 5 and 10 wt% N-GO concentration and time
was significant for S. mutans (p=0.01). The effect of con-
centration of 1 and 2 wt% N-GO was not significant all test
time points for S. mutans (p=0.796).

DISCUSSION

To avoid enamel decalcification or WSL adjacent to fixed
orthodontic appliances and maintain treatment success
during fixed orthodontic treatment, modified orthodon-
tic adhesive containing antimicrobial agents are used to
resist the accumulation and formation of biofilm of cario-
genic bacteria including S. mutans, followed by white spot
lesions and the risk of tooth decay around the brackets. Thus,
adequate control of oral cariogenic bacteria has a critical
role in successful orthodontic treatments.®

In the current study, we assessed the effect of incorpo-
ration of N-GO on antimicrobial effects of the orthodontic
adhesive. N-GO has an intrinsic antimicrobial effect, min-
imum cytotoxicity, high biocompatibility, and gray colour
which are less likely to alter its esthetic.'? The nano-scale of
GO was used because it improved the antimicrobial, phys-
ical, and mechanical properties as well as higher solubility,
better pass through the microbial cell envelope, excellent
biocompatibility and greater efficacy in the lower dose
compared to GO.1

The results of the current study revealed that adding up
to 10% wt. N-GO, the antimicrobial effect of Transbond XT
composite against S. mutans changes significantly in com-
parison with the control group. This clinically important
property of N-GO incorporated modified orthodontic ad-
hesive is in line with the study conducted by Sodagar et al.!%;
their study revealed that the antimicrobial effect of modi-
fied orthodontic adhesive containing 10% CurNPs was sig-
nificantly higher than that in the control group (original
orthodontic adhesive); however, they used CurNPs only in-
stead of N-GO for preparation of the modified orthodontic
adhesive with antimicrobial properties.

Our findings are consistent with a recent Sodagar et al.
study!® showing that Transbond XT composite discs con-
taining 5% and 10% silver/hydroxyapatite nanoparticles
can inhibit biofilm formation of test cariogenic strains
(S. mutans, Lactobacillus acidophilus, and S. sanguinis) at
its surface through the time. The results of current eluted
component assay presenting continuity of antimicrobial
activity indicated a significant decrease of the colony count
of S. mutans for 5 and 10% N-GO groups. Similar results
were shown in recent studies'»!* that assessed the antimi-
crobial effect of the combination of TiO,, chitosan/zinc ox-
ide, and curcumin nanoparticles into original orthodontics
adhesive. Their results revealed a significant reduction in
S. mutans, L. acidophilus, and S. sanguinis bacterial colony
counts only 30 days following the exposure to orthodontics
adhesive containing test nanoparticles, irrespective of the
concentration of NPs, which indicates poor diffusion and
low solubility of NPs in an aqueous environment.

Passariello et al.!® reported a significant induction in
antimicrobial following the addition of benzalkonium
chloride, zinc oxide, and chlorhexidine. In a dose-depen-
dent manner, their results on the intensity and duration
of antibacterial activity of different adhesives used in or-
thodontics were inconsistent with the study we conducted.
Because using the aging process in the artificial saliva in
our study, contrary to the study of Passariello et al.'6, the
obtained data of our study are closer to in vivo and clinical
situation. The influence of oral in vivo situations on this
effect cannot be caused based on the acquired data of these
in vitro assessments. However, in contrast to their results,
the test strain of streptococci (S. mutans), in the current
study, were more susceptible to modified orthodontic ad-
hesive containing N-GO than their test material. Passari-
ello et al.!%, in tests assessing the residual inhibitory effect
of the modified orthodontic adhesive, during 180 day of

14

Folia Medica | 2022 | Vol. 64 | No. 1



rinsing with phosphate buffer saline, on cariogenic bac-
terial biofilm, showed that from days 30 and 60 onwards,
light-cured adhesive, glass ionomer, and light-cured res-
in-modified glass ionomer +23% ZnO-enriched test mate-
rials were colonized by test strains, although glass ionomer
+10% chlorhexidine + fluoride was not colonized by test
microorganisms, even following the rinsing after 180 days.
In the current study, despite applying the ageing process
of modified test material and the use of artificial saliva, in in-
terpreting the results, it should be highlighted that the study
design did not cover all variability of the physico-chemical
conditions of the oral environment including complex oral
microbiome that may affect the antimicrobial effectiveness
of the test materials in vivo. Colour stability and polymer-
ization shrinkage of adding N-GO on orthodontics adhesive
could be considered in the future.!” In spite of the discussed
limitations of the current study, the data offer sufficient in-
formation to support significant antimicrobial effect against
S. mutans, which will be amended clinician confidence in
the selection of modified materials that can be arbitrated
companionably with different clinical application. Conse-
quently, further clinical trial study is required to confirm
that modified orthodontic adhesive containing N-GO is re-
lated to a decreased incidence of WSL and incipient caries.

CONCLUSIONS

We present evidence that 5% and 10% wt. N-GO can serve
as an orthodontic adhesive additive with antimicrobial
effect for controlling S. mutans growth in cariogenic bio-
films. However, low-solubility of N-GO remains a major
drawback.
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Pe3tome

BBe,quVIe: O6pa30BaHI/Ie 6ebIX MATEH U HadajIbHbIe Kapro3HbI€ IIOPAXKEHUA ABIAIOTCA CepbéSHef/lH.II/IMI/I OCJIOKHEHUAMU JI€4Ye-
HIA NOCTOAHHBIMN OPTOAOHTUYECKMMMU allliapaTamMu. HPI/II‘OTOBTICHI/IQ OPTONOHTUYECKMX aAre3MBOB, COAEPIKAIINX aHTI/IMI/IKp06HI)Ie
BE€IIECCTBA, MOXET OBITD IIPAKTUYECKMM PEIICHNEM VLA IPEJOTBPpalleHNs BbIIIECYIIOMAHY ThIX I[e(beKTOB.

Llenb: Hacrosee 1ccnenoBaHye HAIIPaB/IeHO HA OLIEHKY aHTVMMUKPOOHOTO U IIUTOTOKCUYECKOTO JIEVICTBYA OOBIYHOTO OPTOJOHTH-
YeCKOTo are3nBa, COfepyKalllero pas3lInyHble KOHIIEHTpaLuy HaHoyacTul okcupia rpadena (N-GO).

MaTtepuanbl U MeTofbl: 50 OPTOZOHTUYECKNX aiTe3VMBHBIX AVMICKOB Transbond XT, copepxkamux 0, 1, 2, 51 10% N-GO, 6bUIN npu-
TOTOBJIEHBI ¥ CTEPUIN30BaHBI 00/MTydeHneM ramma-nydamu npu 25 kGy. ITocre ompefienieHnst IUTOTOKCUYECKOTO HOTEHI[MAIa MOHU-
bULMpPOBaHHOTO OPTOZOHTUYECKOTO afire31Ba Ha KieTKax ¢pubpobmactos fecHbl yenoeka (OIY) 6bUIO MCCIE[OBAHO AHTUMUKPOO-
HO€ JieiiCTBIEe MOAMUIIVIPOBAHHOTO OPTOFOHTUYECKOTO aire3uBa IPOTUB Streptococcus mutans B IPUTOTOB/IEHHBIX KapMeCOreHHBIX
OMOIUIEHKAX C TIOMOIIIO STTIOMPYEMBIX KOMIIOHEHTOB 13 KOMITO3UTHBIX [IMCKOB ITyTEM CpaBHEHN YMCIA )XM3HECTIOCOOHBIX GaKTepuil
Ha 3,7, 15, 30 u 60 meHb Ipoliecca CTapeHMs B MCKYCCTBEHHOI CIIIOHE.

Pesynbrartbl: Ha ocHOBaHMM IIOTy4YEeHHBIX Pe3y/IbTATOB MOXKHO CKa3aTb 06 OTCYTCTBMY LIUTOTOKCUYECKOTO EVICTBIUSA MORUPUIIN-
POBaHHOTO OPTOROHTMYECKOTO afiresyuBa Ha KneTku ®IY (p>0.05). OprogonTnyeckuit agresus Transbond XT, copeprkammit 5 n 10
wt% N-GO, 3HaUUTETbHO CHIDKAJI CPEIHIO OO0 )KM3HECIIOCOOHYI0 YMCTIeHHOCTD S. mutans Ha 30 et (p<0.05). Ho Ha 60-it neHb
To/MbKO 10 wt% N-GO MOI/IM CTaTMCTHYECK) 3HAYMMO CHUBUTD KoJoHMeobpasytomue egyuuibl (CFU)/mL nccnenyeMbIx MUKPOOP-
raHu3MOB. AHTUMUKPOOHAS aKTUBHOCTH J/MIOMPOBAHHBIX KOMIIOHEHTOB AMCKOB C MOAU(UIMPOBAHHBIM aAre3BOM B OTHOIIEHUN

S. mutans coorBeTcTBOBaNa KOHIEHTparuu N-GO.

3akntoueHune: B konnenTpanusax 5% u 10% MoguduIMpoBaHHbIT OPTOXOHTUYECKNMIT afre3uB, cogepxaiuit N-GO, o6mafaeT 3Ha-
YUTEbHOI aHTMMUKPOOHOIT aKTMBHOCTBIO B OTHOIIEHNN S. Mutans B KapyieCOTeHHBIX OMOIUIEHKAX.
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