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Abstract

Introduction: Microbial biofilm accumulation around orthodontic brackets and composite is a common complication of fixed orth-
odontic treatment. This study assessed the antibacterial effects of orthodontic primer containing chitosan nanoparticles (CNPs) against
the multispecies biofilm of cariogenic bacteria in a rat model.

Materials and methods: Transbond XT orthodontic primer containing 0%, 1%, 5%, and 10% CNPs was experimentally prepared.
The Wistar rats were randomly divided into four groups (n=7) of control (0% CNPs), 1%, 5% and 10% CNPs. The oral cavities of the
rats were infected with cariogenic bacteria. After anesthetizing the rats, 1 drop (10 pL) of primer with different concentrations of CNPs
was applied to their central incisor and light-cured for 20 seconds. Transbond XT orthodontic adhesive (2 x 2 mm) was applied on the
primer. Another drop (10 pL) of primer was applied and light-cured for 40 seconds. The number of Streptococcus mutans, Streptococcus
sanguinis, and Lactobacillus acidophilus colonies in the saliva of rats was quantified at 24 hours, 4 days and 7 days.

Results: Adding 1% (p=0.005), 5% (p<0.001) and 10% (p<0.001) of CNPs to orthodontic primer significantly reduced the S. mutans
colony count at 24 hours compared with the control group. At 24 hours, the mean S. sanguinis colony counts in the 5% (p=0.04) and 10%
(p=0.02) CNP groups were significantly lower than that in the control group. Also, at 4 and 7 days, the mean colony counts in the 5%
and 10% CNP groups were significantly lower than that in the control group (p<0.05). At 24 hours and 4 days, the mean L. acidophilus
colony count in the 10% CNP group was significantly lower than that in the control group (p<0.05). At 7 days, rats with failed adhesive
showed a significantly higher count of all three bacteria compared with rats with adhesive (p<0.05).

Conclusions: The addition of 5% CNPs to orthodontic primer significantly decreased the colony count of cariogenic bacteria in rats.
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INTRODUCTION

Enamel demineralization of surfaces adjacent to or under
orthodontic appliances is a common complication of fixed
orthodontic treatment.! The majority of orthodontic pa-
tients have at least one mild white spot lesion (WLS) on
their teeth.? A previous study reported that 38% and 46%
of patients who received fixed orthodontic treatment for
6 months and one year, respectively, had mild to severe
WLSs. 12

Microbial biofilm accumulation around orthodontic
brackets and composite is a common finding.’ The surfa-
ce properties of composite enhance plaque accumulation
as well. On the other hand, oral hygiene control is much
more difficult for orthodontic patients and requires high
patient cooperation. Thus, antibacterial agents are incre-
asingly used to prevent WSLs in orthodontic patients. For
instance, composites containing nano-fillers providing
sustained release of fluoride over a long period were in-
troduced to the market.* Many attempts have been made
to prepare composites with antimicrobial and antiplaque
properties. Nano-filled composites have minimum adhe-
sion to cariogenic bacteria such as Streptococcus mutans.’
Addition of chlorhexidine to dental composites has also
shown antibacterial effects; these effects, however, proved
to be short term.® Antimicrobial orthodontic cements and
primers containing silver nanoparticles have also been de-
signed, which can efficiently prevent bacterial growth and
proliferation around fixed orthodontic appliances.” Adding
nanoparticles to composite is another effective method to
decrease the microbial plaque accumulation around resto-
rations and orthodontic brackets. The addition of polyet-
hylenimine nanoparticles to composite not only confers
biocompatibility but also decreases the count of cariogenic
bacteria.® Chitosan is another product with optimal anti-
plaque and antimicrobial properties.®! Chitosan is a na-
tural, non-toxic polymer prepared by the de-N-acetylation
of chitin, which is the main constituent of the hard shell
of crustaceans. Evidence shows that chitosan nanoparticles
(CNPs) have antimicrobial properties.!! A previous study
also showed that surfaces coated with chitosan have efhi-
cient anti-biofilm properties.'?

S. mutans, S. sanguinis and Lactobacillus acidophilus
are the most common cariogenic microorganisms in oral
microbiome.'® L. acidophilus is mainly responsible for
progression of enamel caries into dentin and deeper are-
as, and the count of this microorganism is correlated with
the amount of fermentable carbohydrate. S. sanguinis is as-
sociated with dental plaque biofilm and is among the first
bacteria colonizing the oral cavity. It helps the attachment
of other microorganisms and plays a key role in biofilm
maturation in the oral cavity.!*1>

Considering the optimal antibacterial properties of chi-
tosan and the need for preparation of orthodontic primers
and adhesives with antibacterial properties, this study ai-
med to assess the antibacterial effect of orthodontic primer
containing CNPs against the multispecies biofilm of cario-

genic bacteria namely S. mutans, S. sanguinis and L. acidop-
hilus in rats. We hypothesize in the present study that there
is a statistically significant difference between the antibac-
terial activity of the orthodontic primer containing CNPs
and the original orthodontic primer against the multispe-
cies biofilm of cariogenic bacteria in a rat model. Under the
null hypothesis, this difference is insignificant.

MATERIALS AND METHODS

This animal study evaluated 36 Wistar rats initially weig-
hing 150-200 g. The study was approved by the Ethics
Committee of Tehran University of Medical Sciences (IR.
TUMS.DENTISTRY.REC.1396.2773) and was conducted
in accordance with the Declaration of Helsinki with regard
to the guidelines for care and use of laboratory animals.

Sample size was calculated to be 7 rats in four groups (a
total of 28) according to previous studies.!>!® A pilot study
was performed to assess the effect of 0%, 1%, 5%, and 10%
concentrations of CNPs against the cariogenic bacteria in 8
rats in 4 groups (n=2). These concentrations were selected
according to previous studies.!?

Preparation of CNPs

In order to prepare the appropriate stock solution of CNPs
in accordance with the study of Govindarajan et al.!7, 50 mg
of chitosan powder (Merck, Darmstadt, Germany) was taken
in 20 mL of deionized distilled water. Then 1 mL of 1% ace-
tic acid solution (Merck KGaA, Darmstadt, Germany) was
added dropwise to a solution that was shaken in a magnetic
stirrer to create a homogeneous CNPs solution. The CNPs
solution was lyophilized and used for further experiments.
The morphological analysis of CNPs was performed using
scanning electron microscopy (SEM). In addition, the parti-
cle size and {-potential of the prepared CNPs were determin-
ed by dynamic light scattering (DLS) technique.

Preparation of orthodontic primer

Transbond XT orthodontic primer (3M Unitek, Monrovia,
CA, USA)!" was used to prepare the experimental ortho-
dontic primers containing 0%, 1%, 5%, and 10% CNPs. For
this purpose, first, one drop of Transbond XT orthodontic
primer (50 um) was weighed by a digital scale with 0.001
mg accuracy (weighing 0.05 g). A 10-100 pm sampler was
used to standardize the drops. In order to prepare 20 drops
of each experimental primer (50 um each) for each group,
1 g of primer was mixed with 0.01, 0.05, and 0.1 g of CNPs
for the control (no CNPs), 1% CNP, 5% CNP, and 10% CNP
groups, respectively using a small spatula. More dispersing
of nanomaterials into the primer preform was performed
by applying an ultrasonic bath for 30 minutes. The pre-
pared experimental primers were transferred into micro-
tubes. The microtubes were then covered with aluminum
wraps to prevent contact with air and exposure to light.
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Preparation of rats

Forty-eight Wistar rats (150-200 g; Pasteur Institute,
Tehran, Iran) were housed one rat per cage, (22-25°C and
12 h light/dark cycles) under sanitary conditions, with ac-
cess to sanitized food and water. Rats were acclimated to
room conditions for 7 days prior to each experiment.

Since the oral microbial flora of the rats is different from
that of humans, the rats had to become oral germ-free first
based on the previous study.!® After that, the samples were
obtained from the oral cavity of the rats and cultured on
brain heart infusion (BHI) agar (Merck, Germany) to en-
sure that the rats were oral germ-free. Next, a suspension
of three cariogenic bacteria was prepared’ including S.
mutans (ATCC 25175) in an amount of 3x108 colony for-
ming units per milliliter (CFUs/mL), S. sanguinis (ATCC
10556) in an amount of 3x108 CFUs/mL and L. acidop-
hilus (ATCC 4356) in an amount of 3x10° CFUs/mL. The
oral cavity of the rats was inoculated with this suspension
using a swab.?’ The process of infecting the oral cavity of
the rats with the bacterial suspension continued three con-
secutive days using a swab. After 24 hours, saliva samples
were collected from the rats and cultured on BHI broth
(Merck, Germany). The samples were then cultured on Mi-
tis Salivarius-Mutans valinomycin agar, modified medium
10-sucrose agar, and Man Rogosa and Sharpe-clindamycin
ciprofloxacin agar to determine the presence of S. mutans,
S. sanguinis, and L. acidophilus, respectively.2?2

The rats with confirmed colonization of all three cario-
genic bacteria in their oral cavity were selected for the next
phase of the study. A total of 28 rats that met this condition
were randomly divided into 4 groups (n=7).

Application of orthodontic primer and
adhesive

The rats were first anesthetized by intraperitoneal injection
of ketamine and xylazine using a 1-mL syringe. The amount
of anesthetic agent required for each rate was found to be
50 mg/kg ketamine and 6 mg/kg xylazine based on their
weight.?? The rats were then fixed on a wooden board, their
maxillary central incisor was dried with a cotton pellet,
etched with 37% phosphoric acid for 40 seconds®* and cle-
aned with a moist cotton pellet. The tooth was then rinsed
and dried. Care was taken not to allow saliva contamina-
tion.?> Next, 10 uL of primer was applied on the central
incisor and cured for 20 seconds. A thin layer of adhesive
(Transbond XT; 3M Unitek, Monrovia, CA, USA) measu-
ring 2x2 mm was then applied to the labial and proximal
surfaces of the tooth and spread to form a very thin layer.
Next, another 10 pL of primer was applied over the adhe-
sive and cured for 40 seconds. Mandibular central incisors
were shortened by 2 mm in order to prevent trauma from
occlusion. The steps of the orthodontic adhesive with com-
bined primer and adhesive are shown in Fig. 1. The status
of adhesive was evaluated after 24 hours, 4 days and 7 days,
and saliva samples were collected from all rats at the de-

signated time points. The samples were immersed in BHI
broth and the number of colonies was counted after culture
(as explained earlier). At day 14, no adhesive remained in
the oral cavity of the rats.

Statistical analysis

One-way ANOVA was used to compare the CFU/mL of co-
lonies at each time point. An independent sample t-test was
used to compare the count of bacteria on day 7 in rats with
failed adhesives. Tukey’s post hoc test was used for pairwise
comparisons. Data were analyzed using SPSS version 23.0
(SPSS Inc., IL, USA) at 0.05 level of significance.

RESULTS

As shown in Fig. 2, the CNPs are nano-sized particles, ap-
proximately 50-90 nm in diameter, with uniform shapes.
The results of DLS showed that the mean diameter and po-
lydispersity of nanoliposomes were 75 nm and 0.45, respec-
tively, and the {-potential of CNPs was —10.2 mV. In gene-
ral, these results confirm the successful synthesis of CNPs.

Fig. 3 shows the S. mutans, S. sanguinis, and L. acidop-
hilus colony counts in the saliva of rats following exposure to
orthodontic primer containing 0%, 1%, 5%, and 10% CNPs
for 24 hours, 4 and 7 days. One-way ANOVA showed a sig-
nificant difference in S. mutans colony count in presence
of different concentrations of CNPs at 24 hours (p<0.001),
4 days (p=0.001) and 7 days (p=0.001). According to the
finding in Fig. 3a, 37.3% (p=0.005), 85.3% (p<0.001) and
98.5% (p<0.001) reduction was shown in S. mutans colony
count following exposure to 1%, 5% and 10% concentrati-
ons of CNPs, respectively compared to the control group at
24 hours. The colony counts of S. mutans in presence of 1%
CNPs were significantly higher than that in the presence
of 5% (p<0.001) and 10% (p<0.001) CNPs. At 4 days, 45%
(p=0.008), 83.7% (p=0.004) and 96.1% (p=0.001) reducti-
on in S. mutans colony count was observed in the presence
of 1%, 5%, and 10% CNPs, respectively compared with the
control group (Fig. 3a). Also, 66.2% (p=0.026) and 96.0%
(p=0.001) reduction in S. mutans was displayed in the pre-
sence of 5% and 10% CNPs, respectively compared to the
control group at 7 days.

Results of one-way ANOVA analysis showed a signifi-
cant difference in S. sanguinis colony count in presence of
different concentrations of CNPs at 24 hours (p=0.008), 4
days (p=0.026) and 7 days (p=0.012). A significant reducti-
on was seen in S. sanguinis colony count following exposu-
re to 5% and 10% concentrations of CNPs after 24 hours,
4 and 7 days compared with the control group (Fig. 3b).
However, the mean colony counts in the presence of 10%
CNPs was significantly lower than that in the presence of
1% CNPs at 4 and 7 days (p=0.011).

A significant difference in L. acidophilus count in the
presence of 1%, 5%, and 10% CNPs at 24 hours (p<0.05)
but no significant difference was observed in the presen-
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Figure 1. The steps of the orthodontic adhesive with combined primer and adhesive. a) Fix the rat; b) Etching; ¢) Washing and drying;

d) Adding the primer; e) Curing the primer; f and g) Adding the adhesive; h) Adding the primer; i) Curing the primer.

[ |
100 nm

SEMHV: 15.00 kY WD: 3.878 mm
View field: 36.11 ym Det: InBaam
SEM MAG: 6.00 kx

Figure 2. SEM image of synthesized CNPs at x6000 magnifi-
cation (scale bar represents 100 nm). The CNPs in 50-90 nm in
diameter with uniform shapes were confirmed the successful syn-
thesis of CNPs.

ce of 5%, and 10% CNPs at 4 days (p>0.05) and 7 days
(p>0.05). As shown in Fig. 3c, there was 98.2% (p=0.012),
99.1% (p=0.001), and 95.7% (p=0.012) reduction in L.
acidophilus count in the presence of 10% CNPs at 24 hours,
4 and 7 days, respectively compared with the control group.
The difference between 1% CNP and 10% CNP groups was
also significant at all examined times (p=0.011).

A comparison of colony counts between the two groups
of successful and failed adhesives at 7 days was shown in
Table 1. At 7 days, rats with failed adhesives had signifi-
cantly higher mean count of S. mutans (p<0.001), S. sangui-
nis (p=0.001) and L. acidophilus (p=0.003) compared with
rats with successful adhesives (Table 1).

DISCUSSION

This study assessed the antibacterial effects of orthodontic
primer containing CNPs against the multispecies biofilm of
cariogenic bacteria in rat model. The results showed that at
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Figure 3. Microbial colony count (CFUs/mL) in the saliva of rats following exposure to orthodontic primer containing 0%, 1%, 5%,
and 10% CNPs for 24 hours, 4 and 7 days (n=7). a) S. mutans, b) S. sanguinis, c) L. acidophilus. Orthodontic primers containing 10%
CNPs were effective against S. mutans, S. sanguinis and L. acidophilus up to 7 days in rat model.

Table 1. Colony count (CFUs/mL) of cariogenic bacteria between the two groups of rats with successful and failed adhesives at 7 days

using independent sample t-test

Bacteria Restoration status Number Mean £ SD ¢ p value
FR? 16 6.98x10°+0.44

S. mutans <0.001
SR 12 1.26x10°+0.17
FR 16 1.55%x10°+0.13

S. sanguinis 0.001
SR 12 2.47x10*£0.35
FR 16 3.15x10°+0.25

L. acidophilus 0.003
SR 12 5.82x10+0.11

b

2 failed restoration; ° successful restoration; ¢ standard deviation

24 hours, 4 days and 7 days, by an increase in the concen-
tration of CNPs from 1% to 10%, the number of S. mutans,
S. sanguinis and L. acidophilus colonies decreased; this fin-
ding indicates that the antimicrobial effects of CNPs were
dose-dependent. However, the number of S. sanguinis co-
lonies in the presence of 1% concentration was higher than
that of the control group, but not significantly higher. Also,
by an increase in time from 24 hours to 7 days, the number
of S. mutans and L. acidophilus colonies increased. Howe-
ver, the number of S. sanguinis colonies decreased, which
can indicate successful colonization of S. mutans and its
successful competition with Lactobacillus. It should be no-
ted, though, that the bacterial count depends on a number

of factors such as the consumed foods and drinks, oral ha-
bits, method of sampling and processing of samples. Also,
this increase in colony count over time (from 24 hours to
7 days) may indicate that the antimicrobial properties of
CNPs decrease over time, which may be due to decreased
release of CNPs over time; this finding was in line with the
results of Sodagar et al.'* However, this increase in colony
count was significantly lower compared with the control
group.

The present study results showed that the addition of
CNPs significantly decreased the S. mutans and S. sangui-
nis colony counts compared with the application of primer
without CNPs. Also, the reduction in colony count incre-
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ased with the increase of CNPs concentration. This finding
was in line with that of Sodagar et al.!> that showed that
the addition of 10% CNPs decreased the S. mutans and S.
sanguinis colony counts. Similar results have been reported
with the use of zinc oxide nanoparticles®, TiO, nanoparti-
cles?”, and zinc-oxide-CNPs.?

S. mutans and S. sanguinis are in balance in the oral cavi-
ty and the presence of S. sanguinis can decrease the count of
S. mutans.?® Considering the reduction in colony count of
S. sanguinis in this study following the addition of CNPs, it
can be concluded that CNPs decrease both S. mutans and S.
sanguinis colony counts and this reduction in colony count
was not selective. However, since the magnitude of reduc-
tion of S. mutans colony count was greater than the magni-
tude of reduction of S. sanguinis colony count, the ultimate
result would be favourable. In line with our findings, So-
dagar et al.!® also reported that the reduction in S. mutans
count was greater than the reduction in S. sanguinis count.
Kim and Shin*’ evaluated the antibacterial effects of a com-
posite resin containing CNPs with low, moderate and high
molecular weight on S. mutans and reported results similar
to the results of this study. Mirhashemi et al.”® evaluated
the antimicrobial effects of 10% CNPs in combination with
zinc oxide nanoparticles and showed that zinc oxide-CNPs
inhibited microbial biofilm of S. mutans, S. sanguis, and L.
acidophilus. This effect was magnified by an increase in the
concentration of CNPs?® In another study, Rajabnia et al.'”
reported that sealants containing 2% to 5% CNPs inhibited
S. mutans and this inhibition increased by an increase in
the concentration of CNPs.

The current results showed that 10% CNPs caused maxi-
mum inhibition of S. mutans and S. sanguinis; 5% and 10%
concentrations had no significant difference with each
other at any time point. Also, it should be noted that the
use of CNPs may affect physical and mechanical proper-
ties such as bond strength. Thus, 5% concentration seems
to be the ideal concentration of CNPs to be added to the
primer to have optimal inhibitory effects on S. mutans and
S. sanguinis. The results showed that 1% and 5% concen-
trations of CNPs had no significant effect on L. acidophilus
colony count but 10% concentration of CNPs significantly
decreased the L. acidophilus colony count. No significant
difference was found between the orthodontic primers
containing 5% and 10% concentrations of CNPs against L.
acidophilus. The result of the current study revealed that
10% concentration of CNPs showed significant inhibition
of L. acidophilus compared with the control group. Thus,
10% concentration of CNPs is recommended for inhibition
of L. acidophilus. Our results at 7 days showed that the ad-
dition of CNPs decreased the mechanical properties of the
adhesive and increased the frequency of debonding. Rats
with failed adhesives showed significantly higher count of
all three cariogenic bacteria compared with rats with suc-
cessful adhesives. By increasing in concentration of CNPs,
the frequency of failures increased, which highlighted a
reduction in the bond strength by increasing of the con-
centration of CNPs. Similarly, Sodagar et al.'® found that

the addition of CNPs did not cause a significant change in
bond strength but an increase in concentration of CNPs
from 1% to 10% decreased the bond strength, although not
significantly. Akhavan et al.’! reported that by an increase
in concentration of silver nanoparticles and hydroxyapatite
from 1% to 10%, the bond strength decreased. Further stu-
dies over longer periods of time and on other concentrati-
ons of CNPs are needed to better elucidate this topic.

CONCLUSIONS

Orthodontic primers containing 10% CNPs were effec-
tive against S. mutans, S. sanguinis and L. acidophilus up
to 7 days in a rat model. Considering the competition of
bacteria in the oral cavity, orthodontic primers containing
5% concentration of CNPs seem to be effective against S.
mutans and S. sanguinis while 10% concentration of CNPs
is suitable for inhibition of L. acidophilus.
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Pe3tome

BBepaeHue: HaxomteHne 6MOIIEHKY BOKPYT OPTOFOHTUYIECKUX CKOO U KOMIIOSUTOB SIB/II€TCS YACTHIM OCTIOXKHEHVEM HeChEMHbIX
OPTOLOHTMYECKMX AIlIIapaToB. B 9TOM mccenoBanny oneHnBam aHTHOAKTepraIbHbIM 3 HeKT OPTOZOHTUUECKOTO IIpaiiMepa, Cofep-
alero HaHodacTuuel xutodana (HYX), mpoTus 6MOMIEHKN PasIMIHBIX TUIIOB KapMeCOTeHHBIX OaKTepuit Ha MO/ KpBIC.

Martepuanbl n metoabl: OprogonTuyecknii npaiimep Transbond XT, copepsxammit 0%, 1%, 5% u 10% HYX, 6611 npuroToBeH
aKcIepuMeHTanbHo. Kpbichl muany Wistar 6bU1M pasfienieHbl CTydaiiHbIM 06pa3oM Ha 4 rpynmsl (n=7) — KoHTponbHylo (0% HYX),
1%, 5% 1 10% HYX. PoToBbIe ONOCTY KPBIC OBV MHQUIIMPOBAHBI KapyecoreHHbIMU OakTepusamu. ITocie aHecTesym KphIC 1 Karumo
(10 uL) mpaiiMepa ¢ pasmuyHbIMU KOHLeHTparyamyt HUX HaHOCKIM Ha MX LIeHTPpaIbHbI pe3el] 1 GOTOIONMMepU30BaIM B TeUeHME
20 cexyna. OproponTnyeckuii ket Transbond XT (2x2 MM) 611 HaHecéH Ha npaiiMep. Bpina HaHeceHa e1né ofHa Kars (10 pL) mpait-
Mepa, KoTopas (oToNmomIMepu3oBanach B TedeHne 40 cexyns. Konmuectso xonmonmit Streptococcus mutans, Streptococcus sanguinis u
Lactobacillus acidophilus B cioHe KpbIC KOMMYECTBEHHO OTIpee/isiny depes 24 qaca, 4 fHs 1 7 fHeIL.

Pesynbrarthbl: [Jo6asnenue 1% (p=0.005), 5% (p<0.001) 1 10% (p<0.001) HUX opTomoHTIIECKOrO IpajiMepa 3HAYNTENBHO YMEHb-
LIMIO KONMMYIECTBO KONIOHMIT S. mutans depes 24 yaca 1O CpaBHEHUIO C KOHTPONIbHOI Ipymmnoii. Yepes 24 gaca cpefHee KOMMIECTBO
KOMOHUI S. sanguinis B rpymmax 5% (p=0.04) n 10% (p=0.02) 6110 3HAYNTENBHO HIDKE, YeM B KOHTPOJIbHOIL rpymie (p<0.05). Ha 24-
OM 4acy U Ha 4 [IeHb CpefjHee Ko/n4ecTBO B Konounu L. acidophilus B rpynme 10% HYX 65110 3HaUUTETBHO HIDKE, 9eM B KOHTPOJIBHOI!
rpyne (p<0.05). Ha 7 feHb y KpbIC ¢ HapYLIEHHBIM aAre3NBOM Ha6/II0aI0Ch 3HAUNTENIBHO OOIbIlee KOMMIECTBO BCEX TPEX HaKTepuil
10 CPaBHEHMIO C KpbIcaMu ¢ afiresauBoM (p<0.05).

3akntoueHune: Jlo6apnenne 5% HUX k OpTOROHTHYECKOMY IIpaliMepy 3HAYUTETLHO CHUSMIIO KOMUYECTBO KapUeCOTeHHBIX 6aKTepHii
Y KpBIC.
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