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ABSTRAT

Background: One of the most important complications of fixed orthodontic treatment is formation of white spots,
which are initial carious lesions. Addition of anfimicrobial agents into orthodontic adhesive material might be wise
solution for prevention of white spofts formation. The aim of this study was to evaluate the antibacterial properties of
orthodontic adhesive primer against S. Mutans after adding the three different types of nanoparticles (Ag, ZnO, or
TiO2).

Materials and methods: Discs were prepared using empty insulin syringe approximately 2 mmx2 mm rounded in
shape specimens (40 discs) were divided into four groups (ten discs for each group): The first group was the control
(made from primer only), the second group (10 discs made from primer and incorporation of Ag NPs), the third
group (10 discs made from primer and incorporation of ZnO NPs), and the fourth group (10 discs made from primer
and incorporation of TiO2 NPs). The antibacterial properties of orthodontic bonding agent after incorporation of (Ag,
Zn0O, or TiO2) nanoparticles were evaluated by disc diffusion test and viable count of mutans streptococci.

Results: The results of this study showed that there were high significant differences between the all groups using
ANOVA F-test, and the colony forming unit were 99x103, 39.6x10%, 19.4x103, 6.6x10® CFU/mL respectively. Conclusion:
The incorporation of these nanoparticles (Ag, ZnO, or TiO2) info Transbond ™ XT adhesive primer helps fo enhance
the antibacterial properties of primer against the S. mutans.
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INTRODUCTION MATERIALS AND METHODS
Both the brackets and bonding adhesive Adhesive preparation:

materials may retain plaque as a result of this The primer of the first group was left
new site is susceptible to caries, because of the without any additives (control), while the 2n
level of Streptococcus mutans is significantly group, 1% silver nanoparticles (80nm, purity
increased in the saliva and plaque of patients 99%) were incorporated to the primer 219, the
who are undergoing to fixed orthodontic 3" group, 1% zinc oxide nanoparticles (50nm,
appliance treatment, and the result is elevated purity 99%) were incorporated to the primer
risk of the caries *2. Nanofillers can minimize (141617 and 4™ group, 1% titanium dioxide
enamel demineralization with no deterioration of nanoparticles  (25nm, purity 99%)  were
physical ~properties of the composite ©. incorporated to the primer (814.18) each mixture
Researchers confirmed that new adhesive system (a primer with one type of nanoparticle) was
composed of silver nanoparticles (Ag) provided placed in a test tube covered with foil and mixed
an excellent antibacterial properties ). Zinc- for 2 min using Vortex machine (Huma Twist,
based nanoparticles are stated to bring persistent Wiesbaden, Germany) to create uniform
harmful effects in animal studiesin vitro (5). homogenous mixture (Figure 1)

Several studies have reported that resins
containing TiO. nanoparticles show
antimicrobial properties which may be applied
for  preventing  frequent  caries  and
demineralization of the enamel 68, The silver,
zinc oxide, and TiO; have proper antibacterial
activity and when they convert into nanoparticles
their surface to volume ratio increases, and this
will improving their antibacterial activity ©-19,
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(1)Master student, Department of Orthodontics,
College of Dentistry, University of Baghdad.
(2)Assistant  Professor, Department of Orthodontics,
College of Dentistry, University of Baghdad.

Figure 1: The primer agents after adding the
nanoparticles.
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Discs preparation
Discs were prepared using empty insulin syringe
(ImL) (AMART, New Delhi, India), the syringe
sliced using hand piece at 3200 RPM to form
disc that are approximately 2mmx2mm rounded
in shape specimens, 40 discs were prepared and
divided into four groups (one control group, and
three test groups according to the type of
nanoparticles which had incorporated), and four
bonding mixture groups added to the discs
separately (ten discs for each group) and light
cured for 40 seconds, which are the control
group with primer only wittiout adding NPs, and
three experimental groups which were 1% Ag
NPs, 1% ZnO NPs, and 1% TiO, NPs. After
setting these discs kept in sterilized containers
until antimicrobial test 19, Figure 2.

Figure 2: A. Insulin empty syringe 1MI; B.
Slicing by hand piece; C. The mold obtained.

Agar plate preparation: Mitis- Salivarius
Bacitracin Agar (MSB agar)

This agar is the selective medium for the mutans
streptococci. It was prepared from mitis
salivarius agar (MSA) according to Hi-Media
Company instructions with 20% (W/V) sucrose
and 2001.U/L bacitracin ?%21), The preparation of
media was done according to the instructions of
manufacturer by suspending 90gm of the powder
in 1000mL distilled water, mixed well by
Magnetic stirrer (Zhongxing, Taiwan, China) to
ensure dissolution of the entire quantity of the
powder, to increase the specialty of MSB agar to
the isolation of Mutans streptococcus, before
sterilization, the addition of sucrose in a
concentration of 150 gm/L was done. The
medium was cool to about 45°C after
autoclaving at 121°C for 15 min under 15 psi
then left to cool till 45-50°C after that 1mL of
bacitracin solution was added for each one liter
of the agar. The preparation of bacitracin stock
solution was done by dissolving 0.364g of
powder in 100mL of sterilized distilled water
mixed well by Magnetic stirrer to make sure
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dissolution of the whole quantity of the
antibiotic, this will provide concentration of 200
LU/L. The solution was pure by millipore filter
(0.20um) (Fisher scientific, Wien, Austria) until
use, it will be kept in refrigerator. A new
solution was prepared each two weeks 022, then
it was poured in petri dishes and allowed to cool
and set then stored in the refrigerator (Samsung,
South Korea) at 2-8°C until used, according to
the instruction of Hi Media company 3. Figure
3.

Figure 3: Mitis- Salivarius Bacitracin Agar
Blood agar.

The preparation of media was done according to
the instructions of Hi Media company by adding
40 gm in 1000ml distilled water, heated to the
boiling temperature at 80°C to dissolve the
medium completely, sterilized by autoclaving at
15 psi 121°C for 15 min, then cooled to 45-50
°C, and aseptically added 5% V/V defibrinated
blood, furthermore, mixed well and poured into
sterile Petri dish (2223),

Identification of Mutans streptococci
A. Morphological characteristics:
Mutans streptococci were examined under light
microscope (magnification X 15) (Olympus,
Tokyo, Japan), the colonies appear light blue in
color about 1-2 mm in diameter as spherical or
ovoid in shape with raised or convex surface,
adhered well to the agar surface. Most of
Mutans streptococci colonies has a depression
at the middle of the colony containing a drop of
polysaccharide, or sometimes the whole colony
submerged in a pool of polysaccharide 429,
B. Gram’s stain
One or two colonies were selected from MSB
agar under sterilized condition and subjected to
Gram’s stain (Vaccine and Sera Institute,
Hadapsar, India) %),
C. Biochemical tests
The following tests were conducted:
1- Catalase production test

A small amount of pure isolates of
Mutans  streptococci  were  transferred
individually using a sterile loop to the surface of
clean dry glass slide. Drops of hydrogen
peroxide 3% (Gemtek, New Jersey, USA)
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directly onto a portion of bacterial culture on the

slide (Citotest, Nantong, China), the absence of

catalase enzyme indicated by absence of gas
bubbles, this test can be done also on the

colonies of MSB agar plates directly 7).

2- Carbohydrate fermentation test for Mutans

streptococci

In order to evaluate the ability of MS to
ferment the mannitol, Cystine Trypticase -
Mannitol Agar had been used, the mannitol was
added in a concentration of 1% to the Cystine
Trypticase - Agar and spread into screw capped
bottles (10mL in each bottle) and sterilized by
autoclave, then kept in the refrigerator at 2-8°C
until used. Each bottle was inoculated with
0.ImL of pure MS isolates and incubated
aerobically at 37°C for 48 hours. The color will
be changed from red to yellow that means there
is a positive reaction as a result of acid
production from the fermentation reaction ),
The antibacterial activity assay:

A. Determining the antimicrobial activity of
different nanoparticles on the mutans
streptococci growth group:

Kirby- Baure disk diffusion test was
performed. Three or four well isolated colonies
of mutans streptococci from MSB agar were
suspended in 5ml sterile normal saline to
achieve 0.5 McFarland turbidity to produce a
stock suspension @9, A sterile swab was
immersed into this suspension and excess fluid
was pushed out. The brain heart agar was
swabbed carefully in three directions to achieve
uniform growth on the surface of the agar plate
(0), After the agar surface has been left for
about five min, then the discs (with and without
NPs) were placed on the agar and the plates
were kept at room temperature for 120 min for
diffusion of the antimicrobial agents @9, then
these agar plates were incubated aerobically at
37°C for 24 hours. In order to measure the
inhibition zone that may appear around the
discs, a polygauge caliper was used @9, Figure

(4).

Figure 4: The discs placed inside the BHI agar

Val. 31(3), Septembier 2019

B. The effect of nanoparticle loaded resins
on viable count of mutans streptococci
group colonies:

To examine the antimicrobial activity of
the primer with Ag, ZnO, or TiO2 Nps. mutans
streptococci was diluted in 0.9% NaCl, and
suspension of approximately 1.5x108 CFU/mL, a
0.5 McFarland standards was prepared using a
McFarland densitometer, this was done by
transferring 1-2 colonies of streptococci mutans
from 24 hours cultures of blood agar to obtain
the suspension ©233), By micropipette 1000uL of
prepared bacterial suspension was inoculated
into 9mL of Brain-Heart infusion broth under
sterile condition @4, and serially dilution was
done by adding 1000xL to the second tube of
9ml of BHI-broth, then adding 1000uL from the
second tube to the third one 10 (BHI-broth with
9mL), and the sterile discs that were going to be
examined placed individually into the inoculated
tubes, and incubated at 37°C for 1 hour under
aerobic condition, after that each disc removed
from tubes and placed in 5mL normal saline, and
shacked by Vortex mixer for 2 min to allow
releasing of bacteria from the specimen surface,
then 100ul from this solution was taken by
micropipette and spread on blood agar, and
incubated aerobically for 24 hours at 37°C (35-38),
The final count (number of bacteria per
in the following

milliliter) was calculated
equation:

Colony forming unit per mL (CFU/mL) =
Colony number/ Dilution Factor ®837), Figure 5.

I I i
Figure 5: A. Placement of specimen in the normal

saline; B. Shacked by auto Vortex for 2 min; C. Add
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100 pl to the blood agar

Statistical Analysis

All statistical tests and calculations were
made using Statistical Package for Social
Science software (SPSS for windows, 19.0,
Chicago, USA). Testing the normality of data
distribution was carried out by using Shapiro-
Wilk test. Maximum, minimum, mean values,
standard error and standard deviations were
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calculated as part of the descriptive analysis.
Statistical significances were measured using one
way (ANOVA) to discover the difference among
the four groups, and Post hoc Tukey's test used
to test further any statistically significant
difference between each two groups.

RESULTS

Evaluating viable count of SM (CFU/mL)
Testing the normality of data

distribution was carried out by using Shapiro-

Wilk test, in order to apply the correspondence

Val. 31(3), Septembier 2019

statistical test. The results showed that there was
no significant difference in all the groups of
antimicrobial test; as shown in Tablel, while
descriptive statistics and F-test analysis of
variance (ANOVA) of mean values of CFU/mL
in different groups were evaluated, there was
high significant difference among the groups as
shown in Table 2, also Post hoc Tukey'’s test was
used to test the mean differences and showed
that there were high significant differences in
CFU/mL between the control group and all
tested groups; as shown in Table 3.

Table 1: Testing the normality of data distribution for the antimicrobial test in the
various groups.

Groups Shapiro-Wilk d.f. p-value
Control 0.940 10 0.554 (NS)
Ag 0.941 10 0.562 (NS)
ZnO 0.918 10 0.345 (NS)
TiO2 0.952 10 0.692 (NS)

NS: Non significant

Table 2: Descriptive statistics and F-test (ANOVA) of the CFU/mL.

Descriptive statistics Comparison (df=39)
Groups N Mean S.D. SEE. Min. Max. Z;LZSJ p-value
Control 10 99x103 7.57 2.39 89 110
Ag 10 39.6%x103 10.28 3.25 26 56
ZnO 10 19.4x103 4.93 1.56 14 30 346.873 0.001 (HS)
TiO: 10 6.6x103 2.37 0.75 3 10

HS: Highly significant

Table 3: Post hoc Tukey’s test of the CFU/mL in different groups.

Groups Mean Difference p-value
Ag 59.4x103 0.001 (HS)
Control Zn0O 79.6x103 0.001 (HS)
TiO; 92.4x103 0.001 (HS)
Ag Zno 20.2x103 0.001 (HS)
TiO; 33x10°3 0.001 (HS)
ZnO TiO, 12.8x103 0.001 (HS)

HS: Highly significant

DISCUSSION

Identification of mutans streptococci

A. Colony morphology

MS colonies appeared light blue in color, about
1-2 mm in diameter as spherical or ovoid in
shape with raised or convex surface, adhered well
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to the mitis salivarius agar surface, this media has
selective and differential properties because it
contained Bacitracin which inhibits the growth of
other type of bacteria ©9),

B. Gram stain test

The Gram stain was used because it was the
most useful and widely employed differential
stain in bacteriology. The MS bacteria was gram
positive, which stained with the basic dye crystal
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violet, this is the primary stain, it is followed by
treatment with an iodine solution, which
functions as a mordant; it increases the
interaction between the bacterial cell and the
dye, so that the dye is more tightly bound or the
cell is more strongly stained ©6)

C. Biochemical tests
1. Catalase production test

This test demonstrates the presence of
catalase enzyme, it was used to differentiate
bacteria that produce an enzyme catalase or not.
The enzyme catalase facilitates the breakdown of
hydrogen peroxide into oxygen and water. The
presence of the enzyme in a bacterial isolate was
evident when the rapid elaboration of oxygen
bubbles occurs. The lack of catalase enzyme was
evident by a lack of or weak bubble production
(40)
2. Carbohydrate fermentation test
About 1% of specific carbohydrate (which was
one of components of Cystine Trypticase
Manitol Agar) was used to detect fermentation
reactions. Changing the color of the indicator
(Phenol red) from red to yellow which points the
fermentation of carbohydrate and acid
production ¢1-43),

Disc diffusion test and plate counted method
In some studies, diffusion agar disc
technigque has been used to evaluate antibacterial
properties (448)_ In the current study, the
adhesive materials do not form the growth
inhibitory zone, the fact behind that is the direct
contact of the nanoparticles that were added to
the primer of the adhesive with bacteria is
minimal (9,44,46) However, turbidity
measurements are limited, as they count both
dead and vital bacteria present together in a
biofilm layer ©). The contact area of
nanoparticles with bacterial micro-organisms is
higher in a serial dilution method compared to
the culture media, thus increasing their
antibacterial effect V. Therefore, the obtained
results of this study are depend on plate count
method in which a viable cell count allows one
to identify the number of actively growing cells
in a sample, the plate count method or spread
plate relies on bacteria growing ability to form a
colony on a nutrient medium, the colony
becomes visible to the naked eye and the number
of colony on a plate can be counted ©®. The
results of the present study showed that the
number of colonies of viable bacteria of
Streptococcus mutans in the control group was
significantly higher than that in the three other
tested groups after incorporating the
nanoparticles (Ag, ZnO, or TiO;) to the
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Transbond XT primer because these types of
nanoparticles provide an excellent antibacterial
activities “®, and this agreed with researchers
(12 A highly significant difference was found
between Ag group and the control group, this
may be due to high antibacterial properties of Ag
NPs, this result agreed with other studies @10
1248) A highly significant difference was found
between ZnO group and the control group, this
may be due to the ZnO NPs serves as an
activator of enzymes that can be toxic to
bacteria, this result agreed with other studies
(11.124649) = A highly significant difference was
found between TiO» group and the control group,
and this may be due to TiO2 NPs have a broad
spectrum antimicrobial agent, this result agreed
with (84849 |n addition there is a highly
significant difference between Ag group and
ZnO group (antimicrobial activity of ZnO group
was higher than Ag group), this may be due to
the particle size of ZnO NPs relative smaller than
the size of Ag NPs, this result agreed with
researchers (249 but contrary to the result of
others ), in which they evaluated the effects of
silver (25 nm), and zinc oxide (125 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 the applied
nanoparticles. Furthermore, our study showed
that there were a highly significant differences
between TiO, and Ag groups, and TiO2 and ZnO
groups (antimicrobial activity of TiO, group was
higher than Ag and ZnO groups), this may be
due to the size of TiO2 NPs relative smaller than
the size of Ag and ZnO NPs, these results in
accordance with a study ©9, but disagreed with
another “8, who found that the antimicrobial
effect of Ag nanoparticles on MS was more than
that of TiO. nanoparticles, this may be attributed
to the difference in size of applied nanoparticles
that was used in their studies. The antimicrobial
activity of Ag, ZnO, and TiO, NPs appeared to
be particle size dependent, the smaller particle
size will lead to efficient ions release due to their
large surface-to-volume ratio that could enable
them to discharge more ions at a low
concentration, this may result in defect in
bacterial cell wall, so that the cell contents are
lost and this result can agree with other studies
(10.11.46) In the current study, the incorporation of
these nanoparticles (Ag, ZnO, and TiOy) into
Transbond ™ XT adhesive primer helps to
enhance the antibacterial properties of primer
against the Streptococcus mutans.
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