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ABSTRACT

Background: Perforations either pathologic or iatrogenic can result in inflammatory reaction
to the periodontium, bone resorption, and the formation of granulomatous tissue. If not sealed
properly, reinfection in the root canal space can occur leading to periapical lesions, bone loss and
eventually tooth loss. Objectives: To evaluate the antimicrobial effect of nano-silver and nano-
chitosan impregnated MTA compared to conventional MTA by confocal scanning laser
microscopy. Materials and Methods: Forty eight samples were divided into three groups
according to the tested material: group A was nanosilver impregnated MTA, group B was
nanochitosan impregnated MTA and group C was conventional MTA. After bacterial inoculation
to the dentin blocks and the addition of the tested materials to each dentin specimen, the samples
were stained by Acridine orange and Proprium iodine. Image analysis was done using Zeiss blue
software to count the number of dead and living bacterial cells. The percentage of living bacteria
was calculated by dividing the number of live bacteria by the total number of bacteria then
multiplied by hundred. Results: Nanosilver impregnated MTA showed a significantly higher
antibacterial property followed by the nanochitosan impregnated MTA and finally the
conventional MTA. Conclusion: The antibacterial property and solubility of MTA was enhanced
by the addition of nanoparticles. The addition of Nanosilver to MTA presented a greater
antibacterial effect than nanochitosan.
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INTRODUCTION

Perforations are defined as pathologic or
latrogenic communications between the root
canal space and the attachment apparatus.
Pathologic perforations can happen due to
extensive dental caries or inflammatory

external or internal resorption. latrogenic

perforations are the result of undesirable
incident that can occur at any stage of the root
canal therapy such as access cavity,
mechanical preparation or post space
preparation.! The occurrence of perforations

in the literature has been reported between
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three and ten percent. Perforations cause a
sequala of undesirable events starting with
acute inflammatory response followed by
destruction of periodontal fibers, bone
resorption and the  formation  of
granulomatous tissue and eventually tooth
loss.?

Hence, the ideal endodontic repair
material should provide a hermetic seal, be
biocompatible, dimensionally stable,
radiopaque, set in moisture, not affected by
tissue fluids, non-resorbable, bactericidal or
bacteriostatic, inexpensive and easily
manipulated. Different materials have been
used to repair such defects. Recently,
bioceramic materials such as mineral trioxide
aggregate, Biodentin, Endosequence and
Bioaggregate have been used to treat
perforations and their performance was
significantly better that other conventional
materials.®

MTA was originally used as a retrograde
filling material in endodontic surgeries. Then
its uses have expanded to repair root
perforations, as an apical barrier during
obturation of teeth with open apices, a pulp
capping
apexifications, and regenerative procedures.*

material,  for  pulpotomies,

In  these  procedures, moisture
contamination occurs and most of the

properties of the filling materials are
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negatively affected by the presence of water.
However, MTA sets in moisture, and it,
therefore, provides an excellent hermetic seal
in the presence of water. MTA is a hydraulic
cement which is composed of tricalcium
silicate, tricalcium aluminate, tricalcium
oxide, silicate oxide, mineral oxide and
bismuth oxide. The powder gets hardened in
the presence of water to form a colloidal gel
which then solidifies in approximately four
hours.®

Torabinejad et al.° evaluated the
antibacterial properties of amalgam, zinc
oxide eugenol, Super EBA and MTA. It has
been shown that MTA had an antibacterial
effect on some facultative anaerobes;
however it had no effect on strict anaerobes.

Jardine et al.” evaluated the survival of a
multispecies microcosm biofilm after it was
exposed to NeoMTA Plus, Biodentine, and
MTA Angelus using confocal scanning laser
microscopy. There was no substance that
could eliminate all biofilm cells; all groups
had more than 50% alive bacteria. It was
concluded that all tested materials were
ineffective against multispecies bacterial
biofilm. Since bioceramic cements are only
for use in contaminated clinical settings, it
was argued that prior to filling with these
materials, additional disinfection measures

should be carried out.
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Nanomaterials are natural, accidental, or
synthetic materials that contain particles in
unbound states, aggregates, or agglomerates,
with diameters of 1 nm to 100 nm for 50% or
more of the particles. They differ from the
original material in terms of physical
properties. This is due to its larger surface
area to volume ratio, increasing its chemical
activity, which results in a higher number of
atoms near the surface as compared to its
macrostructure.®

Silver  nanoparticles have  great
antibacterial and antifungal effects. They
disrupt cell walls and metabolic processes,
inactivate bacterial enzymes, enhance cell
permeability, and create reactive oxygen
species via electrostatically interacting with
cell membranes, and affecting the hydrogen
bonds of the proteins. It has been shown that
silver nanoparticles act by targeting certain
proteins in the cells causing their
denaturation, and unwinding the DNA by
affecting the hydrogen bonds which
stabilizes the DNA.%10

Bahador et all! compared the
antimicrobial effect of MTA, and MTA
impregnated with nanosilver particles against
Fusobacterium  nucleatum using agar
diffusion and broth dilution methods. The
results showed that mixing MTA with a

concentration greater than 6% of the solution
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of nanosilver instead of water significantly
increased the material's  antibacterial
effectiveness.

Liu et al.'?> tested the antibacterial
activity of a silver nanoparticles poloxamer
thermoreversible gel against Enterococcus
faecalis in the root canal using agar counting
plate, scanning electron  microscope
observations, and confocal laser scanning
microscope analysis. It was found that silver
nanoparticles poloxamer thermoreversible
gel exhibits strong antimicrobial activity
against the Enterococcus faecalis and is easy
to produce, with a continuous release of
silver ions making the gel a great candidate
for a new root canal disinfection.

Hemmanur, and Nasim,*® evaluated the
antimicrobial effect of MTA based sealer
when combined with nanosilver particles at
different concentrations. The antibacterial
effectiveness was assessed using an E.
faecalis well diffusion test. It was found that
the greater the concentration of the
nanosilver particles added, the greater was
the zone of inhibition. It was concluded that
MTA based sealers containing nanosilver
particles have greater antibacterial effect and
can effectively control the growth of
Enterococcus faecalis.

Chitosan is a natural, organic

biopolymer made from chitin, which is one of
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the most available natural polymers forming
the main component of the exoskeleton of
crustaceans such as crab and shrimp shells.
Because chitosan is a cationic molecule, it
works as a broad-spectrum antibacterial by
interacting with negatively charged bacterial
cell membranes, increasing their
permeability and causing leaking of
intracellular components, ultimately leading
to cell death. Furthermore, chitosan is
believed to bond to the surface of dentin
through binding to calcium ions via its
phosphate group, resulting in the formation
of calcium phosphate on the dentin surface.
Bacterial adhesion to the dentin can be
considerably reduced as a result of this.*

Beshr and Abdelrahim®® evaluated the
antibacterial effect of the addition of chitosan
on MTA fillapex against Enterococcus
faecalis strain using the Agar diffusion test. It
was found that adding chitosan to MTA
fillapex improves its antibacterial efficiency
against E. faecalis, and its antibacterial
activity  increases as the  chitosan
concentration increases.

Hiremath et al.'® evaluated the
antibacterial properties of adding chitosan gel
to Mineral trioxide aggregate (MTA), MTA
plus and Biodentine. Gram positive
Enterococcus faecalis were used to produce a

3-day biofilm. Results showed that the
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combination of MTA, MTA Plus, and
Biodentine with Chitosan had Dbetter
antibiofilm capabilities than their individual
equivalents. It was concluded that chitosan
can be used as a novel material in dentistry to
enhance the antibacterial properties of
present materials.
MATERIALS AND METHODS

A total of 48 mandibular molars were
selected from the MIU teeth bank. All teeth
were cleaned, disinfected and examined
under magnifying lens for cracks, extensive
decay, root caries, vertical fracture, the
presence of perforations, and resorption. The
selected mandibular teeth were the ones
lacking all these, with separate roots and
moderate root curvature up to 20° according
to Schneider.!’
Preparation of the dentin samples:

A total of 48 non identified dentin blocks

were fabricated from the collected
mandibular molars. Coronal and apical parts
of the teeth were cut off using a double-sided
diamond disk (Extec, Enfield, CT, USA)
under refrigeration in Isomet 2000 precision
cutting machine (Figure 1). The diamond
discs were used to section the middle portions
of the roots vertically. A central groove was
made in each dentin section using a diamond
stone. Final dimension of each dentin block

was 4 mm in length, 5 mm in width and 4 mm
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Bacterial inoculation of the specimens:

Enterococcus faecalis bacteria was
cultured in Brain Heart Infusion and
incubated anaerobically at 37°C for 24 hours
(Figure 3).

Figure (1): showing the Isomet precision
cutting machine.

in height, with a central groove 1 mm in

width and 3 mm in depth to allow for the — —
Figure (3): E. faecalis growth on the agar plate.

formation and growth of biofilm during the

. ] .. . A single colony of E. faecalis from the
experiment (Figure 2). For disinfection, each 9 y

BHI agar plate was collected and suspended

block was submerged in a 1% sodium
in sterile BHI broth at 37°C. The sterilized

hypochlorite solution for 15 minutes which
. i ) dentin blocks were placed in sterile
was replenished every 5 minutes, then in 17

. centrifuge tubes containing 2mL E. faecalis
percent EDTA for 5 minutes. After that,

e . Figure 4). Then the specimens were
sterilization was carried out at 121°C, latm, (Fig ) P _

for 15 minutes.'®

Cc

a Figure (4): Sterile centrifuge tubes containing
' 2mL E. faecalis and the dentin blocks.
Figure (2): The dimensions of the dentin in t t 379C for 21 nder
block (a) height = 4 mm, (b) width = 5 mm, cubated at 37°C fo days - unde
and (c) length = 4 mm. anaerobic conditions. Fresh BHI was
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replaced every two days for removal of dead
cells and to ensure the viability of the
bacteria. After the incubation period, the
specimens were removed from the tubes
under aseptic conditions, and rinsed with
saline to remove any non-adherent bacteria.

Treatment of the root canal surfaces and

Confocal microscopy:

Tested materials were manually mixed
according to the manufacturer’s instructions
with a powder to liquid ratio of 1:3. A glass
slab and a metal spatula were used to mix the
materials to obtain a putty like consistency
while ensuring full wetting of the powder
particles. Mixing time was less than 4
minutes as prolonged time can cause
dehydration of the material.

The specimens were divided into 3
groups according to the material used.

Group A (n=16) was filled using a
mixture of MTA with a suspension of silver
nanoparticles (200 ppm)

Group B (n=16) was filled with a
mixture of MTA with a suspension of
chitosan nanoparticles (10 mg per ml)

Group C (n=16) was filled with MTA
mixed with distilled water.

All materials were handled according to
the manufacturer’s instructions. They were
manually mixed using a metal spatula on a

glass slab with a powder to liquid ratio of 1:3.
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Each loaded dentin block with the cement
was labelled and incubated separately in well
cell culture plates containing BHI at 37 °C for
7 days under aerobic conditions (Figure 5
and 6).

Figure (5): The loaded dentin block.

Figure (6): The loaded dentin block in BHI.

All specimens were examined using
confocal laser scanning microscopy. The
specimens from each group were stained
using fluorescent Live/Dead bacterial
viability stain (acridine orange and
propidium iodide) to determine the viability
of the biofilm. Images of the live and dead
bacteria were obtained. The live bacteria
present on the biofilm were stained green and

the dead ones were stained red.
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The percentage of live bacteria was
calculated by dividing the number of live
bacteria by the total number of bacteria then
multiplied by hundred.®
Statistical Analysis:

Numerical data were explored for
normality by checking the distribution of data
and using Shapiro-Wilk test of normality. All
data showed normal (parametric
distribution). Data were presented as mean
and standard deviation (SD) values. One-way
ANOVA test was used to compare between
the three groups. Tukey’s post-hoc test was
used for pair-wise comparisons when
ANOVA test is significant. The significance
level was set at P < 0.05. Statistical analysis
was performed with IBM SPSS Statistics for
Windows, Version 23.0. Armonk, NY: IBM
Corp.

RESULTS

The antibacterial effect of each material
was tested as a measure of the living bacteria
to the total number of bacteria.

Group A showed the lowest mean
percentage of live bacteria (34.3% + 8.7).
Meanwhile group C showed the highest mean
percentage of live bacteria (70.4% = 8).
Group B stands midway with mean
percentage of live bacteria (52.4% + 10.6) as

shown in (Figure 7).
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Figure (7): CLSM image representing mean
percentage of the bacterial viability in the
different groups. (A) Nanosilver group
(34.3%), (B) Nanochitosan group (52.4%),
(C) MTA group (70.4%).

Applying one-way ANOVA test, there
was a statistically significant difference
between the percentages of live bacteria in
the three groups observed with P-value
<0.001) (Table 1 and Figure 8).
DISCUSSION

Nanoparticles are natural or artificial

substances containing particles in an
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Table (1): Descriptive statistics and results of one-way ANOVA test for comparison between
percentages of live bacteria (%) in the three groups.

(Group A) (Group B) (Group C)
Nanosilver + MTA Nanochitosan + MTA MTA P_value Effect size
(n=16) (n=16) (n=16) (Eta squared)
Mean 34.3¢ Mean 52.48 Mean 70.4A
SD 8.7 SD 10.6 SD 8 <0.001* 0.739

*: Significant at P < 0.05
Different superscripts letters indicate statistically significant difference.

100 - the bacterial plasma membrane, and leading
%zz 1 to increased permeability, interference with
Egm I I cellular functions, protein degradation, DNA
520 . damage and eventually cell death.?°
- Nanosilver + Nanochitosan + MTA Silver nanoparticles have been

LU L demonstrated to have antibacterial and

Figure (8): Bar chart representing mean and
standard deviation values for percentages of
living bacteria in the three groups.

antibiofilm activity against E. faecalis in

endodontic infections.?! The antibacterial

unbound state or agglomerates in which at
least half of these particles are in the size
range of 1-100 nm. They have characteristic
properties due to their significant small size
giving them a larger surface area which
provides them with a different chemical
reactivity —compared to their bulk
counterparts.*®

The increased surface area to volume
allows the nanoparticles to interact at the
molecular and the subcellular level. This
allows the antimicrobial effect of the
nanoparticles to be significantly better as
they can infiltrate bacterial biofilms better.
This allows them to interact electrostatically

with the bacterial cell wall causing damage to

activity of silver nanoparticles was
comparable to that of traditional endodontic
irrigants such as 2% chlorhexidine, 1%
NaOCl, and 5% NaOCI; however, NaOCL
demonstrated superior tissue dissolving
action. It also demonstrated antibacterial
efficacy against E. faecalis comparable to
ampicillin and 2% chlorhexidine.??

It has been found that nanochitosan
particles have antibacterial effect against E.
faecalis and were able to inhibit the
development and growth of the bacterial
biofilm. It was also reported that the
application of nanochitosan before obturation
inhibited bacterial adhesion to the dentin

walls and enhanced disinfection.
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However, according to another research,
its antibacterial efficiency may be dependent
on the bacterial form, as bacteria in the
planktonic form were completely destroyed
whereas biofilm bacteria remained viable
after 72 hours.?*

Mineral trioxide aggregate (MTA) is a
biocompatible,  hydrophilic  endodontic
cement that promotes healing and
osteogenesis. It can release calcium ions for
cell growth when it comes into close contact
with human tissues. It also regulates cytokine
production by creating an antimicrobial
environment with its alkaline pH. As a result,
it promotes the migration and differentiation
of hard tissue-producing cells, resulting in the
formation of hydroxyapatite on the MTA
surface and creating a biological seal.
Because of its biocompatibility, antibacterial
qualities, marginal adaptability, and sealing
capabilities, and ultimately, because of its
hydrophilic  nature, this cement is
distinguished from all other conventional
materials available.?®

E. Faecalis was the chosen
microorganism to be tested in this study as it
is considered a resistant strain, and frequently
isolated from persistent infections after root
canal treatment. In addition, E. faecalis is
relatively easy to culture and was

successfully used in previous studies.?6-2
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The prevalence of E. faecalis in failed
endodontic cases ranged between 24 and
70%, when culture-based techniques were
used. However, studies using polymerase
chain reaction (PCR) as the detection method
reported a prevalence of 67—-77%. As a result,
PCR detection methods are widely used to
test the antibacterial effectiveness of
irrigating solutions, intracanal medicines,
and preparation processes.?®

E. faecalis have the ability to infiltrate
the root canal and stay in a dormant state for
a long time before becoming an infectious
organism without the aid of other bacteria. E.
faecalis have a unique ability to survive in
alkaline environments with pH as high as 9.6
and high salt concentrations. They can
succeed in  competing with  other
microorganisms, by invading the dentinal
tubules and resisting nutritional deprivation.
They can colonize inside infected root canals
in a biofilm structure in heterogeneous
aggregation of microbial cells that are
embedded in an extracellular polymeric
substance matrix rather than being free
floating.?®

The antimicrobial effects of nanosilver
impregnated MTA and nanochitosan
impregnated MTA were compared to
conventional MTA on 21 days old E. faecalis.

Confocal scanning laser microscopy was

22



JFCR Vol.2, No.1

used to calculate the percentage of live/dead
bacteria after exposure to the materials for
one week. Confocal scanning laser
microscopy requires that the organisms
should be stained with specific fluorescent
stains which can emit light at certain
wavelengths. These stains allow the
quantification of cells and the assessment of
the percentage of its viability. Formerly, the
agar diffusion test was used to test the
antimicrobial properties of the materials.
However, due to the lack of control over a
large number of factors, comparing the data
acquired was difficult as the diameter of the
microbial inhibition zone was dependent on
the solubility and the diffusion ability of the
tested material .

In the antibacterial study comparison of
the viability of bacterial population was
measured by confocal microscopy. The
nanosilver group showed the lowest mean of
live bacteria by 34.3%, followed by the
nanochitosan group by 52.4%, and finally the
MTA by 70.4%. The high antibacterial effect
was in agreement with Samiei et al.3" Jafari
et al.*2, Bahador et al.*3, Hemmanur, and
Nasim.*®

A previous study** showed that the
antimicrobial properties of endodontic sealer
was improved by the addition of nanosilver

and nanochitosan against E. faecalis on
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monolayers on agar plates and collagen
membrane surface assays. Nanochitosan
particles showed lower bactericidal effect
against E. faecalis; however, it was suggested
that nanochitosan can be used as a carrier for
bactericidal ~ substances due to its
biocompatibility. It was suggested that a
combination of nanosilver and nanochitosan
can be useful in in vitro and in vivo tests.

According to Waly®, the incorporation
of silver nanoparticles was also found to
increase the antibacterial effect of MTA
against E. coli, S. aureus and E. faecalis using
disc diffusion method. It was suggested that
silver nanoparticles have the potential to bind
to the bacterial cell wall, causing structural
damage in the cell membrane, resulting in the
creation of pits, increasing cell membrane
permeability, and finally causing cell death.
Prabhu and Poulose® suggested that the
production of free radicals by the nanosilver
particles in interaction with the bacterial cell
membrane causes cell membrane damage. It
has also been proposed that ionic silver
interacts aggressively with the thiol groups of
bacterial enzymes, resulting in enzyme
deactivation.

Bedier®” also showed that MTA mixed
with  silver nanoparticles had higher
antibacterial effect than MTA with saline

using the direct contact test. It was suggested
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that the higher antibacterial effect is
attributed to the large surface area of the
nanosilver particles allowing better contact
with  microorganism, attachment and
penetration, inhibiting the DNA function,
attacking the respiratory chain in the bacterial
mitochondrial, and eventually leading to its
death.

Waly®® showed that mixing the MTA
with the chitosan solution resulted in a
significant increase in the antibacterial
activity using a disc diffusion method.
However, after five days of incubation, the
bacteria experienced a repelling action which
means that regrowth of the bacteria in the
culture occurred. This suggested that
chitosan has a bacteriostatic rather than a
bactericidal effect, and that this bacteriostatic
effect lasts less than five days.

Another study>® showed that the addition
of chitosan to MTA provided no
enhancement against the biofilm models after
24 h of incubation in contrast to the addition
of chitosan to biodentine using quantitative
microbiological analysis on bovine dentin. It
was also found that adding chitosan to MTA
did not result in a significant change in pH
after 24 hours. The addition of chitosan to
biodentine, on the other hand, resulted in a
considerable increase in pH. It was suggested

that the surrounding acidic media is thought
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to cause protonation of chitosan amino
groups,  which  favors electrostatic
interactions between the generated positively
charged chitosan molecules and negative
residues at biological locations. These
differences could be related to differences in
antibacterial activity evaluation methods or
differences in the concentrations of the
materials used.

CONCLUSION

Within the limitations of this study, it
was concluded that:

e The antibacterial property and
solubility of MTA was enhanced by the
addition of nanoparticles.

« The addition of nanosilver to MTA
presented a greater antibacterial effect than
nanochitosan.
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