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ABSTRACT

Title of manuscript: The Antimicrobial Efficacy of Nanoparticles Intracanal Medicaments
Against Enterococcus Faecalis Biofilm.

Introduction: Bacteria can create biofilms that resist antimicrobials and cause persistent
infections. With the introduction of nanotechnology in dentistry, intracanal medicaments could
become more effective against bacteria. The purpose of this study was to compare the efficacy of
normal sized calcium hydroxide (CaOH,) and chlorohexidine (CHX) against their nano counterparts
in the elimination of Enterococcus faecalis biofilm.

Methods: Sixty-six human mandibular molars were contaminated with E. faecalis then treated
with CaOH,, CaOH, nanoparticles (np), CHX, CHX loaded by silver nanoparticles (Ag-np) and
CHX loaded by chitosan nanoparticles (CH-np). Two periods of contact time were chosen; two-
days and seven-days. Comparison was based on colony forming units (CFU) and Scanning electron
microscope (SEM) was used for biofilm confirmation and examining the effect of the medicaments
on bacterial cells and biofilm.

Results: CHX\Ag-np had the highest percentage reduction with a significant difference of
<0.05. CHX and CaOH, had the lowest percentage reduction. Seven-days period showed more
bacterial reduction than the two-days period in all groups.

Conclusion: All tested medicaments reduced bacterial counts. Nanosized medicaments were
more effective than normal sized medicaments. Seven-days period is better than the two-days
period regarding the antibacterial efficacy.

KEY WORDS: Calcium hydroxide, chlorohexidine, Enterococcus faecalis, Intracanal
medicaments, Nanotechnology.
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INTRODUCTION

The treatment of infected canals is much more
challenging than non-infected ones V. Bacteria in
such cases can escape cleaning and shaping into
dentinal tubules, reaching as deep as 300 microns
@_ Tt can also create biofilms which make them
more immune to chemo mechanical preparation and
are much more resistant when protected in biofilms
than in the planktonic state ?2,

E. Faecalis is a dominant type of bacteria that
appears inside root canals . They have the ability
to penetrate deep inside the dentinal tubules .
They can create biofilms and have resistance to high
alkalinity and can become dormant for long periods
of time until nutrition is available again .

The most readily used medicament in root canals
is calcium hydroxide (CaOH,). It releases hydroxyl
ions which provides a high alkaline medium, it has
tissue dissolving capabilities and acts as a physical
barrier ©. Chlorohexidine (CHX) is another readily
used intracanal medicament. It has an antibacterial
effect plus high substantivity that leads to a prolonged
action”. CaOH, and CHX intra canal medicaments
however aren’t able to eradicate bacteria completely
from root canals ®.

Recently nanotechnology was found to
improve the antibacterial efficacy of intracanal
medicaments. Nano-sized particles can increase the
contact surface area of medicaments to bacterial
biofilms and increase the pH of CaOH,. A smaller
size means better penetration inside the bacterial
cells and an easier delivery to contaminated areas
©. Nanotechnology paved the way for the use of
chitosan (CH) which has an excellent antiviral,
antifungal and antibacterial properties 19. It also
allowed the use of silver (Ag) nanoparticles which
are known for their ability to destabilize the bacterial
cell membrane and increase its permeability which
leads to bacterial death . Hence this study was
designed to evaluate the antimicrobial efficiency
of nanosized intracanal medicaments against the

E faecalis biofilm.
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MATERIALS AND METHODS

Teeth preparation

Sixty-six extracted mandibular molar teeth were
cleaned and stored in sterile saline. Six teeth were
randomly assigned as a positive control group.
Three of these teeth were used to obtain the average
colony forming units (CFU) after three weeks
incubation (initial colony number) !? and the other
three teeth were used for biofilm confirmation using
the scanning electron microscope (SEM) 13, The
remainder sixty teeth were randomly divided into
five groups, group A, B, C, D and E, each group was
comprised of twelve teeth. Then each group was
further subdivided into two subgroups (subgroup I
and II) according to the bacterial contact time which
was two- and seven-days period '¥. Crowns were
flattened with a diamond disc to a standardized
length of 15 mm ». Canals were negotiated by K-file
#10. Working length was calculated and verified
by periapical radiograph. Edge files (EdgeEndo
Albuquerque, NM, USA) rotary files were used for
cleaning and shaping in a crown down technique
using E-connect endo motor (Changzhou Sifary
Medical Technology Co., Ltd, China) in torque 2.5
and speed 450 rpm according to the manufacturer
instructions. Starting with the orifice opener size 17
taper 4% to enlarge the coronal third of the canal
then rotary files size 20 taper 4% followed by size
25 taper 6% to reach an apical preparation of size 25
with taper 6%. Then K-file size 30,35 and 40 were
used for final apical preparation. Between each file
2 ml of 2.5% NaOCI solution was used to irrigate
the canals with a size 30- gauge needle in a plastic
syringe for 30 seconds. Then final irrigation using 3
ml of 17% EDTA was done for 30 seconds, followed
by 5 ml of NaOCI for one minute to remove the
smear layer. Paper points size 40 taper 4% was
then used to dry the canals. After completion of
the Chemo mechanical preparation, the roots were
autoclaved at 121°C for 30 minutes to ensure the
absence of any microorganisms. Two layers of nail
polish were used to seal the root external surface 9.



NANOPARTICLES INTRACANAL MEDICAMENTS

Bacterial growth and infection of samples

E. faecalis (ATTCC19433) was incubated in
a brain and heart infusion (BHI) broth culture
plate. After discharging sterile broth, this bacterial
suspension was used to infect the teeth using sterile
syringes. Then the teeth were incubated for three
weeks at 37°C in sealed vials. Every three days of
these three weeks fresh bacterial suspension was
used to remove the bacterial byproducts . Two
positive control group teeth were used after the
three weeks to identify the mean CFU of E. faecalis
which was 3 x 10 7 CFU/ml. one tooth was scanned
at magnification 2000x using scanning electron

microscope to confirm biofilm formation (figure 1).

Fig. (1): Scanning Electron micrograph showing biofilm
formation of E. faecalis (magnification 2000x)

Application of medicaments

All medicaments used were in gel form (nano
gate, Cairo, Egypt). Medicaments were CaOH,,
nano\CaOH,, CHX, CHX\Ag-np and CHX\ CH-
np which were assigned to groups A,B,C,D and E
respectively. Teeth were injected with intracanal
medicaments in gel form using a plastic syringe
with 30" gauge needle until the canal was filled.
After applying the
the orifice was sealed with sterile cotton. Then

intracanal medicaments,
Nucavfil temporary restoration (PSP dental Co. Ltd,
Belvedere, Kent. UK) was used to seal the teeth and
all samples were incubated at 37°c under anaerobic
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conditions. Each group was subdivided equally into
2 subgroups. Subgroup I (n=6) was evaluated after
two days. Subgroup II (n=6) was evaluated after
seven days for CFU. A sterile k-file size 15 was
used to circumferentially abrade the canal walls.
Debris were then collected in a physiologic saline
using a sterile paper point, then applied to an agar
plate and CFU was then counted 19,

Data analysis

Numerical data were explored for normality
by checking the distribution of data and using
tests of normality (Kolmogorov-Smirnov and
Shapiro-Wilk tests). Logarithmic transformation of
bacterial count data was performed due to the high
range of bacterial counts. All data showed normal
(parametric) distribution. Data were presented as
mean and standard deviation (SD) values. Repeated
measures ANOVA test was used to compare between
the groups as well as to study the changes by time
within each group. One-way ANOVA test was used
to compare the percentage reduction in bacterial
counts between different groups. The significance
level was set at P < 0.05. Statistical analysis was
performed with IBM SPSS Statistics for Windows,
Version 23 .0.

RESULTS

Data collected for E. faecalis percentage
reduction by the different examined medicaments
were tabulated and statically analyzed in table (1)
and figure (2).

A) Effect of intracanal medicaments on percent-
age reduction in bacterial CFU count:

After two-days the maximum mean value of
bacterial percentage reduction was presented by
CHX-Agnp followed by CHX-Chnp, CaOH,-np,
CaOH, then finally CHX, with mean and standard
deviation values 99.997 + 0.008, 99.983 + 0.381,
99.973 + 0.008, 99.87 + 0.005, 98.333 + 0.005
respectively. Using ANOVA (two-way) test a
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significant difference was observed between the
groups with P-value <0.001 (Table 1).

After seven-days the maximum mean value of
bacterial percentage reduction was presented by
CHX-Agnp, CaOH2-np and CHX-Chnp followed
by CHX then finally CaOH2. With mean and
standard deviation values 100 + 0, 100 + 0, 100 %0,
99.984 + 0.005, 99.933 + 0.004 respectively. Using
ANOVA (two-way) test a significant difference was
observed between the groups with P-value <0.001
(Table 1).

Table (1): Descriptive statistics and results of one-
way ANOVA test for comparison between
percentage reductions in bacterial counts
in the five groups

2 days 7 days
Group
Mean SD Mean SD
A 99.8724  0.055 99.933¢  0.004
B 99.9724  0.008 100 A 0
C 98.333%  0.005 99.984 8%  0.005
D 99.9974  0.008 1002 0
E 99.9834  0.381 1004 0
P-value <0.001* <0.001*
Effect si
ffect size 0.937 0.837
(Eta Squared)

*: Significant at P < 0.05, Different superscripts in the
same column are statistically significantly different.

B) Effect of contact time of each intracanal medi-
cament on CFU:

With increase in contact time up to seven-days
bacterial CFU count decreased in all groups.

In group A CFU bacterial count was reduced
from 4.55 + 0.19 to 3.34 = 0.23. In group B CFU
bacterial count was reduced from 3.91 = 0.11 to
1.48 + 0.28. In group C CFU bacterial count was
reduced from 5.65 +0.12 to 3.65 £ 0.12. In group D
CFU bacterial count was reduced from 3.06 + 0.25
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to 1.09 £ 0.2. In group E CFU bacterial count was
reduced from 3.64 +£0.17 to 1.67 = 0.13.

By applying repeated measures ANOVA test
there was a significant decrease in bacterial CFU
count observed in all groups with P.value <0.001
(Figure 2).

M2days M7days

Chlorhexidine
Chitosan Nano-
particles

Calcium Hydroxide Calcium Hydroxide Chlorhexidine Silver  Chlorhexidine

Nano-particles ~ Nano-particles

(&

Fig. (2). Bar chart representing mean and standard deviation
values for Log,, CFU of bacterial counts after two and
seven days within each group.

DISCUSSION

Once the pulp becomes necrotic the tooth
becomes devoid of blood supply which would
mean that neither immune cells nor antibodies can
reach deep inside the canal '¥. Bacteria starts to
colonize the pulpal space creating a biofilm on the
dentin surface. Biofilm is a structure that is dynamic
and its main benefits for bacteria is increasing the
bacterial resistance against antimicrobials and it
acts as a storage to supply the bacteria with nutrition
in case of starvation. It also provides cellular
communication, protects against environmental
stress and increases adhesion plus cohesion
capabilities '”. Eventually bacteria reach the apex
and invades the periapical tissues causing acute or
chronic apical periodontitis. In this case a root canal
treatment is done to eliminate, entomb and overcome
bacterial infections. So, the main goal in root canal
treatment is to eliminate the microorganisms from

the canals, prevent infection and reinfection through
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chemo mechanical treatment of the canal. Irrigants
are used during chemo mechanical preparation
to increase efficiency of bacterial elimination ®,
However, optimum root canal disinfection is not
easy to achieve. Some examples that can make
such a goal hard to achieve are the complex canals
anatomy, persistent and long-standing infections
that gives time for the bacteria to penetrate deep
inside dentinal tubules reaching as deep as 300
microns ‘9 Bacterial species found in failed
endodontic cases that need retreatment are different
than the bacterial species found in cases that have
not been treated before. E faecalis was found to be
predominant in most failed endodontically treated
cases . For this reason, different approaches are
used to eradicate such bacterial species especially in
retreatment cases. One of the main approaches is the
use of intracanal medicaments in order to overcome
the highly resistant and massive bacterial loads
within the canals ®”. Intracanal medicaments are
applied inside the canal and left for a specific period
of time to reduce the bacterial load. Historically,
materials that were used in the past were based
on the release of vapors. These materials are not
advocated to be used nowadays for their several
side effects. The intracanal medicaments that are
readily used are calcium hydroxide, chlorohexidine
and antibiotic pastes.

In the present study, a comparison was done
between intracanal medicaments and their nano
counterparts regarding their antibacterial effect on
the biofilm of E. faecalis. E. faecalis can create
biofilms after 24 hours @V, but for a more resistant
and mature biofilm, three weeks is sufficient. Yang
etal found, that mature biofilms are more resistant to
disinfections compared to young biofilms 2. Thus,
the incubation period used to grow the E. faecalis
biofilm in this study was three weeks in order to
make sure that a mature biofilm was present.

All groups except the positive control group were
divided into two subgroups based on the duration
of intracanal medicament application. The duration
was two and seven days Y. A seven-day period
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is the most commonly used period for intracanal
medicament application "¥. In the current literature
some researchers advocated a short contact time for
intracanal medicaments "**” while others advocated
a longer time. Due to this discrepancy in intracanal
medicament application contact time, two different
times ; two and seven days were used in this study.

Calcium hydroxide (CaOH,) paste is a widely
used intracanal medicament. It was found that
CaOH, was effective against E. faecalis through
acting as a physical barrier and through its hydroxyl
ions which causes DNA and protein denaturation
2329 Since E. faecalis is highly resistant to
alkaline medium, CaOH, has less efficacy on such
bacteria ®¥. Previous studies showed a limited
antibacterial efficacy of normal sized CaOH, as
an intracanal medicament against E.faecalis #*29,
Chlorohexidine is used as an intracanal medicament
and irrigation . CHX as an intracanal medicament
showed a limited antibacterial efficacy in failed root
canal treatment®”. Thus, a need for the development
of a new intracanal medicament or a modification of
CaOH, and CHX to make them more effective is
needed.

Nano technology was introduced in dentistry in
many fields. In endodontics it was used in sealers,
medicaments and irrigation materials. The idea of
converting normal medicament particles to nano
sized particles was to increase the density of the
materials and increase their ability to penetrate deep
inside the dentinal tubules for a better antibacterial
efficacy ©. Calcium hydroxide can be converted
into nano particles, but chlorohexidine cannot. In
order for chlorohexidine to become nano sized, it is
loaded with other nanosized materials like silver and
chitosan nanoparticles ®®. Both chitosan and silver
have a profound antibacterial effect, which leads to
a doubling effect regarding the antibacterial efficacy
when they are added to another medicament . The
recommended concentration of silver nanoparticles
is 50 ppm ©?. All materials used in this study were
made in the gel form for standardization and easier
application and removal.
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Silver nanoparticles presented a high antibacte-
rial action especially in the one-week duration 2.
Their antibacterial action is based on the release of
cationic silver which has an oxidative potential ©?,
Silver nanoparticles can inhibit gram negative bac-
teria more than gram positive bacteria @V, If applied
in higher concentrations it would lead to higher anti-
bacterial action and prevent biofilm formation@®-2).

Chitosan nanoparticles are antibacterial and are
effective especially against planktonic one “?. It
can prevent bacterial adhesion through chelating
calcium from the smear layer, tooth structure and
biofilm “? which means that the addition of chitosan
nanoparticles to other antibacterial products would
inhibit bacterial adhesion leading to less biofilm
formation 19, Therefore, chitosan nanoparticles are
effective against planktonic and biofilm bacterial
phenotypes 9. Chitosan nanoparticles
effective in eliminating bacteria in short and long

were

contact times of application ®®. However, it was
found that the toxicity of chitosan nanoparticles
increased with time and that its antibacterial efficacy
is affected by the vehicle transporting it 4.

The antibacterial effect of the examined
intracanal medicaments were evaluated through
Colony forming units (CFU) and the Scanning
electron microscope (SEM). CFU is the most
convenient and standard method that can be used
to properly identify and compare between the
antibacterial efficacies of different materials through
comparing the number of colonies before and after
the test '». CFU is based on counting the number
of colonies formed by the growth of the bacteria
which shows the estimation of the concentration
of viable bacteria in a test sample. The number
of visible colonies present on an agar plate were
multiplied by the dilution factor to provide a CFU/
ml result . This was the best method for sample
collection according to the literature to ensure
sufficient collection of bacteria present on all dentin
surfaces in addition the physiologic saline has no
antibacterial properties that might interfere with the
results 1215, The SEM was used to confirm biofilm
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formation and to examine the effect of intracanal
medicaments in bacterial cells and biofilms. The
SEM was especially chosen because it can identify
fine details and can provide information about the
size and shape of different structures like dentin
surface, bacterial cells and biofilms @3,

In this study, the nano sized intracanal medi-
caments presented a higher antibacterial efficacy
compared to the normal sized medicament. This is
attributed to the particle size which improved the
ability of the medicaments to penetrate deep inside
the dentinal tubules. Also, the increased cytotoxic-
ity and antiadhesive properties of the nano medica-
ments against the various bacteria is another reason
for that higher efficacy ®”. Chlorohexidine silver
nanoparticles had the highest efficacy in both pe-
riods which is due to the dual antibacterial effect
of silver nanoparticles and chlorohexidine. %2
Calcium hydroxide and Chlorohexidine showed a
lower efficacy compared to the nanosized groups
and this is due to the lower penetration and cyto-
toxicity of both intracanal medicaments “”. Some
studies showed that regular sized intracanal medica-
ments had the same antibacterial efficacy compared
to the nanosized medicaments. However this can be
attributed to the lower bacterial contact time; thirty
and sixty seconds ©. Other studies used E faecalis
incubated for a shorter duration of only forty-eight
hours ©” Also copper nanoparticles don’t have the
same high antibacterial efficacy as the nano parti-
cles used in the present study ©®.

When examining the effect of contact time
on the antibacterial efficacy of the intracanal
medicaments, higher reduction in microbial loads
was observed in the seven-day period. This is
attributed due to the higher contact time between
the medicament and bacteria leading to increased
cytotoxicity and a greater eradication of E faecalis
(10.123% " However, this was against some studies
that showed no difference in the increased contact
time and this is due to the fact that they have
used other types of microorganisms like Candida
albicans, Prophyromonas gingivalis and Prevotella
intermedia %4,
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Within the limitation of this study it can be con-
cluded that; Nanoparticles enhanced the effective-
ness of the used intracanal medicaments Longer con-
tact time succeeded to boost the antimicrobial effi-
cacy of intracanal medicaments In both contact times
the chlorohexidine silver nanoparticles showed the
highest antibacterial efficacy. However, in the nor-
mal sized medicaments, chlorohexidine was more ef-
ficient compared to the calcium hydroxide.
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