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Introduction: This study aimed to evaluate the in vitro effectiveness of N-acetylcysteine (NAC),
photodynamic therapy (PDT) and NAC with supplemental PDT in optimizing the removal of bacteria
from infected dentinal tubules of root canals infected with Enterococcus (E.) faecalis biofilm. Methods and
Materials: Eighty human teeth were randomly divided into 5 groups (n=16) according to the intracanal
medication used: saline solution (control); calcium hydroxide (CH); NAC; PDT; NAC+PDT. Ten samples
from each group were prepared for microbiological culture analysis (CFU/mL) and were inoculated with
E. faecalis suspension for 21 days for biofilm development; the other six samples from each group were
prepared for scanning electron microscopy (SEM) and confocal laser scanning microscopy (CLSM) and
submitted to a 5-days contamination protocol including eight centrifugation cycles on every other day for
dentinal tubules infection. For antimicrobial activity analysis by microbiological culture (CFU/mL), the
root canals were contaminated with E. faecalis biofilm, instrumented and then medicated according to the
experimental groups. Three samples were collected from the root canals: after 21-days of contamination,
immediately after the instrumentation and 14-days after the medication according to the experimental
groups. The morphology of E. faecalis biofilm on the root canal walls and bacterial cells viability were
assessed by means of SEM and CLSM, respectively. One-way ANOVA and Repeated Measures ANOVA
tests were used to analyze the obtained data statistically. Results: CFU/mL analysis showed that CH, NAC
and NAC+PDT promoted greater antibacterial activity with statistically significant difference compared
to saline solution and PDT (P<0.0001). However, saline solution and PDT were statistically similar
(P>0.07). Ilustrative images by SEM confirmed partially the CFU/mL results. CLSM showed that all
groups were effective eliminating E. faecalis except for the saline solution group. Conclusions: Based on
this in vitro study NAC was bactericidal against E. faecalis biofilms regardless PDT stimulation, presenting
similar antimicrobial activity to CH.

Keywords: Enterococus faecalis; Confocal Laser Scanning Microscopy; N-Acetylcysteine; Photodynamic
Therapy; Scanning Electron Microscopy

Introduction

ramifications, isthmii and dentinal tubules remain untouched
and thus may favor bacterial retention and regrowth [4].

he success of endodontic therapy relies on the elimination

of microorganisms and their byproducts and prevention
of reinfection [1]. The majority of bacteria from infected and
necrotic tissue is generally removed by chemical irrigation and
mechanical instrumentation [2]. However, the effectivity of
these combined procedures is limited due to the complexity of
root canal system [3]. Some inaccessible areas such as

Despite the significant progress made in “cleaning and
shaping” techniques, the resistance of microorganisms is
frequently associated with the ecological organization of bacteria
in a three-dimensional structure known as biofilm [5]. Notably,
biofilm can be defined as a sessile bacterial community
characterized by cells embedded in a self-produced polymeric
matrix [6, 7], which is firmly attached to surfaces or interfaces.
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Biofilms formed on the root canal surfaces can be remarkably
difficult to eradicate since it is 2-1000-fold more resistant
thanthe corresponding floating planktonic forms [8]. Therefore,
the use of intracanal medication to disrupt biofilms and thereby
eradicate residual microbiological infections within root canals
has been recommended to achieve a successful endodontic
treatment [9, 10].

Enterococcus faecalis (E. faecalis) is a gram-positive
facultative anaerobic bacterium frequently isolated from root
canals of teeth with pulpal necrosis and apical periodontitis and
have been reported as a potential cause of endodontic failure in
root-filled teeth [11,12]. The high prevalence of E. faecalis in
persistent infection is partially explained by its capacity to form
biofilms, dentinal penetration ability [13], and high tolerance to
alkaline pH [14].

N-acetylcysteine (NAC) is derivative of amino acid L-
cysteine, with antioxidant properties and widely used as
mucolytic agent in medical treatments [15,16]. In addition, NAC
has been actively studied by clinical microbiologists due to its
high antibacterial activity, including against biofilm phenotypes,
such as E. faecalis [17]. It has been reported that NAC reduces a
self-produced polymeric matrix production, preventing
bacterial adherence to surfaces, inhibiting biofilm formation and
disrupting mature biofilms [18-20].

Photodynamic therapy (PDT) has been proposed as a
supplemental method to optimize the root canal infection and
overcome the challenge of disinfecting inaccessible areas. PDT
consists on the use of a light source generated by a low-power
laser and a nontoxic photosensitizer, which causes bacterial cell
damage and death of microorganisms [21, 22]. This technique is
minimally invasive, and causes no damage for periodontal
tissue, and thus has been recommended to be used as an
adjuvant to conventional endodontic treatment to eliminate the
bacterial load. In vitro studies have revealed a notable
bactericidal potential of PDT against E. faecalis [23-25].

Up to now, there is no study evaluating the effectiveness of
NAC associated to PDT in reducing and/or eliminating E.
faecalis biofilms. Therefore, this study evaluated, in vitro, the
effectiveness of NAC, PDT and NAC with supplemental PDT in
optimizing the removal of bacteria from root canals infected
with E. faecalis.

Materials and Methods
The present study was performed under approval of the human

Ethics Committee of Sdo Paulo State University, Sdo José dos
Campos, Brazil. Eighty freshly extracted single rooted human
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teeth (with closed apex ,without caries and calcification of the
canal, which was confirmed by radiography) were selected and
stored in saline (Eurofarma, Sdo Paulo, SP, Brazil) until the
moment of use [26]. Fifty teeth were used for microbiological
culture analysis and thirty were prepared for scanning electron
microscopy (SEM) and confocal laser scanning microscopy
(CLSM) analysis.

The microbiological procedures were carried out in a
laminar flow chamber to ensure aseptic condition (Veco Bioseg
09 Ltda., Campinas, Brazil). E. faecalis bacterial strain (ATCC
29212) was plated onto sterile brain-heart infusion (BHI) agar
(BHI, Difco, Kansas City, MO, USA) and incubated at 37 °C
under aerobic conditions for 24 h.

Microbiological culture analysis

Preparation of specimens: Fifty extracted single rooted human
teeth were selected based on dimensional and morphological
similarities. The crowns were cross-cut with a carborundum disc
and the specimens length was standardized to 16+0.5 mm.
Specimens were instrumented in the root canal total length to
K-file #30 (Dentsply, Petrépolis, RJ, Brazil) in order to
standardize the specimens’ diameter and irrigated with 3 mL of
1% NaOCI through each instrument change. Then, the canals
were filled with 17% trisodium ethylenediaminetetraacetic acid
(EDTA) (Porto Alegre, RS, Brazil) for 3 min followed by a 10 mL
final irrigation with saline solution [27]. The external apical
portion of specimens were sealed with light-cured composite
resin (Z-100; 3M do Brazil Ltda, Sumaré, SP, Brazil) and the
outer surfaces of the roots were sealed with an epoxy adhesive
layer, except for the cervical opening region. The specimens
were randomly distributed into 5 different 24-wells cell culture
plates with ten specimens in each one and were fixed with
chemically activated acrylic resin. All materials used in the
present study were sterilized by gamma radiation with cobalt-60
(20 kGy for 6 h) [28].

Contamination of specimens: Initially, E. faecalis (ATCC
29212) suspension from the culture previously seeded was
prepared containing 10° cells/mL in exponential phase
confirmed by a spectrophotometer reading (B582, Micronal, Sdo
Paulo, SP, Brazil) [29]. The optical density and wavelength
parameters used were 0.298 and 760 nm, respectively. Then, 5
UL of E. faecalis suspension was inoculated into each root canal
followed by 10 uL of brain heart infusion (BHI) broth (HiMedia
Laboratories, Mumbai, India). Then, a sterile cotton pellet was
soaked in the culture medium and placed in the cervical opening
of each specimen. All specimens were stored in an incubator at
37+1°C with relative humidity. BHI broth was added to root
canals every alternate day for 21 days [29].
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Sample collection: For microbiological culture, sterile paper
points (size #25; Dentsply Maillefer, Ballaigues, Switzerland)
were introduced into the full length of the root canal and
retained in position for 60 sec. In order to confirm the root canal
infection, after the contamination period an initial sample (S1)
was collected to serve as the baseline. Immediately after, the
paper point was transferred to sterile microtubes (Axygen,
Union city, CA, USA) containing 1000 uL of sterile saline
solution [30]. The root canals were instrumented with Reciproc
system file R40 (VDW, Munich, Germany), adapted to an
electric motor (VDW, Munich, Germany) in reciprocation
movement. Instrumentation was performed along the total
length of the canals associated to irrigation of 5 mL of sterile
saline solution for each radicular third, totalizing 15 mL. After
instrumentation, another sample was collected (S2) in the same
standard way as previously described. Then, the specimens were
submitted to the intracanal medication protocol described
below according to the group assigned:

Saline solution: To serve as a control group, the root canals
were filled with 30 pL of saline.

CH: The powder of CH (Biodindmica Quimica e
Farmacéutica LTDA, Ibipord, PR, Brazil) was mixed with sterile
saline solution (1 g : 1 mL proportion) over a sterile glass plate
until smooth and no lumps remain, resembling the consistency
of commercial toothpaste. The paste was inserted into the root
canal using a K-file #30 [30].

PDT: PDT was performed using 0.005% methylene blue as a
photosensitizer and a diode LASER (DL) (660 nm wavelength)
with a power of 40 mW (MMOptics Ltda, Sdo Carlos, SP, Brazil).
The photosensitizer was placed into the canals for 5 min. The
optical tip of the DL (0.40 mm diameter and 16+0.5 mm active
surface length) was placed into the canal and the DL was
activated for 2 min without interval, using a helical movement
from apical to cervical. A density of approximately 120.0 J/cm?
was applied into each root canal. Subsequently, the
photosensitizer rinsed out using 5 mL of saline and the canals
were dried with sterile #40 paper points [31].

NAC: NAC powder (Sigma Aldrich, Merck KGaA,
Darmstadt, Germany) was mixed with sterile saline solution (1
gr: 1 mL proportion), over a sterile glass plate until smooth and
no lumps remain, resembling the consistency of commercial
toothpaste. The paste was inserted into the root canal using a K-
file #30 [30]. This proportion was determined based on the
results of a pilot study that tested the antibacterial efficacy of
different formulations of NAC in aqueous paste by the agar

diffusion method. This is a validated method to test different

concentrations of a compound against a large number of
individual bacterial strains, providing a preliminary suggestion
as to varying degrees of antibacterial efficacy. The inhibitory
activity of three concentrations of NAC powder (Sigma Aldrich,
Merck KGaA, Darmstadt, Germany) mixed with sterile saline
were compared. These mixed NAC concentrations were chosen
because they all had a paste-like consistency enough to be
inserted with a K-file #30 but also to remain on the agar disks
when tested during incubation. The different concentrations of
NAC mixture in aqueous solution were placed in 24-well plates
and each well was filled with 2.5 mL sterile PBS. After incubation
for 24 h at conditions of 5% CO, at 37°C, paper discs of 5 mm in
diameter were soaked in the original extracts and left to dry in
an incubator at 37°C. Then, the discs were placed in petri dishes
in direct contact with E. faecalis in Brain Heart Infusion broth
(BHI) agar (Himedia, Mumbai, India) for 24 h at 37°C. The
mixture of NAC in aqueous solution in the proportion of 50%
(I: 1) was more effective at eliminating and inhibiting the
bacterial growth, showing wider zones of inhibition compared
to the other tested concentrations.

NAC+PDT: First, PDT protocol was applied in the same

standard way as previously described and then NAC paste was
prepared and inserted into the root canal also in the same
standard way as previously described.
All specimens were stored at 37°C for 14 days. The medications
were then removed with 10 mL of saline, and another sample
was collected with sterile paper point size #45 (S3) and
transferred to microtubes containing 1 mL of sterile saline.

Culture procedure: To determine the antimicrobial activity,
all samples collected at S1 (baseline samples), S2 (after
instrumentation) and S3 (after final intracanal medication
protocol) were serial diluted, and 100 pL aliquots of each
dilution were seeded onto duplicate petri dishes containing
Enterococcosel agar (HiMedia Laboratories, Mumbai, India).
Then, microorganisms were incubated at 37°C for 24 h and the
number of colony-forming units/mL (CFU/mL) was counted.

Imaging analysis

Specimens preparation: Thirty extracted single rooted human
teeth were selected and initially stored for 48 h in 1% NaOCl
solution for decontamination [32]. The tooth crowns were
removed and the roots sectioned at a distance of 4+0.5 mm from
the apex, using a diamond disc attached to a low-speed saw
(Isomet 1000, Buehler Ltd, Lake Bluff, IL, USA), under
irrigation. The roots segments were standardized at lengths of
12+0.5 mm and prepared with K-files up to size #30 (Dentsply
Ind. Com. Ltda, Petrépolis, R], Brazil) and irrigated with 3 mL
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of 1% NaOCl through each instrument change. The smear layer
was removed using 17% EDTA (Inodon, Porto Alegre, RS,
Brazil) for 3 min followed by final irrigation with 10 mL of saline
solution. In order to prevent external microbial contamination,
two layers of red polish nail (L’Oreal Colorama, Rio de Janeiro,
RJ, Brazil) were applied to the external surface of the roots. After
24 h, the specimens were allocated into microtubes containing
distilled water and submitted to a regular sterilization cycle in
autoclave at 121°C.

Contamination of specimens: After sterilization, the water
was removed and 1 mL of sterilized BHI broth was added
individually into all microtubes, which were submitted to an
ultrasonic bath (Cristofoli Equipamento de Biosseguranca LTDA,
Campos Mourao, PR, Brazil) for 15 min to allow the maximum
penetration of the culture medium into the dentinal tubules [32].
The E. faecalis inoculum was adjusted to 3x10° CFU/mL
to the McFarland standard No.l
spectrophotometer, and exponential bacterial grown was

according using a
achieved in 7h [32]. After this period, ImL of the inoculum was
added into the microtubes containing the specimens, which were
taken for centrifugation (Eppendorf 542R, Eppendorf, Hamburg,
Germany). The tubes were submitted to a sequence of eight
centrifugation cycles at 1400, 2000, 3600 and 5600 g, at 25°C, in
two cycles of 5 min for each speed. Between every centrifugation
cycle, the solution that had penetrated through the dentine
specimen was discarded, and a fresh solution of inoculum was

added to the microtube. After the centrifugation procedures,
sterilized BHI broth was inserted into the microtubes, which were
agitated in a vortex and incubated at 37'C under aerobic
conditions for 24 h. Dentinal tubules were submitted to the
contamination protocol for 5 days, with centrifugation on
alternative days. On the fifth day, the specimens were removed
from the microtubes and prepared for treatment with the different
intracanal medication protocol: Saline solution, CH, NAC, PDT
and NAC+PDT paste as previously described. Of the 6 specimens
from each group, 2 specimens were submitted to SEM analysis
and 4 specimens were submitted to CLSM analysis.

SEM analysis: Two specimens from each group were
longitudinally sectioned by implementing two lengthwise
grooves along the external surface of the root in the mesiodistal
direction. For this purpose, a diamond disc was used at low
rotation with caution to avoid penetrating the inner wall of the
root canal until the samples could be gently cleaved with a chisel
into two semi-cylindrical halves [26]. Then, the halves were fixed
with 4% paraformaldehyde for 30 min followed by dehydration
by increasing concentrations of ethanol (60, 70, 80, and 100) and
stored at 37°C for 24 h. Next, they were metalized by 12 nm gold
layer by means of a metallizer (Emitech SC7620; Quorum
Technologies Ltd, Lewes, East Sussex, UK). The presence of
bacteria in the dentinal tubules was observed by SEM (Inspect
S50 FEL, Brno, Moravia, Czech Republic) at a magnification of
5000-10000x% [33] operating at 7-8 kV.

Table 1. The mean (SD) of E. faecalis CFU/mL counts for all groups at baseline samples (S1), after instrumentation (S2), after treatment protocol
(S3). Data were presented in log10 due to the absence of normality in Shapiro-Wilk test

Groups Baseline (S1) After instrumentation (S2) After treatment (S3)
Saline solution  3.475 (0.3290) A® 3.182 (0.9020) A¥2 2.761 (0.9769) B
CH 3.556 (0.2872) A® 3.557 (0.3944) A 0.0 (0.0) ®
PDT 4.060 (0.6145) A 3.251 (0.5644) A2 1.807 (0.7093) b¢
NAC 3.722 (0.4656) A* 3.942 (0.2765) Ab 0.0 (0.0) ®
NAC+PDT 4.775 (1.092) Ab 4.077 (0.1185) Ab 0.0 (0.0) B

*Different uppercase letters mean statistically significant differences intragroup (P<0.05) (Repeated Measure ANOVA); Different lowercase letters indicate statistically
significant difference in intergroup (Ordinary one-way ANOVA)

Table 2. The mean (SD) values of the percentage of viable cells and of E. faecalis biofilm after intracanal medication treatment in all groups
Saline solution CH PDT NAC NAC+PDT

Total biovolume
26.95 (23.41) 8

Cervical third
27.23 (26.79) 8
Apical third
73.80 (20.79)  28.84 (30.64)® 4658 (36.16)*  38.17(31.38)®  41.82 (40.28) A

*Different uppercase letters in each row indicate significant differences between the groups regarding of percentage of viable cells (One-way ANOVA) (P<0.05)

Groups

Percentage of viable cells (green)

76.90 (17.82) A 20.09 (24.13)" 32.63 (31.27)® 28.85 (27.45) "

Percentage of viable cells (green)

69.17 (22.64)*  17.76 (19.11)® 30.25 (30.96) ® 36.97 (30.13) B

Percentage of viable cells (green)
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Figure 1. Representative photomicrography of canal walls after
treatment: A and B) Saline solution group (Positive control) showed the
presence of E. faecalis in dentinal tubules entrance (original
magnification, 5000x and 10000x, respectively); C and D) CH group
showed presence of E. faecalis (original magnification, 5000x and
10000x, respectively); E and F) PDT group showed presence of E.
faecalis (original magnification, 5000x and 10000x, respectively); G)
NAC group showed absence of E. faecalis in canal walls and dentinal
tubules (original magnification, 5000x); H) NAC+PDT group showed
absence of E. faecalis in canal walls and dentinal tubules (5000x)

CLSM analysis: The 4 specimens of each group were
longitudinally sectioned using a diamond disc attached to an
Isomet saw, under constant irrigation with a sterilized saline
solution. The smear layer produced by these cutting procedures
was removed with 17% EDTA for 10 min, followed by a wash
ofsterilized saline solution [32]. To evaluate bacterial penetration
and viability in dentinal tubules, the specimens were firstly

washed with phosphate-buffered saline and then stained with
SYTO 9/propidium iodide (Live/Dead BacLight Viability Kit;
Molecular Probes, Eugene, OR, USA) in a dark environment with
15 mL of the dyes for 15 min. Then, they were newly washed and
directly observed by inverted confocal laser scanning microscopy
(Leica Microsystems GmbH, Mannheim, Baden-Wiirttemberg,
Germany) using a 40x magnification oil lens. The Live/Dead
reagents stained live bacteria with a green stain and dead bacteria
with a red stain, thus making it possible to identify viable bacteria.
The 488 and 532 nm wave-lengths were used to excite the
Live/Dead stain, and emission was detected between 490 and 575
nm for green fluorescence and between 600 and 720 nm for red
fluorescence [32]. Two confocal “stacks” of cervical and apical
third were obtained for each sample. There were 4 samples per
groups, thus 8 stacks for each medication protocol. The images
were collected by Leica application Suite-Advanced fluorescence
program (LAS AF; Leica, Mannheim, Germany), and then
analyzed with Leica LAS AF Lite software. For quantification of
bacterial viability, biolmage_L (www.biolmage.com) was used to
calculate the percentage of green and red (live and dead bacteria,
respectively) found after the intracanal medication treatment [34].

Statistical analysis

The Shapiro-Wilk test was used to verify the normal distribution
of data. In the absence of normality, the data were transformed
into logl0 to obtain a normal distribution. After logl0
transformation parametric methods were used: One-way
ANOVA test was used for intergroup comparison, while the
Repeated Measure ANOVA test was used for intra-group
comparison (between sample collections). The significance level
was established at 5% for all tests.

Results

Microbiological culture analysis

All specimens were contaminated, which was confirmed by S1
serving as a baseline. Table 1 shows the mean number of CFU/mL
of all groups initially (S1), after instrumentation procedure (S2)
and after 14 days of intracanal medication (S3).

In S2, after instrumentation procedure, no significant
reduction of E. faecalis was observed in any of the groups.

In S3, after using intracanal medication, there was a
statistically significant reduction of E. faecalis in all experimental
groups except for the control group.

However, the CH, NAC and NAC+PDT groups were the most
effective in eliminating E. faecalis, with a statistically significant
difference compared to the PDT group alone (P<0.0001) and the
Saline control group (P<0.0001).
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Figure 2. Confocal laser scanning microscopy analysis of E. faecalis

infected dentinal tubules after treatment: Hllustrative images of dentinal tubules
in the cervical (left column) and apical (right column) third, respectively, by
CLSM after treatment with A and B) Saline solution; C and D) Ca(OH)y; E and
F) PDT; G and H) NAC; Iand J) NAC+PDT. Red stain indicates the presence
of dead bacteria, while green stain represents live bacteria

SEM analysis

Figure 1 presents representative SEM images of cleaning obtained
by the intracanal medications used after biomechanical preparation
in the different experimental groups. As shown, in the Saline
control group, dentinal surface presented a thick biofilm of E.
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faecalis with bacterial cells extending into dentinal tubules (Figures
1A and 1B). Similarly, the PDT group also showed bacterial clusters
attached to the dentin surface, however with a lower number of
bacterial cells in the opening of the dentin tubules (Figures 1E and
1F). In the CHCH group, the dentin surface was mostly clean with
only a few remaining bacterial colonies (Figures 1C and 1D).
Surprisingly, in the groups treated with NAC and NAC+PDT,
despite the surface showing some remaining bacteria, a noticeable
reduction was observed in relation to bacteria in dentinal tubules
among the treated groups (Figures 1G and 1H).

CLSM analysis

The results of viable bacteria and total biovolume of E. faecalis
biofilm after intracanal medication are shown in Table 2. The
highest biovolume of viable bacteria was found in the Saline
Solution control group (76.90%), with a statistical significantly
difference compared to all experimental groups (P<0.0001).
NAC group was less effective presenting (32.63%) of viable
bacteria followed by NAC+PDT (28.85%), PDT (26.95%), and
CH (20.09%), however, no statistical difference was observed
between these groups (P>0.05).

Table 2 also shows the percentage of viable bacteria within
the dentinal tubules in the cervical and apical third after
treatment with the intracanal medications tested. After
analysis of CLSM images, the saline control group showed the
highest percentage of viable bacteria in both the cervical and
apical thirds, being statistically different from the other
experimental groups (P<0.005). Comparing the experimental
groups, in the cervical third, the NAC+PDT group had the
greatest percentage of viable bacteria (36.97%) followed by the
NAC (30.25%), PDT (27.23%) and CH (17.76%) groups,
however without statistical difference between the groups
(P>0.05). Meanwhile, in the apical third, the PDT and
PDT+NAC groups had the highest percentages of viable
bacteria (46.58%) and (41.82%) respectively, with a statistically
significant difference compared to the NAC (38.17%) and CH
(28.84%) groups (P<0.005) (Figure 2).

Discussion

In the present study, it was proposed the use of NAC as
intracanal medication, associated or not with PDT on
intracanal biofilm of E. faecalis. After 21 days of E. faecalis
inoculation it was possible to observe the bacterial growth of E.
faecalis in all groups through S1 (baseline). Data obtained by
microbiological culture analysis after instrumentation, showed
a great reduction of CFU/mL compared to S1 (baseline), but
none of the groups were completely free of E. faecalis. It should

be noted that during the biomechanical preparation a saline
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solution was used as an irrigating solution in order to avoid
that the action of other antimicrobial agent could mask the
results of the disinfection obtained by the intracanal
medication. Probably for this reason, the results of the
collection after the instrumentation procedure was not as
satisfactory as generally expected, which highlights the
importance of the irrigation solution during biomechanical
preparation in endodontic therapy.

Calcium hydroxide has been widely used in Endodontics as
antimicrobial dressing since its introduction. Its antimicrobial
mechanisms are related to the high alkaline pH and the
dissociation of calcium and hydroxyl ions in an aqueous
environment. The hydroxyl free radical leads to harmful effects
on bacterial cells, due to protein denaturation causing
destruction of bacterial DNA and cytoplasmic membrane [35].

However, in some infections calcium hydroxide may not be
the most advantageous intracanal medicament as enterococci
have been shown to adapt to extreme conditions such as
nutritional deprivation or an alkaline environment [9,36,37].
Indeed, E. faecalis has been demonstrated to be one of the most
prevalent species associated with endodontic failure [38].
Besides its capacity to penetrate in root canal ramifications, E.
faecalis binds to dentinal tubules by adhering to collagen, which
is the main organic component of dentine [39]. In view of the
resistance factors of E. faecalis, neither biomechanical
preparation nor calcium hydroxide as an intracanal medication
has been shown to be sufficient to eliminate this microorganism
completely from the root canal systems [4]. In this context,
several adjuvant techniques and combinations of drug therapies
have been investigated in the search for new strategies to
improve the disinfection procedure [40-42], like the effect of
ultrasonic agitation of the final irrigating solution in apical
leakage reduction reported by Ramazani et al. [42]. In another
study, Neves et al. [41] found that PDT associated with different
irrigation protocols was more effective against E. faecalis growth
than PDT alone.

In the present study, the use of NAC was proposed as an
intracanal medication. NAC is an important antioxidant which
contains thiol and has antimicrobial action over a wide
microorganisms spectrum [18,19,43]. Within the limitations of
in vitro studies, several authors have demonstrated excellent
antibacterial and antibiofilm effectiveness against different
such as naeslundii,

endodontic pathogens, Actinomyces

Lactobacillus  salivarius,  Streptococcus — mutans,  and
Staphylococcus epidermidis [43]. In addition, a study by
Marchese et al. [19] demonstrated that NAC associated with

Fosfomycin, another antimicrobial agent, exhibits a synergistic

effect by breaking down E. coli biofilms and reduces the viability
of sessile cells and Khosravi et al. [40] evaluated the effect of
different antibiotic combinations and reported that levofloxacin
associated with NAC showed a great antibacterial potential
against E. faecalis biofilm compared to other tested drugs. Its
antimicrobial activity is possibly due to tiol reactions (-SH) with
the bacteria proteins which induces irreversible protein damage,
and also due to inhibition of cysteine use in bacteria [19]. Besides
that, in some biofilms, NAC is capable to reduce extracellular
matrix production, reducing the bacteria adhesion on surfaces,
thus inhibiting the biofilms formation [44]. Pinar Karapinar et
al. [45] recommended NAC as an alternative therapeutic agent
of CH, whereas the NAC was highly effective against several
microorganisms including E. faecalis [45] in both the planktonic
and biofilm forms [17].

In order to circumvent the adverse effects of some
medicaments on the physical properties of dentin and microbial
resistance [46,47], new approaches such as PDT have been
introduced to Endodontics in order to improve the disinfection
of the root canal system [41]. The benefits of PDT include
instantaneous action, feasibility, low toxicity and causes no
microbial resistance [48,49].

After intracanal medication period, the microbiological
analysis showed that CH, NAC and NAC+PDT presented
similar results regarding the antibacterial activity over CFU/mL
of E. faecalis, differing statistically from Saline solution and PDT
groups. Although some studies have shown the potential
antimicrobial effects using PDT as an adjunctive therapy, it is
important to note that several factors related to laser-assisted
therapies can interfere with their effectiveness in microbial
elimination such as: photosensitizers type and its concentration,
irradiation time, light source wavelength, photosensitizers
absorption peak, and the exposure time [50]. As there is still no
consensus on a standardized protocol which can be clinically
recommended [50], in the present study we used 0.005%
methylene blue with 660 nm wavelength [51,52].

In addition, it is worth mentioning that the microbiological
culture technique has some limitations. Although the literature
supports the sensitivity of culture-based methods to detect E.
faecalis, bacteriological sampling with paper points are often
unable to detect bacteria present within grooves, or dentinal
tubules of the root canal system [53]. Therefore, in addition to
the microbiological evaluation by the culture technique, the
present study also performed the CLSM analysis, an effective
immunofluorescence technique for detecting bacterial viability
in dentinal tubules [32]. It has used the total biovolume and
percentage of viable cells as parameters for evaluating the
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antimicrobial activity of a material. The measurement of the
entire area in which the live and dead cells had been detected is
required to define the percentage of viable cells in the dentinal
tubules. Hence, the percentage was measured in this study as
previously described [32].

When evaluating the different thirds, the CLSM analysis
demonstrated that in the cervical third all groups had a better
performance when compared to saline solution group and in the
apical third, PDT, CH and NAC+PDT differed statistically from
the control Saline Solution group.

CH was evaluated in the present study because despite its
widespread use as intracanal medication, there are some
conflicting studies regarding its effectiveness against E. faecalis
[13,54]. However , the present results are in accordance with
previous studies which also confirmed the antimicrobial activity
of CH as intracanal medication [55].

Although there are few studies evaluating NAC as an
intracanal medication, to our knowledge there is no study
assessing the association between NAC and PDT. Quah et al.
[17] evaluated the antibacterial and biofilm eradication
effectiveness of NAC on E. faecalis and found superior results
for NAC compared to CH. However, in this study E. faecalis
biofilms were grown on a dentine disk model, which although
simulating a chemically in vivo situation, this fails to mimic the
anatomical obstacles inherent in a root canal. In addition, in the
study by Quah et al. [17] the medications were used for only 7
days, which may be a reason why the authors found significant
amounts of E. faecalis after calcium hydroxide treatment.
According to a previous study by Hosoya et al. [56], peak pH
change using calcium hydroxide with aqueous vehicle is found
after 14 days, after which pH declines over time. Therefore, it is
suggested that the time required for optimum intracanal activity
when using CH with aqueous vehicle is at least 14 days. In
another study, Ulusoy et al. [57] showed that CH was more
effective than NAC when both NAC and CH were evaluated for
21 days of exposure. In the present study, microbiological
analyzes were performed on root canals of extracted teeth in
order to achieve a greater similarity with the clinical situation in
vivo. The CH and NAC powders were handled with saline and
intracanal dressing from all groups and maintained for 14 days.
In this context, although the results of the present study show an
effectiveness of NAC similar to calcium hydroxide, more
research is needed in order to evaluate the physico-chemical
of this
concentrations and its penetrability when associated with other

properties substance over time, in different

types of vehicles.
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The images obtained by SEM analysis showed presence of E.
faecalis after treatment in NAC+PDT and NAC groups, while
CH group showed the dentin surface was mostly clean with only
a few remaining bacterial colonies. In PDT and saline solution
group’s E. faecalis was more evident. However, the analysis by
SEM are illustrative and complement the results of the other
analysis carried out. These differences may be related to the
subjective character of analysis by SEM.

Several methodologies have been used to evaluate the
antimicrobial activity of different intracanal medication and
thus the findings of different studies should be carefully
interpreted. Possibly, different methodologies may justify the
different results between the analyses performed in the present
study.

In addition, it must be considered the polymicrobial nature
of endodontic infections [58]. Therefore, some structural and
physico-chemical characteristics of the root canal wall may be
different in a clinical setting [59].

Conclusion

Within the limitation of the present in vitro study, it was
concluded that the use of NAC as an intracanal medication was
as effective as calcium hydroxide against E. faecalis biofilm,
regardless of its association with PDT. However; further studies
are needed to investigate the effectiveness of NAC on other
endodontic pathogens and to assess their physicochemical and
biological properties over time.
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