Original Research Article

Formation of a mature biofilm of Enterococcus faecalis in root

canal and its treatment using gold nanorods

ABSTRACT

Aim: The aim of this study was to develop a mature biofilm of Enterococcus
faecalis in roots using two methods: a Modified Drip Flow Reactor (MDFR) and
with Static Method. After this, we eliminated the formed biofilm with a gold
nanorods solution and a gold nanorods hydrogel applying photothermal therapy.
Methodology: Different modifications were done to a commercial Drip Flow
Reactor (DFR) to develop a mature biofilm of 5 and 10 days. The biofilm formed
with the static method was for a time of 24 and 48 hours. The formed biofilm
was observed using scanning electron microscopy (SEM). For the disinfection
process, a gold nanorods (AuNR’s) solution and nanorods hydrogel (Ch-
AuUNR’s) plus photothermal therapy (PPTT) was tested. Results: At 10 days of
inoculation a mature biofilm of E. faecalis was observed with total coverage of
the examined surfaces. CFU were counted after the disinfection and a
statistically significant difference (p>0.05) was found in the groups compared
with the control group. Conclusion: The proposed MDFR and a static method
both can produce a mature biofilm in the root canal. Ch-AuNR’s and the
solution with PPTT might be useful for root canal treatment as a coadjutant in
treatment; however, it requires more research for it to be used in endodontic

therapy.

Key Words
Biofilm, Endodontics, Enterococcus faecalis, Root canal, Lasers, Photothermal

Therapy, Nanoparticles.



1. INTRODUCTION

One of the challenges and main goal of endodontic treatment is the
management for elimination of microorganisms, which are the cause of apical
inflammatory lesions. Bacterial elimination is achieved by mechanical and
chemical action; mechanics refers to the use of instruments within the canal
such as files for disorganization of the biofilm and chemical through the
antibacterial action of irrigating solutions. Most endodontic studies are based on
bacterial elimination since, for the success of a root canal treatment; the
bacteria must be eliminated in the highest possible percentage®.
Microorganisms create a biofilm which is defined as an organized structure
consisting of bacterial cells attached in an exopolymeric matrix on a surface,
biofilm is characterized by the immobilization on a surface, cell-cell interactions,
formation of microcolonies and excretion of extracellular polymers (EPS). The
biofilm is currently described as a bacterial community immersed in a liquid
medium, characterized by one or more bacteria that are attached to a substrate
or surface and embedded in an extracellular matrix produced by them, and
shows an altered phenotype in the degree of cell proliferation or the expression
of their genes®. This matrix makes it difficult for disinfectant agents to penetrate
the biofilm, limiting its effectiveness to the surface layer. The bacteria in the
biofilm are up to 1000 times more resistant than the corresponding bacteria in
planktonic form® * °.

E. faecalis is one the main microorganisms responsible for the periapical
disease and the failure of endodontic treatment. E. faecalis is able to adhere
and form biofilm in dentin and invade dentinal tubules, it resists different
environmental conditions. Even though mechanical preparation removes
tissue, biofilm, and infected dentin, because of the complexity of the anatomy of
the root canal system many sections of the canal may remain without
instrumentation and the irrigants as well are incapable of penetrating entirely to
all the root canal system® ’

Torabinejad et al. (2005) presented a systematic review about the outcomes for
success and failure of endodontic therapy, the conclusion was that 92 to 98% of

teeth without periapical lesions remain free of disease after root canal therapy,



74 to 86% of teeth with apical lesions completely heal after initial treatment or
retreatment, but there is still a probability of failure because of periapical
disease of 14% - 26%. In addition, similar data shows that 91 to 97% of teeth
that have had root canal treatment remain functional over time® °. Treatment
failures are mainly caused by persistent infection, microorganisms participating
in the primary infection managed to survive the intracanal antimicrobial
procedures and remained inside the root canal system, for this reason the aim
for various studies is the research for new materials including irrigants and
intracanal dressings for the elimination of microorganisms for new protocols for
disinfection.

Sodium hypochlorite (NaOCI) is considered the gold standard in terms of
bacterial elimination. This is due to the mechanism of action of this solution,
which can promote cellular biosynthetic changes, alteration in cellular
metabolism and destruction of phospholipids. With a 2.5% concentration it can
eliminate 100% of E. faecalis in 5 minutes®® **. Sodium hypochlorite is a very
caustic and nonspecific agent, it is cytotoxic to all cells; consequently, recent
studies attempt to evaluate the efficacy of new root canal irrigants or
coadjutants against biofilms, but the ideal has not yet been found since intra
and extra-root biofilms are very resistant. E. faecalis has many virulence factors
such as lytic enzymes, cytolysin, aggregating substances, pheromones, and
lipoteichoic acid, which contribute to its survival in the hostile environment of the
root canal. In addition, the ability of this bacterium to form biofilms provides it

with an ecological advantage of greater resistance to antibacterial activity™* **
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Nanomaterials, especially metal nanoparticles (NPs), are emerging materials
that have demonstrated bactericidal and biofilm-destroying activities, based on
the release of metal ions. Gold nanorods (AuNRSs) are ideal for biomedical use

in vivo because of their penetration into tissues'**°.

Biocompatibility
applications of NPs with hydrogels include tissue engineering, drug release
control, and medical and biological sensors. Samano-Valencia et al., Perez-
Diaz et al. and Bermudez-Jiménez et al. have reported a characterization and

production of chitosan hydrogels together with AgNPs and AuNPs concluding



that these hydrogels have had positive results, demonstrating antibacterial
activity against biofilm*®2°.

Positive antimicrobial and antibiotic results have been observed with the
addition of nanoparticles in different dental materials. This has encouraged new
technologies such as the use of nanoparticles for disinfection of root canals
during endodontic therapy, being used as intracanal medicament or as irrigants.
Other methods are the use of laser (Photo Thermal Therapy, PPTT) together
with nanoparticles, the use of laser and sodium hypochlorite, or the use of

individual laser in the root canal, PIPS therapy?#.

Gold nanoparticles can be manufactured in various forms, such as
nanospheres, nanorods, nanocubes, nanoboxes, and nanostars. In biomedical
applications, the most widely used AuNPs are nanospheres and nanorods.
Recently, AUNP have been used together with diode lasers to evaluate the
antibacterial activity and it has been concluded in studies that laser with AUNPs
kills 80% of bacteria compared to laser or AuNP individually, which have shown
a reduction of 70%2% 23,

R. C. D. Swimberghe T., Coenye, R. J. G., De Moor ; published a systematic
review to present an overview of laboratory root canal biofilm model systems
described in the literature, since there is a variety of systems for laboratory
biofilm formation in vitro that have been developed but there is substantial
variation in the methodology like in the experimental parameters, and as such, it
is difficult to compare results between different studies. None of the reported
laboratory endodontic biofilm models has ever been validated. This
demonstrates the need for a more standardized approach and a validated
endodontic biofilm model. They identified 77 articles that fitted the inclusion
criteria. The authors mention various factors for to consider when creating a
biofilm?42°,

For root canal biofilm both models have been used. In contrast to a static biofilm
model, a continuous flow over the biofilm induces shear forces that cause
additional stress to the biofilm. These forces result in biofilms that are more rigid

and homogenous. However, inside the root canal, no such flow conditions are



present. None of the models has ever been validated. This demonstrates the
need for a more standardized approach and a validated endodontic biofilm
model. In the absence of such a validated model, it seems wise to select

experimental parameters that reflect the in vivo situation as much as possible®
24,25

In this study two models for making biofilm of E. faecalis were used, a Modified
Drip Flow Reactor (MDFR) and a static model. Since the development and
validation of reproducible and clinical laboratory models for the study of biofilms
are not stable yet, this study aimed to develop an Enterococcus faecalis biofilm
on human roots using a static and a dynamic method (Modified Drip Flow
Reactor (MDFR)); as well to use photothermal therapy with a gold nanorods

solution and a hydrogel to eliminate the formed biofilm.

2. MATERIAL AND METHODS

2.1Roots preparation

Human anterior teeth with straight and single roots were selected; they were
recollected from extractions of patients with periodontal disease or extractions

for orthodontic reasons.

2.1.1 Root preparation for biofilm formation with the DMFR

The roots were disinfected with 5.25% sodium hypochlorite for 2 minutes; they
were standardized to 11 mm with low-speed diamond discs. Root canals were
instrumented using NaOCI 5.25% in between files. (Dentsply, Switzerland). For
the elimination of the smear layer, they were taken to an ultrasonic bath with
17% EDTA for 4 minutes, then with 2.5% sodium hypochlorite for another 4
minutes, finally they were rinse three times with distilled water. They were

sterilized at 121 °C for 20 minutes on sterilization bags.

2.1.2 Root preparation for biofilm formation with Static method
The roots were disinfected with 5.25% sodium hypochlorite for 24 hours; all

roots were standardized at 14 mm and the crown was sectioned off using a



diamond disc. Patency of apical foramina was established with size #10 and #
15 k files (Dentsply, Switzerland). Root canals were instrumented with ProTaper
Next files (X1, X2, X3), irrigating with NaOCI 5.25% in between files. After the
roots were prepared for the bacterial colonization, they were vertically sectioned
along the mid-sagittal plane into 2 halves. The smear layer was removed by an
ultrasonic bath with 17% EDTA for 4 minutes, then with 2.5% sodium
hypochlorite for another 4 minutes, they were rinsed three times with distilled

water and sterilized at 121 °C for 20 minutes on sterilization bags.

2.2Bacterial strain and culture conditions

Enterococcus faecalis (ATCC 29212) was grown in Trypticase Soy Broth (TSB,
BD DIFCO, Sparks MD, USA) at 37 °C, cultures were incubated overnight in
aerobic conditions. The final inoculum was prepared to reach a final
concentration of 1.5x10® cells/mL adjusted to 0.5 of the McFarland scale. This
step was repeated for the experimental phase to replace the inoculum in the
continuous flow system every 24 h for 5 and 10 days. Gram staining was

employed every 24 h to verify the culture purity.

2.2.1 Enterococcus faecalis biofilm formation in root canal by
Modified Drip Flow Reactor

The commercial reactor DRIP FLOW (DFR 110, BioSurface Technologies
Corporation, EEUU) forms a biofilm in glass slides. In this study it was modified
for it to form biofilm in dentin surfaces like dental roots. Our modified and
laboratory manufactured design of the Drip Flow Reactor (MDFR) has six
chambers for the placement of each root individually, where the E. faecalis
biofilm can be formed in the root canal. The roots were placed one in each
chamber and a 40-gauge needle was placed inside the main feeding input of
the MDFR, 2 mm from the main access of the root canal of each root and
anchored in each reactor chamber (Figure 1a). Following, the MDFR with the
roots already in place were sterilized in an autoclave at 121°C for 20 minutes.
The MDFR (Figure 1b) was mounted inside a sterile chamber and in the inferior

portion; a magnetic stirrer was placed at 37 °C. Over the magnetic stir plate, a



sterile plastic recipient with a fresh nutrition media for E. faecalis was placed,
this growth media had the characteristics mentioned in section 2.2. This culture
media was connected by a tube, to a plastic chamber, which contained a
regulation drip and a purge system. From this plastic chamber, there were six
hoses with independent drip regulators. These hoses were connected to the
MDFR of each chamber to the main feeding input that was connected to the
root canal (Figure 1c). After 5 and 10 days, biofilm was completed, and the
roots were washed with sterile saline solution to eliminate not adhered bacteria
on roots. This group of roots was selected for the elimination of biofilm with a

nanorods solution and diode laser.

2.2.2. Enterococcus faecalis biofilm by Static Method

After the roots were sterilized, we randomly selected the roots for them to be
placed in groups. Each group was made in triplicate. The sterilized roots were
transferred to previously sterilized Petri dishes; we added a wet bed of paper, to
maintain humidity in the incubation oven. Each root was inoculated with 10 xL
adjusted to 0.5 McFarland scale. The plates with the specimens were incubated
at 37 °C for 24 hours, for a 24 h biofilm development. After incubation the roots
were rinsed with sterile water to remove the culture medium and nonadherent
bacteria, they were placed in new sterile Petri dishes. This group of roots was
selected for the elimination of biofilm with a nanorods gel and diode laser
(Figure 2.)

3. SEM observation of Enterococcus faecalis biofilm

3.1 Preparation of the samples for SEM Observation

After the biofilm was formed in the teeth, the roots were prepared by fixing and
placing the samples in 2% glutaraldehyde (SIGMA-ALDRICH) for 1 hour, then
placed in refrigeration for 24 hours. After 24 hours, dehydration by alcohol
solutions (20%, 40%, 60%, 80%, 90%, and 95%) was carried out for 10 minutes
each to be finally stored in absolute alcohol (JALMEK) until it was taken to
critical point drying, gold plating and finally the reading to the SEM (JEOL JSM-
6510 scanning electron microscope) at different magnifications.



4. Synthesis of AuUNR’s

The seed solution was composed of 2.5 mL of HAuCl4 (5><1O'4 M) mixed with
2.5 mL of 0.2 M cetyltrimethylammonium bromide (CTAB). To this mixture, 0.60
mL of an ice-cold solution of NaBH4 (0.010 M) was added and was left under
magnetic stirring for 1 hr., resulting in a brown solution. Meanwhile, another
AuNR growth solution was prepared. 5 mL of CTAB (0.20 M) was added to a

precipitation glass under a magnetic stirring base and minimum heat, then

0.725 mL of AgNO3 (0.0040 M) also 5 mL of HAuCl4 (1 x 1073 M). After gently
mixing, 130 yL of ascorbic acid (0.0788 M) was added as a reducing agent,
which changed the color of the solution from a dark yellow to a colorless
solution. As a final step for the formation of the AuNR’s, 12 L of the first seed
solution was added to the second growth solution between 27° and 30°. The
solution gradually changed to a pink-violet color in 15—-30 min. The solution was
taken to the spectrophotometer, and it should be around 520nm to 540nm in the
first curve and 790nm to 830 nm in the second with an absorbance of 1 to 1.2.
After checking these parameters, the solution was centrifuged at 12,000 rpm for
30 min to remove the unreacted reagents. The solution of nanorods was named
AuNR’s and the hydrogel was named Ch-AuNR’s.

4.1 Characterization of AUNRS

The VIS-NIR absorption spectrum was obtained using a CHEMUSB4- VIS-NIR
spectrophotometer (Ocean Optics, FL). The solution was taken to the

spectrophotometer for it to be tested to be around 520 nm to 540 nm in the first

plasmon and 790 nm to 830 nm in the second with an absorbance of 1 to 1.2.
4.2 Preparation of hydrogels

The preparation of the hydrogels was based on the methods reported

elsewhere!® 1% 20

with some modifications for the gel to be usable on root
canals. The hydrogel was formed with chitosan and the nanorods gel was
prepared by mixing 0.8 ml of acetic acid in 19.2 ml of the gold nanorods
dispersion; Then, 0.175 g of chitosan and was added and mixed by magnetic

stirring until the hydrogel was unified.



5. Elimination of E. faecalis Biofilm

5.1. Elimination of E. faecalis Biofilm with Gold Nanorods Solution

and Photothermal Therapy

After biofilm formation with the DMFR, three groups were analyzed: group 1
(positive control): biofilm without treatment; group 2 (NaOCI 5.25%): we placed
3 mL of the irrigant solution, 2 mm before the root apex; group 3 (gold nanorods
solution plus photothermal therapy, AuNRs PPTT): we placed 3 mL of gold
nanorods dispersion at 128 ug/mL and they were irradiated with 810 nm NIR
laser for 20 minutes to compare them with the positive control using colony-
forming-units (CFU). The microbial count technique by serial dilution consisted
in diluting the sample in dilution factors to ten, then seed 0.1 mL of the dilutions
in an agar plaque, spread the inoculum in a homogeneous form all over the
surface of the plague with a sterile glass dipstick using L seeding technique,
subsequently, the plagues were placed in an incubator at 37 °C for 24 h. After
the disinfection, teeth were placed in a nutrient broth for 24 hours at 37 °C in a
10 mL tube for each group and “vortex” vibration was applied in each group.
Each blood agar plaque from the different groups was labeled with the
treatment code, the dilution factor and the date. Once the incubation period was
over, the plagues were taken from the incubator, and random plaques were
selected to perform the count and a blinded assessment was done, each plaque
was assigned a random number by a researcher outside the investigation. The
identification label was covered, and the information was cast in a datasheet.
Once this step was over, the plaques count was done and the CFU number per
plaque was calculated. Subsequently, the conversion of the number of colonies
per ml was made, using the following formula: (# of colonies in the plague X
dilution factor) / 0.1 mL = # of colonies per ml.

5.2 Elimination of E. faecalis Biofilm with Gold Nanorods Gel and
Photothermal Therapy

After biofilm formation with the static method was done, roots were randomly
selected and were distributed in groups. Each group was analyzed in triplicate.

Group 1. positive control, Sterile water; Group 2: negative control, NaCIlO



5.25%; Group 3: Ch:AuNR’s Hydrogel with photothetermal therapy. In group 3,
which is the study group, the Ch:AuNR’s gel was placed in each root and the
diode laser at 800nm/200mW was directed at the root canal in 30 seconds
intervals for 2 minutes, they were rinsed with sterile water. A sterile paper point
was placed in the canal for 30 seconds and then placed in microtubes with
physiological solution (phosphates and nutrition medium). All tubes were
incubated at 37 °C for 24 hours. After this time the microbial count technique by
serial dilution was done, consisting in diluting the sample in dilution factors to
ten, then seed 100 pL of the dilutions in an agar plaque, spread the inoculum in
a homogeneous form all over the surface of the plaque with a sterile glass
dipstick using L seeding technique, subsequently, the plaques were placed at
37 °C for 24 h. Colony-forming units were the method used to evaluate the
elimination of microorganisms in each group, using the equation: CFU = No.
CFU x dilution factor / 0.1ml to be able to apply a LOG10 to have a uniform

result between the groups.

6. RESULTS

6.1SEM Observation after 5 days of inoculation with MDFR

In the negative control a clean dentin can be observed, obliterated dentinal
tubules, and no traces of residues or microorganisms (Figures 3a and 3b),
demonstrating a good cleaning process of the extracted pieces. After 5 days of
inoculation, total coverage of biofilm was demonstrated over the examined
surfaces in cervical third, medium third, and apical third on each tooth; no
morphological differences were noticed among the 5 teeth inoculated in the
DMFR. A polymeric extracellular matrix and E. faecalis aggregates were
observed on the higher magnification, resulting in a tridimensional heterogeneity
structure, microcolonies with communication canals, and structures with a seta
shape corresponding to a mature biofilm with cells locked in a polymeric

extracellular matrix (Figures 3c and 3d).

7.2 SEM Observation after 10 days of inoculation WITH MDFR



SEM images of root canals after 10 days of inoculation show a thicker biofilm
and also show the presence of isolated units of E. faecalis, thus demonstrating
that the use of the MDFR promotes a possible second colonization in root

canals (Figures 3e and 3f).

7.3 SEM Observation after 24 and 48 hours of inoculation with static
method

The SEM observation was done with a magnification of 1000X and in 2000x, in
the mid and in the apical third of the canal. In the samples where the inoculation
was for 24 hours, it was found several isolated colonies of E. faecalis, is found
as a primary biofilm. In the 48 hours inoculation, we observed as well a primary
biofilm but we observed more colonies than that obtained in 24 hours; it was
observed E. faecalis in the dentinal tubes. In all the samples dentinal debris

was observed.

7.4 Treatment E. faecalis biofilm with gold nanorods solution with
photothermal therapy,

The colony-forming units (CFU) were counted, prior recognition of the strain by
Gram staining. A difference was found when compared group 2 (191 + 18.2
CFU) and group 3 (188.6 + 26.7) with the control group (337.3 £ 2.82 CFU) but

no difference was found when groups 2 and 3 were compared among them.

7.5 Treatment of E. faecalis biofilm with gold nanorods gel with

photothermal therapy

The results in Group 1 (Ch-AUNR’s) were obtained by performing serial
dilutions of each specimen. The count of the UFC’s was done for each agar
plate for the correspondent dilution. Group 2 was an inhibition control group
using NaClO 5.25% for the specimens. Group 3 was the growing control group;

sterile water was used for these samples.

7. DISCUSSION



Nowadays most endodontic studies recreate biofilm to search for new novel
therapies to help eliminate E. faecalis and biofilms. The modification done to
the MDFR was done, to be able to form biofilm on dentin. Tolker-Nielsen and
Molin noticed that each microbial biofilm community is unique, but some
structural attributes can be considered universal as is the case of this study
which by structural features was accomplished to obtain a mature biofilm, it was
found embedded bacteria on an extracellular polymeric matrix and an
adherence to a dentinal surface on a complex tridimensional structure. Many
factors can influence biofilm formation, from the nutrients in the medium
composition, the variations of the pH values from the medium, temperature,
environment, fluid conditions, etc.. Each of these factors were under our control
when the biofilm was formed, this way it was assured a correct form for
developing biofilm with the MDFR as well with the static method. Bacteria can
form biofilm preferably in high shearing environments (for example fast fluid
environments); a study on E. faecalis biofilm under a fluid system inducing
stress over the bacteria concluded a formation of a more resistant biofilm, which
is why it was decided to place a magnetic agitator inside the biofilm-forming
system (MDFR). All the system models presented have been demonstrated to
provide useful information in the biofilm process. Thus, from all the factors
previously mentioned, adjustments must be done to get them closer to the
conditions that occur in vivo to obtain better results®.

In this study, a 5 and 10-day period of inoculation biofilm was created with the
MDFR, it was observed on the SEM the establishment of a mature biofilm over
all dentinal surfaces, with a highly organized structure, compared to what was
reported in a third phase Biofilm or a final phase development. It is defined that
once the Biofilm has reached maturity, some cells are released from the
exopolysaccharides matrix so they will be able to colonize new surfaces,
finishing this way with the biofilm formation process and its development™.
Dynamic models as the Drip Flow Reactor offer the advantage of more closely
replicating certain in vivo conditions, their disadvantages frequently come in the
form of higher costs and difficulty of use, it is important to have in mind that
when the entire tooth is exposed to the inoculum, biofilm growths on the
external tooth surfaces, which can cause bias in the studies®. With the static

method this factor can be manipulated, in the static biofilm model for this study



the roots were split longitudinally into halves for this way to apply the E. faecalis
inoculum only in the root canal and for extracanal biofilm not to be formed, all
the other superficies of the root were not contaminated expecting biofilm to not
be formed. This model of static biofilm model is probably more alike to a biofilm
in vivo because in contrast to a continuous flow system it induces shear forces
that cause additional stress to the biofilm. These forces result in biofilms that
are more rigid and homogenous as already said, however, inside the root canal,
no such flow conditions are present®* ?°.

With both methods the biofilm was formed; with the DMFR the biofilm was a
mature biofilm, it was formed for 5 and 10 days in contrast with the static
method that was 24 hours and 48 hours biofilm, that a primary biofilm was
formed, but if more days had passed, we would have found a more mature
biofilm as well. It is reported that mature biofilm can also be formed in static

method?.

Biofilm was formed in this study with the MDFR and with the static method also
it was proposed to prove the effect of elimination of a Ch-AuNR"s hydrogel and
a solution applying photothermal therapy with a diode laser (810nm). It was
proposed a solution and a gel because the solution could be used as an irrigant
alongside with NaOCI or replacing it and the hydrogel could be used as a
coadjutant of the NaOCI.

Comparing with our study the (ChAuNR’s hydrogel and the solution with PPTT)
the difference of the treatments was that they used 810 nm and at a power of
200 mW for 30 s, using a tip at 1 mm before the working length; In our study,
the same parameters were used but a photosensitizer was not applied and the
tip for the laser in the root canal was not used, the laser pointer was directed
over roots. In most studies with positive results the laser is used at a power of 1
W or 2 W, the power used in this study was 200 mW, but more time was applied

when using the laser.

Bermudez, C. et al. used the gold nanorods gel with photothermal therapy for
bacterial elimination in periodontal pockets, they measured the temperature with

a FLIR infrared camera, which gave them a maximum increase result of 10 ° C



in to 2 min with laser at a wavelength of 830nm®. Based on these authors, this
work was carried out modifying the methodology for this study, in which the gel
was tested in human roots. There are still no studies that use these nanorods

hydrogel with laser therapy in the root canal.

Although the intensity of the laser decreases exponentially in the deeper layers
of the tissue, the hydroxyapatite prisms and the dentinal tubules can act as light
conductors, so that despite the weakened laser light, the bactericidal effect is
maintained. The standard settings commonly applied with a diode laser are 2.5
W in cut or intermittent mode. In the literature, it is reported that the safety
threshold for the temperature increase on the root surface is within the range of
7 ° Cto 10 ° C. Otherwise, ankylosis can occur as a result of thermal trauma in

the roots periodontal tissues.

The solution of the AUNR’s had positive results, but the application time of the
laser was 20 minutes which an in vivo situation wouldn’t be possible, it could
not replace the NaOCI as an irrigant but as a perspective, testing it with less
laser time and with positive results it can be used a replacement of the sodium
hypochlorite. The results of the study by Bermudez et al., which used the
ChAuUNR’s hydrogel and laser in tissues, agree with our results. They obtained
positive results, in the bacterial elimination of E. faecalis and in our study also
positive results were found regarding the bacterial elimination. The difference
between studies was the substrates used, they used membranes, and, in this
study, human dental roots were used. When using the root canal as a substrate,
a level of difficulty is found when it comes to total microorganism elimination
because of the anatomy of the root canal system, it has isthmus and accessory
canals where E. faecalis can be trapped or hidden in these spaces. The results
between studies do agree in which there is an elimination of E. faecalis but in a

major percentage when it comes to eliminating it from a membrane substratum.

CONCLUSIONS
The modification done in this study to the DFR standardized reactor is a method
capable of forming E. faecalis biofilm in the root canal in a mature phase with

the proper characteristics. The biofilm formed with the static method was as well



a correct methodology and is more alike at how biofilm is formed in the root
canal, being capable of manipulating the conditions. Our results suggested that
the solution of AUNRs and Ch:AuRNs hydrogel with PPTT might be useful for
root canal treatment as a solution or as a coadjutant respectively in treatment,

however, it requires more research for it to be used in endodontic therapy.
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1. Figures

c)

Figure 1. a) Drip flow reactor (MDFR) of 6 chambers, the root inside of each
chamber for the biofilm formation in the root canal. b) The biofilm forming
system was mounted inside a sterile chamber, the MDFR was in the inferior
portion and a magnetic stirrer was placed at 37°C. Over the magnetic agitator a
sterile plastic recipient was placed with fresh growth medium of E. faecalis
under slow agitation. ¢) The MDFR was connected with hoses coming from the
superior portion of the system to the main feeding entrance of each MDFR
chamber and feeding the root canal with continuous slow flow the residual fluid
of the chambers were heading to the output hoses to a container.




Figure 2. a) This image shows how the biofilm of 24- and 48-hours biofilm
with static method was done. The roots were placed in Petri plaques and
image 1. b shows how the inoculum of E. faecalis was placed in the root
canal.
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Figure 3. 6.1 SEM Observation of biofilm after a)-d) 5 and e)-f) 10 days of

inoculation with MDFR
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Figure 4. These images showed a 24 hours E. faecalis biofilm. In a) and b) is
observed the dentinal tubes filled with E. faecalis. c¢) E. faecalis can be
observed in colonies forming a layer. This is the primary biofilm.
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Figure 5. These images show a 48 hours E. faecalis biofilm. a) and b) E. faecalis
is in several colonies in the mid-third. c) It can be observed in the apical third that
E. faecalis is in isolated colonies, less than in the third mid.




