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The host defense response to microbial challenge emerging from the root
canal system leads to apical periodontitis. The aim of this study was to
evaluate the expression of inflammatory cytokines and Nitric Oxide (NO) by

macrophages after interaction with Enterococcus faecalis in the: plankton Health

and dislodged biofilm mode; intact biofilm mode stimulated by calcium

hydroxide (CH), CH and chlorhexidine (CHX) or Triple Antibiotic Paste (TAP).

For this purpose, culture of macrophages from monocytes in human Correspondence: Rafaela Fernandes Zancan Al.
peripheral blood (N=8) were exposed to the different modes of bacteria for Octavio Pinheiro Brisola no. 9-75 17012-901

24 hours. Subsequently, the cytokines, such as, Tumor Necrotic Factor- alfa
(TNF-o), interleukin (IL)-18, IL-6, IL-10; and NO were quantified by Luminex 39358344 Fax +55-14-32242788
XMAP and Greiss reaction, respectively. In addition to the potential
therapeutic effects of the intracanal medication, their antimicrobial activity
against Enterococcus faecalis biofilm were also tested in vitro by confocal
microscopy. The experiments™ data were analyzed by the Kruskal-Wallis test
with the Dunn post hoc test (o < 0.05). Bacteria in dislodged biofilm mode Key Words: Enterococcus
were shown to be more aggressive to the immune system than bacteria in
plankton mode and negative control, inducing greater expression of NO and
TNF-o. Relative to bacteria in intact biofilm mode, the weakest antimicrobial
activity occurred in Group CH. In Groups CH/CHX and TAP the percentage of
dead bacteria was significantly increased to the same extent. Interestingly,
the biofilm itself did not induce the release of pro-inflammatory cytokines -
except for NO - while the biofilm treated with TAP and CH based pastes
enhanced the levels of IL-6 and TNF-o; and IL-1 B, respectively. In contrast,
the levels of a potent anti-inflammatory (IL-10) were increased in Group TAP.
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faecalis; interleukin; intracanal
medication; nitric oxide.

Introduction

Enterococcus faecalis (E. faecalis), a Gram-positive facultative anaerobic bacterium, is recognized
as the leading cause of re-treatment and persistent endodontic infections. E. faecalis is capable of
resisting unfavorable conditions within dentinal tubules - such as nutritional limitation for up to 12
months, as they go into “starvation phase/mode"(1). In addition they can easily organize themselves in
biofilms that have high levels of antibiotic resistance and virulence (2). Biofilms are high-density
bacterial communities, adherent to a surface and embedded in an exopolymer matrix (3). Earlier studies
with Staphylococcus epidermidis have found evidence that owing the complexity of biofilm, bacteria
within them, expressing different degrees of pathogenicity when compared with their planktonic
counterparts, may be recognized differently by the host immune system (4, 5).

The choice of an intracanal medication is essentially based on the knowledge of its physicochemical
characteristics and antimicrobial action, and it is an important adjunct therapy for control of root canal
infection (6). An imbalance between the microbiological factors and the host defenses favoring the
former, can stimulate macrophages to release proinflammatory cytokines inductors of bone resorption,
such as, Interleukin 1 beta (IL-18), tumor necrosis factor (TNF-a) and Interleukin 6 (IL-6). Therefore,
inactivation of these cytokines also needs to be considered when choosing an intracanal medication, as
it influences the progress and maintenance of apical periodontitis (7-9), and manifestations such as
periapical granulomas, radicular cysts and periapical abscesses (10-12).

Calcium hydroxide (CH) powder in a vehicle has been widely used by many clinicians, due to ts
antimicrobial and biological action. CH plays an important role in hard-tissue formation, as its alkalinity
activates alkaline phosphatase (13). Its capacity to modulate inflammation by inhibiting the function of
macrophages may also be of physiological significance in promoting the healing of periradicular tissues
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(14). However, as CH is less effective against E. faecalis (6, 15), chlorhexidine (CHX) has been proposed
as an additive to CH, due to its broad spectrum of activity (16) against Gram-positive and Gram-negative
microorganisms (17). Ciprofloxacin, a fluoroquinolone; metronidazole, a nitroimidazole, and minocycline,
a tetracycline antibiotics, are used in combination as an intracanal medication named Triple Antibiotic
Paste (TAP). Its wide spectrum of antimicrobial activity has made it the medication of first choice against
persistent endodontic infections, but it also used in regenerative endodontics as a substitute for CH.
Apart from disinfection, these antibiotics are known to down-regulate lipopolysaccharide (LPS)-
mediated TNF-or (18-20), encouraging the expression of ECM genes related to periodontal healing (21).
However, few studies have described the immunomodulatory effect of TAP on macrophages associated
with a gram-positive bacteria (22).

Based on the foregoing, the aims of this study were to evaluate the release of TNF- o, IL-13, IL-6,
IL-10 and NO after bacteria-macrophage interactions by using: bacteria in planktonic and dislodged
biofilm mode; biofilm stimulated by different intracanal medications in order to compare the potential
therapeutical effects of these compounds and their antimicrobial activity. The null hypotheses tested
were that:

The stimulus of pro- and anti-inflammatory cytokines and NO released by macrophages would be
similar in: 1. Bacteria in planktonic and dislodged biofilm mode; 2. Biofilm treated and not treated with
different intracanal medications.

Material and methods

Antimicrobial Test and Microscopy Analysis
Microbiological procedures and manipulation of pastes were conducted under aseptic conditions in
a laminar flow chamber (VecoFlow Ltda, Campinas, SP, Brazil).

Biofilm Growth

For E. faecalis biofilm, 15 plL standard strain (American Type Culture Collection [ATCC] 29212) were
put into 3 ml sterile brain-heart infusion (BHI; Oxoid, Basingstoke, UK) at 37°C in air for growth
overnight. After this period, the bacterial density was adjusted to 108 cells/m| with a spectrophotometer
(UV-VISIBLI, Shimadzu, Japan) at an optical density of 1 at 600 nm according to the 0.5 MacFarland
standard.

Subsequently, we proceeded with contamination of the dentin blocks. These were obtained from
bovine central incisors with fully developed roots, with the use of trephine drills 4.0 mm in diameter
under abundant irrigation. The size of blocks obtained was adjusted to standardize their measurements
to 4 mm x 1.2 mm (diameter x thickness), by means of polishing the pulp surface with 500 and 800 grit
SiC papers, and subsequently sterilizing these samples in an autoclave. For their contamination, one
dentin block +100 pl of E. faecalis + 900 pl of BHI were put into each well of a 24-well multiwell plate
that was kept in an oven at 37°C, under aerobic conditions, for a period of 21 days. To prevent nutrient
deficiency, the BHI was renewed every 2 days. After biofilm maturation, the infected samples were
washed with 1 mL of phosphate-buffered-saline (PBS) to remove loosely adherent and planktonic
bacteria.

Direct Contact Test
The contaminated dentin blocks were randomly divided into 4 groups according to the intracanal
medication, of which, one received no treatment (control).
Three intracanal medications were evaluated:
- Calcium Hydroxide [ Poliethylene glycol (CH; Calen, SS White Artigos Dentéarios Ltd, Rio de Janeiro,
Brazil):
- Calcium Hydroxide (Merck & Co, Kenilworth, NJ)/ 2% Chlorhexidine gluconate (FGM, Joinville,
Brazil) / Propylene glycol (CH/CHX; 1 g/0.5 mL/0.3 mL);
- Triple Antibiotic Paste: Metronidazole, Ciprofloxacin, Minocycline (Brainfarma Industria Quimica
e Farmacéutica S.A., Sdo Paulo, Brazil) [ Propylene glycol (TAP; 500 mg of each antibiotic/1 ml)
Dentin blocks were immersed in the test medications and remained in an oven at 37°C for a period
of 7 days.
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Microscopy Analysis

After the direct contact test, the samples were washed with PBS and stained with 15 pL of SYTO9
and propidium iodide solution (Live/Dead BacLight Viability Kit; Molecular Probes, Eugene, USA) for 15
minutes, for microscopy analysis. After this, the samples were washed again and directly observed by
inverted confocal laser scanning microscopy (CLSM; Leica TCS-SPE; Leica Biosystems CMS, Mannheim,
Germany) with a 40x oil lens. Four confocal “stacks” of random areas were obtained per dentin block
totaling 20 images per group. The percentage of dead bacteria cells were obtained by means of Bioimage
v2-1 software (www.biolmageL.com).

Expression of Cytokines and Nitric Oxide by Host Cells Exposed to Bacteria in Biofilm in Intact,
Dislodged and Planktonic Mode

This study was approved by the Research Ethics Committee of the Bauru School of Dentistry of the
University of Sdo Paulo (#CAAE 66228717.4.0000.5417). After signing the term of free and informed
consent, in compliance with resolution 196/96 of the National Health Council, blood collection was
performed in healthy volunteer patients.

Culture of macrophages from monocytes of human peripheral blood

A skilled laboratory technician trained to obtain data from a previous calibration record collected
30 mL of blood from the brachial veins of 8 healthy individuals with the aid of vacuum glass tube (BD
Vacutainer, United States), containing sodic heparin as anticoagulant. By means of the Histopaque
gradient 1083 (Sigma, Stoinheim, Germany), the mononuclear cells were differentiated followed by RPMI
1640 (Invitrogen, United States) washing, and their concentration was adjusted to 1x106. Then, they
were inserted into 24 wells culture plates (Orange Scientific, Belgium) and incubated at 37 °C in a
humidified atmosphere (5 % CO2/air) for 2 hours so that monocytes could adhere to the plate. After
this, the plates were again washed twice with RPMI 1640 to remove non-adherent cells, including
lymphocytes. Then, 1 mL of RPMI 1640 containing 10% fetal calf serum (FCS) and 1% penicillin were
added to each well and the plates were incubated for 7 days (time required for monocytes to
differentiate into macrophages) at 37 °C in a humidified atmosphere (5 % CO2/air). Every 48 hours,
500ul of culture medium of each well were renewed.

Expression of cytokines and NO by host cells exposed to bacteria in planktonic and dislodged
biofilm mode

After differentiation of blood monocytes into macrophages (section 2.1), human macrophages were
exposed to bacteria in planktonic and dislodged biofilm mode in the ratio of 1:5 in 1 mL of broth. After
biofilm maturation (section 1.1), the adhered bacterial cells were dislodged gently but firmly by scraping
the dentin with a cell scraper, resuspended in appropriate buffer, and vortexed vigorously to disrupt any
clumpsin order to produce the dislodged biofilm mode cells. Microscopic observation was also performed
to confirm disruption of aggregates. For planktonic mode cells, aliquots of E. faecalis strain were taken
from storage at -80°C and incubated in 3 mL BHI at 37°C overnight. Subsequently, bacteria in both
modes were inoculated for 4 hours into test tubes containing neutral BHI (positive control) and alkaline-
BHI broth, buffered at pH 9.5 with 5M NaOH, adjusted with a pH meter (model 371; Micronal, Sdo Paulo,
SP, Brazil). Cells were then washed twice with PBS to remove remaining BHI. Bacterial density of both
bacterial modes was then adjusted to 5x106 with a spectrophotometer (UV-VISIBLI, Shimadzu, Japan),
at an optical density of 1 at 600 nm according to the 0.5 MacFarland standard.

Subsequently, these suspensions were added to the culture plate wells containing adhered
macrophages at a concentration of 1x106. After 24 hours of bacteria-macrophage interaction at 37 °C
in a humidified atmosphere (5 % CO2/air), the supernatants of the wells were collected and stored in a
freezer at -80°C for subsequent cytokine and NO dosage.

Expression of cytokines and NO by host cells exposed to intact biofilm mode bacteria

For this experiment the macrophage cells adhering to the wells (section 2.1) were dislodged gently
but firmly by scraping with a cell scraper and resuspended in RPMI Then, the macrophages in suspension
at the concentration of 1x106 were added into the culture plate wells containing bacterial biofilm
without BHI.

The maturation of the biofilm occurred as described in section 1.1, with the difference that the
process was developed on glass coverslips that perfectly adjusted to the wells of the 24-well plate, thus
ensuring effective contact between the bacterial biofilm and macrophages. The biofilms treated, or not
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(positive control), with the different intracanal medications tested in this study (section 1.2) for 7 days,
were abundantly irrigated with PBS to remove all of the intracanal medication, before exposure to
macrophages. All plates were incubated at 37 °C in a humidified atmosphere (5 % CO2/air) for 24 hours.
The supernatants of the wells were collected and stored in a freezer at -80°C for subsequent cytokine
and NO dosage.

Quantification of TNF- a, IL-1B, IL-6 and IL-10

In order to estimate the cytokine synthesis after exposure to E. faecalis strains (section 2.2 and 2.3),
the culture supernatants of macrophages were quantified using MILLIPLEX MAP Human
Cytokine/Chemokine Magnetic Bead Panel (Merck, Cat. No: HCYTOMAG-60K-03) in the Luminex xMAP
(MAP: Multiple Analyte Profiling) according to the manufacturer's instructions. Macrophages exposed
to non-treated bacteria or on their own, served as positive and negative control, respectively. The
sensitivity levels for detection of each cytokine were TNF- o =1.9 ng/ul, IL-18 = 2.8 ng/ul, IL-6 = 30.7
ng/uL and IL-10 = 2.7 ng/uL. The samples were evaluated using the Analyst software and fitting model
cubic log standard curve.

Quantification of Nitric Oxide

Analyses of nitric oxide (NO) were performed by using the Greiss reaction.Thus, 100 pL of
supernatant culture of each well was mixed to 1% sulfanilamide in 2.5% phosphoric acid solution (100
ul) for 10 minutes. After this, 100 pL of 1% N-(1-Naphthyl) ethylenediamine in 2.5% phosphoric acid
was added for the same length of time. To evaluate the production of NO, this was measured by
absorbance at 490 nm in a microplate reader (Synergy 2, BioTek, VT, USA), using the sodium nitrite
standard curve with RPMI 1640 as a control.

Statistical analysis

The Shapiro-Wilk test was used to verify the normality of data of all analyses, and absence of
normality was observed. Therefore, statistical comparisons between the groups were made by the
Kruskal-Wallis and Dunn tests. The significance level was established at 5%.

Results

Table 1 presents the percentages of live cells of E. faecalis biofilm after 7 days of contact with the
experimental pastes CH, CH/CHX or TAP. Representative confocal laser scanning microscope images of
the groups described in Table 1 are shown in Figure 1, where live cells are indicated in green, and dead
cells are indicated in red. The weakest antimicrobial activity occurred in Group CH, showing no statistical
differences when compared with the control group (P > .05). In Groups CH/CHX and TAP, significant
increase in the percentage of dead bacteria was found, when compared with the other groups (P =.0001)
This occurred to the same extent in E. faecalis biofilm (P > .05).

Table 1. Median (Med) and Minimum and Maximum (Min-Max) Values of the Percentage of Live Cells of Different
Biofilms after Contact with the Experimental Medicaments for one Week

CH CH/CHX TAP Control
Med (Min - Max) Med (Min - Max) Med (Min - Max) Med (Min - Max)
% live cells 84.881 57.958 16.78" 95.504
(41.71 - 95.54) (25.17 - 89.98) (0.02 - 70.8) (76.97 - 99.99)
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Figure 1. Confocal laser scanning microscopy of biofilms treated with (A) calcium hydroxide, (B) calcium hydroxide +
chlorhexidine, (C) triple antibiotic paste, and (D) control group. Live cells are indicated in green, and dead cells are
indicated in red. Each picture represents an area of 275 x 275 mm.

Table 2 presents the expression of cytokines (TNF- o, IL-1B, IL-6 and IL-10) and NO by host cells
exposed to planktonic and dislodged biofilm mode bacteria, stressed or not (positive control) for 4 hours,
in test tubes containing alkaline-BHI broth. Both modes of bacteria, whether stressed or not in alkaline
media, did not elicit significant IL-10, IL-1 and IL-6 production by macrophages, showing no differences
when compared with negative control (P > .05). E. faecalis in dislodged biofilm mode induced the highest
excretion of NO (P = .0001) and TNF-a (P =.02), with significant differences when compared with
planktonic bacteria and negative control (P < .05).

Table 2. Median (Med). minimum (Min) and maximum (Max) values of protein levels (pg/mg) released by macrophages after
24 hours of contact with biofilm or planktonic form of Enterococcus faecalis stressed in an alkaline environment for 4 hours

Planktonic bacteria  Planktonic bacteria  Dislodged biofilm  Dislodged biofilm Negative
(Alkaline stress) (Control) (Alkaline stress) (Control) Control
110 116 1.19% 1.07% 2.09* 1.66*
(1.01 - 1.39) (1.13 - 1.26) (0.72 - 5.07) (1.39 - 2.87) (1.13 -2.39)
-1 g 0.374 0914 0.24* 1.03* 0.23*
(0.21 - 1.05) (0.25 - 2.09) (0.15 - 1.66) (0.72 - 3.76) (0.19 - 0.26)
L6 0.64% 0.53* 0.69* 6.03* 0.69*
(0.43 - 0.91) (0.36- 43.20) (0.43 - 3.20) (2.73 - 21.37) (0.36 - 1.00)
TNF-o 43.91% 19.73 32.35% 253.0% 14.81%8
(11.24 - 85.00) (6.85 - 48.38) (29.26 - 108.2) (119.6 - 540.9) (7.26 - 42.66)
Nitric Oxide 42.46" 20.198 55.1948 115.8% 12.418
(16.09 - 89.27) (13.36 - 65.18) (27.91 - 170.6) (101.7 - 128.1) (9.91 - 48.55)

Table 3 presents the expression of cytokines (TNF- o, IL-18, IL-6 and IL-10) and NO by host cells
exposed to intact biofilm mode bacteria treated or not with CH, CH/CHX or TAP for a period of 7 days.
Non-treated biofilm did not elicit significant production of cytokines by macrophages, showing no
differences when compared with negative control (P > .05), but their NO production was triggered (P =
.0001). NO was produced in groups containing CH/CHX to the same extent as in positive control (P >
.05). CH alone or with CHX enhanced IL-1B production when compared with negative control (P = .0004)
showing no differences when compared with the other groups (P > .05).TAP significantly increased I1-10
(P =.0006), -6 (P =.001); and TNF-or (P =.001) production when compared with the control groups,
but had decreased NO production when compared with positive control (P = .0001).
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Table 3. Median (Med), minimum (Min) and maximum (Max) values of protein levels (pg/mg) released by macrophages after
24 hours of contact with Enterococcus faecalis biofilm stressed with intracanal dressing treatment for 7 days

CH CH/CHX TAP Positive Control ~ Negative Control
Med (Min - Max) Med (Min - Max) Med (Min - Max) Med (Min - Max) Med (Min - Max)

L-10 8.91AB 8.06AB 34.46A 1.948 2.098
(1.26 — 183.4) (3.29 - 170.1) (4.09 - 47.18) (1.39 - 2.87) (1.13 - 5.07)

4,407 58.86A 1.62AB 0.504B 0.23B

IL-1p

(0.31 - 97.83) (0.38 - 940.6) (0.35 - 10.92) (0.19 - 3.76) (0.19 - 2.82)

L6 13.834B 17.304B 192.0A 1.668 0.698
(0.64 — 270.9) (0.86 - 311.1) (6.03 - 1372) (0.43 - 21.37) (0.36 - 27.82)

TNF-ot 569.5AB 586.2AB 11254 63.248 28.748
(31.95 - 2615) (118.1 - 2848) (132.3 - 5528) (1.21 - 540.9) (1.59 - 41.07)

Nitric Oxide 36.27ABC 46.28AB 12.648¢ 112.4A 11.73€
(10.36 - 177.6) (29.91 - 172.6) (11.27 - 32.18) (68.55 - 133.1) (9.91 - 13.08)

Discussion

The null hypothesis was rejected since differences in pro- and anti-inflammatory cytokines and NO
released by macrophages were found for: 1. planktonic and dislodged biofilm mode bacteria; 2. intact
biofilm mode treated or non-treated with different intracanal medications. Differences in the
antimicrobial activity of the latter against E. faecalis biofilm were also found.

The Luminex xMAP (multi-analyte profiling) technology was chosen for the immunological analyses,
as it provides simultaneous measurement of multiple cytokines in small sample volumes, as it is a
validated technique with good correlation coefficients with the "gold standard" ELISA (enzyme-linked
immunosorbent assays) in evaluating cytokine profiling in vitro (23). Bacteria-macrophage interactions
were assessed using bacteria from both planktonic inoculums and disrupted biofilm, as individual
bacteria at the same concentration. Bacteria have been shown to survive in nature by forming biofilms
on surfaces, and to expand with the dispersal of physiologically differentiated free-living cells from
biofilm to colonize other niches (24), which enhances the clinical relevance of the present study. The
results showed greater activity by macrophages to produce inflammatory mediators - such as TNF- o
and NO - in contact with E. faecalis cells from dislodged biofilm when compared with the planktonic
mode. Macrophages use NO, a diatomic free radical gas, to kill the internalized microorganisms such as,
fungi and bacteria (25-28). Bacteria that grow as biofilm retain some distinctive features and
mechanisms to avoid phagocytosis (29), which leads to a continues stimulus for eliminating these
microorganisms, therefore, higher levels of NO are released by macrophages (Table 2) (30). This mediator
is also related to the early stages of periapical lesion progression via inducing macrophage and osteoblast
apoptosis (31). TNF-a contributes to further tissue damage, with the capacity to stimulate osteoclast
development and thereby the process of bone resorption (32). As a pro-inflammatory protein in the
acute phase, it is expected to have the highest release in an early phase of inflammation (33). This
explains why it is the only cytokine that showed differences from the negative control.

In the second part of the experiments, the pro- and anti-inflammatory effects of different
intracanal medications on human macrophages stimulated by biofilm were analyzed in order to compare
the potential therapeutical effects of these compounds.

The resistance of biofilms to antibiotics is directly related to their developmental stage (34). The E.
faecalis biofilm is poorly structured during the first days of it development (35); according to the
literature (6) biofilm growth occurred for an extended period of time in this study (21 days). E. faecalis
biofilm survived the highly alkaline environment resulting from the ionic dissociation of CH (6, 15),
probably because of its proton pump that maintains optimal cytoplasmic pH levels (Figure 1) (36). CHX
is believed to be capable of inhibiting adenosine triphosphatase activity, which is vital to proton pump
functioning (6). The benefits of adding CHX to enhance the antiseptic action of CH paste against E.
faecalis were proved in this and other studies (6, 37).

Interestingly, the biofilm itself did not induce the release of cytokines - except for NO - while the
treated biofilm did (Table 3). Macrophages might have expressed more NO to kill internalized

15



microorganisms in the positive control group, due to the higher number of live bacteria . As expected,
TAP achieved a greater reduction in biofilm levels after 7 days (38), leading to levels of NO similar to
those of the negative control. CH inhibits the adhesion of macrophages, and consequently, their
phagocytic process (14). Adding CHX to CH appears to have interfered with this reaction, as the levels of
NO were higher than those of the negative control. It is not known whether the reactive by-products
such as reactive oxygen from CHX decomposition into alkaline pHs (39), could have influenced the
results.

Lipoteichoic acids (LTA), a cell wall component of E. faecalis, is a key virulence factor in the release
of major proinflammatory mediators such as NO, TNF-o and IL-6 (40, 41). Increases in IL-6 stimulate
major osteoclastic bone destruction, and the synthesis of acute phase proteins (42), important
characteristics in the evolution of symptomatic dental abscesses (43). Biofilm treated with CH and
additives  released lower levels TNF-o and IL-6 due its capacity to inactivate LTA (44), or TNF-o itself
(45, 46). LTA can accumulate and persistently reside within dentinal tubules even after bacterial death,
due its high affinity for hydroxyapatite (47). CH would prevent the continuous stimulation of the
surrounding tissues by LTA, and therefore, chronic inflammation (7-9).

Although the combination of ciprofloxacin and metronidazole causes a significant decrease in TNF-
o, suggesting a synergistic anti-inflammatory effect (21, 48), TNF-o expression was increased when they
were used in combination with minocycline. The release of LTA could be triggered by TAP resulting in
the highest values of TNF-a and IL-6 for this paste when compared with the Control. TNF-o potentiates
the effects of IL-1B (49). TAP showed no differences in the release of this pro-inflammatory cytokine,
when compared with Groups CH. However, only biofilms treated with CH-based pastes exacerbated IL-
1B expression by macrophages when compared with negative control. This cytokine is known to be one
of the most active stimulators of osteoclastic bone reabsorption (50) - 500-fold more potent than TNF-
o (51) - being related to persistent apical periodontitis (52).

The levels of a potent anti-inflammatory cytokine (IL-10) were increased by TAP, as it occurred with
double antibiotic paste (21). This cytokine avoids exaggerated inflammatory response, due its
suppression of proinflammatory mediator production that could culminate in the development of
inflammatory diseases (53) and inhibits the development and activation of the bone-resorbing cells,
fundamental feature of periapical lesion progression (54). This is not only important for healing the
periradicular tissues but also for the success of regenerative endodontic procedures such as the blood-
clot- interaction with the immature infected root structure.

In conclusion, E. faecalis cells from dislodged biofilm triggered a pro-inflammatory response from
macrophages by releasing TNF- o and NO when compared to it planktonic mode. Although the intracanal
medications were primarily selected because of their antimicrobial activity, their ability to possibly
influence the degree of the systemic and local immune response to infection, which is also related to
the progress and maintenance of apical periodontitis, should be more appreciated. The release of NO by
macrophages seems to be directly related to the amount of live bacteria, with higher values for non-
treated biofilm and lower values for TAP. In contrast, the biofilm it self did not induce the release of
pro-inflammatory cytokines, while the biofilm treated with TAP and CH- based pastes triggered the
release of IL-6 and TNF-o; and IL-1 B, respectively. The levels of the anti-inflammatory cytokine IL-10
increased in Group TAP. Given the importance of E. faecalis in endodontic infections, further studies on
how the biofilm mode of this bacteria affects the host defense mechanisms, and the possible influence
of the degree to which an inter appointment medication and its antimicrobial action could have on this
response should be conducted.
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Resumo

A resposta de defesa do hospedeiro ao desafio microbiano que emerge do sistema de canais
radiculares leva a periodontite apical. Os objetivos deste estudo foram avaliar a expressio de citocinas
pro e anti-inflamatarias e Oxido Nitrico (NO) por macréfagos apos interacdo com Enterococcus faecalis
no modo: planctonio e de biofilme desalojado; biofilme intacto estimulado por hidroxido de calcio (CH),
CH e clorexidina ou Pasta Tri Antibiotica (TAP). Para isto, a cultura de macrdofagos originados de
monocitos do sangue periférico de humanos (N=8) foi exposta aos diferentes tipos de bactéria por 24
horas. Entdo, a quantificacdo da producdo de of Fator de Necrose Tumoral- alfa (TNF-o), interleucina
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(I)-18, IL-6, IL-10 e NO por macrofagos se deu por meio do Luminex xMAP e reagdo de Greiss,
respectivamente. Além dos potenciais efeitos terapéuticos desses compostos, sua atividade
antimicrobiana contra E. faecalis também foi testada através microscopia confocal. Os dados dos
experimentos foram analisados através do teste de Kruskal-Wallis com Dunn’s post hoc (o < 0.05).
Bactéria em modo de biofilme desalojado se mostrou mais agressivo ao sistema imune que as bactérias
planctdnicas e controle negativo induzindo a maior excrecao de NO e TNF-o.. Em relacdo ao biofilme
intacto, a atividade antimicrobiana mais fraca ocorreu no grupo de CH. Os grupos CHX e TAP aumentaram
significativamente a porcentagem de bactérias mortas na mesma extensdo. Interessantemente, o
biofilme por ele mesmo ndo induziu a liberacdo de citocinas pro-inflamatorias - exceto por NO -
enquanto que o biofilme tratado com TAP ou pastas a base de CH aumentaram os niveis de IL-6; e TNF-
a e IL-1 B respectivamente. Em contraste, os niveis da potente citocina anti-inflamatoria (IL-10) foram
aumentados pelo grupo TAP.
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