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Cytotoxicity and Inflammatory
Mediators Release by
Macrophages Exposed to Real
Seal XT and Sealapex Xpress

Léa Assed Bezerra da Silva' , Lidia Regina da Costa Hidalgo' , Manoel
Damido de Sousa-Neto' , Maya Fernanda Manfrin Arnez' , Frederic
Barnett3 , Patricia Maria Gaton Hernandez* , Lucia Helena Faccioliz ,
Francisco Wanderley Garcia Paula-Silva'?

This study evaluated the cytotoxicity of Sealapex Xpress and Real Seal XT and their
effect on macrophage activation. J774.1 macrophages were incubated with Sealapex
Xpress and Seal Real XT (0.1, 1.0, and 10 mg/mL) for 24 and 48 h. Cell viability was
assessed by the MTT assay and macrophage activation was measured by pro- and
anti-inflammatory cytokine production using ELISA. Data were analyzed using one-
way ANOVA and Tukey's post-test (c=0.05). Cell viability was not affected with 0.1
or 1.0 mg/mL of extracts of Sealapex Xpress and Real Seal XT at 24 and 48 h (p>0.05),
but was significantly lower when cells were exposed to 10 mg/mL of both sealers
(p<0.05). Sealapex Xpress inhibited the production of TNF-a, whereas Real Seal XT
induced TNF-a secretion at 24 h (p<0.05). IL-6 production was induced by Real Seal
XT, but not by Sealapex Xpress (p<0.05). Real Seal XT and Sealapex Xpress induced
the secretion of anti-inflammatory IL-10. IL-4 was not detected in any group. In
conclusion, both sealers had low toxicity but differentially activated macrophages.
Macrophage activation by Sealapex Xpress was characterized by inhibition of TNF-a
and induction of IL-10, whereas Real Seal XT induced IL-6 solely.
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Introduction

Adequate root canal shaping and sealing are
fundamental to the success of endodontic therapy (1). The
physical, chemical, and biological properties of root canal
filling materials should create a hermetic seal between the
root canal system and the periapical tissues and induce
closure of the root apex and deposition of mineralized
tissue (2-6). Thus, the nature of the root canal sealer
placed in direct contact with the apical and periapical
connective tissue is crucial for inducing proper biological
sealing. Non-compatible materials can cause an irritation
to tissues and inhibit the repair process due to induction of
harmful components of the inflammatory response (7-9).

Several endodontic sealers have been placed in the
market; recently, two root canal sealers have been modified
to generate materials with improved physical, chemical,
and biological properties: the calcium hydroxide-based
Sealapex Xpress (SybronEndo, Orange, CA, USA) (2,7,10,11)
and the auto-etch 2-hydroxyethyl methacrylate and epoxy
resin Real Seal XT (SybronEndo) (2,7). Understanding the
biological effects of root canal sealers isimperative because
the cytotoxicity of these materials varies considerably
depending on their composition (12).

The cytotoxicity of dental materials can be tested in

cell culture models, which is a low cost, fast, reliable, and
reproducible method (10,13). Macrophages have been
widely used in cytotoxicity studies because they are highly
sensitive to toxic materials, are found in the periapical
microenvironment, and recruited during the inflammatory
response (14). When stimulated, macrophages are activated
and produce pro- or anti-inflammatory cytokines and
mediators depending on the nature of the stimuli (15,16).
However, the effect of Sealapex Xpress and Real Seal
XT sealers on the activation of macrophages and the
generation of pro- or anti-inflammatory mediators have
not been investigated. Thus, this study evaluated the in
vitro cytotoxicity of root canal sealers Sealapex Xpress and
Real Seal XT by MTT assay and their effect on activating
J774.1 macrophages to secrete cytokines. We hypothesize
that both sealers would not be cytotoxic neither activate
macrophages to secret cytokines.

Material and Methods
Preparation of Extracts

This study was conducted in accordance with
the standards of the International Organization for
Standardization (ISO 10993-5: 2009) (17).

To obtain 10 mg of each material, Sealapex Xpress and
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Real Seal XT were placed on sterile paper and weighed
under natural light using a PG 503-S scale (Mettler
Toledo, Columbus, OH, USA). Manipulation was performed
in a laminar flow cabinet according to the manufacturer's
recommendations. Next, freshly prepared sealers were diluted
in 1 mLof Dulbecco's Modified Eagle Medium (DMEM, Gibco,
Grand Island, NY, USA) for 48 h at 4 °C. A serial dilution was
prepared from the initial solution (10 mg/mL) to achieve final
concentrations of 1.0 mg/mL and 0.1 mg/mL.

Cell Culture

The J774.1 murine macrophage cell line was obtained
from the American Type Culture Collection (ATCC, Rockville,
MD, USA). The cells were grown in DMEM medium
supplemented with 10% fetal bovine serum (FBS) and
1% penicillin/streptomycin. After the formation of a
monolayer, cells were harvested with plastic cell scrapers
and centrifuged at 1,500 rpm for 10 min at 10 °C using a
microcentrifuge. After centrifugation, supernatants were
discarded and 10 ml of DMEM were added to each tube
of cells. The total number of cells was counted and cell
viability was determined by staining cells with trypan blue
(Gibeo) and counting live (unstained) and dead (stained)
cellsusing a Neubauer chamber (BOECO Germany, Hamburg,
Germany).

Then, the cells were plated in 96-well culture plates
(Corning Glass Works, Corning, NY, USA) at a density
of 1x10° cells/well and incubated overnight in DMEM
in 5% C0,/95% air at 37 °C. Next, cell culture media
were removed and 200 pL of resin extracts was added
to the wells and plates were incubated for 24 and 48 h.
The supernatant was collected and stored at -20 °C for
cytokine quantification.

Cytotoxicity Assay

J774.1 cell viability was evaluated using the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) colorimetric assay (Sigma-Aldrich, St.
Louis, MO, USA). Cells were incubated with composite
resin extracts for 24 and 48 h. Next, the cultures were
incubated with 5% MTT in Roswell Park Memorial
Institute (RPMI) medium for 3 h. Following incubation,
50 ml of 20% sodium dodecyl sulfate (SDS) in 0.01 M HCI
were added to each well and plates were maintained at
room temperature until complete solubilization of the
precipitate. The absorbance was measured at 570 um using
a spectrophotometer (uQuanti, Bio-Tek Instruments, Inc.,
Winooski, VT, USA) and was directly proportional to cell
viability. The cytotoxicity of root canal sealers was expressed
as percentage cytotoxicity relative to unstimulated cells
(negative control) and cells stimulated with dimethyl
sulfoxide (DMSO; positive control).
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Cytokine Detection

The concentrations of IL-6, IL-10, IL-4, and TNF-a
in culture supernatants were quantified by ELISA using
specific purified and biotinylated antibodies and cytokine
standards according to the manufacturer's instructions (R
& D Systems, Minneapolis, MN, USA). The optical densities
were measured at 405 um using a microplate reader
(uQuanti). The cytokine concentrations were determined
using a standard curve established with the appropriate
recombinant cytokine (expressed in pg/mL).

Statistical Analysis

Data are presented as means + SEM (standard error of
the mean). Differences were determined using one-way
analysis of variance (ANOVA) followed by the Tukey's
test. Tests were performed using the Graph Pad Prism 6.0
statistical software (Graph Pad Software Inc., San Diego,
CA, USA) and the significance level was set at 5%.

Results
Sealapex Xpress and Real Seal XT Cytotoxicity

Cell viability was not affected by treatment with 0.1
or 1 mg/mL of either Sealapex Xpress or Real Seal XT
extracts (p>0.05). However, cell viability after treatment
with 10 mg/mL of either Sealapex Xpress or and Real Seal
XT was significantly lower compared to treatment with
medium alone (p<0.05), and similarly to that found for
DMSO (p>0.05). Additionally, no significant difference in
cell viability was found between the two materials after
24 and 48 h (p>0.05; Fig. 1A, 1B).

Cytokine Production Upon Treatment with Sealapex
Xpress And Real Seal XT

Because the 10 mg/mL extracts of both materials and
DMSO were cytotoxic, cytokine detection was performed in
the supernatant of cells maintained in cell culture without
stimuli (negative control) or treated with 0.1 or 1.0 mg/mL
of Sealapex Xpress and Real Seal XT.

Sealapex Xpress inhibited the production of TNF-a,
whereas Real Seal XT induced TNF-a secretion at 24 h
(p<0.05, Fig. 2A). Similarly, IL-6 production was induced by
Real Seal XT (p<0.05), but not by Sealapex Xpress (p>0.05,
Fig. 2B). While IL-10 was not detected in cells maintained
in medium without stimulation at 24 h, treatment with
Real Seal XT and Sealapex Xpress induced the secretion of
this cytokine. Additionally, IL-10 levels were significantly
higher in cells treated with Sealapex Xpress than with Real
Seal XT (p<0.05, Fig. 2). IL-4 was not detected in any group.

Discussion
In this study, we evaluated the cytotoxicity of Sealapex
Xpress and Real Seal XT and their ability to activate J774.1
49
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macrophages as measured by the secretion of pro- and
anti-inflammatory cytokines. We partially accepted the
null hypothesis, since Sealapex Xpress and Real Seal XT
root canal sealers had low cytotoxicity at 24 and 48 h.
However, Sealapex Xpress inhibited TNF-a production and
induced higher IL-10 expression compared to Real Seal XT.
Conversely, Real Seal XT induced IL-6 secretion, whereas
Sealapex Xpress had no significant effect on production
of this cytokine.

Cytotoxicity was determined using the MTT assay,
a common method for determining the cytotoxicity of
endodontic materials (18). The cytotoxicity of Real Seal XT
has been assessed in a culture of mouse fibroblasts (L929)
and this material was shown to be less cytotoxic than
AH Plus (19). In this study, we used J774.1 macrophages,
which are directly involved in the inflammatory process and
represent an interesting model to investigate the pro- and
anti-inflammatory response to different sealing materials.
It has been demonstrated that extracts from RealSeal SE
and RealSeal XT are cytotoxic to macrophages when used
inadilution of 1:2 and 1:20 (extract:medium), respectively
(7, 14) which isin agreement with the higher concentration
used in this study. On the other hand, lower concentration
induced no cytotoxicity as previously reported (7). A study
that evaluated the original Sealapex formulation reported
increased production of pro-inflammatory mediators such
asiNOS, IL-1a, TNF-q,, IL-6, and IL-8 compared to MTA and

Filapex cements (20). Conversely, Silva et al. (15) reported
that Sealapex did not stimulate peritoneal macrophage
cells to release TNF-a..

Macrophage activation is one of the factors that
determine the severity of the inflammatory process,
because macrophages orchestrate both the onset and the
resolution of inflammation. Depending on the nature of the
stimuli, activation of macrophages results in the expression
of different pro- and anti-inflammatory mediators (21).
Because macrophages are innate immune cells with well-
established roles in the primary response to pathogens, as
well as in tissue remodeling, coordination of the adaptive
immune response, and during the entire inflammatory
process (22), the findings of this study suggest that
differential modulation of macrophage activation could
affect cell function. Sealapex Xpress inhibited TNF-o.and did
not modulate IL-6, which are important pro-inflammatory
cytokines. RealSeal, on the other hand, stimulated both.
Nonetheless, both induced anti-inflammatory IL-10. The
impact of that in vivo is difficult to ascertain due to
inherent limitations of in vitro studies, but indicates that
Sealapex Xpress could improve regulation of inflammatory
reaction apically.

Limitations of this in vitro study include the fact that
it was not possible to mimetize the microenvironment of
periapical region and the pleiotropic network of cells and
molecules produced within it and the fact that culture

Figure 1. Effect of different concentrations of Sealapex Xpress and Real Seal XT on cell viability of murine J774.1 macrophages by the MTT assay
after 24 (A) and 48 (B) h. Significant differences to the negative control group (cells incubated with cell culture medium only) are indicated by *

(p<0.05). Independent experiments (n=2) were done in triplicate

50



conditions can modify gene expression, protein synthesis
and their degradation, among others (23). Of interest, in
vivo studies have demonstrated that endodontic sealers

Figure 2. Effect of different concentrations of Sealapex Xpress and
Real Seal XT on the secretion of TNF-a (A), IL-6 (B), and IL-10 (C) by
murine J774.1 macrophages, as assessed by ELISA after incubation
for 24 h. Significant differences to the negative control group (cells
incubated with culture medium only) are indicated by" (p<0.05) and
significant differences between Sealapex Xpress and Real Seal XT
(0.1 mg/mL or 1.0 mg/mL) are indicated by* (p<0.05). Independent
experiments (n=2) were done in triplicate
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Real Seal XT and Sealapex Xpress showed satisfactory
biocompatibility when implanted in subcutaneous tissue
of mice (7,11) and when used for root canal filling in dogs
teeth where they induced a complete apical sealing with
deposition of newly formed mineralized tissue (2).

Here, we showed that both sealers have low toxicity
but differentially activate macrophages. We speculate
that the downregulation of inflammatory mediators in
the periapical milieu after treatment with Sealapex Xpress
may have affected tissue remodeling, resulting in increased
mineralization in vivo (2). The differential activation of
macrophages found in this study may help understand the
underlying mechanisms of mineralized tissue formation
following inflammatory stimuli.

The results of this study showed that both sealers
are not cytotoxic but differently activated macrophages.
Macrophage activation by Sealapex Xpress was characterized
by inhibition of TNF-a and increase of IL-10, whereas Real
Seal XT induced IL-6.

Resumo

0 objetivo deste estudo foi avaliar in vitro a citotoxicidade dos cimentos
endodonticos Sealapex Xpress e Real Seal XT pelo ensaio de MTT e a
ativacdo de macrofagos J774.1. Os cimentos endoddnticos Sealapex
Xpress e Real Seal XT foram pesados e os extratos foram obtidos a partir
da diluicdo em meio de cultura DMEM por 48 horas (10mg/mL, Tmg/m,
e 0,1 mg/mlL). A viabilidade celular foi avaliada pelo ensaio MTT e a
produgdo de citocinas (TNF-a, IL-6 e IL-10) foi investigada pelo ensaio
imunoenzimatico (ELISA) em células de linhagem (macrofagos J774.1).
Os dados obtidos foram analisados utilizando-se analise de variancia de
uma via e pos-teste de Tukey (=0,05). A viabilidade celular apos 24 ou
48 horas nio foi afetada nas concentragdes de 0,1 ou 1 mg/mL dos dois
cimentos estudados (p>0,05). Por outro lado, na concentragdo 10 mg/mL,
aviabilidade celular foi significativamente mais baixa (p <0,05). Observou-
se que o Sealapex Xpress inibiu a producdo de TNF-a, enquanto o Real
Seal XT induziu a secregfio de TNF-a. as 24 h (p<0,05). A produgéo de IL-6
foi induzida pelo Real Seal XT, mas néo pelo Sealapex Xpress (p<0,05). A
secrecdo da citocina anti-inflamatéria IL-10 foi induzida tanto pelo Real
Seal XT quanto pelo Sealapex Xpress. IL-4 nio foi detectada em nenhum
grupo. Em conclusao, os dois cimentos obturadores apresentaram baixa
toxicidade, mas ativaram os macréfagos de modo distinto. A ativacdo
pelo Sealapex Xpress foi caracterizada pela inibicdo do TNF-a e inducéo
da IL-10, enquanto o Real Seal XT induziu somente IL-6.
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