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Biocompatibility and bioactivity of bioceramic
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Bioceramic materials are developed based on their biological properties and bioactive potential. NeoSealer
Flo (NeoFlo, NuSmile, Houston) is a ready-to-use bioceramic endodontic sealer. Objective: The aim of this
study was to evaluate the biocompatibility and bioactivity of NeoFlo compared to Bio-C Sealer (BC, Angelus)
and AH Plus (AHP, Dentsply). Methodology: The tissue reaction induced by materials in rat subcutaneous
tissues was assessed at seven, 15-, 30-, and 60-days post-implantation (n=6/group). The number of
inflammatory cells (ICs), fibroblasts, and osteocalcin (OCN)-labelled cells were recorded. Amorphous calcite
was identified using the von Kossa method and polarized light. The data were evaluated using two-way ANOVA
followed by Tukey's test, with a 5% significance level. OCN data were submitted to the Kruskal-Wallis test,
with Dunn, Friedman, and Nemenyi post-hoc tests. Results: NeoFlo capsules showed higher number of IC
than BC and AHP (p<0.05) in all periods, with a reduction over time, and was considered moderate at 60
days. Moreover, significant reduction in the number of IC and an increase in the fibroblasts was accompanied
by an increase in the amount of collagen in the capsules around all materials over time. Immunoexpression
of OCN was only observed in the capsules of NeoFlo and BC, but the capsules of BC showed the highest
values in all periods (p<0.05). Conclusion: In the present study, NeoFlo showed lower biocompatibility than
BC, however, NeoFlo shows bioactivity in connective tissue.
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Calcium silicate materials promote calcium silicate
hydrate and calcium hydroxide, which have wide
clinical applications including ready-to-use materials
setting with moisture in dentin and adjacent tissues.!3
New endodontic sealers based on calcium silicate
are developed because of their excellent biological
properties and bioactivity.*

NeoSealer Flo (NeoFlo, NuSmile, Houston, TX,
USA) is a ready-to-use bioceramic root canal sealer.?
According to the manufacturer, it has hydroxyapatite
formation ability, biocompatibility, dimensional stability,
and antimicrobial activity. NeoFlo has adequate
physicochemical properties and releases biologically
active ions, such as calcium and phosphate. Clinically,
it obtained a success rate of obturated cases of 96.5%
versus 94.9% when compared to EndoSequence BC.>
The addition of cetrimide to NeoSealer Flo promoted
a greater inflammatory reaction, but the reduction of
inflammatory cells and rearrangement of connective
tissue suggests that NeoSealer Flo and the associations
with cetrimide are biocompatible and have bioactive
potential.®

Bio-C Sealer (BC, Angelus, Londrina, Parana,
Brazil) is a ready-to-use bioceramic endodontic sealer
available in a single syringe that has biocompatibility
and bioactive potential?. BC has alkalinization ability,
adequate flow, radiopacity, and volumetric stability.”

AH Plus (AHP, Dentsply DeTrey GmbH, Konstanz,
Germany) is an endodontic sealer based on epoxy
resin with zirconium oxide and calcium tungstate,
which has greater radiopacity than TotalFill BC Sealer.?
AHP promotes an initial inflammatory reaction that
decreases over time, and it is considered biocompatible.
However, AH Plus does not have bioactivity.?

The analysis of biomaterials implanted into
subcutaneous connective tissue is a controlled
methodology recommended by the Fédération Dentaire
Internationale and the International Standard-ISO as
an indicator for comparing the irritability level of
dental materials. This enables accurate assessment
of the reactions caused by the material, providing
a description of the type, extent, and duration
of the lesions. Furthermore, studies using the
implantation of biomaterials in subcutaneous tissues
demonstrate significant results regarding the effects
of different endodontic materials on inflammation
and biomineralization markers. The investigation of

tissue reactions and bioactive potential of bioceramic
endodontic sealers is crucial to understand the
mechanisms underlying periapical tissue repair and
regeneration, and to enhance the clinical effectiveness
of these materials.

Biocompatibility is the ability of a material
to promote a biological response with reduced
inflammatory reaction leading to structural and
functional tissue repair. A bioactive material can
interact with living tissue, resulting in the formation
of an apatite layer at the material-tissue interface?.
Biocompatibility and bioactivity of bioceramic
endodontic sealers are expected to promote periapical
tissue repair after endodontic treatment.**1°The von
Kossa method evaluates the deposition of calcium
based on the assessment of calcium precipitation. The
induction of mineralized deposits may be assessed
by immunohistochemistry to detect proteins such as
osteocalcin, which is a peptide secreted by osteoblasts
during bone formation.?

This study aimed to evaluate the biocompatibility
and bioactivity of NeoFlo bioceramic sealer in
comparison to Bio-C Sealer and AH Plus. The null
hypothesis was that the difference between the
composition of the materials would not interfere with
the tissue reaction induced by the different sealers.

The regulations for animal use were strictly
followed in accordance with the directives of the United
Kingdom Animals Use Act 1986. The research protocol
was approved by the Ethical Committee for Animal
(Protocol # 19/2021). Twenty-four male Holtzman
rats (Rattus norvegicus albinus) were distributed into
four groups (n=6/group). The sample size was based
on previous studies*!'*?2 to detect a 50% difference
between the experimental groups with control group,
with an assumed variability of 20%, a test power of
90%, and an alpha error of 0.05 to identify a significant
difference. Therefore, a minimum of five rats per group
was required at each time point, and an additional rat
was included in each group to account for potential
animal loss. Since there was no animal loss, six rats
per group were analyzed.

Figure 1 shows the materials evaluated, their
manufacturers, compositions, and proportions.
Polyethylene tubes (Embramed Ltda., Sdo Paulo,
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Brazil) were filled with one sealer or left empty
(control group). The animals were anaesthetized
with ketamine hydrochloride (80 mg/kg, Virbac do
Brasil Industria e Comércio Ltda., Sao Paulo, SP,
Brazil) and xylazine chloride (8 mg/kg, Unido Quimica
Farmacéutica Nacional S/A, Sdo Paulo, SP, Brazil).
Subsequently, four tubes were implanted in the
subcutaneous connective tissue of the dorsal region
of the animals, using a rotation system, enabling
the variation in the position of each implanted tube
(including the tubes filled with sealers and the control
group). This approach enabled an equitable and
randomized distribution of the implants. After seven,
15, 30, and 60 days, the animals were euthanized with
anesthetic overdose and the implants with adjacent
tissues were removed. Periods of seven, 15, 30, and
60 days were used to evaluate the dynamics of the
tissue response, enabling analysis of the different
phases of the inflammatory and repair processes. The
acute phase of the inflammatory reaction is observed
at seven days, characterized by intense recruitment
of inflammatory cells, particularly neutrophils, and
macrophages, representing a period for evaluating the
initial irritant potential of the materials. The transition
between acute and chronic inflammation begins at 15
days and is marked by a reduction in inflammatory
cell infiltration and an increase in fibroblast activity,
which indicates the beginning of tissue organization.
The capsules around the implants are characterized by
a reduced presence of inflammatory cells in contrast
to the fibroblast population at 30 days, leading to the
formation of dense (fibrous) connective tissue. Finally,
after 60 days, it is possible to assess whether the
complete resolution of the inflammatory reaction has
occurred with the presence of capsules displaying the
typical structural components of healthy connective
tissue (fibroblasts and collagen fibers). Thus, 60 days
are essential to confirm the long-term biocompatibility
of the materials.*?

After seven, 15, 30, and 60 days, the implants
and adjacent tissues were removed and immersed
for 72 hours in a 4% formaldehyde buffered with
0.1M sodium phosphate at pH 7.2. The specimens
were dehydrated, cleared, and embedded in paraffin
after fixation, and longitudinal sections (6 um thick)
were obtained. Non-serial sections were stained with
hematoxylin-eosin (H&E) to estimate the capsule
thickness, and the number of inflammatory cells and
the fibroblasts in the capsules.

The thickness of the capsules (TC) was estimated in
three H&E-stained non-serial sections in each implant,
with minimal distance between the sections of 120
pm. Capsule thickness was estimated in the middle
portion from its surface adjacent to the material to its
boundary with adjacent tissues.?!1/13.14

The number of inflammatory cells (IC) and
fibroblasts (Fb) was evaluated using the Image-Pro
Express 6.0 Olympus program. The numbers of IC
and Fb were estimated in H&E-stained three non-
sections (minimal distance between sections was 120
pgm) in each implant. A standard area of 0.09 mm2 of
the capsule adjacent to the opening of the implanted
tubes was captured with objective lens at x40
magnification (final magnification: x695 magnification)
in each section. For each implant, the number of ICs
(including neutrophils, lymphocytes, plasma cells,
and macrophages) and Fb was determined from three
sections, totaling a standardized area of 0.27 mm2 per
implant. At the end, the mean value per group and
time point was calculated.

After obtaining the IC number, the inflammation
reaction intensity was classified according to the
following parameter:!-t3 mild inflammatory reaction

Sealers Composition Manufacturers Proportion Batch
NeoSealer Flo Dicalcium and tricalcium silicate with calcium NuSmile, Houston, TX Ready to use 020060201
(NeoFlo) aluminate, tricalcium aluminate, tantalite, and
thickening agent
Bio C- Sealer Tricalcium silicate, dicalcium silicate, tricalcium Angelus, Londrina, PR, Ready to use 57779
(BC) aluminate, calcium oxide, zirconia oxide, silicon Brazil
oxide, polyethylene glycol, and iron oxide
AH Plus (AHP) Paste A: epoxy bisphenol-A resin and epoxy Dentsply DeTrey GmbH, | 1 g:1 g (paste/ | 2012000203
bisphenol-F, calcium tungstate (CaWO4), zirconium Konstanz, Germany paste)
oxide (ZrO2), silica, and iron oxide
Paste B: dibenzyl-diamine, aminoadamant

Figure 1- Endodontic Sealers, compositions, manufacturers, and proportion.
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(capsule containing until 25 IC/field), moderate
inflammatory reaction (capsule containing from 26
until 125 IC/field), and severe/intense inflammatory
reaction (capsule containing over 125 IC/field).

Three non-serial sections per specimen were
stained with picrosirius red solution and analyzed
under polarized light (BX51, Olympus) to evaluate
the amount of birefringent collagen.'2%4 This was
computed using image analysis software (ImageJ;
National Institutes of Health; Bethesda, USA) and was
estimated considering the standardized hue definitions:
red/orange (2-23 and 230-256), yellow (39-51) and
green (52-128). The amount of birefringent collagen
was calculated and expressed as the percentage of
the number of pixels occupied by collagen.

Sections were incubated with rabbit anti-OCN
antibody (1:150, code SAB1306277; Sigma-Aldrich,
St Louis, MO). The sections were then incubated
in streptavidin-biotin kit (Universal Dako LSAB,
K0675) after 16 hours in a humidified chamber. After
buffer washes, peroxidase activity was revealed by
3,3’-diaminobenzidine chromogen (ImmPACTTM
DAB) and sections were counterstained with Carazzi's
hematoxylin. The sections were incubated with non-
immune serum instead of the primary antibody as
a negative control. The number of immunopositive
cells was calculated using an image analysis program
(Image-Pro Express 6.0, Olympus, Tokyo, Japan),
and the number of immunopositive cells/mm?2 of the
capsule was obtained for each implant.

The sections were incubated in an aqueous solution
containing 5% silver nitrate under an incandescent
lamp (100 watts) for one hour. After incubation,
the sections were rinsed with distilled water and
immersed in 5% sodium thiosulfate for five minutes.
They were then washed again in distilled water for five
minutes and submitted to the picrosirius-red method.
Birefringent structures in the capsules were evaluated
using unstained sections analyzed under polarized light
(BX51, Olympus, Tokyo, Japan).4

With the aid of the Sigma Stat 2.0 program (Jandel

Scientific, Sausalito, CA, USA) the data were evaluated
by two-way ANOVA followed by the Tukey test, with
a significance level of p<0.05. Osteocalcin data were
submitted, for comparison between groups, to the
Kruskal-Wallis non-parametric test and Dunn’s post
hoc multiple comparison test, and then to Friedman's
test and Nemenyi’s post hoc test for analysis over time.

The analysis of the capsules in the H&E-stained
sections (Figures 2A-2P) revealed that the materials
induced an inflammatory reaction in the connective
tissue in close juxtaposition to the opening of
polyethylene tubes, mainly at seven and 15 days
(Figures 2A-2C and Figures 2E-2G). Thick capsules
were adjacent to the implanted materials at 30
days (Figures 2I-2K). The implanted materials were
surrounded by well-defined capsules containing
fibroblasts and collagen fibers after 60 days (Figures
2M-20). In contrast, discrete inflammatory reaction
was observed in the capsules around the CG specimens
at all periods (Figures 2D, 2H, 2L and 2P).

As shown in Table 1, there was no significant
difference in the TC between NeoFlo and AHP,
while BC showed the highest value at seven days.
After 15, 30, and 60 days, there was no significant
difference between NeoFlo and BC specimens. The
AHP specimens showed greater TC than in NeoFlo,
BC, and CG specimens at 60 days. Moreover, there
was no significant difference among NeoFlo, BC, and
CG at 60 days (p>0.05). A significant reduction in the
TC was seen in all specimens over time. However, the
mean TC values were still greater than 150 um in the
NeoFlo and AHP specimens at 60 days.

The capsules around all specimens contained
several IC and few collagen fibers at seven days
(Figures 3A-3D). An intense inflammatory reaction was
observed in the NeoFlo specimens, while the capsules
showed a moderate inflammatory reaction in BC and
AHP specimens (Table 1). A moderate inflammatory
reaction was in the capsules adjacent to the materials
after 15 days (Figure 3E-3G; Table 1). At 30 and 60
days, the capsules of NeoFlo (Figures 31 and 3M) and
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Figure 2- Photomicrographs show a general view of capsules (C) adjacent to the opening of the tubes implanted (T). At seven and 15
days, thick capsules (C) containing numerous inflammatory cells are seen around the implanted materials (Figures 2A-2C and 2E-2G) in
comparison with CG specimens (Figures 2D and 2H). At 60 days, well-defined capsules are seen around all specimens (Figures 2M-2P).

M, muscle tissue. Bars: 710 um.

AHP (Figs. 3K and 30) materials showed moderate
inflammatory reaction (Table 1) while few IC were
present (Figures 3] and 3N) in the BC, characterizing
a mild inflammatory reaction (Table 1). A mild
inflammatory reaction was seen in the capsules of
CG specimens in all periods (Figures 3D, 3H, 3L, 3P
and Table 1).

The quantitative analyses (Table 1) revealed that
the greatest values of IC were seen in the NeoFlo
specimens in all time points. There was no significant
difference in the number of IC between BC and AHP
specimens at seven days (p>0.05), but the number
of IC was significantly reduced in BC specimens
in comparison with AHP at 15, 30, and 60 days
(p<0.001). In all periods, there was no significant
difference in the number of Fb among NeoFlo, BC,
and AHP specimens (p>0.05), except at 15 days. The
number of Fb was significantly greater in the AHP than
in NeoFlo and BC specimens (p<0.05) in this period,
but there was no significant difference between AHP
and CG specimens (p>0.05). A significant reduction
in the number of IC and a significant increase in the
number of Fb was observed in all groups over time.

The capsules contained few birefringent materials
at seven days, which showed a significant increase
over time (Table 1). The capsules around AHP showed
the lowest values in all periods. Although the NeoFlo
had lower birefringent collagen than in capsules of
BC at seven days, no significant difference (p>0.05)
was observed between two groups at 15, 30, and 60
days (Table 1).

OCN-immunolabelled cells were only observed
in the capsules around NeoFlo and BC specimens
(Figures 4A-4P). Table 1 shows that the number of
OCN-immunolabelled cells was significantly greater
in the BC specimens than in NeoFlo in all periods
(p<0.05). From seven to 60 days, a significant
increase in immunoexpression was observed in the
capsules around NeoFlo and BC specimens.

The capsules around NeoFlo, BC, and AHP
specimens had a von Kossa-positive structures in
all periods (Figures 5A-5F). Birefringent structures
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Table 1- Thickness of the capsules (TC), number of inflammatory cells (IC), number of fibroblasts (Fb), number of OCN-immunolabelled
cells, content of collagen (CF), and intensity of inflammatory reaction in the capsules around the NeoSealer Flo (NeoFlo), Bio-C Sealer

(BC), AH Plus (AHP) and Control group (CG) at 7, 15, 30 e 60 days of implantation.

Periods NeoFlo BC AHP CG
TC (um) 360+46°" 485+26"" 349465 149+86¢"
IC/mm? 1,5670+24%1 720+46" 7974730 251351
Fb/mm? 1042137 128+213" 104+123 168+102"
7 days
CF (%) 13.415%" 21.8+301 3.412¢1 16.4+23"
OCN/mm? 11.11(11.11)2 33.33(33.34)" 0.00 (0.0)= 0.00 (0.0)>"
Inflammatory reaction intense moderate moderate mild
TC (um) 3631421 38613121 2424202 189+11¢"
IC/mm? 1,252+22%1 5791272 63619472 23111591
Fb/mm? 151+2127 158+162" 202+21%2 2362102
15 days
CF (%) 20.6+3%2 22.8+231 11.524b2 28.9+3%2
OCN/mm? 22.22 (22.22)2 33.33(33.34)" 0.00 (0.0)=" 0.00 (0.0)="
Inflammatory reaction moderate moderate moderate mild
TC (um) 2814752 216+1132 22912442 107+04°"
IC/mm? 9336752 262+27°3 453+39°3 176+25¢2
Fb/mm? 23110922 221+932 203+10%2 31042303
30 days
CF (%) 25.8+123 28.2+122 20.943%3 26.8+232
OCN/mm? 22.22 (22.22)*2  44.44 (33.34)°2 0.00 (0.0)=" 0.00 (0.0)>"
Inflammatory reaction moderate mild moderate mild
TC (um) 190+4923 146163 240 £ 4302 104 + 202"
IC/mm? 486 + 4073 1894704 352 + 904 68 + 1193
Fb/mm2 36012323 32942753 308 £ 1233 391 + 2303
60 days
CF (%) 29.94233 27.8+122 23.8 £ 103 29.4 + 132
OCN/mm? 33.33(22.22)=3 55.56 (33.34)"* 0.00 (0.0)=" 0.00 (0.0)*"
Inflammatory reaction moderate mild moderate mild

The comparison between groups in the same period is indicated by superscript letters in the lines; same letters = no significant difference.
The comparison between periods in the same group is indicated by superscript numbers in the columns; same numbers = no significant
difference. Tukey test (p<0.05). OCN: Values expressed as median and interquartile range. Analysis between groups in each period:
Kruskal-Wallis followed by the Dunn test; analysis of each group over time: Friedman followed by the Nemenyi test (p<0.05).

were observed in the capsules around NeoFlo and
BC specimens in all periods (Figures 5C, 5D, 5G and
5H). However, they were only seen in the innermost
surface of the capsules in the AHP specimens (Figures
5I and 5L). The von Kossa-positive or birefringent
structures were not observed in the CG specimens
(data no shown).

The tissue reaction and bioactivity of NeoFlo
were compared to BC and AHP after implantation in
the subcutaneous connective tissue of rats. NeoFlo
induced a greater number of inflammatory cells,
maintaining moderate inflammatory reaction for up
to 60 days. Nevertheless, NeoFlo could stimulate
OCN immunoexpression demonstrating its bioactive

potential. Therefore, the null hypothesis was rejected
since the sealers showed different tissue reactions.
NeoFlo is a premixed bioceramic sealer composed
of tricalcium silicate (<25%) and dicalcium silicate
(<10%) as bioactive components, and calcium
aluminate (<25%), calcium aluminum oxide (grossite)
(<6%), tricalcium aluminate (<5%) and tantalite
(<50%) as radiopacifier. NeoFlo has a thickening
agent whose composition is not described by the
manufacturer. The thickening agent may be related
to the intense inflammatory reaction of NeoFlo in
relation to the other sealers that promoted a moderate
inflammatory process. This biological response may
also be due to the high solubility of NeoFlo.*
3-(4,5-dimethylthiazol-2-yl)-2,5- diphenyltetrazolium
bromide (MTT) analysis revealed that undiluted
concentrations of NeoFlo were associated with a
significant reduction in mitochondrial activity compared
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Figure 3- Photomicrographs of sections showing portions of capsules adjacent to the implanted tubes (T) after seven (A-D), 15 (E-H), 30
(I-L), and 60 days (M-P). Arrows, inflammatory cells; Fb, fibroblasts; CF, collagen fibers; BV, blood vessels. Bars: 18 ym.

Figure 4- Photomicrographs of sections showing portions of capsules adjacent to the implanted tubes after seven (A-D), 15 (E-H), 30
(J-L), and 60 days (M-P). The sections were submitted to immunohistochemistry for OCN detection and counterstained with hematoxylin.
OCN-immuno-abled cells (arrows) are seen in the capsules of NeoFlo and BC sealers. Bars: 18 pm.
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Figure 5- Photomicrographs of sections showing portions of capsules adjacent to the opening of the implanted tubes submitted to the von
Kossa reaction (A-F) after seven and 60 days. Capsules of NeoFlo (A, D), BC (B, E), and AHP (C, E) show von Kossa-positive structures
(black/brown color). Figures 5g-4l: unstained sections analyzed under polarized light. Birefringent structures are seen in the capsules.

Bars: 36 um.

to the control group.¢ Although calcium silicate-based
sealers are generally considered cytocompatible,
several authors have reported inconsistent results
regarding cell viability, depending on the specific type
of sealer used.216

A moderate inflammatory reaction was observed
at 60 days, although a gradual reduction in the
number of ICs around NeoFlo was observed over
time. Nevertheless, the capsules around the BC
cement showed a mild inflammatory reaction after
60 days. The initial inflammatory reaction induced
by bioceramics cements occurs due to their high
pH, which promotes the migration of ICs and the
production of cytokines.?

Okamu, et al.'” (2020) also observed excellent
repair of periapical tissues from root canals filled
with BC. Lépez-Garcia, et al.'® (2019) demonstrated
greater cytocompatibility and mineralization ability of
the BC than AHP.

AHP is an endodontic sealer based on epoxy resin
and is considered the gold standard due to its physical
properties and high bond strength to dentin. Tolosa-

Monfa, et al.!® (2023) demonstrated cytotoxicity
caused by AHP and related to its composition. However,
Silva, et al.? (2020) demonstrated that this sealer is
biocompatible in the subcutaneous tissue of rats after
60 days but does not have bioactive potential.

Endodontic sealers can release substances
responsible for the inflammatory reaction in the
connective tissue during their setting. The long setting
time of NeoFlo (around 1,344 minutes)! compared to
BC (around 220 minutes)” may also be responsible at
least in part for difference in the inflammatory reaction
intensity induced by these sealers.

In all groups, significant reduction in the number
of ICs was observed with the gradual increase in the
number of fibroblasts and content of birefringent
collagen in the capsules. These findings support the
concept that these endodontic sealers allow connective
tissue repair. > At 60 days, capsules around the NeoFlo
and AHP specimens contain moderate inflammatory
infiltrate and thicker capsules than those around BC
specimens, indicating that NeoFlo and AHP exhibit
greater irritant potential to connective tissue. The
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cytotoxicity of AHP has been related to the release of
its amine and epoxy resin components. 2° However,
AHP demonstrates a reduction in the severity of
inflammation over time.?!

NeoFlo is composed of tricalcium silicate, dicalcium
silicate, calcium aluminate, calcium aluminum oxide
(grossite), tricalcium aluminate, and tantalite.
Liu, et al.?? (2011) developed a sealer based on
tricalcium aluminate and demonstrated that it had
biocompatibility and bioactive potential. Calcium
aluminate has three different phases, one of which is
grossite. NeoMTA Plus contains tantalum oxide in its
composition and exhibits biocompatibility and bioactive
potential.?®* Tantalum oxide and tantalite are both
based on tantalum; however, tantalite has a higher
amount of tantalum, which can cause different tissue
reactions. Sebastian, et al.?*(2024) demonstrated that
the biocompatibility of NeoFlo was acceptable against
human gingival fibroblasts; however, it decreased
over time.

Janini, et al.?®> (2025) observed in vivo IL-6
expression predominantly in the perimaterial regions,
with intense cellular immunostaining detected around
NeoFlo a premixed material containing tantalum
which also showed significant volumetric loss upon
contact with tissues. However, NeoFlo was associated
with the highest levels of zirconium accumulation in
kidney samples. While tungsten accumulation was also
notably elevated, tantalum in the premixed formulation
of NeoFlo showed minimal systemic accumulation.
Such results suggest that an ideal sealer composition
has yet to be established, especially regarding local
stability and systemic biocompatibility.

Neoputty is a repair material that has similar
composition to NeoFlo. Lozzano-Guillén, et al.?®
(2020) demonstrated that periodontal ligament cells
showed reduced cell viability when cultured with
NeoMTA 2. Although Ca?* is an essential regulator of
several intracellular processes, excessive intracellular
Ca?* accumulation, and high alkalinity can promote
mitochondrial dysfunction and, consequently, reduce
cell viability.?”

The evaluation of calcium-containing structure
formation is obtained via histochemical techniques such
as the von Kossa method, which is based on detecting
calcium in tissue sections embedded in paraffin. This
can be associated with immunohistochemical detection
of non-collagenous proteins found in mineralized
tissues, including osteocalcin (OCN), osteopontin,

and osteonectin. Osteocalcin is a peptide secreted by
osteoblasts and odontoblasts during the formation of
the bone matrix and dentin matrix, respectively.?t1.12

Endodontic sealers based on calcium silicate
are involved in osteoblast differentiation.?® OCN is a
small glycoprotein, which is preferentially expressed
by osteoblasts, mainly in the late stages of their
differentiation, and consequently its presence can
indicate the ability to form mineralized tissue.?1%:28-31
OCN may indicate the activation of cells responsible for
bone matrix synthesis and mineralization, which are
essential aspects for evaluating the biocompatibility
and potential of the material to promote bone
regeneration.

OCN binds strongly to calcium and therefore
seems to be involved in the regulation of matrix
mineralization. OCN-immunolabelled cells were
only observed in the capsules of NeoFlo and BC
sealers in this study. BC showed the highest values
of OCN-immunolabelled at 60 days. Thus, BC sealer
can contribute to the mineralization of periapical
tissues, since they demonstrate bioactive potential.?
Exacerbated inflammation can impair the activity of
mesenchymal cells, such as fibroblasts and periodontal
ligament stem cells, by reducing the expression
of osteoblastic markers like OCN. Therefore, the
more intense inflammatory response induced by
NeoFlo may have disrupted the cellular signaling
required to establish a microenvironment conducive
to osteogenesis, which could explain the low OCN
immunoexpression observed in this group.

According to Sanz, et al.3? (2024) Tas* was detected
in NeoFlo, in accordance with the composition reported
by the manufacturer. Differences in ion release may
also influence the role of calcium silicates in the
upregulation of mineralization-related gene expression
by human periodontal ligament stem cells, which
may explain the superior immunolabelling observed
in capsules of BC.

In addition to the OCN immunoexpression, the
capsules around these sealers also showed von Kossa-
positive structures, which indicated the salt deposits
(calcium and/or phosphate).3* There were birefringent
structures only on the innermost surface of the capsules
in the AHP specimens, in agreement with other studies
that demonstrated lower release of calcium ions for
AHP than promoted by other bioceramic sealers.?22:35
Our von Kossa results combined with birefringent
structures suggest a bioactive potential of NeoFlo like

J Appl Oral Sci. 9/11 2025;33:€20250284



the BC sealer. The reaction process of calcium ions
and carbon dioxide leads to the formation of calcite
amorphous, a birefringent structure that is considered
as a parameter suggestive of the bioactive potential
of an endodontic material.2°:33:34

Biocompatibility and bioactive potential are
important properties for endodontic materials, since
these materials can have direct contact with periapical
tissues and interfere with the repair of periapical
tissues, which is a process that aims at the success
of endodontic treatment. 2337 Our findings confirm
that NeoFlo showed inferior biocompatibility when
compared to BC sealer.

NeoFlo sealer induced a greater initial inflammatory
response than BC and AHP. However, all materials
showed a reduction in inflammatory cells and an
increase in the number of fibroblasts and collagen
organization over time. While NeoFlo showed low
OCN immunoexpression in comparison to the BC,
both sealers enabled amorphous calcite deposition,
indicating a degree of bioactive potential. Such findings
suggest that all evaluated materials demonstrated
acceptable tissue responses over time, despite
differences in inflammatory profile and bioactivity
markers.
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