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Abstract
Objectives  The aim of the present study was to assess the cytocompatibility of epoxy resin-based AH Plus Jet (Dentsply 
De Trey, Konstanz, Germany), Sealer Plus (MK Life, Porto Alegre, Brazil), calcium silicate-based Bio-C Sealer (Angelus, 
Londrina, PR, Brazil), Sealer Plus BC (MK Life) and AH Plus BC (Dentsply) through a tridimensional (3D) culture model 
of human osteoblast-like cells.
Methods  Spheroids of MG-63 cells were produced and exposed to fresh root canal sealers extracts by 24 h, and the cyto-
toxicity was assessed by the Lactate Dehydrogenase assay (LDH). The distribution of dead cells within the microtissue was 
assessed by fluorescence microscopy, and morphological effects were investigated by histological analysis. The secreted 
inflammatory mediators were detected in cell supernatants through flow luminometry (XMap Luminex).
Results  Cells incubated with AH Plus Jet, AH Plus BC, Sealer Plus BC and Bio-C Sealer extracts showed high rates of cell 
viability, while the Sealer Plus induced a significant reduction of cell viability, causing reduction on the spheroid structure. 
Sealer Plus and Seaker Plus BC caused alterations on 3D microtissue morphology. The AH Plus BC extract was associated 
with the downregulation of secretion of pro-inflammatory cytokines IL-5, IL-7, IP-10 and RANTES.
Conclusions  The new AH Plus BC calcium silicate-based endodontic sealer did not reduce cell viability in vitro, while led 
to the downregulation of pro-inflammatory cytokines.
Clinical significance  Choosing the appropriate endodontic sealer is a crucial step. AH Plus BC demonstrated high cell viabil-
ity and downregulation of pro-inflammatory cytokines, appearing reliable for clinical use, while Sealer Plus presented lower 
cytocompatibility.

Keywords  Three-Dimensional Cell Culture · Cell viability assays · Inflammatory mediators · Epoxy resin-based · 
Calcium silicate-based
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Introduction

The effectiveness of endodontic treatment relies on various 
procedures executed with precision. Among these, proper 
root canal filling stands out as a pivotal step [1]. Leaving 
empty spaces due to inadequate obturation can jeopardize 
a positive prognosis, as exudates may migrate to the non-
obturated area, perpetuating the inflammatory process [2]. 
In this context, the role of root canal sealers is to guaran-
tee the proper sealing of gaps between gutta-percha and the 
walls of the root canal, preventing any potential infiltration 
of microorganisms.

Endodontic sealers can be categorized based on their 
chemical composition, being grouped as sealers based on 
zinc oxide-eugenol, based on calcium hydroxide, based on 
epoxy resin, and, more recently, calcium silicate-based seal-
ers. Choosing the right endodontic sealer for clinical use is 
a crucial decision with a profound impact on the treatment’s 
long-term success.

Cytotoxicity is one of the characteristics of endodontic 
sealers that can significantly impair the chances of achiev-
ing favorable treatment outcomes [3]. Curiously, even AH 
Plus (Dentsply De Trey, Konstanz, Germany), considered as 
a gold-standard material for endodontic procedures by many 
authors, has been reported as presenting cytotoxicity, prob-
ably associated with the release of formaldehyde and the 
degradation of amines, mainly due to its prolonged curing 
time, necessary to achieve complete polymerization [4–7]. 
Cytotoxicity analyses of endodontic sealers often employ 
traditional two-dimensional (2D) cell culture methods [8]. 
Nevertheless, the monolayer exposure has intrinsic limita-
tions as it reduces cell-cell and cell-matrix contact, altering 
the original characteristics of cellular morphology and func-
tionality seen in living tissues [9]. This may be one of the 
reasons for some discrepancies between clinical and in vitro 
results [10]. Therefore, alternative methodologies with more 
proximity to the physiological conditions of exposure are 
necessary increase the predictivity of in vitro assessments 
and reduce and the use of experimental animals for research 
purposes. In this context, three-dimensional (3D) cell cul-
ture models represent a promising tool to better emulate 
in vivo cellular conditions. When cultured in the absence 
of an attachment surface or scaffold, cell-cell interactions 
are established through adhesion molecules, following a 
process called self-assembly. This approach allows for cell 
growth and cellular functions, including morphogenesis and 
cellular metabolism [8, 11]. Tridimensional models have 
been developed from cell cultures of several different cell 
types and tissue origins, including osteospheres produced 
from human bone cells [12]. However, these models are not 
yet fully integrated in the practice of endodontic research.

Therefore, considering the relevance of predictive cyto-
toxicity assessments in endodontics and the availability of 
novel in vitro models, this study aimed to: (i) evaluate the 
cytotoxic effects of different sealers based on epoxy resin 
(AH Plus Jet and Sealer Plus) or calcium silicate (Bio-C 
Sealer, Sealer Plus BC and AH Plus BC) and (ii) identify the 
adequacy of a 3D bone cell culture model to assess different 
endpoints related to cytocompatibility and its use as a physi-
ologically relevant and predictive in vitro model.

Materials and methods

Cell culture

This study employed human osteoblast-like bone cells from 
the MG-63 cell line, obtained from the Clinical Research 
Unit of Antônio Pedro University Hospital, sourced from 
the Cell Bank of Fluminense Federal University. The cells 
were cultured in high-glucose DMEM medium (Cultilab, 
Campinas, SP, Brazil) supplemented with 10% fetal bovine 
serum (FBS, Gibco-Invitrogen, Grand Island, NY, USA), 
and two antibiotics, 10,000 IU/mL of penicillin, and 10 mg/
mL of streptomycin. Subsequently, the cells were seeded 
in 96-well culture plates at an initial cell density of 3 × 104 
cells per well and incubated at 37 °C under 5% CO2 until 
reaching 80% of confluence.

Three-dimensional cell culture

Cellular spheroids were produced as described in Maia-
Pinto et al. [13], which involves inhibiting cell adhesion 
to the plate surface by employing agarose as a non-adher-
ent layer and plate agitation, resulting in a process called 
self-assembly. Thus, the cells adhere to each other, form-
ing osteospheres. For this, 2 × 104 cells were seeded along 
with 200 µL of medium in 96-well “v”-bottom microplates 
coated with 1% agarose (non-adherent) and incubated for 
4 days under agitation at 200 rotations per minute in an 
orbital shaker (Thermo Shaker MS-100, Labgene Scientific 
SA, Châtel-Saint-Denis, Switzerland) at 37 °C and 5% CO2. 
The spheroids were evaluated on previous reports concern-
ing sphericity, average size, integrity, and strength [11, 12].

Preparation of extracts from root canal sealers.
The materials, product names, manufacturers and compo-

nents are listed in Table 1. The endodontic root canal sealers 
AH Plus Jet (Dentsply), Sealer Plus (MKLife), Bio-C Sealer 
Sealer (Angelus), Sealer Plus BC (MKLife) and AH Plus 
BC (Dentsply) were manipulated according to the manufac-
turers’ instructions, and then test samples were prepared in 
conditioned media according to ISO 10993-12: 2007 [14]. 
Briefly, 0.2  g/mL of each root canal sealer and controls 
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was added to serum-free high-glucose DMEM (Cultilab) 
and incubated for 24 h at 37 °C, 5% CO2 in a humidified 
chamber. A positive control for maximum release of Lactate 
Dehydrogenase consisted of 1% Triton, while latex frag-
ments were used as positive control and high-density poly-
styrene beads as a negative control for cytotoxicity.

Cytotoxicity assay

The enzymatic cytotoxicity test used to indirectly quantify 
cellular density was based on Lactate Dehydrogenase (LDH) 
activity. The LDH-P Kit (Wiener Lab, Rosario, Argentina), 
used in this study, consists of adding the substrates NADH, 
and pyruvate, which are converted to NAD + and L-lactate, 
respectively, by LDH. Thus, samples with higher enzymatic 
activity show lower readings since most of the NADH has 
been converted to NAD+. For the test, 30 µl of the super-
natant from each well was transferred to a flat-bottom 
96-well microtiter plate, to which 100  µl of the working 

solution (single-reagent immediately prepared containing 
substrates for the LDH enzyme and buffer solution, follow-
ing Kit protocols) was added per well. The absorbance of 
the wells was measured at a wavelength of 340 nm on the 
Microplate Reader (Biotek Inst., Winooski, VT, USA) (after 
30 min, with the plate kept at room temperature during these 
intervals.

Live/dead assay

After the formation of the spheroids, they were exposed to 
the sealer extracts, as described above, without fetal bovine 
serum supplementation, for 24  h, and the viability of the 
spheroids was assessed using the Live and Dead kit (Ther-
mofisher, USA). The spheroids were washed with phosphate 
buffered saline (PBS) 7.4 at 37ºC and labeled with 40 μm 
calcein (green, live cells) and 20 μm Ethidium (red, dead), 
and incubated at 37ºC for 40  min. Images were obtained 
on a Axio A1 Observer fluorescence microscope (Zeiss, 
Germany).

Morphological analysis

To evaluate the morphological structure of the spheroids, 
after exposure for 24  h of the extracts, they were fixed 
with 3.7% formaldehyde for 1 h. The samples were labeled 
with eosin and embedded in Tissue-Tek OCT Compound 
Medium, (Sakura Finetek, USA). After freezing, the sam-
ples were sliced ​​in a Leica CM350s cryostat microtome 
(Leica, USA) with a thickness of 7 μm, and positioned on 
labeled slides. The samples were then stained with hematox-
ylin and eosin to evaluate the structural morphology of the 
cellular spheroids, and observed using Axio A1 Observer 
microscope (Zeiss, Germany).

Detection of cytokines and growth factors

The determination of the concentration of cytokines and 
growth factors secreted after incubation with root canal 
sealers and controls extracts contact was performed through 
the multiparametric test using magnetic microsphere XMap 
Luminex. A commercial kit (27 Plex panel, BioRad, Cali-
fornia, USA) was employed to quantify interleukin (IL) 
IL-6, IFN-gamma, IL-1RA, GM-CSF, G-CSF, TNF-alpha, 
RANTES, Eotaxin, FGF2, VEGF, PDGF, IP-10, MCP-1, 
MIP-1a, MIP-1b, IL-1beta, IL-2, IL-5, IL-7, IL-8, IL-9, 
IL-10, IL-15, IL-12 (p70), and IL-17 A. The magnetic beads 
were quantified using a BioPlex MAGPIX system (Bio-
Rad). This pre-selected panel includes representatives of 
the main categories of inflammatory mediators with impact 
on the response to biomaterials, including pro- and anti-
inflammatory cytokines, chemokines and growth factors. 

Table 1  Tested sealers, their composition and preparation mode
Product and 
manufacturer

Composition Prepa-
ration 
mode

AH Plus Jet 
(Dentsply De 
Trey, Konstanz, 
Germany)

Paste A: Bisphenol-A epoxy resin, 
bisphenol-F epoxy resin, calcium 
tungstate, zirconium oxide, silica, iron 
oxide pigments, Aerosil.
Paste B: N-Dibenziyl-5-oxanonane, 
TCD-Diamine, aminoadamantane, 
Tricylodecane diamine, calcium tung-
state, aerosil zirconium oxide, Silica, 
Silicone oil.

The com-
ponents 
were 
combined 
through a 
self-mix-
ing tip 
attached 
to a 
syringe

Sealer Plus 
(MK Life, 
Porto Alegre, 
Brazil)

Basic Paste – yellow color: 40% 
Bisphenol A-coepichlorohydrin; 
Bisphenol F epoxy resin (formalde-
hyde, oligomeric product with 40% 
1-chloro-2,3-epoxypropa nol and 
phenol); 17% zirconium oxide 13; 4% 
silicone and siloxanes; 0.5% iron oxide 
(pigment); 15% calcium hydroxide.
Catalyzer Paste – white color: 32% 
Hexamethylenotetramine; 20% zirco-
nium oxide; 4% silicone and siloxanes; 
15% calcium hydroxide; 40% calcium 
tungstate.

The com-
ponents 
were 
com-
bined by 
mixing 
of equal 
por-
tions by 
length of 
base and 
catalyzer 
paste

Bio-C Sealer 
(Angelus, 
Londrina, PR, 
Brazil)

Tricalcium silicate, dicalcium silicate, 
tricalcium aluminate, calcium oxide, 
zirconium oxide, silicon oxide, poly-
ethylene glycol, iron oxide

Ready to 
use

Sealer Plus 
BC (MK Life, 
Porto Alegre, 
Brazil)

Calcium disilicate, calcium trisilicate, 
zirconium oxide, calcium hydroxide, 
propylene glycol

Ready to 
use

AH Plus BC 
(Dentsply De 
Trey, Konstanz, 
Germany)

Zirconium dioxide, Tricalcium silicate, 
Lithium carbonate, Dimethyl sulfox-
ide, Thickness agent.

Ready to 
use
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Results

Figure 1 shows the results for the cytotoxicity assay of the 
different tested sealers through the LDH assay. It is possi-
ble to observe that the three-dimensional model responded 
as expected to the negative control (polystyrene beads), 
which presented no significant difference from the unex-
posed cells (p > 0.05), and the positive controls (1% Triton 
and latex), which presented high cytotoxicity. Concerning 
the tested groups, Sealer Plus was the only endodontic root 
canal sealer that showed significantly lower cell viability 
(p > 0.05), with similar values to the positive controls. AH 
Plus Jet, Bio-C Sealer, Sealer Plus BC, and AH Plus BC did 

The results were analyzed using Xponent software v. 3.0 
(Luminexcorp, USA).

Statistical analysis

The data had their normal distribution assessed by the 
D`Agostino & Pearson test. For cytotoxicity one-way Anal-
ysis of Variance (ANOVA) was employed. To analyze dif-
ferences between groups on the secretion of cytokines and 
growth factors, Kruskal-Wallis test and Dunn’s posttest 
were used. For all analyses, GraphPad Prism 7.0 software 
(GraphPad Inc, USA) was used and p < 0.05 was considered 
statistically significant.

Fig. 1  Cell viability of three-dimensional culture of MG-63 spher-
oids exposed to the different sealers by 24 h, as measured through the 
release of lactate dehydrogenase by cells with compromised mem-
branes (LDH assay). Results are represented as mean and Standard 

deviation of the percentage relative to the unexposed control group. 
An asterisk indicates significant difference from the other experimen-
tal groups (p < 0.05)
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shedding of cells from the microtissue surface. Regarding 
the test materials, spheroids exposed to AH Plus and AH 
Plus BC presented predominantly living cells, although with 
a less compact appearance. Bio-C Sealer and Sealer Plus 
BC presented evidence of dead cells only in the spheroid 
surface. Sealer Plus, however, induced effects visually simi-
lar to latex, with reduction on green staining and indications 
of cell death and shedding from the microtissue (Fig. 2).

In order to observe such structural effects on the inner 
organization of the microtissues after exposure to the sealers, 
a histological assessment was performed, with results shown 
in Fig.  3. Exposure to negative control (Fig.  3A) shows, 
as expected, intact spheroids of around 200 micrometers, 
with intense cell-cell interaction, the absence of evidence 

not exhibit significant differences relative to each other nor 
to the negative control, demonstrating high cell viability.

A second assessment was performed with a fluorescence-
based live and dead assay, aiming to qualitatively observe 
the distribution of living (green stain) and dead (red stain) 
cells within the microtissue environment, as shown in 
Fig. 2. It is possible to confirm the high level of cell sur-
vival in the spheroids exposed to biocompatible polystyrene 
beads (C-, first panel). Exposure to 1% triton X100, as a 
positive control, confirmed a high level of cell death, with 
the total predominance of red staining along the hole micro-
tissue. On the other hand, spheroids exposed to extracts of 
latex presented a reduced size, and were less compact than 
the negative control, suggesting the loss of integrity and the 

Fig. 2  Cell viability as revealed by a fluorescent live/dead assay from 
the 3D model exposed to the different sealers. Cells were stained with 
calcein (living cells, green) and ethidium (dead cells, red). Extracts 

of polystyrene beads were used as negative control, while extracts of 
latex fragments and 1% Triton X100 were employed as positive, cyto-
toxic controls. The bar indicates 100 micrometers
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multiparametric assay was performed investigating the 
conditioned media of the exposed microtissues during the 
cytotoxicity tests. Figure 4 shows a heatmap showing the 
secretion profile of all 27 analytes in all groups tested, rela-
tive to the negative control. The secretion of pro-inflam-
matory interleukins IL-5, IL-7, IP-10 and RANTES was 
significantly lower for AH Plus BC as compared to the 
negative control (Fig. 5A-D). IL-1beta secretion was higher 
after incubation with AH Plus when compared to AH Plus 
BC extract (Fig. 5E). On the other hand, IL-15 levels were 
lower after incubation with AH Plus BC extract relative to 
the positive control (latex) (Fig. 5F). Regarding anti-inflam-
matory interleukins, IL-1RA secretion was lower in cells 
incubated with AH Plus BC relative to the negative control 
(Fig. 5G). Finally, the levels of the growth factor FGF2 was 
significantly higher after incubation with Sealer Plus rela-
tive to Sealer Plus BC (Fig. 5H).

of a necrotic core, and a more compact cell layer on their 
periphery. Exposure to extracts of latex (Fig. 3B) induced 
a dramatic reduction in size, with a shape suggesting heavy 
loss of cells and structural integrity. Even tough with a dif-
ferent pattern, exposure to Triton X100 (Fig. 3C) also pre-
sented obvious loss of integrity, with dismantlement of the 
originally compact microtissue organization. Regarding the 
tested sealers, spheroids exposed to AH Plus BC (Fig. 3H) 
presented a rather intact structure, with most characteristics 
of the control group preserved, while microtissues exposed 
to AH Plus (Fig. 3D) and Bio-C Sealer (Fig. 3E) presented a 
loose, less compact organization. MG-63 spheroids exposed 
to Sealer Plus (Fig. 3F) and Sealer Plus BC (Fig. 3G) pre-
sented patterns more similar to the positive controls, with 
evidence of disaggregation and reduction in size and shape.

To assess the effects of the tested sealers on the release 
of inflammatory mediator by the MG-63 spheroids, a 

Fig. 3  Morphological evaluation of the histological structure of spher-
oids exposed to sealer extracts for 24 h. (A) polystyrene beads (nega-
tive control); (B) latex fragments (positive control); (C) 1% Triton 

X100 (positive control), (D) AH Plus; (E) Bio C Sealer; (F) Sealer 
Plus (G) Sealer Plus BC; (H) AH Plus BC
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may increase the release of soluble toxicants [19]. In this 
sense, indirect contact between biomaterials and cells was 
utilized, following guidance from international standards 
(ISO 10993-12:2018) [20], to guide the preparation of the 
biomaterial extracts, aiming to harmonization and reduc-
ing experimental errors. This method is employed by most 
studies examining the cytotoxicity of endodontic sealers, as 
it simulates the release of soluble toxicants into periapical 
tissues [10, 21–24].

Human bone cells are considered interesting for cyto-
compatibility assays, as they could play a crucial role in the 
healing of apical tissues, due direct interaction with bioma-
terials, including sealers [25, 26]. The present study was 
conducted employing an in vitro model from human osteo-
blast-like cells derived from the osteosarcoma MG-63 cell 
line. These cells are commonly employed as an experimen-
tal model for bone cells due to their well-known similarity 
to primary human osteoblasts. It is important to notice that 
these are not normal osteoblasts, as these are transformed 
aneuploid cells from a tumoral origin. However, while they 
present morphological variations and a shorter duplication 

Discussion

During obturation, sealers may extrude into the periradicu-
lar tissues, which can increase the risk of non-healing by 
32% [15]. In the search for the best sealer to be used in 
the final phase of endodontic treatment, this study evaluated 
AH Plus, Sealer Plus, Bio-C Sealer, Sealer Plus BC and AH 
Plus BC, regarding different cytocompatibility parameters, 
including membrane integrity, cell-cell-matrix interactions, 
and the release of inflammatory mediators. This analysis is 
justified due to potential cytotoxic effects on human cells, 
which can compromise membrane integrity based on the 
chemical composition. Additionally, it may lead to inflam-
mation and DNA damage, resulting in genomic instability 
and carcinogenic risks [16, 17].

The elutes originating from endodontic sealers could 
potentially expose periradicular tissues and hinder the 
process of wound healing [18]. Therefore, the adequate 
and predictive cytotoxicity analysis of freshly mixed seal-
ers is relevant since the incomplete polymerization stage 
form in which they are inserted into the root canal system 

Fig. 4  Heatmap of the variation of concentrations of different inflam-
matory mediators secreted by the MG-63 spheroids after 24 h exposure 
to extracts of epoxy resin-based and calcium silicate-based endodon-

tic sealers, relative to the measured concentration of unexposed cells 
(experimental control)
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results across different experiments and studies. Their avail-
ability (in both quantity and easy obtention from cell banks) 
allow the cost-effective use in large quantities for long-term 
studies without the ethical concerns associated with primary 
cell extraction from living organisms [30].

These cells were used to produce a three-dimensional 
cell culture model, as proposed previously [11], aiming 
to improve the exposure to test materials in conditions 
more similar to the physiological environment, including 

time as compared to primary osteoblasts, these cells exhibit 
the key biological markers of osteoblast behavior, and are 
regulated by similar differentiation regulatory pathways, 
and can generate a mineralized matrix when appropriately 
stimulated, as well as a similar response to endodontic 
materials, regarding cytotoxicity [27–29]. In exchange from 
the limitations of their origin, the use of cell lines in toxi-
cological studies offers several advantages, as they provide 
more homogeneous and stable cultures, with consistency of 

Fig. 5  Comparison of inflammatory mediators released by MG-63 
spheroids after 24  h exposure to extracts of epoxy resin-based and 
calcium silicate-based endodontic sealers. The results show mean con-
centration and standar deviation of the pro-inflammatory interleukins 

(A) IL-5, (B) IL-7, (C) IP-10, (D) RANTES, (E) IL-1beta and (F) 
IL-15, as well as the anti-inflammatory interleukins (G) IL-1RA and 
(H) FGF2. An asterisk indicates significant difference between groups
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for the first time using three-dimensional cell culture. This 
is a very interesting result when compared to findings from 
randomized clinical trials demonstrating that bioceramic 
sealers, while presenting lower extrusion than epoxy-resin 
sealers such as AH Plus, produce similar low post-operative 
endodontic pain as compared to the gold-standard material 
[37, 38]. Regarding AH Plus BC, the present study confirms 
a recent report showing very good responses by both human 
gingival fibroblasts and macrophages in conventional cell 
culture, showing the absence of cytotoxicity and genotoxic-
ity for this material [39]. Bioceramic endodontic sealers are 
expected to exhibit good biological properties, evidenced by 
the release of calcium and silicate ions that participate in 
the healing process [40]. Furthermore, they feature calcium 
phosphate, augmenting their setting characteristics and 
yielding a substance with a chemical composition and crys-
talline structure akin to apatite materials found in teeth and 
bones. This similarity enhances the bonding between the 
sealer and the root dentin, thereby improving overall dental 
sealing efficacy [41]. In addition, it also possesses traits that 
potentialize the repair of periapical tissues when in contact 
with bacterial toxins [42]. Nevertheless, it is important to 
notice that the present histological evaluation of the micro-
tissue shows some morphological effects induced by expo-
sure to Sealer Plus BC that should be further investigated in 
future studies.

It’s noteworthy that both in vitro and in vivo studies 
have revealed the immunomodulatory impact of various 
endodontic sealers [43]. Cytokines and growth factors have 
been recognized as significant contributors to the onset of 
inflammatory diseases. Additionally, these mediators play 
a crucial role in promoting tissue regeneration, a process 
closely associated with wound healing [44]. This study 
confirmed the secretion of inflammatory mediators by cells 
exposed to different endodontic sealers, mainly the down-
regulation of the pro-inflammatory cytokines IL-5, IL-7, 
IP-10 and RANTES, by AH Plus BC.

IL-5 seems to be linked to eosinophil maturation, acti-
vation, and survival associated with the humoral immune 
response, similar to IL-7 that plays a crucial role in the 
immune system regulation and in inflammation [45, 46]. 
While IP-10 and RANTES play a relevant role in the 
pathogenesis of periapical inflammatory lesions, includ-
ing in the evolution from granulomas to cysts [47–49]. The 
downregulation of pro-inflammatory cytokines by calcium 
silicate-based sealers has been show before, corroborating 
our findings [24]. Additionally, the epoxy resin-based AH 
Plus Jet upregulated the release of IL-1beta, an important 
mediator of bone resorption [50], compared with AH Plus 
BC, another interesting indicator of the upgraded properties 
of this material.

increased cell-cell-matrix interactions [31]. The structural 
monolayer format of 2D cell cultures bears little physical 
resemblance to tissue complexity, potentially leading to 
increased susceptibility to toxins and inadequate immune 
reactions. Additionally, higher cytotoxic effects for analy-
ses using 2D cell culture models when compared to 3D are 
often reported [32, 33]. The osteosphere 3D model has been 
shown as effective for the evaluation of osteoconductivity 
and biocompatibility of scaffolds and biomaterials, even 
though with some limitations in the use of some colorimet-
ric cytotoxicity assays such as MTT, due to the difficulty 
of dye extraction, while with a good performance with test 
such as LDH assay [12, 13, 34].

Employing this methodology, the results confirm AH 
Plus, considered by many authors as a gold-standard mate-
rial, as presenting a good cytocompatibility. Even though 
such in vitro biocompatibility would be expected due to 
its performance by many reports, it also opposes a few in 
vitro studies identifying toxicity for this epoxy-resin based 
sealer using conventional 2D cell culture [4–7]. In fact, tri-
dimensional models have already been used in evaluations 
including AH Plus, confirming its good performance, even 
though with models very different from the osteosphere 
methodology hereby presented, either due to the choice for 
animal cells, or the use of collagen scaffolds [9]. The present 
3D model also allowed to verify that exposure to AH Plus 
does not affect importantly the morpophology of microtis-
sue organization of these bone cells, resulting from cell-cell 
interactions.

A significant decrease in cell viability was observed 
when Sealer Plus, also an epoxy resin-based material, was 
employed. Despite the addition of calcium hydroxide in an 
attempt to reduce its cytotoxicity [35], toxic byproducts 
such as formaldehyde are released during setting, in addi-
tion to the presence of phenolic compounds in the paste 
composition [19], which may possibly explain the decrease 
in cell viability. The literature employing 2D cell culture 
presents some controversy regarding the in vitro toxicity of 
this material, as some authors report cytotoxic effects for 
this sealer after 24 h of exposure [19], while others identify 
good cytocompatibility for Sealer Plus [36]. These discrep-
ancies might be a result of methodological differences such 
as the use of different cell lines, sample configurations. In 
this sense, the present results provide an insight in the toxi-
cal effects of Sealer Plus, as they are confirmed both by the 
cytotoxicity assessment, and by effects on the organization 
and integrity of the exposed microtissues in the fluorescence 
and histological analyses of the human bone cell spheroids.

In contrast, the calcium silicate-based root canal sealers 
demonstrated a high rate of cell viability in the LDH assay, 
including Bio-C Sealer, Sealer Plus BC and the new bio-
ceramic AH Plus BC, whose cytocompatibility is reported 
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