High-plasticity mineral trioxide aggregate and its effects on M1 and M2 macrophage viability and adherence, phagocyte activity, production of reactive oxygen species, and cytokines
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Abstract
Objectives
This study evaluated the effects of high-plasticity mineral trioxide aggregate (MTA-HP) on the activity of M1 and M2 macrophages, compared to white MTA (Angelus).

Materials and Methods
Peritoneal inflammatory M1 (from C57BL/6 mice) and M2 (from BALB/c mice) macrophages were cultured in the presence of the tested materials. Cell viability (MTT and trypan blue assays), adhesion, phagocytosis, reactive oxygen species (ROS) production, and tumor necrosis factor (TNF)-α and transforming growth factor (TGF)-β production were evaluated. Parametric analysis of variance and the non-parametric Kruskal-Wallis test were used. Results were considered significant when p < 0.05.

Results
The MTT assay revealed a significant decrease in M1 metabolism with MTA-HP at 24 hours, and with MTA and MTA-HP later. The trypan blue assay showed significantly fewer live M1 at 48 hours and live M2 at 48 and 72 hours with MTA-HP, compared to MTA. M1 and M2 adherence and phagocytosis showed no significant differences compared to control for both materials. Zymosan A stimulated ROS production by macrophages. In the absence of interferon-γ, TNF-α production by M1 did not significantly differ between groups. For M2, both materials showed higher TNF-α production in the presence of the stimulus, but without significant between-group differences. Likewise, TGF-β production by M1 and M2 macrophages was not significantly different between the groups.

Conclusions
M1 and M2 macrophages presented different viability in response to MTA and MTA-HP at different time points. Introducing a plasticizer into the MTA vehicle did not interfere with the activity of M1 and M2 macrophages.
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INTRODUCTION
Mineral trioxide aggregate (MTA) is a calcium silicate-based material used for pulp capping, pulpotomy, apexogenesis, apical barrier formation in teeth with open apexes, repair of root perforations, and as a root canal filling material [1]. MTA has a bioactive nature, which makes it able to induce interactions between tissues interfaces, culminating in the deposition of a layer of carbonate apatite, which constitutes the mineral phase of hard tissues, such as bone, dentin, and cementum [234]. This biomaterial also induces the release of ionic components that interfere with cellular enzymatic activity, therefore allowing cell adhesion, proliferation, and growth, as well as the production of a mineralized matrix, which is related to its marginal sealing ability [567]. However, MTA has shown some clinical limitations, such as difficulty in handling and lack of flow [8910].
In order to improve the physical-chemical properties and material handling, high-plasticity MTA repair cement (MTA-HP, Angelus, Londrina, PR, Brazil) was developed using a vehicle containing water and a plasticizing polymer to be mixed with the MTA powder. Clinically, this new material presents HP and, therefore, greater ease of insertion and handling [8910].
Due to the indications of MTA, it is usually applied in direct contact with cells in the periodontal ligament. Macrophages are present in inflamed pulp and periradicular tissues, and they may modulate the immune-inflammatory response [11121314]. Among the functions of these cells are the elimination of invasive bacteria and the recruitment of other cells to the site of inflammation [15].
Macrophages can be split into 2 subtypes: M1 and M2 cells. Type 1 macrophages (M1) are activated in response to lipopolysaccharide (LPS) in the presence of tumor necrosis factor (TNF)-α. These cells present a greater phagocytic capacity due to the production of high levels of reactive oxygen species (ROS), which promote the elimination of aggressive agents, in addition to inducing the activation of the T-helper 1 lymphocyte response [1416].
In contrast, type 2 macrophages (M2) are activated through the alternative route. This activation occurs when macrophages are exposed to a microenvironment consisting of interleukin (IL)-4, IL-13, IL-10, or corticosteroids, promoting the conversion of arginase into ornithine and urea during arginine metabolism, with collagen and cell proliferation as the final products. These cells favor the production of anti-inflammatory cytokines, such as IL-10 and transforming growth factor (TGF)-β [161718]. Thus, M1 and M2 are essential in the healing process and in modulating the inflammatory response [19].
Previous studies have evaluated the responses of macrophages and other cell types, such as human dental pulp stem cells and fibroblasts, in contact with MTA [17182021]. However, only 1 study evaluated the response of macrophages to MTA-HP, demonstrating that the use of MTA-HP was not related to an increase in the inflammatory response associated with the activity of metalloproteinases [22]. However, the influence of this material on the immune-inflammatory response of M1 and M2 macrophages has not yet been elucidated.
This study aimed to evaluate the influence of MTA-HP on cell viability, adherence, phagocytosis, and the production of ROS, TNF-α, and TGF-β in M1 and M2 macrophages, compared to white MTA. The null hypothesis was that macrophages would not show different results in the presence of MTA-HP and conventional white MTA.

MATERIALS AND METHODS
Mice
The experimental protocol was submitted to and approved by the ethics committee on the use of animals of the Universidade Federal de Minas Gerais (CEUA – UFMG) under protocol #15/2018. A total of 16 female mice were used in this study. The sample size was based on previous studies [121314] and on statistical power calculations. Sixteen female mice 4 to 8 weeks of age (8 C57BL/6 mice for M1 macrophages and 8 BALB/c mice for M2 macrophages) (CEBIO – UFMG, Belo Horizonte, MG, Brazil) were housed with barriers in a temperature-controlled environment (22°C ± 1°C, 70% humidity, and a 12-hour light-dark cycle). Water and food were offered ad libitum. All protocols of this study were approved by the local Ethics Committee (CEUA/UFMG – 15\2018).

Isolation of macrophages
To obtain inflammatory macrophages, 2 mL of 3% thioglycolate broth containing 1% sterile agar (Biobras S.A., Montes Claros, MG, Brazil) was injected into the peritoneal cavity of C57BL/6 and BALB/c mice. After 5 days, which is the time needed to induce the local inflammatory process with macrophage recruitment, the animals were euthanized by an anesthesia overdose.
In order to obtain the highest possible cell suspension content, 10 mL of sterile phosphate-buffered saline (PBS) medium was injected into the peritoneal cavity of the mice using a syringe attached to a 40 × 16 mm needle. Afterward, the cells were centrifuged at 350 rotations per minute for 10 minutes at 4°C. The supernatant was discarded; the cells were resuspended in RPMI 1640 complete medium (Sigma Chemicals Co., St Louis, MO, USA), supplemented with 10% fetal calf serum (Nutricell, Campinas, SP, Brazil), 0.1% of 0.05 mg/mL. Mercaptoethanol (Sigma Chemicals Co.), 0.2% penicillin (100 U/mL)/streptomycin (0.1 mg/mL), and 200 mg/mL glutamine and counted in a Newbauer chamber, using an optical microscope. It was observed that more than 90% of the cells had the morphological characteristics of macrophages [13]. The cell concentration was adjusted to 5 × 105 cells for assays of cell viability, phagocytosis, and ROS production, 1 × 106 cells for cell adherence testing, and 2 × 106 cells for the measurement of cytokines [121314]. All incubations were carried out in a humidified atmospheric oven, containing 5% CO2, at 37°C [12].

MTA and MTA-HP manipulation
White MTA and MTA-HP were manipulated according to the manufacturer’s instructions under sterile conditions in a laminar flow chamber. Soon after preparation, MTA and MTA-HP were inserted into the tips of previously sectioned sterilized capillary tubes to ensure that their contact with the cell suspension could be standardized [13]. Empty capillary tubes were used in control cultures.

Cell viability analysis
Two methods were used to analyze cell viability: the trypan blue exclusion assay and the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay, at 3 different times (after 24, 48, and 72 hours of incubation). MTT was used to test the viability of cells in the presence of capillary tubes by culturing 1 × 106 cells in 96-well culture plates. Specifically, 100 µL of RPMI 1640 supplemented with 10% fetal bovine serum, penicillin, and streptomycin containing 1 × 106 cells/well, together with the capillary tubes, was seeded in 96-well plates and incubated for 24 hours at 37°C. Additionally, 200 µL of the cell suspension and capillaries for each tested group were added to 96-well culture plates in triplicate. After 24 hours, the culture medium was removed, and the cells were gently washed with PBS. A volume of 100 mL of MTT-succinate solution (1 mg/mL) was added to each well, and the cells were incubated for 4 additional hours. Dimethyl sulfide (100 mL, Sigma-Aldrich, St Louis, MO, USA) was added to each well, and the readings were performed using a microplate reader (Bio-Rad 2550, Bio-Rad, Hercules, CA, USA) [12].
Cell viability assayed by trypan blue exclusion was performed in 24-well culture plates (2 × 105 cells /mL) for 24, 48, and 72 hours [1215]. Briefly, cells were incubated in the presence of capillary tubes in 1 mL of RPMI (Sigma Chemical Co.) containing 10% fetal calf serum (Nutricell), 2 mM L-glutamine, 100 U/mL of penicillin, and 100 µg mg/mL of streptomycin at 37°C in a 5% CO2 humidified atmosphere. After incubation, 100 µL of 0.25% trypan blue (Sigma Chemical Co.) in saline was added, and cultures were examined under an inverted microscope. At least 300 cells were counted per culture (performed in triplicate), and the results were expressed as the percentage of viability. The experiment was repeated 3 times [131423].

Cell adherence assay
Sterile polypropylene tubes, to which the cell suspension and capillaries were added, were incubated for 2 hours in an incubator with a humidified atmosphere containing 5% CO2 at 37°C. The tubes were incubated and vortexed at a low speed for 5 seconds. Then, 20 μL from each tube was removed and placed into Newbauer chambers and incubated for 18 hours at 37°C. The percentage of adherent and non-adherent macrophages was then established by counting under an optical microscope [24].

Phagocytosis analysis
In 24-well culture plates (Nunclon, Nalge Nunc International, Miami, FL, USA), cells (1 × 106 in 1 mL) were incubated for 2 hours. A sterile round glass coverslip was placed in each well. Non-adherent cells were removed by washing with warm complete medium; afterward, 107 colony-forming units of Saccharomyces boulardii (Floratil, Merck S.A., Rio de Janeiro, RJ, Brazil) and capillaries with or without sealers were added to the medium, and the plates were incubated for 1 hour. Then, the plates were washed with phenol red-free RPMI 1640 and subsequently filled with 1 mL of the same substance, in addition to the cement-containing capillaries and 10 µL of S. boulardii suspension at 107 cells/mL (Floratil, Merck SA). Unbound yeast cells were removed by washing with a complete medium, and the coverslips were covered for 1 minute with 1 mL of tannic acid at 1% (Merck, Rahway, NJ, USA), so that extracellular and intracellular yeast cells could be observed. One drop of fetal calf serum was applied onto each coverslip. The dried coverslips were stained with Panotico Rapido (Laborclin Ltd., Pinhais, PR, Brazil) and glued to microscope glass slides with Entellan (Merck) [1323]. The coverslips were analyzed under optical microscopy in oil immersion at ×100 magnification, through which a minimum of 200 macrophages were counted, and the percentage of macrophages with phagocytosed S. boulardii was assessed [25].

Reactive oxygen intermediates assay
Cells were cultured, with or without sealers, in an opaque 96-well plate, at 24 hours. Then, 1 × 106 cells were transferred to a C96 White Maxisorp (Nalgene, Rochester, NY, USA) plate in 100 µL, and 107 zymosan A particles (Sigma Chemical Co.) and 0.05 mmol/L luminol in 1640 RPMI without phenol red were added to each well. The plates were read every 2 minutes for 118 minutes in a luminometer (LumiCount, Packard Instrument Company Inc., Downers Grove, IL, USA) [26]. The results were expressed as the area under each curve obtained in the 118-minute period [23]. The experiments were performed 3 times in triplicate.

Cytokine assays
In a 24-well plate, a peritoneal cell suspension (2 × 106 cells/well) and capillaries, with or without sealers, were cultured in a CO2 incubator at 37°C. For the TNF-α assay, cells were cultured in the presence or absence of 10 U/mL of recombinant murine interferon (IFN)-γ (Pharmingem, San Diego, CA, USA), in a final volume of 1 mL, for 24 hours. The supernatants were harvested, and cytokine readings were performed using the Duo Set Elisa TNF kit (B&D Industrial, Macon, GA, USA), following the manufacturer’s guidelines. To evaluate TGF-β detection, half of the plate was stimulated with 50 μL of LPS at a concentration of 100 ng/mL to activate the macrophages. The supernatant was collected after 72 hours of incubation, while the other half remained without any stimulation. Cytokines were detected in the supernatant using the R&D Systems enzyme-linked immunosorbent assay kit (R&D Systems, Minneapolis, MN, USA), according to the manufacturer’s recommendations.

Statistical analysis
The results were analyzed using GraphPad Prism v. 7.04 (GraphPad Software, San Diego, CA, USA). The Shapiro-Wilk test was used to check for normality, and parametric analysis of variance test was used for multiple comparisons; the proposed analyses were considered significant when p < 0.05 [2728].


RESULTS
MTT assay
For M1 macrophages, MTA-HP decreased cell viability in comparison to MTA and the control group at 24 hours (p < 0.05). Subsequently, at 48 and 72 hours, both sealers (MTA and MTA-HP) reduced M1 cell viability compared to control cells (p < 0.05). For M2 macrophages, MTA-HP decreased cell viability at 24 hours compared to the control (p < 0.05), but at 48 hours, both sealers behaved similarly to the control group (p > 0.05). As observed in M1 macrophages, at 72 hours, both sealers decreased M2 cell viability (p < 0.05) (Figure 1).
[image: Figure 1]
Figure 1 Percentage of living M1 (A) and M2 (B) macrophages after incubation in 96-well culture plates with capillaries containing MTA and MTA-HP by the MTT assay. Controls were cultured with empty capillaries. Cultures were maintained for 24, 48, and 72 hours, as described in the Materials and Methods. Bars represent the mean of 2 experiments; lines denote the standard error of the mean.MTA, mineral trioxide aggregate; HP, high-plasticity.*A statistically significant difference in cell viability between the 2 macrophage culture conditions and cell viability between both macrophage cultures stimulated by MTA and MTA-HP compared to control (p < 0.05), by analysis of variance, and ★ indicates difference between the two materials compared to control group (P<0.05).


Trypan blue exclusion
The results for cell viability evaluated using the trypan blue exclusion method are shown in Figure 2. For M1 macrophages, MTA-HP decreased cell viability compared to control cells only at 48 hours (p < 0.05). However, both sealers (MTA and MTA-HP) reduced M2 cell viability at 48 and 72 hours (p < 0.05) (Figure 2).
[image: Figure 2]
Figure 2 Percentage of living M1 (A) and M2 (B) macrophages after incubation in 24-well culture plates with capillaries containing MTA and MTA-HP by the trypan blue exclusion assay. The controls were cultured with empty capillaries. Cultures were maintained for 24, 48, and 72 hours as described in the Materials and Methods. Bars represent the mean of 2 experiments; lines denote the standard error of the mean.MTA, mineral trioxide aggregate; HP, high-plasticity.*A statistically significant difference in cell viability between the 2 macrophage culture conditions and cell viability between both macrophage cultures stimulated by MTA and MTA-HP compared to control (p < 0.05), by analysis of variance.


Adherence of macrophage in the presence of sealers
The adherence of mouse peritoneal macrophages to glass was tested for 18 hours of culture in the presence of sealers and control (empty capillaries). Neither sealer interfered with M1 or M2 cell adherence at any time point (p > 0.05) (Figure 3).
[image: Figure 3]
Figure 3 Percentage of adherent M1 (A) and M2 (B) macrophages after incubation in culture plates with capillaries containing MTA and MTA-HP. The control were cultures with empty capillaries. Cultures were performed as described in the Materials and Methods. Bars denote the mean of results of 3 experiments performed in duplicate. Lines indicate the standard error of the mean (p < 0.05).MTA, mineral trioxide aggregate; HP, high-plasticity.


Yeast phagocytosis activity
The ability of M1 and M2 mouse macrophages to take up S. boulardii in the presence or absence of sealers was assayed. Macrophages bound to yeast similarly in all groups, with or without sealers (Figure 4).
[image: Figure 4]
Figure 4 Percentages of M1 (A) and M2 (B) macrophages displaying phagocytosed yeast cells after incubation in culture plates with capillaries containing MTA and MTA-HP. Controls were cultured with empty capillaries. Cultures were performed as described in the Materials and Methods. Bars denote the mean results of 3 experiments performed in duplicate. Lines indicate the standard error of the mean. No statistically significant difference between M1 and M2 cells under the same conditions was observed (p > 0.05).MTA, mineral trioxide aggregate; HP, high-plasticity.


Production of ROS
Analysis of the area under the curve for ROS production in each condition showed that, in general, M2 macrophages produced more ROS than M1 The addition of zymosan A (positive control) to cultures induced higher levels of ROS production in both cell types. However, statistically significant differences among the MTA, MTA-HP, and control groups were observed only for M2 macrophages. MTA-HP led to a statistically significant increase in ROS production in MTA and control cells (p < 0.05).
The production of ROS by M1 and M2 macrophages is shown in Figure 5. For M1, there was no significant difference between the sealers and the control group (p > 0.05). For M2, higher ROS production was seen with MTA-HP than in the MTA and control groups in the stimulated condition (p < 0.05). M2 macrophage ROS production was consistently significantly higher than that of M1 cells (p < 0.05) (Figure 5).
[image: Figure 5]
Figure 5 Kinetic of ROS production by M1 (A) and M2 (B) macrophages. Cells were cultured with capillaries containing MTA and MTA-HP and stimulated with zymosan A, as described in the Materials and Methods. Bars denote the mean results of 3 experiments performed in duplicate. Lines indicate the standard error of the mean. Different symbols indicate a statistically significant difference (p < 0.05) for ROS production compared with M1 or M2 macrophages in medium with or without stimulation, by analysis of variance.M, macrophage culture containing the materials or not (control); M + Z, macrophage cultures stimulated with zymosan A in the presence or absence of materials (control); ROS, reactive oxygen species; MTA, mineral trioxide aggregate; HP, high-plasticity.


TNF-α production
M1 macrophages released similar levels of TNF-α in the presence of sealers in cultures without IFN-γ (Figure 6A) (p > 0.05). However, MTA statistically decreased TFN-α production in a comparison with IFN-γ-stimulated control cells. Both sealers increased TNF-α production in M2 cells in the absence of IFN-γ compared to control (p < 0.05), while no significant differences were observed in cultures stimulated by IFN-γ (p > 0.05) (Figure 6).
[image: Figure 6]
Figure 6 Mean production of TNF-α by M1 (A) and M2 (B) macrophages cultured in the absence (control) or presence of MTA and MTA-HP. The cells were cultured in the medium alone or in the presence of IFN-γ. Bars denote the mean results of 3 experiments performed in duplicate. Lines indicate the standard error of the mean.M, the presence of macrophages; M + IFN, the presence of macrophages and interferon-γ in the mineral trioxide aggregate, high-plasticity mineral trioxide aggregate, and control groups; TNF, tumor necrosis factor; IFN, interferon; MTA, mineral trioxide aggregate; HP, high-plasticity.* indicates a statistically significant difference (p < 0.05) in TNF-α mean production when specific cultured M2 macrophages were compared with other M1 or M2 macrophages in medium with or without stimulation, by analysis of variance. ★ indicates difference between the two materials compared to control group (P<0.05).


TGF-β production
Data on the production of TGF-β by M1 and M2 macrophages are illustrated in Figure 7. In the absence and presence of the LPS stimulus, M1 and M2 macrophages showed no statistically significant differences when in contact with the sealers compared to the control group (p > 0.05) (Figure 7).
[image: Figure 7]
Figure 7 Mean production of TGF-β by M1 (A) and M2 (B) macrophages cultured in the absence (control) or presence of MTA and MTA-HP. The cells were cultured in the medium alone or in the presence of LPS. Bars denote the mean results of 3 experiments performed in duplicate. Lines indicate the standard error of the mean. No statistically significant differences were observed (p > 0.05) by analysis of variance.M, the presence of macrophages; M + LPS, the presence of macrophages and lipopolysaccharide; TGF, transforming growth factor; MTA, mineral trioxide aggregate; HP, high-plasticity; LPS, lipopolysaccharide.



DISCUSSION
Several studies have shown that MTA is accepted as the gold standard in endodontics compared with other materials due to its outstanding biocompatibility [1101418]. The choice of Angelus white MTA as a comparison material in this study was based on previous studies and the fact that it is produced by the same manufacturer of MTA-HP. In 2019, the manufacturer changed the radiopacifier of Angelus MTA from bismuth oxide to calcium tungstate, which is less toxic [12182129]. Thus, the cement extracts of MTA and MTA-HP are the same. The difference between the 2 materials is the presence of a plasticizer in the liquid (Table 1), which improves the handling and insertion properties of the material (Figure 8). Of note, in a previous study that compared the cytotoxicity of the 2 materials in 2017, the radiopacifier used in the Angelus MTA was still bismuth oxide [21].
Table 1 Composition of MTA and MTA-HP

[image: ]	MTA	MTA-HP
	Tricalcium silicate	Tricalcium silicate
	Dicalcium silicate	Dicalcium silicate
	Tricalcium aluminate	Tricalcium aluminate
	Calcium oxide	Calcium oxide
	Calcium tungstate	Calcium tungstate
	Liquid	Liquid
	Distilled water	Water and organic plasticizer

MTA, mineral trioxide aggregate; HP, high-plasticity.


[image: Figure 8]
Figure 8 Manipulation and consistency of MTA-HP.MTA, mineral trioxide aggregate; HP, high-plasticity.

Macrophages play a pivotal role in the phagocytosis and clearance of pathogens, the stimulation and activation of immune cells such as polymorphonuclear neutrophils and T lymphocytes, and tissue repair processes [30]. In this study, 2 lines of macrophages were evaluated: one activated by the classic pathway (M1) and the other by the alternative route (M2), with stimulation by MTA and MTA-HP or the absence of such stimulation in the control group. M1 and M2 macrophages present different actions in the periapical immune response. While M1 cells are responsible for protection against infection, M2 cells play a significant role in the healing process, presenting an anti-inflammatory profile [1631]. The balance between M1 and M2 macrophages is paramount for the host's defense [1318].
Macrophages need to be viable during experimental procedures. In this study, the trypan blue exclusion assay showed significant difference in viable M1 macrophages. A similar result was found by Rezende et al. [14] when comparing 2 MTA formulations (gray and white). However, regarding M2 cells, we noticed significantly greater viability for MTA than for MTA-HP at 48 and 72 hours. However, in the MTT assay, MTA and MTA-HP promoted similar cell metabolism for M1 (48 and 72 hours) and M2 (24, 48 and 72 hours) at most analyzed time points. Lower cell metabolism with MTA-HP was observed only at 24 hours for M1 cells. These findings may be related to the hydration process in the initial period when the calcium silicate reacts to form calcium hydroxide and calcium silicate gel, and the medium reaches an alkaline pH [1]. In accordance with these findings, it was demonstrated that MTA-HP in contact with stem cells from the human periodontal ligament presented acceptable cell viability in neutral and acidic environments [32]. Moreover, the cytotoxicity of MTA and MTA-HP materials was also evaluated by the MTT assay in the presence of human osteoblasts, and results revealed that MTA and MTA-HP extracts promoted similar osteoblast viability [22].
In their kinetics of activity in the immune system, macrophages first adhere and subsequently phagocyte [30]. None of the tested materials interfered with cell adhesion, which highlights the biocompatible characteristics of these cements. Similar results were previously observed for MTA Angelus [18].
Furthermore, the repair material must not alter the phagocytic activity of macrophages, which could suppress their clearance activity. In the present study, we observed that none of the tested materials inhibited the phagocytosis capacity of M1 or M2 macrophages. Similar findings were shown by Rezende et al. [14] when evaluating the phagocytic activity of M1 and M2 macrophages in the presence of ProRoot MTA and MTA Angelus [18].
The production of oxygen free radicals plays a vital role in eliminating pathogens, inducing cell apoptosis and gene expression, and activating cell signaling cascades [33]. We observed that ROS production was upregulated in M2 macrophages stimulated by MTA-HP compared to the white MTA and control cells. Thus, MTA-HP can improve the immune responses during the healing process in the presence of infection.
TNF-α induces neutrophil and macrophage migration to the site of infections to eliminate microorganisms and, indirectly, induces osteoclast activation [3435]. Interestingly, M1 macrophages in the MTA group, when stimulated by IFN-γ, did not increase TNF-α production, maintaining the same basal levels. In contrast, the MTA-HP and control cells induced TNF-α production. This finding suggests that MTA-HP may improve microbial clearance by antigen-presenting cells. However, MTA Repair HP did not increase the pro-inflammatory response of macrophages [22].
Many cell types secrete TGF-β, including macrophages. TGF-β stimulates resting monocytes and inhibits activated macrophages [36]. The effects of TGF-β are contradictory, depending on the context: for monocytes, TGF-β functions as a chemoattractant and an upregulator of an inflammatory response, while TGF-β also downregulates inflammatory cytokine production in monocytes and macrophages [3738]. In this study, both macrophage profiles, M1 and M2, whether stimulated or not by LPS, presented similar production levels of TGF-β despite being pro- and anti-inflammatory cells, respectively, due to this contradictory aspect of the profile of TGF-β.

In vitro cytotoxicity assays comprise the first level of a biocompatibility analysis of a material and can be influenced by the choice of cell used. The addition of plasticizer to MTA-HP did not interfere with the tissue repair process [39]. The similar biocompatibility of both materials in this study can be causally related to their composition. In order to confirm the biocompatibility of these materials and enable their intended clinical use, further research regarding their cytotoxicity in vitro and subsequent preclinical in vivo tests with mice are required.

CONCLUSIONS
This study showed that M1 and M2 macrophages presented differences in viability in response to MTA and MTA-HP at different time points. The introduction of the plasticizer into the vehicle of MTA did not interfere with the adherence, phagocytosis, or production of ROS, TNF-α, and TGF-β in M1 and M2 macrophages.
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