
applied  
sciences

Article

In Vitro Effect of Putty Calcium Silicate Materials on
Human Periodontal Ligament Stem Cells

Francisco Javier Rodríguez-Lozano 1,2,* , Sergio López-García 3 , David García-Bernal 1 ,
Miguel R. Pecci-Lloret 2, Julia Guerrero-Gironés 2, María P. Pecci-Lloret 2, Adrián Lozano 4,
Carmen Llena 4 , Gianrico Spagnuolo 5,6 and Leopoldo Forner 4

1 Research Group Cellular Therapy and Hematopoietic Transplant, Biomedical Research Institute, Virgen de la
Arrixaca Clinical University Hospital, IMIB-Arrixaca, University of Murcia, 30120 Murcia, Spain;
redond@gmail.com

2 Clínica Odontológica Universitaria, Morales Meseguer Hospital, Faculty of Medicine, University of Murcia,
30007 Murcia, Spain; miguelr.pecci@gmail.com (M.R.P.-L.); juliaguerrero1@hotmail.com (J.G.-G.);
mpilar.pecci@gmail.com (M.P.P.-L.)

3 Department of Genetics, Faculty of Biology, University of Murcia, 30100 Murcia, Spain; slg4850@gmail.com
4 School of Dentistry, Faculty of Medicine, University of Valencia, 46010 Valencia, Spain;

adrianlozano@mac.com (A.L.); llena@uv.es (C.L.); forner@uv.es (L.F.)
5 Department of Neurosciences, Reproductive and Odontostomatological Sciences, University of Naples

“Federico II”, 80138 Napoli, Italy; gspagnuo@unina.it
6 Institute of Dentistry, I. M. Sechenov First Moscow State Medical University, 119146 Moscow, Russia
* Correspondence: fcojavier@um.es; Tel.: +34-868889518

Received: 24 November 2019; Accepted: 23 December 2019; Published: 1 January 2020
����������
�������

Abstract: New bioactive materials have been developed for retrograde root filling. These materials
come into contact with vital tissues and facilitate biomineralization and apical repair. The objective of
this study was to evaluate the cytocompatibility and bioactivity of two bioactive cements, Bio-C Repair
(Angelus, Londrina, Pr, Brazil) and TotalFill BC RRM putty (FGK, Dentaire SA, La-Chaux-de-fonds,
Switzerland). The biological properties in human periodontal ligament stem cells (hPDLSCs) that
were exposed to Bio-C Repair and TotalFill BC RRM putty were studied. Cell viability, migration, and
cell adhesion were analyzed. Moreover, qPCR and mineralization assay were performed to evaluate
the bioactivity potential of these cements. The results were statistically analyzed using ANOVA
and the Tukey test (p < 0.05). It was observed that cell viability and cell migration in Bio-C Repair
and TotalFill BC RRM putty were similar to the control without statistically significant differences,
except at 72 h when TotalFill BC RRM putty was slightly lower (p < 0.05). Excellent cell adhesion
and morphology were observed with both Bio-C Repair and TotalFill BC RRM putty. Both cements
promoted the osteo- and cementogenic differentiation of hPDLSCs. These results suggest that Bio-C
Repair and TotalFill BC RRM putty are biologically appropriate materials to be used as retrograde
obturation material.

Keywords: retrograde filling materials; biocompatibility; apical surgery; periodontal ligament stem
cells; endodontic

1. Introduction

In our daily practice, it is common to find in some problematic cases with lesions such as external
or internal resorption, iatrogenic perforations, or periapical lesions that have a doubtful prognosis
especially when there is a radiolucent area adjacent to the perforation site, and therefore it is necessary
to perform apical surgery with a retrograde root filling [1,2].
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Periapical surgery is the last option to save a tooth before performing the extraction when a
periapiapical lesion cannot be managed with conventional endodontic retreatment. To achieve the
treatment, the material is placed in the root-end cavity sealing the entire area [3–5]. This area is where
the stem cells from the periodontal ligament (PDLSCs) are located and are in direct contact with the
retrograde root filling material [6,7]. The interaction between the PDLSCs and the material should
improve the regeneration of the area; several studies have proven that it favors the healing of the
cementum, alveolar bone, gingiva, and periodontal ligament [8,9]. Therefore, it is crucial to conduct
cytocompatibility studies of these calcium silicate-based materials and because it is a complicated and
challenging treatment, we need the properties of the materials to be optimal [10].

Over the years, the most commonly used materials to perform a retrograde root filling have
been mineral trioxide aggregate (MTA), Biodentine, amalgam, super ethoxy benzoic acid (super EBA).
However, new materials are appearing on the market, such as calcium silicate materials [2].

Calcium silicate-based materials with numerous properties are appearing on the market that
makes them ideal for these cases [11]. Calcium silicate materials are cements with a formulation based
on MTA-like material or with minor modifications. Different cements have been studied in the last
years and have demonstrated their numerous advantages [12,13]. So far, there is no specific material
that meets all the necessary properties (antimicrobial, physical, chemical, and ease of handling) for
these situations [14–16]. It is important to note that one material with all these requirements would
cause an improvement in the prognosis of these treatments.

Bio-C Repair (Angelus, Londrina, Pr, Brazil) (BCR) is available in an individual syringe and
TotalFill BC RRM putty (FGK, Dentaire SA, La-Chaux-de-fonds, Switzerland) (TFB) is available in a jar;
both have an excellent consistency to facilitate handling unlike MTA or amalgam, and according to the
manufacturer, are bioactive, antibacterial, nonstaining, and promote healing. Some tests were used to
check whether these substances are cytotoxic [17].

This study aims to compare the cytotoxic effects and the bioactivity potential of two premixed
materials used in retrograde root filling surgery such as BCR and TFB with PDLSCs.

2. Material and Methods

2.1. Isolation of Human Periodontal Ligament Stem Cells (hPDLSCs)

The Ethical Committee of the University of Murcia approved the present study (ID: 2199/2018).
Wisdom molars (n = 10) were extracted and transported to the laboratory in Minimum Essential
Medium Alpha (α-MEM) (Gibco, Invitrogen, Carlsbad, CA, USA) solution containing 1% antibiotics
(Sigma-Aldrich, St. Louis, MO, USA) and fungi zone maintained at 4 ◦C. Next, after washing three
times with PBS, the periodontal tissues were scraped from the middle and the apical part of the root
surface and were cut into small fragments with surgical blades. The fragment tissues were digested
with an enzymatic solution, Collagenase type I (Gibco, Gaithersburg, MD, USA) during 1 h at 37 ◦C.
Then, periodontal cells were seeded in Minimum Essential Medium Alpha with 10% fetal bovine
serum (Sigma-Aldrich, St. Louis, MO, USA) and 1% penicillin/streptomycin (Sigma-Aldrich, St. Louis,
MO, USA). Culture medium was replaced every three days. Cells at passages 2 to 4 were used for
subsequent experiments.

2.2. Flow Cytometric Characterization

The expression of cell surface markers was detected using fluorescence-activated cell sorting
(FACS) (Calibur Flow Cytometer, BD Biosciences, San José, CA, USA). Flow cytometry was used to
analyze the immunophenotype of cells at passage 3. Briefly, hPDLSCs (2 × 105) were trypsinized,
washed with PBS, and then incubated for 15 min at 4 ◦C with monoclonal antibodies conjugated with
fluorescent dyes. The following antibody cocktails were used: MSC-positive cocktail (CD90, CD105,
and CD73) and MSC-negative cocktail (CD34, CD14, CD20, and CD45) (MiltenyiBiotec, Bergisch
Gladbach, Germany). Results were evaluated using FlowJo software (FlowJo LLC, Ashland, OR, USA).
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2.3. Sample Extracts

BCR and TFB were tested (Table 1). Under aseptic conditions, discs of these cements (diameter
5 mm and height 2 mm) were prepared and stored in Minimum Essential Medium Alpha to achieve
setting. Following the recommendations of ISO 10993-5 (Biological evaluation of medical devices—Part
5: Tests for in vitro cytotoxicity) and ISO 10993-12 (Part 12: Sample preparation and reference materials),
cements extracts were collected and diluted in free-serum culture medium (1:1, 1:2, and 1:4) [18].

Table 1. Materials tested.

Materials Manufacturer Composition

BIO-C Repair Angelus,
Londrina, Brasil.

Powder: Calcium Silicate (Ca2SiO4), Calcium Oxide(CaO),
Zirconium Oxide(ZrO2), Iron Oxide (Fe2O3), Silicon

Dioxide (SiO2) and Dispersing Agent

TOTALFILL
BC RRM Putty

Innovative BioCeramix Inc.
Burnaby,
Canada

Powder: Tricalcium Silicate(Ca3SIO4), Dicalcium Silicate
(Ca2SiO4), Zirconium Oxide (ZrO2), Tantalum Pentoxide

(Ta2O5), Calcium Sulfate (CaSO4).

2.4. Cytotoxicity Evaluation

The methyl thiazolyltetrazolium (MTT) (3-(4, 5-dimethylthiazol- 2-yl) -2, 5-diphenyltetrazolium
bromide) assay (Sigma) was conducted to detect the metabolic activity, as described previously [19].
Briefly, hPDLSCs were cultured in 96-well plates (2000 cell/well) and treated differentially according to
the experimental design (1:1, 1:2, and 1:4 extracts) for 72 h. Cells without extracts served as control.
In accordance with the manufacturer’s instructions (Sigma) the MTT reagent was added to the wells for
4 h. When the purple precipitate was obviously noticeable, dimethyl sulfoxide (DMSO) (100 µL/well)
was added to create the formazan dye soluble. The cover was removed, and the light absorption in
each well was evaluated by spectrophotometer (Synergy H1, BioTek, Winooski, VT, USA) at 570 nm
(Abs 570).

2.5. Scratch Migration Assay

To assess the effect of different cement extracts on hPDLSCs migration, scratch migration assay
was performed. 2 × 105 hPDLSCs/well were seeded onto six-well plates (n = 3) and proliferated
to achieve confluency. A scratch was made with a 200 µL pipette tip, and each well was washed
three times to remove cell debris using PBS. The wound closure was evaluated at 24 h, 48 h, and
72 h. The wound closure was evaluated using photographs and ImageJ software (National Institutes
of Health, Bethesda, MD, USA) to quantify the wound area at three time points after the scratch.
The width of the scratches was measured during the following three periods: 0 to 24 h (first period),
24 to 48 h (second period), and 48 to 72 h (third period). Cells without extracts served as control.

2.6. Scanning Electronic Microscopy

For the scanning electron microscope (SEM) analysis, root repair cements were mixed and
transferred to previously prepared molds that were 2 mm thick and 5 mm in diameter. Then, discs
were subdivided into two groups (n = 3). After three days of cell culture on the discs, cells were
fixed with 4% glutaraldehyde in PBS for four hours and dehydrated, air-dried, and sputter-coated
with palladium-gold. Finally, cell morphology was evaluated using 100× and 300×magnifications.
In addition, chemical compositions and morphological properties of root repair cements were carried
out by energy-dispersive X-ray spectroscopy (EDX).

2.7. RT-qPCR Gene Expression Analysis

To evaluate the expression of cementoblastic/osteoblastic-related genes (ALP, CEMP-1, and
CAP), 2 × 104 hPDLSCs/well were seeded onto twelve-well plates (n = 3) and stimulated with
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undiluted extracts of BCR and TFB, for seven days. Cell cultures without material extracts served as a
negative control and cells cultured with an optimized differentiation medium to generate osteoblasts
from human mesenchymal stromal cells (StemMACS OsteoDiff Medium; MiltenyiBiotec, Bergisch
Gladbach, Germany) served as a positive control. Total RNA was prepared using the RNeasy Mini Kit
(Qiagen, Hilden, Germany), and cDNA was synthesized from 1 µg of RNA by using iScript™ Reverse
Transcription Supermix for RT-qPCR (Bio-Rad) following the manufacturer’s instructions. Changes in
gene expression were calculated by the 2-∆∆CT method. The primers used in this study are listed in
Table 2.

Table 2. Primers for qPCR analysis.

GADPH Forward 5′ TCAGCAATGCCTCCTGCAC 3′

Reverse 5′ TCTGGGTGGCAGTGATGGC 3′

CEMP1 Forward 5′ GGGCACATCAAGCACTGACAG 3′

Reverse 5′ CCCTTAGGAAGTGGCTGTCCAG 3′

CAP Forward 5′ TTTTTCTGGTCGCGTGGACT 3′

Reverse 5′ TCACCAGCAACTCCAACAGG 3′

ALP Forward 5′ TCAGAAGCTCAACACCAACG 3′

Reverse 5′ TTGTACGTCTTGGAGAGGGC 3′

RUNX2 Forward 5′ TCCACACCATTAGGGACCATC 3′

Reverse 5′ TGCTAATGCTTCGTGTTTCCA 3′

2.8. Alizarin Red Assay

Mineralization capacity of root repair cements was evaluated using Alizarin red staining. 2 × 104

hPDLSCs /well were seeded onto twelve-well plates (n = 3) and proliferated to achieve confluency.
Then, cells were stimulated with undiluted extracts of BCR and TFB for 21 days. Cells cultured without
extracts served as negative control and cells cultured with OsteoDiff media (MiltenyiBiotec) served as
a positive control. At the end of the experimental period, the cells were washed with PBS and fixed for
1 h using 70% ethanol. Then, they were incubated with 2% Alizarin Red solution (Sigma AB, Malmö,
Sweden) at room temperature in the dark for 30 min. Finally, the absorbance value at 550 nm was
measured using the microplate reader.

2.9. Statistical Analysis

Data were presented as the mean ± standard deviation (SD). All analyses were carried out using
Graph-Pad Prism (version 8.1.0, GraphPad Software, San Diego, CA, USA). Normal data with equal
variance was analyzed using one-way analysis of variance (ANOVA) and Tukey´s test. Significance
was defined when p ≤ 0.05. All assays were performed at least three times.

3. Results

3.1. Characterization of hPDLSCs Immunophenotype

FACS analysis showed a mesenchymal phenotype of cells isolated from periodontal tissues. There
was a high expression of CD90, CD105, and CD73 (>95%), and low expression of cell markers CD45,
CD34, CD14, and CD20 (<5%) (Figure 1).
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Figure 1. Fluorescence-activated cell sorting (FACS) analysis. Positive expression from cells isolated 

from periodontal ligament tissue (<95%) of mesenchymal stem cells markers CD90, CD105, and CD73 

and negative expression for cells markers CD34, CD45, CD14, and CD20 (<5%). 

3.2. Cytotoxicity Evaluation 

At 24 h, extracts of Bio-C Repair reduced the viability of hPDLSCs with significant differences 

as compared with the untreated cells (control) (p < 0.001), while TFB exhibited similar cell viability to 

that of the control. At 48 h, both cements showed adequate cell viability rates, except 1:4 TFB that 

increased cell viability (p < 0.001). Finally, TFB showed slight differences as compared with the control 

group (p < 0.05) after 72 h of incubation, whereas BCR did not suffer any significant variation of cell 

viability rates as compared with untreated cells group (Figure 2).  

 

Figure 2. Cytotoxicity assay. Evaluation of human periodontal ligament stem cells (hPDLSCs) treated 

with Bio-C Repair and TotalFill BC RRM putty eluates. Data shown are the mean (± SD) of three 

different experiments. Cytotoxic differences observed are shown as * p < 0.05, ** p < 0.01, and *** p < 

0.001, respectively. 

3.3. Scratch Migration Assay 

At all time periods and all dilutions studied, cell migration rates in the TFC group were similar 

to that of the untreated cells, and no detectable differences were found (Figure 3). In the BCR, at 24 

hours in the nondiluted group, significant differences were found (** p < 0,01) and at 48 h significant 

differences were found; meanwhile, no statistical difference were revealed at 72 h in any dilution as 

compared with the control group wound closure. These results indicate that both cements had similar 

migration values to those of the control. 

Figure 1. Fluorescence-activated cell sorting (FACS) analysis. Positive expression from cells isolated
from periodontal ligament tissue (<95%) of mesenchymal stem cells markers CD90, CD105, and CD73
and negative expression for cells markers CD34, CD45, CD14, and CD20 (<5%).

3.2. Cytotoxicity Evaluation

At 24 h, extracts of Bio-C Repair reduced the viability of hPDLSCs with significant differences as
compared with the untreated cells (control) (p < 0.001), while TFB exhibited similar cell viability to that
of the control. At 48 h, both cements showed adequate cell viability rates, except 1:4 TFB that increased
cell viability (p < 0.001). Finally, TFB showed slight differences as compared with the control group
(p < 0.05) after 72 h of incubation, whereas BCR did not suffer any significant variation of cell viability
rates as compared with untreated cells group (Figure 2).
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Figure 2. Cytotoxicity assay. Evaluation of human periodontal ligament stem cells (hPDLSCs) treated
with Bio-C Repair and TotalFill BC RRM putty eluates. Data shown are the mean (± SD) of three
different experiments. Cytotoxic differences observed are shown as * p < 0.05, ** p < 0.01, and ***
p < 0.001, respectively.

3.3. Scratch Migration Assay

At all time periods and all dilutions studied, cell migration rates in the TFC group were similar to
that of the untreated cells, and no detectable differences were found (Figure 3). In the BCR, at 24 h in
the nondiluted group, significant differences were found (** p < 0.01) and at 48 h significant differences
were found; meanwhile, no statistical difference were revealed at 72 h in any dilution as compared
with the control group wound closure. These results indicate that both cements had similar migration
values to those of the control.
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Figure 3. In vitro scratch migration assay. The wound closure was evaluated at 24 h, 48 h, and 72 h,
in the presence of different material extracts, or without extracts (control group). Data are expressed as
fold of the control group (considered as 100%). Cell migration differences are shown as * p < 0.005,
** p < 0.01.

3.4. Scanning Electronic Microscopy

Abundant cells were observed in the surface of both cements (Figure 4). The morphology of these
cells in contact with these materials suggested an active adhesion interaction with the surface since
we can observe multiple prolongations and a flattened morphology. The EDX analysis provided the
qualitative semi-quantitative elemental composition of each surface´s material, which are represented
in Figure 5. BCR and TFB showed the same elemental composition. C, O, and Si showed different
% concentration in both cements. With respect to Ca2+, TFB contained a higher % of Ca2+ and Zr as
compared with BCR. On the other hand, the % of Si in BCR was higher as compared with TFB.
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Figure 4. Cell attachment analysis. Adhesion of the stem cells from the periodontal ligament (PDLSCs)
on Bio-C Repair (BCR) and TotalFill BC RRM putty (TFB) at 72 h. Scale bar: 100 µm and 500 µm.
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Figure 5. Scanning electron microscopy with energy-dispersive X-ray analysis (SEM-EDX) evaluation.
Surface properties and composition of BCR and TFB. SEM image (left column), EDX spectra (middle
column), and table of elements (right column). Scale bar represents 100 µm for all images.

3.5. qPCR Analysis

At day seven, CAP, CEMP-1, and RUNX2 expression were higher in Osteodiff and BC-Repair
groups as compared with TFB and the negative control group (p < 0.001) and also the expression of CAP
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and RUNX2 were higher in BCR and TFB as compared with the groups Osteodiff and negative control
groups, in different significances (Figure 6) at day 14. GAPDH was used to normalize the results.Appl. Sci. 2019, 9, x FOR PEER REVIEW 9 of 14 
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Figure 6. qPCR analysis. Gene expression profiles of hPDLSCs treated with undiluted materials
showing expression of ALP, CEMP, RUNX2, and CAP genes. Values indicated with a * represent
significant differences between the groups. * p < 0.05, ** p < 0.01 and *** p < 0.001.
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3.6. Mineralization Assay

As shown in Figure 7, TFB and BCR promoted significantly more calcium deposits than the
negative control (p < 0.01). However, Osteodiff (positive control) exhibited more mineralization
capacity than root repair cements (p < 0.001).
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Figure 7. Mineralization capacity of root repair cements. Alizarin Red staining to evaluate the
bioactivity potential of BCR and TFB. Differences observed are shown as ** p < 0.01 and *** p < 0.001.

4. Discussion

The appearance of different materials to treat dental perforation or to perform apical surgery
facilitates our choice of options. It is necessary to know the properties of the materials to determine
which one is better for each type of problem [20].

In our study, we compared the cytocompatibility and bioactivity potential of these two new
bioactive materials, BCR and TFB, with PDLSCs. We chose this cell type because, in the indications
of these materials, PDLSCs have contact with the periodontal ligament which are at the root-end
cavity when periapical surgery is done or when iatrogenic perforation is repaired it is next to the
periodontal ligament [10,21]. Other studies have used dental pulp stem cells with direct pulp capping
materials [22], or osteoblast cells when they have also studied endodontic cements [23,24]. Therefore,
the clinical situation is crucial for the choice of cell line.
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We used the MTT test due to its ease of performing and its accuracy [25]. In addition,
the methylthiazolyldiphenyl-tetrazolium bromide (MTT) assay is commonly accepted for in vitro
cytotoxic studies. TFB and BCR showed similar results in terms of cell viability as compared with
a control group. In line with this work, previous reports have described similar results, also using
the MTT test with TotalFill BC sealer, which has an almost identical composition, except it changes
consistency [25,26]. Benetti et al. [27] also reported that BCR is a biocompatible material that induces
mineralization in vivo. Unsurprisingly, our results evidenced that both cements were safe and did not
promote adverse effects on hPDLSCs.

Cellular migration is essential for an apical healing after a retrograde root filling, or after repair
of a furcal iatrogenic perforation because it helps in calcified tissue formation [28]. In our study,
both materials allow cell migration; this may be due to calcium ions since they favor migration [29].
The SEM-EDX assay showed a high amount of Ca2+ ions in both cements, especially in TFB, which
could help increase the pH of the area and have a positive influence on healing [30]. Our results are
consistent with other studies that have shown the migration capacity of the root repair materials.
For example, iRoot FS (Innovative Bioceramix, Vancouver, BC, Canada) showed cell migration rates
higher than ProRootMTA (Dentsply, Tulsa, OK, USA) [28], or Biodentine (Septodont, St Maur des
Fosses, France) has been evidenced by anti-inflammatory properties and favored fibroblast migration
to the injury site [31]. Nevertheless, the detailed mechanism of how premixed and putty calcium
silicate materials favors cell migration is unknown.

The connection between cells and biomaterial is essential for cell differentiation, and cell attachment
has been associated with actin stress fibers [32,33]. Both premixed material´s surfaces favored cell
adhesion. In our study, hPDLSCs displayed a well interconnected characteristic fibroblastic morphology.
This result is congruent with another report that showed that calcium silicate materials facilitated
cell attachment and promoted cell proliferation [34]. Furthermore, a biological seal on the root repair
materials can be achieved by the interactions between materials and hPDLSCs.

Bioactivity potential is defined as the cellular effects induced by ions or active substances from
biomaterials [35]. Our results showed overexpression of CEMP-1, CAP, and Runx2 with BCR on day
seven. These genes are involved in the osteo- and cementogenic differentiation of stem cells, and
consequently in apical healing. CEMP-1 is related to migration, proliferation, and differentiation of
periodontal ligament cells into cementoblast-like cells. CAP promotes maturation and deposition of
the mineralized extracellular matrix. Runx2 is considered a transcriptional regulation factor, closely
associated with the early stage of osteogenesis [36,37]. Previous data have shown the overexpression
of these genes in the presence of bioactive endodontic materials [38]. In agreement with our results,
Lee et al. [39] showed overexpression of osteogenic markers in the presence of other bioactive cements
such as ProRootMTA (Dentsply, Tulsa, USA), Biodentine, and Bioaggregate (Innovative Bioceramix,
Vancouver, BC, Canada). Our group also demonstrated that GuttaFlow Bioseal (Coltène/Whaledent
AG, Altstatten, Switzerland), a bioactive silicon material, induced AMELX, AMBN, CAP, and CEMP1
overexpression, and reduced ALP expression in hPDLSCs [40].

Alizarin Red assay was assessed to evaluate mineralization capacity of the root repair cements;
both cements produced more calcium deposits than the negative control, confirming the inductive
effect of both root repair materials on the mineralization and differentiation of hPDLSCs. Previous
reports have shown that putty calcium silicate materials induced mineralization [25,27]. Calcium
silicates are the main components of both cements (Table 1) which justifies the result obtained.

The number of studies on these new calcium silicate-based materials is meager, and it would be
interesting to develop studies on mechanical, sealing, and cytotoxicity properties.

5. Conclusions

These results suggest that BCR and TFB are biologically appropriate materials to be used as root
repair material or root-end filling.
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