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Abstract

Objectives The physicochemical properties and the tissue re-
action promoted by microparticulated or nanoparticulated ni-
obium pentoxide (Nb,Os) added to calcium silicate-based ce-
ment (CS), compared to MTA-Angelus, were evaluated.
Materials and methods Materials were submitted to the tests
of radiopacity, setting time, pH, and calcium ion release. Poly-
ethylene tubes filled with the materials were implanted into
rats subcutaneously. After 7, 15, 30, and 60 days, the speci-
mens were fixed and embedded in paraffin. Hematoxylin &
eosin (H&E)-stained sections were used to compute the num-
ber of inflammatory cells (IC). Interleukin-6 (IL-6) detection
was performed, and the number of immunolabeled cells was
obtained; von Kossa method was also carried out. Data were
subjected to ANOVA and Tukey test (p<0.05).

Results Nb,Osmicro and Nb,Osnano provided to the CS
radiopacity values (3.52 and 3.75 mm Al respectively) supe-
rior to the minimum recommended. Groups containing Nb,O5
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presented initial setting time significantly superior than min-
eral trioxide aggregate (MTA). All materials presented an al-
kaline pH and released calcium ions. The number of IC and
IL-6 immunolabeled cells in the CS+Nb,O5 groups was sig-
nificantly reduced in comparison to MTA in all periods. von
Kossa-positive structures were observed adjacent to implanted
materials in all periods.

Conclusions The addition of Nb,Os to the CS resulted in a
material biocompatible and with adequate characteristics re-
garding radiopacity and final setting time and provides an
alkaline pH to the environment. Furthermore, the particle size
did not significantly affect the physicochemical and biological
properties of the calcium silicate-based cement.

Clinical relevance Niobium pentoxide can be used as
radiopacifier for the development of calcium silicate-based
materials.

Keywords Mineral trioxide aggregate - Calcium silicate
cement - Biocompatibility - Physicochemical properties -
Radiopacifiers

Introduction

Treatment of communications between the root canal and ex-
ternal surface, such as radicular perforation and root-end cav-
ities, is one of the most difficult endodontic proceedings. The
prognosis depends in part on the sealing material, which
should present satisfactory physicochemical and biological
properties. The material is placed on direct contact with the
vital tissues, and the reaction induced by its released sub-
stances may influence the outcome of treatment.

Calcium silicate-based materials (CS), such as mineral tri-
oxide aggregate (MTA), have been widely used in dentistry
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for different applications, including restoration of deep carious
lesions, pulp capping and pulpotomy, sealing of root or furca-
tion perforations, filling of internal or external resorption,
apexification, and root-end filling in endodontic surgery
[1-3]. It has been shown that these materials present biocom-
patibility, bioactivity, and adequate physicochemical proper-
ties regarding to setting time, pH, and releasing of calcium
ions [4-8].

MTA Angelus™ is, basically, composed of Portland ce-
ment (80 %) and bismuth oxide (20 %), a radiopacifying
agent. It has been reported that the value of MTA
radiopacity ranges between 4.5 and 8§ mm Al [9, 10] and,
therefore, has adequate radiopacity according to the stan-
dards by ISO 6876 [11]. However, it is well documented
that the interaction between bismuth oxide (Bi,O3) and the
Portland cement (PC) in the hydrated paste interferes in the
compressive strength of MTA [12, 13]. The association of
Bi,05 changes the microstructure of the cement promoting
flaws within the cement [12, 14] and, consequently, in-
creases the porosity and solubility of Portland cement, cul-
minating in the reduction of its resistance [12, 13].

In addition, there is evidence that MTA exhibits higher
solubility than the recommended by ANSI/ADA [15] to the
root-end filling materials [3]; it has been also demonstrated
that MTA Fillapex presents high solubility over time as a root
canal filling [8]. Another disadvantage frequently associated
to Bi,0O3, is regarding to its biocompatibility. Studies have
reported that bismuth oxide inhibits cellular proliferation of
the dental pulp [16] and periodontal ligament [17]. On the
other hand, an in vitro study demonstrated that deleterious
effect of Bi,O3 on human marrow stromal cells was reduced
due to the increased thickness of the Ca-P coating on the
cement over time [6].

So, attempts to incorporate another material to CS, includ-
ing nanoparticulated agents, as alternative to Bi,O5 have been
made [10, 18]. Niobium is a transition metal and has the
atomic number 41. This metal has been studied to enhance
mechanical properties in titanium alloys of osseointegrated
implants due to its resistance to corrosion and its biocompat-
ibility. Moreover, it has been suggested that niobium may
stimulate the hydroxyapatite deposition [19]. The use of nio-
bium pentoxide (Nb,Os) as a radiopacifying agent of dental
materials has been studied. The addition of Nb,O5 to an ex-
perimental methacrylate-based root canal sealer promoted sat-
isfactory physicochemical properties with increase of
radiopacity and microhardness of the material [20, 21].

Despite these recent researches, the influence of Nb,Os on
the properties of calcium silicate-based cements with consis-
tency to be used as root-end filling materials is unknown.
Therefore, the aim of this study was to evaluate the physico-
chemical and biological properties of microparticulated or
nanoparticulated Nb,Os added to calcium silicate-based ce-
ment in comparison to commercially available MTA.
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Materials and methods

The materials evaluated in the present study were as follows:
calcium silicate-based cement (White Portland cement; CPB-
40—Votorantim Cimentos, Camargo Correa S.A., Pedro
Leopoldo, MG, Brazil) with microparticulated niobium pent-
oxide, CS+Nb,Osmicro group; calcium silicate-based cement
with nanoparticulated niobium pentoxide, CS+Nb,Osnano
group; and mineral trioxide aggregate (white MTA-Angelus,
Londrina, PR, Brazil; lot. n°. 14414), MTA group. The pow-
der of micro- and nanoparticulated Nb,Os was previously
sterilized by ultraviolet method for 30 min. A ratio of 30 %
Nb,Os and 70 % CS by weight was used for analyses. MTA
and CS+Nb,Osmicro group were mixed at a ratio of 1 g pow-
der of cement per 0.3 mL liquid (distilled water). Regarding
CS+Nb,0Osnano, it was prepared using a powder:liquid
mixing ratio of 1 g:0.33 mL (standardized in pilot tests) be-
cause it provided a thicker consistency and, therefore, is ade-
quate for a cement intended for use as a root-end filling
material.

Nanoparticulated Nb,Os was prepared by polymeric pre-
cursor method at Institute of Physics of Sdo Carlos (University
of Sao Paulo, Sdo Carlos, Brazil), and the particle size obtain-
ed was 83 nm, confirmed by Brunauer-Emmett-Teller (BET)
surface area analysis. The nanoparticulated Nb,Os was pre-
pared by dissolving of niobium ammonium oxalate
{NH4[NbO(C,04),(H,0)](H,O)N} (CBMM, Companhia
Brasileira de Metalurgia ¢ Mineragdo, MG, Brazil) in distilled
water, followed by addition of ammonium hydroxide resulting
in precipitated niobium hydroxide. This solution was filtered,
and citric acid (CA) was added ([CA]/[Nb]=3) and subse-
quently filtered. The niobium content in the solution was pre-
cisely determined by gravimetric analysis. The solution was
stirred for 2 h at 70 °C to promote the complex reaction.
Ethylene glycol was added to the mixture with mass ratio
60:40. The translucent solution was heated and stirred for
several hours. A polymerization process started during the
water evaporation, resulting in a highly viscous solution. This
resin was heated in an electric furnace at 300 °C for 4 h. The
resulting black and soft mass was milled and calcined in an
electric furnace for 2 h over alumina slabs at 700 °C [22].

Radiopacity

To determine the radiopacity of the materials, the ISO 6876/
2001 standard for dental root-sealing materials [11] was
followed to prepare the specimens. Five specimens measuring
10 mm diameter by 1.0 mm thickness were prepared for each
material. The specimens were stored at 37 °C for 24 h, and
subsequently, they were positioned on five occlusal radio-
graphic films (Insight-Kodak Comp, Rochester, NY, USA)
and exposed, along with an aluminum step wedge with vari-
able thickness (from 2 to 16 mm, in 2 mm increments). A GE-
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1000 X-ray unit (General Electric, Milwaukee, WI, USA)
operating at 50 kvp, 10 mA, 18 pulses/s, and focus-film dis-
tance of 33.5 cm was used. The films were processed in a
standard automatic processor (Dent-X 9000, Dent-X,
Elmsford, USA). Using the ImageTool 3.0 (UTHSCSA, San
Antonio, Texas, USA), the digitized radiographs were ana-
lyzed; an equal-density tool was used to identify equal-
density areas in the radiographic images. This procedure
allowed comparison between the radiographic density of the
cements and the radiopacity of the different aluminum step
wedge thicknesses. The area corresponding to the specimen
was selected in each radiographic image to verify the thick-
ness of the aluminum step wedge detected by the software as
equivalent to material’s radiographic density. Thus, the
radiopacity of the evaluated materials was estimated from
the thickness of aluminum (in millimeters) by using a conver-
sion equation. The values recorded for each material were
averaged to obtain a single value in millimeter Al.

Setting time

This test was carried out as determined by #57 of American
Dental Association (ADA) [15] and C266-03 of American
Society for Testing and Materials (ASTM) [23]. Six speci-
mens measuring 10 mm diameter and 2 mm in height were
made per each material. At 120+10 s after the onset of mix-
ture, the assembly was placed in a well-sealed plastic flask and
stored in an oven at 37 °C and 95 % relative humidity. After
150+10 s to the onset of mixture, a Gilmore needle of 100+
0.5 g and an active tip of 2.0+0.1 mm diameter was vertically
placed on the cement surface. This procedure was repeated at
60 s intervals. The initial setting time of the cement was con-
sidered as the time between the onset of mixture and the mo-
ment when the marks of needles could not be observed on the
cement surface. Concerning the final setting time, a Gilmore
needle 0f456+0.5 g and an active tip of 1.0+0.1 mm diameter
was used as previously described. The initial and final setting
times were determined by the arithmetic mean of six repeti-
tions of the test for each group.

Analyses of the alkalinizing activity and calcium ion release

pH and calcium ion release were evaluated according to the
methodology previously described [18]. Ten polyethylene
tubes (Embramed Ind. Com., Sdo Paulo, SP, Brazil) measur-
ing 10.0 mm length and 1.6 mm diameter were filled with
freshly prepared samples of each material, sealed in flasks
containing 10 mL of distilled water, and stored at 37 °C. After
1 day, the tubes were carefully removed and placed into new
flasks with an equal amount of distilled water, and this proce-
dure was repeated after 7, 14, and 28 days. The solution pH
was analyzed at each period using a digital pH meter (Ultra-
Basic, Denver Instrument Company, Arvada, CO). After pH

reading, the calcium ions released in the distilled water were
measured with an atomic absorption spectrophotometer
(H1170 Hilger & Watts; Rank Precision Industries Ltd. Ana-
lytical Division, London, UK) equipped with a calcium
hollow-cathode lamp (422.7 nm wavelength and 0.7 nm win-
dow) operated at 20 mA. The readings of calcium ion release
were compared with a standard curve obtained from multiple
dilutions of pure calcium in ultrapure water.

Tissue reaction

The research protocol on animal use of this study was autho-
rized by the Ethical Committee for Animal Research of the
Sdo Paulo State University, Brazil (CEUA n° 26/2010-
Araraquara Dental School-UNESP). Experiments were per-
formed in thirty-two adult male Holtzman rats (Rattus
norvegicus albinus) weighing 250+10 g. The rats were main-
tained in individual stainless steel cages under a 12:12 light-
dark cycle at a controlled temperature (23+2 °C) and humidity
(5510 %), with food and water provided ad libitum.

The polyethylene tubes (Embramed Ind. Com., Sdo Paulo,
SP, Brazil) with 10.0 mm length and 1.6 mm diameter, previ-
ously sterilized with ethylene oxide, were filled with CS+
Nb,Osmicro, CS+Nb,0Osnano, or MTA. Immediately, after
mixing of the materials, the polyethylene tubes were filled
and implanted into the dorsal subcutaneously. In each rat,
two polyethylene tubes, filled with different materials each,
were implanted subcutaneously. Five polyethylene tubes were
analyzed per group in each period.

The animals were anesthetized with intraperitoneal injec-
tion of ketamine (80 mg/kg of body weight) combined with
xylazine (4 mg/kg of body weight). The dorsal skin was
shaved and disinfected with 5 % iodine solution. Subsequent-
ly, a 20-mm-long incision was made using a scalpel (n° 15,
Fibra Cirargica, Joinville, SC, Brazil) and two polyethylene
tubes, each filled with one of the materials, were placed into
the subcutaneous pockets. After 7, 15, 30, and 60 days of
implantation, the tubes surrounded by connective tissue were
removed, and the specimens were processed for paraffin
embedding.

Histological procedures

The specimens were fixed for 48 h at room temperature in 4 %
formaldehyde (prepared from paraformaldehyde) buffered at
pH 7.2 with 0.1 M sodium phosphate. Subsequently, the spec-
imens were dehydrated in graded concentrations of ethanol,
clarified in xylene, and embedded in paraffin. Longitudinal
sections 6 um thick were collected onto slides and stained
with hematoxylin & eosin (H&E) for morphological analysis;
this method stains cell nucleus in blue/purple and cytoplasm in
pink [24]. H&E-stained sections were also used to estimate
the number of inflammatory cells in the capsule. Sections

@ Springer



2018

Clin Oral Invest (2015) 19:2015-2025

were also submitted to the von Kossa histochemical method
[25], for detection of calcified structures (in brown/black col-
or) in the capsule adjacent to the implanted materials. Other
sections were adhered to silanized slides for immunohisto-
chemical detection of interleukin-6 (IL-6) [26].

Numerical density of inflammatory cells

The numerical density of inflammatory cells (IC) was under-
taken using a light microscope (BX51, Olympus, Tokyo, Ja-
pan) and an image analysis system (Image-Pro Express 6.0,
Olympus), as previously described [26]. In each implant, three
H&E-stained sections of the capsule adjacent to the materials
were captured at X695 (Fig la, b); the smallest distance be-
tween the sections was 100 wm. In each section, a standard-
ized field 0.09 mm? of the capsule adjacent to the opening of
the tube implanted was analyzed (Fig. 1b), totaling 0.27 mm?
per implant. In each area, the total number of IC (neutrophils,
lymphocytes, plasma cells, and macrophages) was counted
using the image analysis system. Thus, the number of inflam-
matory cells/mm? was obtained for each implant.

Immunohistochemical detection of interleukin-6

For antigen retrieval, deparaffinized sections were immersed
in 0.001 M sodium citrate buffer pH 6.0 and submitted to
microwave oven cycles for 20 min at 90-94 °C. After a
cooling-off period, the sections were immersed in 5 % hydro-
gen peroxide for 20 min. The sections were washed in 0.1 M
sodium phosphate buffer (PBS) at pH 7.2 and were incubated
for 30 min with 2 % bovine serum albumin (Sigma-Aldrich
Chemie, Munich, Germany). Subsequently, the sections were
incubated overnight at 4 °C with primary goat antibody anti-
IL-6 (Santa Cruz Biotechnology, Santa Cruz, USA), diluted
1:400. After washings in PBS, the immunoreaction was de-
tected by the labeled streptavidin-biotin system (LSAB-plus

Fig. 1 Light micrographs showing section of a capsule surrounding the
polyethylene tube implanted subcutaneously. The letter / indicates the
space occupied by the material (inside of polyethylene tube), which was
removed for obtaining of the histological section. 1a An overview of the
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kit; Dako, Carpinteria, USA). After incubation for 20 min at
room temperature with multi-link solution containing bio-
tinylated mouse/rabbit/goat antibodies, the sections were
washed in PBS and subsequently were incubated with
streptavidin-peroxidase complex for 20 min at room temper-
ature. Peroxidase activity was revealed by Betazoid DAB
(Biocare Medical, Concord, USA) for 3 min; the sections were
counterstained with Carazzi’s hematoxylin. As negative con-
trols, the primary antibody was replaced by nonimmune
serum.

Numerical density of IL-6 immunolabeled cells

In five implants of each group per period, a standardized area
(0.09 mm?) of each section was captured using an Olympus
camera (DPI) attached to a light microscopy (BX51, Olym-
pus, Tokyo, Japan) at 695x magnification. The number of
immunolabeled cells was computed using an image analysis
system (Image-Pro Express 6.0, Olympus). For each tube im-
planted, the IL-6-positive cells were counted in a standardized
area (0.09 mm?); in each group (n=5), the values were divided
by the total area, and then, the number of IL-6/mm” was
obtained.

von Kossa histochemical reaction

The von Kossa method was used for detection of calcium salt
structures (brown/black color) in the capsule juxtaposed to the
materials [25]. Three sections per implant were selected at
intervals of at least 100 um. Deparaffinized sections were
immersed in 5 % silver nitrate solution for 1 h; the sections
were washed in distilled water and subsequently were im-
mersed in 5 % sodium thiosulfate for 5 min. After washings,
the sections were stained by picrosirius method and mounted
in resinous medium. As positive control, the sections of tibiae
of young rats were used.
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capsule (C) adjacent to the opening of the tube implanted, x20. 1b High
magnification of the outlined area in 1a shows the standardized area of the
capsule (C) used to estimate the number of inflammatory cells. X200,
H&E
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Statistical analysis

The differences between the groups were statistically
analyzed by the SigmaStat 2.0 software (Jandel Scien-
tific, Sausalito, CA). The data of all physicochemical
tests and of the morphometrical findings were submitted
to ANOVA and Tukey test. The accepted significance
level was p<0.05.

Results
Radiopacity and setting time

According to Table 1, the radiopacity exhibited by CS+
Nb,Osmicro (3.52 mm Al) and CS+Nb,Osnano (3.75 mm
Al) was significantly lower in comparison to the MTA
(4.73 mm Al); significant differences were not found between
CS+Nb,0smicro and CS+Nb,Osnano. A significant increase
in initial setting time was observed in the CS+Nb,Osmicro
and CS+Nb,0snano when compared to MTA. However, sta-
tistical differences were not observed among the groups in the
values of the final setting time.

Analyses of the pH and calcium ion release

As shown in Table 2, the distilled water containing the
materials presented alkaline pH. In all periods, statistical
significant differences in the pH values were not observed
among the materials analyzed except for CS+Nb,Osnano
which had a higher value at 14 days. After 28 days, sig-
nificant reduction in the pH values was observed in all
materials.

Regarding calcium ion release, all materials were able to
release calcium ions; the lowest values were observed in the
period of 1 day. The solutions containing CS+Nb,Osmicro
and CS+Nb,0Osnano exhibited significantly lower release of
calcium ion when compared to MTA, except at 14 days; in this
period, significant difference between CS+Nb,Osnano and
MTA was not detected. At 7 and 14 days, the amount of

Table1 Means and standard deviations of radiopacity (mm Al) for the
initial and final setting times (in minutes) for each material

Materials Radiopacity Setting time

Initial Final
CS+Nb,Osmicro 3.52(0.12)a 45.8 (3.8)a 158.8 (10.4)a
CS+Nb,0snano 3.75(0.17)a 47.4 (4.8)a 152.3 (7.3)a
MTA 4.73 (0.44)b 24.7 (4.3)b 161.9 (6.4)a

Different letters (a and b) indicate statistically significant differences (p<
0.05). Tukey test (p<0.05)

Table 2 Means and standard deviations of pH values and calcium ion
release (mg/L) for the materials in the evaluation periods

CS+Nb,Osmicro  CS+Nb,Osnano  MTA

1 day

pH 10.42 (0.10)a,1 10.42 (0.10)a,1 10.34 (0.23)a,1

Calcium  1.87 (0.85)a,1 2.56 (0.71)a,1 5.54 (1.47)b,1
7 days

pH 10.09 (0.29)a,1 9.87 (0.19)a,2 10.22 (0.10)a,1

Calcium  4.53 (0.59)a,2 14.56 (3.77)b,2 18.84 (0.82)c,2
14 days

pH 9.90 (0.17)a,1 10.50 (0.23)b,1 9.96 (0.13)a,1

Calcium  8.33 (1.43)a,3 15.66 (2.22)b,2 15.64 (1.63)b,2
28 days

pH 9.59 (0.45)a,2 9.57 (0.23)a,2 9.69 (0.18)a,2

Calcium  10.68 (2.43)a,3 7.79 (3.37)a,3 14.53 (3.36)b,2

The comparison among groups in the same period is indicated by letters
in the lines; same letters=no statistically significant difference. The com-
parison among periods is indicated by a number in the columns; same
numbers=no statistically significant difference. Tukey test (p<0.05)

calcium ions detected in the solution containing CS+
Nb,Osnano was significantly higher in comparison with
CS+Nb,Osmicro (Table 2).

Tissue reaction

Morphological findings and numerical density
of inflammatory cells (IC)

At 7 days, the capsules adjacent to the materials implanted
exhibited a moderate inflammatory process. Several lympho-
cytes and blood vessels were observed throughout the capsule
(Fig. 2a—c); occasionally, giant multinucleated cells were also
seen (Fig. 2b, c). In this period, the capsules exhibited the
highest number of IC; however, a significant reduction in
the number of IC was observed in the CS+Nb,Osmicro group
when compared with MTA and CS+Nb,Osnano groups
(Table 3).

A significant decrease in the number of IC was observed in
the capsules from 7 to 15 days; however, significant statistical
differences were not detected among the groups in this period
(Table 3). The inflammatory process was mainly located in the
innermost portion of the capsules adjacent to the implants of
CS+Nb,Osnano (Fig. 2e) whereas in the MTA and CS+
Nb,Osmicro groups, the IC were distributed throughout the
capsule (Fig. 2d, f).

Although significant reduction in the number of IC was
observed at 30 days in all groups, the number of inflammatory
cells in the capsules of CS+Nb,Osmicro and CS+Nb,Osnano
materials was statistically lower than in the MTA group
(Fig. 3a—, Table 3).
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Fig. 2 Light micrographs of sections showing portions of capsule
adjacent to the materials implanted in the subcutaneous after 2a—c
7 days and 2d—f 15 days. The letter / indicates the space occupied by
the material (inside of polyethylene tube), which was removed for
obtaining of the histological section. 2a (CS+Nb,Osmicro—7 days)
Numerous inflammatory cells (arrows) and blood vessels (BV) are
present through the thick capsule, x200. 2b (CS+Nb,Osnano—7 days)
Inflammatory cells (arrows) and blood vessels (BV) are observed in the
capsule. Giant cells (GC), x200. 2¢ (MTA—7 days) The capsule adjacent
to MTA contain various inflammatory cells (arrows), some giant cells

After 60 days of implantation, the capsules exhibited typi-
cal bundles of collagen fibers among fibroblasts and
fibrocytes; only few inflammatory cells were seen in the cap-
sules (Fig. 3d—f). Statistically significant differences in the
number of inflammatory cells were not detected among the
groups (Table 3).

Quantitative analysis of IL-6 immunolabeled cells
Sections submitted to immunohistochemistry for IL-6 de-

tection revealed positive immunolabeling (brown-yellow
color) in the cytoplasm of some cells in the capsules, in
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(GC), and blood vessels (BV), x190. 2d (CS+Nb,Osmicro—15 days)
Inflammatory cells (arrows) are situated for the entire capsule, x190. 2e
(CS+Nb,Osnano—15 days) Inflammatory cells (arrows) are present,
mainly, in the portion of the capsule in close contact to CS+
Nb,Osnano; particles of material (asterisks) are seen among
inflammatory cells and blood vessels (BV), x200. 2f (MTA—15 days)
Inflammatory cells, mainly plasma cells (arrowheads) and macrophages
(M), are seen for all the extensions of the capsule. BV blood vessels, x200.
Arrowheads indicate plasma cells and M, macrophages. macrophages.
H&E

all periods; however, an enhanced immunolabeling was
evident in the capsules at 7 days (Fig. 4a—d, f). Accord-
ing to Table 3, the number of IL-6-positive cells was
significantly higher at 7 days; a gradual and significant
decrease was seen in the subsequent periods. Significant
differences were not seen among the groups at 15 and
30 days. At 60 days, a significant reduction in the
number of immunolabeled cells was found in the cap-
sules of CS+Nb,Osmicro group in comparison to the
MTA and CS+Nb,Osnano groups. IL-6 immunolabeling
was not detected in the negative control sections (data
not shown).
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Table 3  Number of inflammatory cells (IC) and IL-6 immunolabeled von Kossa histochemistry reaction
cells per mm? in the capsule adjacent to the different materials and control

group .. . .
Examination of sections submitted to von Kossa method ex-
CS+NbOsmicro  CS+NbyOsnano  MTA hibited positive structures (brown/black color) in the capsule
4 adjacent to the implanted materials in all periods (Fig. Sa—d, ).
ays
IC 605.1 (30.6)a,1 687.9 (19.2)b,1 663.3 (35.8)b,1
IL-6 4533 (14.0)a,1 488.8 (7.8)b,1 4888 (IL1b,1 pec o
15 days
Ic 578.4(20.1)a.2 586.5(17.8)a.2 3760213122 1 i well documented that Bi,Os, used as radiopacifier, inter-
IL-6 1933 (6.0),2 197.7 (9.2)a,2 200.0 (11.1)a,2

feres in some physicochemical properties and biocompatibil-
30 days ity of calcium silicate-based materials [12, 13, 16, 26]. Bi,O;

IC 418.2 (12.3)a,3 398.4 (20.7)a,3 4524 (1333 changes the microstructure of the cement promoting flaws
IL-6 124.4 (9.9),3 128.8 (9.2)a,3 131.5 0-4)a,3 within the cement [12, 14] and, consequently, increases the
60 days porosity and solubility of the material, culminating in the re-
IC 216.0 (3.3)a,4 2164 (4.5)a,4 2123 (102924 duction of its resistance [12, 13]. Other radiopacifying agents
IL-6 48.8(7.3)a4 822 (8.5)b4 89.4 (22)b4 have been suggested in the literature. Niobium is a transition

Mean (standard deviation). The comparison among groups (<0.05) is metal which has shown satisfactory mechanical and biological

indicated by different letters (a and b) in the lines. The comparison among properties in titanium alloys of osseointegrated implants [19].
periods (p<0.05) is indicated by numbers in the various columns The use of niobium pentoxide (Nb,Os), including in the

Fig. 3 Light micrographs of 30d
sections showing portions of
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Fig. 4 Light micrographs of sections showing portions of capsule material (inside of polyethylene tube), which was removed for obtaining
adjacent to the opening of the tubes implanted in the subcutaneous of the histological section. IL-6 immunolabeling (brown-yellow color) is
tissue at 7 days (4a—c) and at 60 days (4d—f). The sections were observed in the cells of the capsule adjacent to the materials. BV blood
submitted to immunohistochemistry for detection of IL-6 and counter- vessel, X500

stained by hematoxylin. The letter / indicates the space occupied by the

nanoparticuled form, as a radiopacifying agent of dental ma-  time values of MTA obtained in the present study are in agree-
terials has shown promising characteristics [20-22]. Despite ~ ment with previous studies, which have reported an initial
this, its influence on the properties of CS cements with thicker ~ setting time ranging from 15.5 to 40 min [13, 18, 27, 28].

consistency to be used, for example, as pulp capping and root-  Furthermore, it has been reported that MTA exhibits final
end filling materials, is yet unknown. setting time varying from 105 to 168 min [13, 27, 28]. It has

Our findings indicated that microparticulated and  been demonstrated that cements with longer setting time are
nanoparticulated niobium oxide provides satisfactory physi-  more prone to dissolution during endodontic surgery, whereas

cochemical and biological properties when added to CS. In  those with extremely short setting times might pose technical
this study, the higher proportion of niobium oxide (30 %)  difficulties during clinical application [18].

added to the CS in comparison to the amount of Bi,O; The results indicated that all materials presented an alkaline
(20 %) in MTA was performed in the attempt to compensate ~ pH in the analyzed periods. This alkalinity occurs due to the
the lower atomic number of niobium (41—atomic number)  formation of calcium hydroxide during the hydration reaction
than bismuth (83—atomic number). The addition of 30 %  of Portland cement, which is the main component of the eval-
microparticulated or nanoparticulated Nb,Os provided to the =~ uated materials. Therefore, similar to MTA, the CS+
CS a radiopacity superior to the minimum value recommend- ~ Nb,Osmicro and CS+Nb,Osnano materials when hydrated
ed to dental materials [27]; however, these values were lower  give rise to calcium hydroxide as a product of the reaction.
than those presented by MTA. The MTA presented average  Soon after, release of calcium hydroxide from the hydrated
value around 4.73 mm Al, which is similar to previous studies ~ cement results in the alkalinity of the storage solution [14],

that reported values ranging to 4.5-8 mm Al [9, 10]. as observed in the present study. The values of pH solutions

The addition of micro- and nanoparticulated Nb,Os to CS ~ did not exhibit significant difference among the groups, ex-
promoted significant increase in the initial setting time incom-  cept the CS+Nb,Osnano at 14 days. Alkalizing activity of
parison to MTA; however, statistical differences were not ob-  calcium silicate-based materials has been reported by other

served in the final setting time among the groups. The setting ~ authors [3, 7, 18]. Gandolfi et al. (2013) [7] showed that
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o —
- CS+Nb,;O:micro

Fig. 5 Light micrographs of sections showing portions of capsule
adjacent to the opening of the tubes implanted in the subcutaneous
tissue at 7 days (5a—c) and 60 days (5d—f). The sections were submitted
to the von Kossa reaction and counterstained by picrosirius. The letter /
indicates the space occupied by the material (inside of polyethylene tube),

MTA-based materials significantly increased the pH of the
solution, mainly in the initial periods from 3 h to 7 days.

The mechanism of calcium hydroxide formation, from the
hydration of Portland cement, may also explain the results
found in the test of calcium ion release since all materials were
able to release calcium ions. However, the addition of niobium
oxide to the calcium silicate-based material promoted a reduc-
tion in the amount of calcium ion release in comparison to
MTA. Considering that the distilled water containing MTA
exhibited a significant increase in the calcium amount in com-
parison to the CS containing niobium oxide (micro and nano),
it is conceivable to suggest that CS+Nb,Osmicro as well the
CS+Nb,0snano may exhibit a reduced solubility in compar-
ison to the MTA.

The analysis of the implants in the subcutaneous revealed
that the association of micro- and nanoparticulated Nb,Os to
calcium silicate-based cement promoted a moderate inflam-
matory reaction. In all groups, the alkaline pH of the materials
may be responsible by the highest number of inflammatory
cells observed in the capsules at 7 days. There is evidence that
alkaline pH stimulates the recruitment of inflammatory cells
and the production of inflammatory cytokines [29, 30]. Be-
sides, these materials may release some substances that

which was removed for obtaining of the histological section. Small von
Kossa-positive structures (black color) are dispersed by throughout cap-
sule (5b, e, f). In (5a, ¢, d), von Kossa-positive structures with irregular
shaped are present in the capsules adjacent to the implanted materials,
%250

stimulate the migration of inflammatory cells and differentia-
tion of macrophages and plasma cells, often, observed in the
capsules adjacent to the materials [26, 29-31]. Thus, the in-
tensity of the inflammatory process reflects the balance be-
tween the reaction products released by materials and cytokines
and growth factors produced by cells of the host [29, 30].

Among the cytokines released by host cells, there are evi-
dences that excessive 1L-6 levels lead to the development of a
chronic inflammatory reaction, and, therefore, it has been sug-
gested that this interleukin plays an important role in the host
response [32]. Thus, the significant reduction in the number of
inflammatory cells and IL-6 immunolabeled cells in the cap-
sules adjacent to the materials from the 15 days indicates that
the CS+Nb,Os5 (micro and nano) as well as MTA did not exert
an irritant effect in the connective tissue for a prolonged peri-
od. Moreover, these materials allowed the decline of inflam-
matory process that was gradually replaced by fibroblasts and
fibrocytes between the thick collagen fiber bundles indicating
therefore that the evaluated materials are biocompatible. At
60 days, the number of IL-6 immunolabeled cells was signif-
icantly reduced in the CS+Nb,Osmicro in comparison to
CS+Nb,0snano and MTA suggesting that nanoparticles did
not improve the biocompatibility of the material.
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In addition, these materials promoted the deposition of von
Kossa-positive structures in the subcutaneous [26, 31, 33]. It
has been suggested that these structures are formed from the
calcium ions released during the hydration of calcium silicate-
based cements such as MTA and Portland cement [3, 7, 31].
The calcium ions can react with carbonate dioxide in the tis-
sues giving rise to calcium carbonate that could act as nucleus
of calcification [34]. Although the Nb,Os decreased the
amount of calcium ions released by CS materials, the CS+
Nb,Osmicro and CS+Nb,Osnano were still able to induce the
deposition of von Kossa-positive structures in subcutaneous
sites. It is important to emphasize that von Kossa reaction
alone is not appropriate for the identification of calcium phos-
phate phases, and, hence, other techniques should be per-
formed to characterize the chemical nature of the calcified
structures [25, 35].

According to the results observed in the present study,
radiopacity, setting time, pH, calcium ion release, and tissue
reaction were not significantly affected by the particle size
(nano- or microparticles). However, the addition of
Nb,Osnano provided a thicker consistency to the CS becom-
ing its handling and insertion into the tubes easier in compar-
ison to the CS+Nb,Osmicro and MTA.

Conclusions

With the exception of reduced initial setting time and low
calcium ion release, the addition of micro-and
nanoparticulated niobium oxide resulted in a material with
satisfactory physicochemical and biological properties. Fur-
thermore, the nanoparticulated radiopacifier did not improve
the physicochemical and biological properties of calcium
silicate-based cement when compared to microparticulated
Nb,Os. So, additional researches are needed to better compre-
hension of the interaction between the nanoparticles and the
calcium silicate-based cement. Furthermore, studies should be
carried out with the purpose to determine the ideal ratio of
niobium oxide in calcium silicate-based materials, before its
use as radiopacifying agent.
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