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ABSTRACT

Background: The constant development of new root canal sealers has allowed the solution of a 
large number of clinical cases in endodontics, however, cytotoxicity of such sealers must be tested 
before their validation as fi lling materials. The aim of this study was to evaluate the cytotoxic effect 
of a new Copaiba oil-based root canal sealer (Biosealer [BS]) on osteoblast-like Osteo-1 cells.
Materials and Methods: The experimental groups were formed according to the culture medium 
conditioned with the tested sealers, as follows: Control group (CG) (culture medium without 
conditioning); Sealer 26 (S26) - culture medium + S26; Endofi ll (EF) - culture medium + EF; AH 
Plus (AHP) - culture medium + AHP; and BS - culture medium + BS (Copaiba oil-based sealer). The 
conditioned culture medium was placed in contact with 2 × 104 cells cultivated on 60 mm diameter 
Petri dishes for 24 h. Then, hemocytometer count was performed to evaluate cellular viability, 
using Trypan Blue assay. The normal distribution of data was tested by the Kolmogorov-Smirnov 
test and the values obtained for cellular viability were statistically analyzed (1-way ANOVA, Tukey’s 
test - P < 0.05), with a signifi cance level of 5%.
Results: S26, EF and AHP presented decreased cellular viability considerably, with statistical 
signifi cance compared with CG (P < 0.05). BS maintained cellular viability similar to CG (P > 0.05).
Conclusion: The Copaiba oil-based root canal sealer presented promising results in terms of 
cytotoxicity which indicated its usefulness as a root canal sealer.
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methods are considered simple, reproducible and 
reliable for biological evaluations.[4]

Several root canal sealers are currently available 
on the market and they are classifi ed into fi ve large 
groups according to their chemical composition: 
Zinc oxide-eugenol-based sealers, sealers 
containing calcium hydroxide, resin-based sealers, 
glass ionomers-based sealers and those based on 
silicone.[2,5-7] Despite the great variety of root canal 
sealers, there is still no material which fulfi lls 
the ideal requirements of the American National 
Standards Institute/American Dental Association 
(ANSI/ADA).[7] Thus, the development of new root 
canal sealers with adequate physico-chemical and 
biological properties is crucial.[6]
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INTRODUCTION

Root canal sealers are generally irritating to the 
periapical tissues. Therefore, they may inhibit the 
healing processes and consequently infl uence the 
success of the endodontic treatments.[1]

In vitro cytotoxicity assays are extensively used in 
the preliminary testing of new sealers,[2,3] since such 
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Copaiba is an oil-resin produced by the exudation of 
the trunks of trees from the Copaifera genus.[8] The 
material excreted is a transparent liquid, bright, with a 
coloration ranging from yellow to brown.[8] Moreover, 
pharmacological studies have demonstrate its anti-
infl ammatory, analgesic, reparative, anti-nociceptive, 
anti-tumoral and antimicrobial properties[9-14] and 
previous studies have demonstrated that Copaiba 
oil-resin is not cytotoxic toward Swiss mice (Mus 
musculus) liver cells.[14]

Given the properties and wide use of Copaiba oil-resin 
in folk medicine, studies related to the application of 
this phytotherapeutic substance in dentistry need to be 
carried out.

Therefore, a new endodontic root canal sealer 
(Biosealer [BS]) based on this phytotherapy substance 
was fi rst developed in 2010,[15] comprised of powder 
and liquid. The powder is composed of zinc oxide, 
calcium hydroxide, bismuth subcarbonate and sodium 
tetraborate and the liquid is Copaiba oil-resin. 
Moreover, Garrido et al.[15] have reported that BS 
presented adequate physicochemical properties, such as 
setting-time, fl ow, fi lm thickness, dimensional stability, 
radiopacity and solubility/disintegration, in accordance 
with the ANSI/ADA specifi cation no. 57.[16]

The aim of the present study was to evaluate the 
potential cytotoxic effect of a Copaiba oil-based root 
canal sealer on cultured immortalized Osteo-1 cells 
line, in comparison with three different sealers: AH 
Plus (AHP), Endofi ll (EF) and Sealer 26 (S26). The 
null hypothesis tested was that there would be no 
difference in the cytotoxicity caused by the sealers.

MATERIALS AND METHODS

Culture of Osteo-1 cells
Immortalized osteoblast-like Osteo-1 cells were cultured 
in an incubator at 37°C in Dulbecco Modifi ed Eagle 
Medium (DMEM, Sigma-Aldrich, Inc., St. Louis, MO, 
USA) supplemented with 10% - fetal bovine serum 
(Cultilab, Campinas, SP, Brazil) and 1% - antibiotic-
antimycotic solution (Sigma-Aldrich, Inc., MO, USA) 
in a humid atmosphere containing 5% CO2 and 95% 
air. An uniform suspension containing single cells 
suspension was placed in a conical centrifuge tube. The 
cells suspension was pipetted up and down in the tube 
using a 10 ml pipette. The cells were daily checked 
for growth, using a light microscope under ×100 
magnifi cation, until an adequate number of cells were 
obtained to perform the study.

Conditioning or induction of cultivation media 
(indirect technique)
In order to carry out this study, fi ve experimental 
groups were designed, as follows: Control group 
(CG) (culture medium without sealer); S26 - culture 
medium + S26 (Dentsply/Maillefer, Tulsa, OK, USA) 
(calcium hydroxide and resin-based sealer); EF - 
culture medium + EF (Dentsply/Maillefer, Tulsa, OK, 
USA) (zinc oxide and eugenol-based sealer); AH - 
culture medium + AHP (Dentsply/Maillefer, Tulsa, 
OK, USA) (resin-based sealer) and BS - culture 
medium + BS (Experimental sealer developed by the 
authors) (Copaiba oil-based sealer) [Table 1].

After preparation of each sealer according to 
manufacturer’s recommendations, 5 mg of each root 
canal sealer was placed to the bottom of a test tube 
(50 ml) with the aid of a Pasteur pipette and 30 ml 
of the culture medium. The test tubes were properly 
identifi ed according to the experimental group and 
maintained for 24 h in an incubator at 37°C in 5% 
CO2. It is notable that in CG, the culture medium was 
not conditioned by any substance.

Cellular viability test (short-term)
Suspensions of Osteo-1 cells were seeded in 60 mm 
diameter Petri dishes (2 × 104 cells/dish). These cells 

Table 1: Experimental groups and root canal sealers 
composition

Groups/
sealers

Composition Manufacturer

CG Culture medium alone —
S26 Powder: Bismuth (III) oxide; 

hexamethylene tetramine; TiO2; 
Ca (OH)2

Dentsply/Maillefer, 
Tulsa, OK, USA

Liquid: Bisphenol-A-
diglycidylether

EF Powder: ZnO; resin (staybelite); 
bismuth subcarbonate; barium 
sulfate; borax

Dentsply/Maillefer, 
Tulsa, OK, USA

Liquid: Eugenol; peanut oil
AHP Paste A: Epoxy resin; calcium 

tungstate; zirconium oxide; 
aerosil; iron oxide

Dentsply/Maillefer, 
Tulsa, OK, USA

Paste B: Adamantane amine; 
N, N-dibenzoy l-5-oxanoname; 
diamine-1, 9-TCD-diamine; 
calcium tungstate; zirconium 
oxide; silicone oil; aerosil

BS Powder: ZnO; Ca(OH)2; 
bismuth subcarbonate; nature 
resin; borax

Experimental root 
canal sealer developed 
by the authors

Liquid: Copaiba oil-resin

CG: Control group; S26: Sealer 26; EF: Endofi ll; AHP: AH Plus; BS: Biosealer; 
TCD: Tricyclodecane
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grew adhering to the bottom of the Petri dish forming 
monolayers; and 3 days after the plaque formation, 
when the cultures became confl uente, the culture 
media were substituted by fresh medium from the 
CG and by media induced with the tested sealers 
(S26, EF, AHP and BS). After 24 h of incubation 
at 5% CO2 and 37°C, the cells were stained with 
0.4% Trypan Blue in phosphate buffered saline. 
Hemocytometer counts of live and dead cells were 
performed blindly by a single examiner in a Neubauer 
Chamber coupled to an inverted phase microscope at 
×100 magnifi cation (TS100, Nikon, Tokio, Japan). 
Each large square of the hemocytometer represents a 
total volume of 0.1 mm3 (1.0 mm × 1.0 mm × 0.1 
mm). The cellular viability was obtained through the 
following mathematical formula: Number of viable 
cells (unstained)/total number of cells (viable and 
dead), multiplied by 100.

Statistical analysis
Five replicates of each group were performed in the 
test. The normal distribution of data was tested by the 
Kolmogorov-Smirnov test and the values obtained for 
cellular viability were statistically analyzed (1-way 
ANOVA, Tukey’s test - P < 0.05), with a signifi cance 
level of 5%.

RESULTS

Figures 1 and 2 present the cellular viability mean 
values and the comparison of data among the 
different groups. It could be observed that there was 
statistically signifi cant difference among the groups 
(P < 0.05). The cell viability of CG (95.02 ± 1.95) 
was statistically different from S26 (2.77 ± 2.37), 

AHP (5.98 ± 5.13) and EF (76.70 ± 7.60). The results 
in GC were statistically similar - to BS (95.36 ± 1.53). 
Furthermore, S26 and AHP presented the lowest 
cellular viability mean values in comparison with the 
other groups.

DISCUSSION

Cytotoxicity of new root canal sealers must be 
evaluated before their validation as a reliable option 
for endodontic therapy.[1-3] The aim of the present 
study was to evaluate the cytotoxic effect of a Copaiba 
oil-based root canal sealer (BS) on osteoblast-like 
Osteo-1 cells, comparing it with AHP, EF and S26. 
Based on the results, the tested null hypothesis 
was rejected, since the root canal sealers presented 
different behavior regarding cellular viability.

The biocompatibility study of a root canal sealer 
is a fundamental requirement before its clinical 
application.[7] Many studies have shown that the 
cytotoxicity of several endodontic materials can be 
investigated through cellular culture tests.[17,18]

Different cell cultures are used for cytotoxicity 
evaluation. In the present study, osteoblast-like 

Figure 1: The viability of osteoblast-like Osteo-1 cells 
percentages according to the different root canal sealers (one-
way ANOVA, Tukey’s test - P < 0.05)

Figure 2: Cells counting procedure - photomicrographs of the 
Neubauer Chamber on inverted phase microscope. Live cells 
appear in suspension, colorless and bright (refractile) under 
phase contrast (arrow). Dead cells, non-viable, are stained 
with Trypan Blue and are non-refractile. (a) Control group, (b) 
sealer 26, (c) Endofi ll, (d) AH Plus and (e) Biosealer (×100)

a b

d

c

e
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Osteo-1 cells were selected because root canal 
sealers are constantly in contact with similar cells 
in periapical region.[6] Thus, sealers should not be 
cytotoxic, preventing the repair process of the apical 
region.[6] Regarding the method used to determine 
cellular viability, Trypan Blue dye exclusion assay is 
one of the most common methods for cell viability 
measurement tests.[17] The method consists of the 
alteration in the cells membrane integrity determined 
by the uptake of the dye by dead cells. However, 
despite this method allows a direct measure of cell 
viability, the absence of contrast in cells membrane 
makes it diffi cult to differentiate unstained and stained 
cells.[17] Based on the cellular viability test results, 
it was observed that the experimental sealer based 
on Copaiba oil-resin was not cytotoxic,. The authors 
believe that this fact may be related to the inherent 
properties of Copaiba oil-resin, such as biological 
compatibility,[13,14] reparative[19] and anti-infl ammatory 
properties.[12] According to Kobayashi et al.,[12] 
Copaiba oil is composed of sesquiterpenes with the 
predominance of β-caryophyllene (36.0%), α-copaene 
(18.8%), β-bisabolene (8.5%) and α-trans-bergamotene 
(7.0%). Administration of 100 and 200 mg/kg doses 
at a concentration of 200 μl/ml Copaiba oil presented 
anti-infl ammatory effects, decreasing leukocyte 
migration rates to the pleural cavity in rats and to the 
chemotactic agent lipopolysaccharide solution.

Garcia et al.,[13] in a recent study, evaluated the 
biological compatibility of the non-fractionated 
and volatile fraction of the Copaiba oil-resin in 
the connective tissue of rats. The authors reported 
a tissue reaction of chronic development, highly 
cellularized and vascularized at the initial time, with a 
predominance of mononuclear cells. The infl ammatory 
reaction was moderate in the initial period, as a 
natural response in short periods of time; however, 
the histopathological events signifi cantly decreased at 
the fi nal period of observation.

Moreover, similar results were reported by Almeida 
et al.,[14] which evaluated the cytotoxic and genotoxic 
effect of the Copaiba-oil resin and its volatile and 
resinous fractions. Under the experimental conditions, 
the Copaiba-oil resin itself and volatile and resinous 
fractions from commercial Copaiba oil-resin presented 
no mutagenic or genotoxic effects, corroborating the 
results of the present study.

The reason that BS presented no cytotoxicity is 
probably due to its powder formulation, which did not 

allow the release of irritant substances. The choice of 
the powder components was based on their biological 
properties, with the aim of minimizing the toxic effect 
of the sealer. The zinc oxide, corresponding to 27.89% 
of the sealer formula, is an effi cient antimicrobial 
agent and has been shown to have a cytoprotective 
effect on the living tissues.[20] The calcium hydroxide, 
corresponding to 27.89% of the sealer formula, is 
a substance which increases the biocompatibility 
due to the medium alkalinization, stimulating the 
periapical repair process through collagenization and 
mineralization.[21] The bismuth subcarbonate is selected 
as radiopacifying agent (21.91%), since bismuth is 
considered as one of the least toxic heavy metals.
[22] Furthermore, according to Sousa Neto et al.,[23] 
bismuth subcarbonate gives a greater radiopacifying 
effect than barium sulfate and also allows achieving 
adequate physico-chemical properties.

Natural resin is another constituent of the cement 
powder, representing 21.91% of its formulation. 
Natural resin or pitch has a more acid pH than the 
hydrogenated resin,[23] and according to Söderberg,[24] 
increases the cellular membrane permeability and 
consequently, the cytotoxicity. However, Sunzel et al.[20] 
have demonstrated that although natural resins contain 
cytotoxic resinous acids, the addition of zinc effectively 
reduces the toxicity of the natural resin. Therefore, the 
low toxicity of the cement may also be related to the 
association of the zinc oxide powder with the natural 
resin in the cement powder formulation.[20] Finally, the 
sodium tetraborate (anhydrous) or borax was included 
to the formula in a very low quantity (0.40%) and did 
not interfere with the cement toxicity.

Furthermore, the lack of toxicity of the experimental 
sealer may be related to the setting mechanism of 
the material. BS results from an acid-base reaction 
of the acid components of the Copaiba oil-resin with 
the basic components of the powder, forming a low 
irritant salt.[15]

In the current study, AHP, S26 and EF presented high 
cytotoxicity. These results are in agreement with the 
reports of some published studies,[2,3,7] which showed 
that there is no ideal root canal sealer present in terms 
of biological compatibility.

S26 is a material which contains cytotoxic chemical 
substances such as hexamethylenetetramine, titanium 
dioxide and the resin bisphenol-A diglycidyl.[25,26] 
Huang et al.[21] in their study observed genotoxic effects 
of root canal sealers that release paraformaldehyde 
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or substances which have a mutagenic effect, 
such as bisphenol-A diglycidylether. Therefore, 
S26 has two factors which are responsible for its 
intense cytotoxicity: The presence of bisphenol-A 
diglycidylether in its composition; and the release 
of formaldehyde from the hexamethylenetetramine 
during its setting process.[21]

Many studies have confi rmed the high cytotoxicity 
of AHP.[21,27,28] Cohen et al.,[27] conducted cytotoxicity 
tests with AHP, based on the methods described in the 
International Organization for Standardization. The 
biological reaction of L929 mouse fi broblast cells to 
the tested sealer demonstrated that AHP was cytotoxic 
and do not meet the requirement of the agar diffusion 
test. However, other studies have demonstrated the 
low cytotoxicity of this sealer.[3,7] The inconsistency 
of these results may be related to the experimental 
conditions, in which in vitro and in vivo tests were 
conducted.[29]

Endodontic sealers based on zinc oxide-eugenol 
release free eugenol molecules during the setting 
process of the material. Thus, the intensity of the 
infl ammatory response is directly proportional to 
the quantity of eugenol released by the sealer.[30] 
According to Serene et al.,[30] eugenol can inhibit the 
adhesion of macrophages, inhibiting cellular activity. 
Furthermore, a sealer which hardens very slowly may 
irritate the periapical tissues. Thus, the setting-time 
must not be excessively long.[30]

Sealers with shorter setting-time, such as BS and 
EF,[15] may favor the biological compatibility when 
compared with sealers with longer setting-times, such 
as S26 and AHP, since the cytotoxic components 
in the plastic state, such as unreacted monomers 
(bisphenol-A diglycidylether), may be released into 
the medium for longer periods allowing greater 
cytotoxicity and tissue irritation.[25,26]

Although the results of the in vitro cytotoxicity 
experiments using cellular cultivation cannot be 
directly interpreted in terms of in vivo application, 
the fact that the experimental sealer based on Copaiba 
oil-resin did not cause damage to the osteoblasts-like 
cells line indicates the possible biocompatibility of 
this new root canal sealer.

CONCLUSION

Based on the results obtained, experimental sealer 
(BS) presented low toxicity in vitro, indicating that 

this is a promising material for endodontic application. 
However, it is valid to emphasize that new toxicity 
tests must be carried out in vivo, since different levels 
of biological tests should be performed prior to root 
canal sealer application in humans.
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