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Long-term cytotoxic effects of contemporary root 
canal sealers
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Objectives: The aim of the present study was to investigate the effects of root canal 
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and Methods: Fibroblasts (3T3, 1x105 cells per well) were incubated with elutes of fresh 
specimens from eight root canal sealers (AH Plus, Epiphany, Endomethasone N, EndoREZ, 
MTA Fillapex, Pulp Canal Sealer EWT, RoekoSeal and Sealapex) and with elutes of the same 
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of all root canal sealers was determined using the MTT assay. Data were analyzed using 
ANOVA and Tukey’s test. Results: RoekoSeal was the only sealer that did not show any 
cytotoxic effects (p<0.05). All the other tested sealers exhibited severe toxicity initially 
(week 0). MTA Fillapex remained moderately cytotoxic after the end of experimental period. 
Toxicity of the other tested sealers decreased gradually over time. The evaluated root 
canal sealers presented varying degrees of cytotoxicity, mainly in fresh mode. Conclusions: 
RoekoSeal had no cytotoxic effect both freshly mixed and in the other tested time points. 
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tested root canal sealers.
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INTRODUCTION

A complete sealing of the root canal system 
after cleaning and shaping is critical for a successful 
endodontic treatment20. Root canals are traditionally 
������ ��
�� ��

�$������� ��	��� �	�� �� ���
� ��	���
sealer. Although endodontic sealers are designed 
to be used only within the root canal during 
endodontic therapy, sometimes they can extrude 
through the apical constriction13,16. Indeed, they are 
often placed in intimate contact with the periapical 
tissues for an extended period of time12,16. Thus, the 
biocompatibility of root canal sealers is an important 
factor when choosing the best material.

The currently used sealers are based on zinc oxide-
eugenol, calcium hydroxide, polydimethylsiloxane, 
silicone, epoxy resin and methacrylate resin. 
They exhibit a variable degree of cytotoxicity 
depending on the conditions under which testing 
was performed5,6. Most of these sealers exert some 
toxic effect when they are fresh or in short testing 

times2,5,6,21,22. However, these intervals are probably 
inadequate to predict the biological response of 
sealers, which may remain in contact with periapical 
tissues for decades. Only a few studies have 
attempted to evaluate the longitudinal cytotoxicity 
effects of root canal sealers1,2,14,21.

Whereas the cytotoxicity of conventional 
endodontic sealers is well documented1,2,6,14,15,21, 
little is known about the long-term toxicity of newer 
endodontic sealers, such as Epiphany, RoekoSeal 
and MTA Fillapex. Previous reports have shown 
variable results9,11,12,19, so it is of interest to compare 
new and old sealers by standardized cell culture 
methods in the same investigation. Long-term tests 
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be useful to determine the clinical performance of 
root canal sealers. Therefore, the aim of this study 
was to evaluate the cytotoxicity of eight root canal 
sealers over long periods of analysis. 
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MATERIAL AND METHODS

Sample and extract preparation
Eight root canal sealers were evaluated: AH 

Plus, Endomethasone N, EndoRez, Epiphany, MTA 
Fillapex, Pulp Canal Sealer EWT, RoekoSeal and 
Sealapex. The tested materials, product names, 
manufacturers and components are listed in Figure 
1.

The sealers were mixed according to the 
manufacturers’ instructions. Nine discs of each 
sealer were fabricated under aseptic conditions 
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diameter and 2 mm in height. Excess material 
was removed with a sterile scalpel and the sealers 
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1 h. Cytotoxicity of the sealers was assessed 
immediately after mixing and for 5 succeeding 
weeks (weeks 1-5). The extraction was made 
eluting the sealers in cell culture medium using the 
surface area-to-volume ratio of approximately 150 
mm2/mL between the surface of the samples and 
the volume of medium10. The extraction vials were 
agitated for 24 h in water at 37°C. Between tests, 
the specimens were aseptically removed and rinsed 
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previously reported1,15. Control samples containing 
only culture medium were similarly treated. 

Undiluted extracts were used for the testing.

Cytotoxicity assay
Balb/c 3T3 cells (American Tissue Type Collection, 

ATCC, Manassas, VA, USA) were cultured in 
+�������8����������;������������%+�;�*�%=����>�
Invitrogen Grand Island, NY, USA) supplemented 
with 10% fetal bovine serum (FBS) (Sigma-Aldrich, 
Sigma Chemical Co, St Louis, MO, USA), 100 μg/
mL of streptomycin, 100 mg/mL of penicillin at 
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and 0.05% ethylenediaminetetraacetic acid (EDTA) 
for 5 min, and aliquots of separated cells were 
subcultured. Cells were seeded in 24-well plates 
(1x105 cell/well). After overnight attachment, 
cells were exposed to the extracts of the different 
tested sealers (500 μL/well). Cytotoxicity testing 
was repeated immediately after mixing (fresh), and 
then after 1, 2, 3, 4 and 5 weeks to study temporal 
trends in cytotoxicity of the sealers.

Cell viability was determined each week (1-5 
weeks) by the MTT assay: 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide (MTT). 
After the removal of culture medium from each 
well, the cells were gently washed with 1.0 mL of 
phosphate-buffered saline. The wash was replaced 
with a 1 mg/mL MTT-succinate solution (Sigma-

=���!+����!&����� +��������4
AH Plus, Dentsply, Germany Paste A: Epoxy Resins, Calcium 

Tungstate, Zirconium Oxide, Silica, 
Iron Oxide Pigments, Aerosil

Paste B: Adamantane amine, N,N-
Dibenzyl-5-oxanonane, TCD-Diamine, 
Calcium Tungstate, Zirconium Oxide, 

Aerosil

Epiphany, Pentron, USA BisGMA, UDMA, Hydrophilic 
Methacrylates

Endomethasone N, Septodont, France Powder: Hydrocortisone Acetate, 
Thymol Iodide, Barium Sulphate, Zinc 

Oxide, Magnesium Stearate

Liquid: Eugenol

EndoREZ, Ultradent, USA 30% UDMA, Zinc Oxide, Barium 
Sulphate, Resins, Pigments

MTA Fillapex, Angelus, Brazil Salicylate Resin, Diluting Resin, 
Natural Resin, Bismuth Trioxide, 

Nanoparticulated Silica, MTA, 
Pigments

Pulp Canal Sealer EWT, SybronEndo, 
USA

Powder: Silver Powder, Zinc Oxide, 
Thymol Iodide, Dimeric Acid Resin

Liquid: Clove Oil, Canada Balsam

RoekoSeal, Coltene, Germany Polymethylsiloxane, Silicone Oil, 
��������	�
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Acid, Zirconium Dioxide

Sealapex, SybronEndo, USA Paste A: Isobutyl Salicylate Resin, 
Silicon Dioxide, Bismuth Trioxide, 

Titanium Dioxide Pigment

Paste B: N-ethyl Toluene Solfanamide 
Resin, Silicon Dioxide, Zinc Oxide, 

Calcium Oxide

Figure 1- Composition of materials and their manufactures 
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Aldrich) for 4 h. After aspiration of the solution, 
the cell monolayers were rinsed with double-
distilled water. Then the water was completely 
removed. Formazan crystals produced within the 
cells by succinate dehydrogenase (SDH) reduction 
of MTT were dissolved using destaining solution 
(isopropanol–10%NP40-0.4N HCl). Aliquots (100 
μL) of the solution were then transferred from each 
well to a 96-well plate and the absorbance was 
measured at 490 nm using a microplate reader 
(Hitachi, Tokyo, Japan). The formazan content of 
each well was computed as a percent of the control 
group (untreated cells). Cytotoxicity responses 
were rated as severe (30%), moderate (30-60%), 
mild (60-90%) or noncytotoxic (>90%)8.

Data and statistical analysis
All assays were repeated three times to ensure 

reproducibility. Toxicity of the endodontic sealers 
was assessed by measuring cell viability that had 

been determined by SDH activity (MTT assay). Data 
were analyzed by one-way analysis of variance 
(ANOVA), and follow-up comparison between the 
groups was made using Tukey multiple-comparison 
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Data were analyzed using the statistical software 
SPSS® (SPSS; IBM, Chicago, IL, USA).

RESULTS

The results of the MTT assay over all the time 
periods are shown in Table 1 and collectively 
represented in Figure 2. RoekoSeal was the only 
sealer that did not show any cytotoxic effects in any 
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the control (p<0.05). The other sealers showed 
some toxic effects when they were evaluated in 
fresh conditions. After 1 week, Endomethasone N 
and Pulp Canal Sealer EWT became noncytotoxic 
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Materials Fresh Week 1 Week 2 Week 3 B��C!� Week 5

Control 100A,1 100A,1 100A,1 100A,1 100A,1 100A,1

AH Plus 33.9D,3(±4.6) 67.0C,2(±5.3) 91.7AB,1(±5.3) 95.4A,1(±8.2) 95.8A,1(±6.0) 99.1A,1(±6.3)

Endomethasone N 48.2C,2(±3.8) 95.1AB,1(±6.4) 96.4A,1(±6.3) 100.4A,1(±15.4) 100.0A,1(±9.3) 100.3A,1(±7.6)

EndoREZ 12.4E,4(±5.7) 44.8D,3(±7.9) 73.0C,2(±12.3) 78.1B,2(±13.6) 84.9AB,1(±10.9) 93.5A,1(±13.2)

Epiphany 7.5E,5(±4.4) 36.8D,4(±2.5) 52.1D,3(±8.7) 66.7B,2(±12.4) 70.8B,2(±9.6) 91.3A,1(±12.6)

MTA Fillapex 5.0E,4(±3.4) 13.4E,3(±4.7) 15.3E,3(±1.0) 19.7C,3(±4.3) 34.0C,2(±5.9) 57.3B,1(±13.4)

Pulp Canal Sealer 
EWT

47.3C,2(±3.7) 92.4AB,1(±11.3) 97.7A,1(±12.2) 100.5A,1(±12.9) 100.1A,1(±13.6) 100.3A,1(±13.4)

RoekoSeal 93.7A,1(±10.1) 97.3A,1(±7.0) 100.7A,1(±4.0) 99.1A,1(±5.5) 100.4A,1(±12.0) 100.2A,1(±11.9)

Sealapex 66.0B,3(±9.7) 85.4B,2(±3.5) 82.7BC,2(±3.4) 90.5AB,1(±4.2) 93.6A,1(±11.8) 98.9A,1(±9.8)

Table 1- Succinate dehydrogenase activities exhibited by 3T3 cells in the presence of different root canal sealers

The data are normalized against the control group. Values represent means (standard deviations) and are expressed 
as relative percentages of the succinate dehydrogenase (SDH) activity of the control group (100%). For each column, 
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Figure 2- Line chart depicting the changes in cell viability over time after the eight endodontic sealers were repeatedly 
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control group or RoekoSeal (p<0.05). Fresh AH Plus 
was moderately cytotoxic, it was mildly cytotoxic 
after 1 week and become noncytotoxic after 2 
weeks. Fresh Sealapex was mildly cytotoxic and 
became noncytotoxic after three weeks. EndoREZ 
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SDH activity over time (p<0.05, Table 1) and after 5 
weeks both became noncytotoxic. Conversely, MTA 
Fillapex remained severely and mildly cytotoxic over 
the entire experimental period. At the end of the 
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other tested sealers, which became noncytotoxic.

DISCUSSION

Root canal sealers should be biocompatible 
since they may get in intimate contact with the 
periapical tissues for an extended period of time. 
The direct contact and the degradation of sealers 
over time could induce cytotoxic damage to cells 
and tissues and adversely affect the outcome of 
the root canal treatment12,13,16,25. This study was 
designed to determine the longitudinal cytotoxicity 
behavior of eight contemporary endodontic sealers 
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freshly mixed sealers is relevant as they are placed 
into the root canal system in a freshly mixed and 
incompletely polymerized stage, it is important 
to evaluate sealers over extended periods after 
setting because it is likely that, during some time 
after clinical application, changes in cytotoxicity 
levels may be observed after diffusion of toxic 
components from the materials into the surrounding 
environment. This could be confirmed as all 
tested sealers showed different degrees of toxicity 
reduction after repeated testing at extended time 
periods.

The long-term evaluation is also more 
advantageous than previous strategies that 
assessed cytotoxicity for a shorter period because 
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that are characteristic of each sealer. RoekoSeal 
was the only sealer that did not exhibit cytotoxic 
effects both freshly mixed and in the other tested 
time points. RoekoSeal is a silicone-based sealer, 
which is described as a biocompatible material18. 
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previous studies that showed that RoekoSeal was 
only little cytotoxic or completely non-cytotoxic 
even in fresh conditions9,11,12,21. The relatively 
severe and mild cytotoxic responses exhibited by 
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results reported in previous studies2,7,9,11,12,18,22,23. 
This could be attributed to the release of small 
amounts of toxic substances present in the sealers. 
Probably as a result of the diminished leaching of 
these toxic substances, the cytotoxicity of the tested 

sealers decreased in the aged specimens. Previous 
reports with different methodologies showed similar 
cytotoxic reduction after 5 weeks1,15,18.

MTA Fillapex was developed in an attempt to 
combine the physicochemical properties of an 
endodontic sealer with the excellent biological 
properties of MTA. According to the present results, 
MTA Fillapex showed a severe cytotoxicity when 
cells were exposed to the fresh elute of the sealer. 
This toxicity did not decrease over time. A longer 
period may then be required before the sealer can 
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which strongly affected cell viability by MTA Fillapex 
was observed using several methodologies4,19. 
The results suggest correlations between the 
components, such as salicylate resin, diluting resin 
and silica with the cytotoxic effects.

Although the relevance of in vitro toxicity 
assays to clinical conditions has been frequently 
questioned, it appears that the biological risks 
of endodontic sealers is relatively high, as the 
components of various root canal sealers may 
induce potential tissue toxicity, leading to apical 
periodontal tissue damage and inflammatory 
responses6,24. Unfortunately these materials might 
remain in close contact with periapical tissues 
for long periods. Even in cases where the sealer 
does not reach directly the periapical region, there 
is always the possibility of elutable substances 
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leaching through the dentinal tubules, lateral and 
accessory canals or apical foramina3. However, 
according to the results of this study, after 5 weeks, 
endodontic sealers exhibited non-cytotoxic effects 
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for adverse effects. So, despite the transitory 
irritability that endodontic sealers may cause to 
periapical tissues, endodontists should evaluate 
the advantages and disadvantages of sealer 
extrusion since the unsealed remaining areas in the 
apical region may serve as microorganism niches, 
initiating or perpetuating an endodontic failure17.

CONCLUSION

The evaluated root canal sealers presented 
varying degrees of cytotoxicity, mainly in fresh 
conditions. RoekoSeal had no cytotoxic effect both 
freshly mixed and at the other tested time points. 
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cell viability when compared with the other tested 
root canal sealers.
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