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Effect of time of extraction on the 
biocompatibility of endodontic sealers 
with primary human fibroblasts

Abstract: The aim of this work was to evaluate the effects of different 
times of extraction on the cytotoxicity of six representatives of different 
root canal sealer groups—Real Seal SE, AH Plus, GuttaFlow, Sealapex, 
Roth 801, and ThermaSeal Plus—with human gingival fibroblasts. The 
materials were prepared according to manufacturers’ specifications, and 
were incubated in culture medium (DMEM) at 37°C for 1, 7, 14, 21, 
and 28 days, with daily washing, to simulate periodontal ligament clear-
ance. Human fibroblasts were exposed to the final extracts at 24 hours, 
and cell viability was determined by MTT assay, with exposure to un-
conditioned DMEM as a negative control. Statistical analysis compar-
ing cytotoxicities at each exposure time was performed by ANOVA with 
Scheffé adjustment for multiple comparisons at a 95% confidence level. 
Results indicated that GuttaFlow was significantly less cytotoxic than 
all other sealers (p < 0.05) at 1 day of extraction. After 7 days of extrac-
tion, cell viability for GuttaFlow was significantly increased as compared 
with that of all groups except sealer AH Plus. At day 14, cytotoxicity of 
Sealapex was significantly higher than that of all other sealers (p < 0.05). 
At days 21 and 28, there were no significant differences in cytotoxic-
ity among sealer groups. All materials presented some level of cytotoxic-
ity to fibroblasts, while GuttaFlow was the least cytotoxic sealer tested. 
However, the cytotoxicity of all materials seemed to decrease similarly in 
a time-dependent manner.

Descriptors: Materials Testing; Endodontics; In vitro.

Introduction
A wide range of root canal sealers is presently available, based on dif-

ferent chemical compositions such as epoxy resins, calcium hydroxides, 
polyvinylsiloxane-based materials, and zinc oxide-eugenol, presenting 
diverse physical properties, functionalities, and practical features.

Zinc oxide-eugenol formulations have been among the most widely 
used sealers in the last 80 years.1 Representatives of this group, such as 
Roth 801, may include Bi and Ba salts for x-ray contrast and present 
some antibacterial activity, as well as better wettability of dentin and 
gutta-percha surfaces than other sealers.2

Resin-based sealers also have decades of successful use in Endodon-
tics. Epoxy-based sealers, such as AH Plus, exhibit very low shrinkage 
rates during setting, as well as long-term dimensional stability, and po-
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lymerization without formation of formaldehyde.3 
Thermaseal Plus is another example of an epoxy-
resin sealer, which has been demonstrated as pre-
senting significantly less leakage than other sealer 
groups.4 Other important resin-based materials are 
the thermoplastic synthetic urethane dimethacry-
late-based root-filling materials such as RealSeal or 
Epiphany,5 described as presenting increased resis-
tance to fractures of root-filled teeth.6

Calcium hydroxide materials represent yet an-
other important family of sealers. Materials from 
this group, such as Sealapex and Apexit, are expect-
ed to present bioactivity, even though with complex 
setting reaction and lack of physical sturdiness.1

The stability and adhesive properties of silicone 
led to the production of sealers such as GuttaFlow, 
a combination of nanometer-sized silver particles, 
gutta-percha powder, and polydimethylsiloxane, 
developed with the intention of overcoming the dis-
advantages of the warm gutta-percha obturation 
technique.7 The slight expansion of these materi-
als during setting is conjectured to result in an im-
proved apical seal of the root canal system.8

Regardless of their composition, root canal seal-
ers should be biocompatible and present satisfac-
tory physico-chemical properties. International 
standards9 advise that the assessment of biocom-
patibility is critical prior to the clinical use of root-
filling materials. In this context, in vitro cytotox-
icity assays are helpful for the initial evaluation of 
biocompatibility of dental materials, allowing for 
simple, reproducible, and controlled results. More-
over, the use of human primary cells in such tests is 
considered a gold standard in toxicology, due to a 
higher correlation with expected clinical results, as 
compared with animal-originating and or tumoral/
transformed lineages.

Another factor possibly affecting the results of 
indirect cytotoxicity tests is the time of extraction 
in culture media prior to cell exposure. Even though 
myriad investigators have already studied the cyto-
compatibility of representatives of all major groups 
of endodontic sealers, very different methodologies 
have been used, with variations in cell type, and 
times of extraction ranging from a few hours to sev-
eral weeks after setting, making it very difficult to 

compare the biocompatibilities of different groups 
of sealers. Camps and About10 also demonstrated 
that standard methodologies tend to overestimate 
the cytotoxicity of sealers, leading to results con-
flicting with the clinical performance of these ma-
terials. In this manner, it is possible that conflicting 
results and very differing cytotoxicity profiles found 
for diverse groups of materials in several studies on 
cytotoxicity might be related to differences on the 
methodological approach, including choice of cell 
type, time of extraction, or periodic removal of ex-
posure media.

Therefore, the aim of this work was to evaluate 
and compare the cytotoxicities of representatives of 
major groups of endodontic sealers (RealSeal SE, 
AH Plus, GuttaFlow, Sealapex, Roth Root 801, and 
ThermaSeal Plus) to primary human gingival fibro-
blasts (HGF), in the same methodological approach 
and with different times of extraction (from 1 to 28 
days), with constant change of medium of exposure, 
to simulate, to some extent, the clearance of the 
periodontal ligament.

Methodology
Preparation of extracts

Table 1 presents the compositions of the six 
tested sealers. Each material (0.1  g) was prepared 
according to the manufacturer’s instructions, and 
fragments with diameters of less than 0.5 cm were 
immediately immersed in 1  mL of serum-free 
DMEM9 (GIBCO Invitrogen, Grand Island, USA), 
and incubated at 37°C for 1, 7, 14, 21, or 28 days. 
Extracts were renewed daily to simulate periodontal 
ligament clearance.10,11 The final extracts were col-
lected and filtered through a 0.22-µm filter (Mil-
lexTM GP, Millipore, Cork, Ireland).

Cell culture
Human gingival fibroblasts (HGF) were ob-

tained from the Laboratory of the Department of 
Oral Biological and Medical Sciences of The Univer-
sity of British Columbia (Vancouver, Canada). Cell 
cultures between 6th and 9th passages, cultivated in 
DMEM containing 10% fetal bovine serum (GIB-
CO Invitrogen, Grand Island, USA) and 1% antibi-
otic and antimicotic, at 37°C / 5% CO2, were seeded 
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at a density of 3 × 104 cells mL−1 in wells of a 96-
well plate and incubated for 24 h at 37°C / 5% CO2. 
Cells were exposed by replacement of the medium 
of each well with 200 µL of one of the extracts pre-
viously described, followed by incubation for 24 h, 
and MTT assay. The experiments were performed 
twice and run in triplicate.

Cytotoxicity assay
The effects of the different sealers on HGF cells 

were evaluated by 3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyl tetrazolium bromide) MTT assay (Sigma, 
St. Louis, USA). A tetrazolium reagent is reduced by 
mitochondrial dehydrogenases into blue formazan 
molecules, which can be measured by spectropho-
tometry.12 The amount of formazan produced is di-
rectly proportional to the total viable cell number. 
After each experimental period, the medium was 
replaced by MTT solution (5  mg/mL) diluted 1:10 
in PBS (100 µL/well) and incubated for 3 h at 37°C. 
The supernatant was removed, and the formazan 
crystals were dissolved with a solubilizing agent. 
Optical density (OD) was measured with a micro-

plate reader (Model 3550, Bio-Rad, Richmond, 
USA) at 595 nm. Cell viability was expressed as a 
percentage of the negative control, i.e., HGF cells 
exposed to unconditioned medium.

Statistical analysis
Statistical analysis was performed by Analysis 

of Variance (ANOVA) for each experimental peri-
od, followed by Scheffé test adjustment for multiple 
comparisons at a 95% confidence level.

Results
Figure 1 shows the cytotoxicities of sealers at 

different extraction times. At day 1, the number of 
viable cells exposed to GuttaFlow was significantly 
different from all other groups (p < 0.05). At seven 
days, the number of viable cells in the GuttaFlow 

group remained significantly different (p  <  0.05) 
from most tested sealers, except for AH Plus. Also, 
unlike the first day of extraction, there were signifi-
cant differences (p < 0.05) between several pairs of 
endodontic sealers other than GuttaFlow. At day 
14, the cell viability for GuttaFlow was significantly 

Product and manufacturer Component A Component B

GuttaFlow
(Coltène-Whaledent, 
Langenau, Germany)

GuttaFlow primer: heptane GuttaFlow:
polydimethylsiloxane, paraffin 
oil, platinum catalyst, 
zirconium dioxide, nano-silver, 
gutta-percha powder

Real Seal SE
(SybronEndo, Orange, USA)

BisGMA, ethoxylated BisGMA, 
UDMA, hydrophilic monomers
Fillers: calcium hydroxide, barium 
sulfate, barium glass, silica

AH Plus 
(Dentsply/Maillefer, 
Konstanz, Germany)

Epoxy resins, calcium tungstate, 
zirconium oxide, aerosil, iron oxide

Adamantane amine, N,N-
dibenzyl-5-oxanonane, TCD-
diamine, calcium tungstate, 
zirconium oxide, aerosil

Thermaseal Plus (Dentsply/
Maillefer, Konstanz, 
Germany)

Epoxy resin, calcium tungstate, 
zirconium oxide, aerosil, iron oxide

Adamantane amine, N,N-
dibenzyl-5-oxanonane-
diamine-1,9, TCD-diamine, 
calcium tungstate, zirconium 
oxide, aerosil, silicone oil

Sealapex
(Kerr, Romulus, USA)

Calcium oxide, bismuth trioxide, 
zinc oxide, sub-micron silica, 
zinc stearate, titanium dioxide, 
tricalcium phosphate

Blend, ethyl toluene 
sulfonamide, poly (methylene 
methyl salicylate) resin, 
isobutyl salicylate

Roth Root 801 
(Roth International, Chicago, 
USA)

Zinc oxide, hydrogen resin, 
bismuth subcarbonate, barium 
sulfate, sodium borate

Eugenol, sweet almond oil

Table 1 - Composition of the 
endodontic sealers  

investigated
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different (p < 0.05) only from Sealapex. There were 
significant differences between the following pairs 
of sealers (p < 0.05): 
•	RealSeal and AH Plus, 
•	RealSeal and Thermaseal Plus, 
•	RealSeal and Sealapex, 
•	AH Plus and Sealapex, 
•	Thermaseal and Sealapex, and 
•	 Sealapex and Roth. 

However, at 21 and 28 days, there were no sig-
nificant differences among the tested materials 
(p > 0.05).

Discussion
The cytotoxicities of endodontic sealers may be 

affected by several factors, such as composition, 
setting characteristics, stability, and area between 
the root canal filling and adjacent soft and hard tis-
sues.13,14

In the present study, an in vitro model was cho-
sen for the evaluation of biocompatibility, due to the 

advantages of using standardized growth medium 
composition, a defined incubator milieu, and sterile 
working conditions, allowing for an accurate quan-
titative and qualitative evaluation of the results.9 
Also, the extracts used in this study were undiluted 
at day 1, since a pilot study demonstrated that cyto-
toxicity increased concomitantly with extract con-
centration (data not shown). The major feature of 
the present methodology, however, is the assaying 
of a wide range of times of extraction after setting, 
with a daily washing of the material, in an attempt 
to simulate, to some degree, the clearance to which 
filling materials may be exposed with the internal 
circulation of body fluids, such as blood and extra-
cellular matrix from the root canal system.10,11 Such 
clearance might decrease the inherent cytotoxicity 
of the representatives of all groups of endodontic 
sealers tested here.

Special care must be taken in the selection of 
the cell type or lineage for the evaluation of a giv-
en biomaterial, since they must behave reliably, 
similarly to the affected tissue in vivo. AL-Nazhan 

Figure 1 - Cell viability expressed as a percentage of control mean viable cells (± standard deviation), after each extraction time 
(n = 6). Asterisks indicate significant differences in the intraday analysis (ANOVA followed by Scheffé test adjustment, p < 0.05).
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and Spangberg15 demonstrated that periodontal 
ligament cells, from either established permanent 
lines or primary cultures, are adequate for in vitro 
methods for the testing of dental filling materials. 
Moreover, Willershausen et al.16 have demonstrated 
that diploid human fibroblasts of gingival and na-
sal origin present improved sensitivity when com-
pared with transformed epithelial tumor cells. This 
may be a problem commonly faced in studies with 
transformed cells, which are usually aneuploid. The 
expected desirable similarity of primary cell culture 
with in vivo tissue responses, and the recognition of 
human gingival fibroblasts as an adequate model for 
the early detection of possible cytotoxic effects of 
root canal filling materials,16-19 led to the choice of 
these cells in the present methodology.

GuttaFlow consists of a very fine gutta-percha 
powder, making it the first flowable sealer/gutta-
percha combination at room temperature.20 Even 
though the literature has described an increase on 
this material’s cytotoxicity with time after mixing, 
which could be attributed to the release of silver 
particles,8 in the present work GuttaFlow was less 
cytotoxic than all other sealers tested, at most expo-
sure times.

It was found that Real Seal or Epiphany exhib-
ited more cytotoxicity at days 1 and 7 than at oth-
er time intervals. Other studies have corroborated 
these findings, showing that Epiphany or Real Seal 
was cytotoxic at the 24-hour time interval.8,11,21,22 
However, in contrast to our results, other authors23 
found that the cytotoxicity of this material increases 
with time. It is important to note, however, that the 
longest time used in other works was considerably 
lower than those used in the present methodology. 
As described previously, initial cytotoxicity could 
be explained by the monomer constituents of the 
dentine-bonding agents Bis-GMA and urethane di-
methacrylate (UDMA), as well as by the precursor 
Bis-MA. Additionally, cytotoxicity could be attrib-
uted to the triethyleneglycol dimethacrylate (TEG-
DMA) component.8,11,21-23

In contrast to the present results, Merdad et al.13 
demonstrated that freshly mixed Epiphany (0  h) 
showed a moderate cytotoxic effect, undetectable 
at 24  h. The probable reason for this discrepancy 

is the different methodologies and cells used, since 
the authors used Millipore filters in direct or indi-
rect contact with HeLa cells. The present research 
ascertained the cytotoxicity of RealSeal without Re-
silon, despite the possibility of overfilling due to the 
large surface of contact between the resin and the 
surrounding tissue.

In the present study, AH Plus showed cytotoxic 
effects at 1 day, in agreement with previous stud-
ies.8,18,24,25 Also, in accordance with Miletic et al.25 
and Al-Hiyasat et al.,26 cytotoxicity was reduced 
after 7 days, while the present work also showed a 
decrease by 14, 21, and 28 days. In contrast, Azar et 
al.,27 using the neutral red assay, demonstrated that 
AH Plus induced significant cytotoxicity at 1 and 
4 h, but no toxicity was detectable after 4 h. Huang 
et al.28 demonstrated that AH Plus at 24 h was cy-
totoxic to astrocytes in a dose-dependent manner. 
They showed that this sealer was also genotoxic, 
with an inhibitory dose (ID50) of 0.04 mg/mL. This 
short-time cytotoxicity of AH Plus has been attrib-
uted to the release of formaldehyde, in spite of its 
manufacturer’s claim that this filling sealer is form-
aldehyde-free.24 The formaldehyde release is likely 
due to the epoxy resin reaction with amines in the 
initial setting reaction.

The present research has shown that Sealapex 
was strongly cytotoxic at days 1, 7, and 14. Previous 
investigations have reported similar cytotoxic re-
sults with Sealapex and other cell types, to which it 
was more toxic at day 1, when compared with Real 
Seal (Epiphany) and AH Plus.10,17 However, Chang 
et al.,29 showed only a moderate cytotoxicity to peri-
odontal ligament fibroblasts at 3 and 18 h. Regard-
less of time, this cytotoxicity probably resulted from 
components/additives such as polymethylene methyl 
salicylate resin and isobutyl salicylate (Table 1) pres-
ent in Sealapex.30

Roth Root 801 proved to be a cytotoxic mate-
rial at day 1, in agreement with the results of Key 
et al.17 In contrast, Willershausen et al.,16 using the 
prostaglandin release assay in gingival fibroblast 
cultures, found a relatively low cytotoxic effect of 
Super-EBA, another reinforced zinc oxide-eugenol 
material, at longer times, while the eugenol-based 
Roth Root 801 still demonstrated a high cytotoxic 
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effect by day 7 (Figure  1). This phenomenon pos-
sibly correlates with the results of Schwarze et al.,21 
who described, in a study with 3T3 and HPL cells, 
that endomethasone strongly inhibited mitochondri-
al activity during the first 5 h, very likely due to the 
release of the cytotoxic substance eugenol.

In spite of the fact that this research may differ 
from true clinical conditions, the results obtained 
from the current in vitro cytotoxic studies might 
provide a reliable view of the biological effects and 
clinical potential of these materials.

Conclusion
All tested materials were cytotoxic for human 

gingival fibroblasts, while GuttaFlow, a silicon-

based material, was the least cytotoxic at most ex-
perimental times studied. However, since the pres-
ent model simulated the constant clearance of the 
periodontal ligament, the cytotoxicity of endodon-
tic sealers seemed to decrease in a time-dependent 
manner.
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