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INTRODUCTION 

The most important step of endodontic 
treatment, after cleaning and shaping the root canal 
system, is three-dimensional filling “obturation” 

(1). Traditionally; the obturation techniques of root 
canals depend on filled them with gutta-percha 
points in combination with endodontic sealers (1,2). 

Endodontic sealers act as a lubricant during 
guttapercha insertion into the radicular canal system, 
thus permit filling of empty areas where guttapercha 
was not able to penetrate as in accessory spaces (3). 
Moreover, sealer prevent the apical and coronal 
infiltration and the proliferation of microorganisms 
and promote periradicular tissue repair (4,1).
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ABSTRACT
Introduction: The aim of the present study was to evaluate the in vitro cytotoxicity of three 

endodontic sealers (TotalFill BC, Gutta Flow2 and AH Plus) on WI-38 cell line human. As a 
reference, AH Plus was compared with the more recent endodontic sealers regarding cell viability 
of fibroblast cells (WI-38).

Methods: Biological testing was carried out in vitro on WI-38 cells. Cell viability assay was 
performed by using eluates from each endodontic sealer and dispensed to pre-cultured WI-38 cell 
line. The effect was assessed by MTT cell proliferation assay and ELISA reader after 24 hours and 
72 hours of exposure and various concentrations of (0.5, 1, 2, 4, 8, 16, 32, 64, 125, 250 and 500mg/
ml). Statistical differences were assessed by analysis of variance and Tukey test (P < .05).

Results: TotalFill BC, Gutta Flow2 and AH Plus sealer eluates for 24 hours showed no 
cytotoxic effect, while it was increased by increasing the concentration for 72 hours’ measurement. 
Statistically there is no significant difference among the tested sealer materials; TotalFill BC, Gutta 
Flow2 and AH Plus.

Conclusions: In the present study TotalFill BC, Gutta Flow2 and AH Plus sealer eluates 
showed no cytotoxic effects at least in the first 24 hours. But they exhibited moderately or severely 
cytotoxic activity at 72 hours of measurement at high concentration. 
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Clinically, sealers are introduced into canals 
in a fresh, unset state (5). They are designed to be 
confined within the canal; however, they might be 
extruded beyond the apical constriction, may come 
in direct contact with periapical tissues and may 
affect them (1,6,7). 

However, when extruded into the periradicular 
spaces, sealers may not always be removed by 
periradicular tissue reaction (8) and may alter tissue 
repair time (9) and cause different tissue reactions 
depending on the sealer’s composition (10). 

Even without extrusion, sealers may release 
some chemical components to the periapical tissues 

(11). Thus, root canal sealers should be non-cytotoxic 
and biocompatible with periapical tissues (12). As a 
result, in vitro cytotoxic studies of these endodontic 
sealers are the first step toward an evaluation of 
their safety (13).

At the present time, the commercially available 
sealers can be subgroups into five chemically 
different groups: ZO/E cement, Ca-OH cement, 
GIC cement, epoxy resins cement, and Silicate/
based cement (14,15).

AH Plus is an epoxy-resin  that  characterized 
by low solubility and disintegration, superlatively 
flow performance, better adhesion and improved 
radiopacity (16). AH Plus sealer, however, it produce 
longstanding dimensional stability, but, it does not 
produce intimate bond with guttapercha, which is 
why disagreement remains (17).

Gutta Flow2, an evolution of its predecessor 
Gutta Flow, is a cold flowable system combining 
both of gutta-percha powder with average particle 
size 30 μm or less, and polydimethylsiloxane 
sealer, in an automix syringe. Both Gutta- Flow 
and GuttaFlow2 are silicone-based endodontic 
sealers that differ in the form of the silver particles  
used (18,19).

TotalFill BC Sealer is a bioceramic-based 
sealer, which recognize for their biocompatibility, 
bioactivity and antibacterial activity, as well as for 
their excellent physico-chemical properties (1,5,20).

     This study was designed to assess and compare 
the cytotoxicity of three endodontic sealers TotalFill 
BC, Gutta Flow2 and AH Plus in contact with (WI-
38) fibroblast cells over a period of 24 hours and 
72 hours and different concentrations. AH Plus, was 
used as reference material for comparison.

MATERIAL AND METHODS 

Sealer Extracts 

The materials tested were GuttaFlow2/silicone 
-based sealer (Colten/Whaledent, USA), TotalFill 
BC Sealer/bioceramic-based sealer (FKG Dentaire 
SA, La Choux-de-Fonds, Switzerland), and AH 
Plus/resin-based sealer (Dentsply DeTroy GmbH, 
Konstanz, Germany). 

The sealers were prepared according to the 
manufacturers’ instructions. Dental sealers were 
weighted under sterile conditions as 0.5gm, and 
stored in an incubator at 37 0C for 24 hours to 
achieve complete setting. Hanks Balanced salt 
solution (HBSS) as simulating body fluid (Thermo 
Fisher Scientific, USA) was added to the set sealer 
for 7 days, to simulate the clinical situation whereby 
endodontic sealer is present in the apical region of 
the root and extruded over the apex, a region where 
body fluids are found (21). The eluates of the different 
materials were extracted in sterile conditions by 
using Dulbecco modified Eagle medium (DMEM) 
culture medium as extraction vehicle. Subsequently, 
various concentrations of (0.5, 1, 2, 4, 8, 16, 32, 64, 
125, 250 and 500mg/ml) of these extraction media 
were prepared with fresh DMEM medium. 

Isolation and Culture of WI-38 cells

The eluates of the different endodontic sealer 
materials were extracted in sterile conditions 
and collected 7 days’ post soaking by using cold 
centrifugation (Jouan-j 22- France) and dispensed 
to pre-cultured WI-38 cell line human; Caucasian 
fibroblasts-like fetal lung cell, (Sigma Aldrich, 
USA) (22,23). 
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Treated cells were observed for 3 days and 
toxicity of different sealer materials was determined 
at 24 hours and 72 hours. Detached cells were 
washed out using phosphate-buffer saline (PBS) (21).

Cell Viability Test

Cell viability and cell proliferation were 
measured at 24 hours and 72 hours of exposure, 
with MTT cell proliferation assay (Thermo Fisher 
Scientific, USA) of 0.5 mg/ ml was dispensed to 
the rest of live cells for 4 hours at 37 0C (22,23). The 
optical density (OD) of developed dissolved MMT 
– Formazan crystals was read using ELISA reader 
(Elx.800-Biotek, USA) (21,24).

 Cell viability % was calculated according to the 
following equation (23,25):

Statistical  Analysis 

Statistical differences between the control and 
proliferation in the presence of the sealers’ extracts 
were analyzed using the SPSS 17 pack- age (SPSS 
Inc., Chicago, IL). One-way analysis of variance and 
the post hoc Tukey test were performed. A P values 
< 0.05 were considered statistically significant. 

RESULTS

Cell viability results of TotalFill BC, Gutta Flow2 
and AH Plus sealer eluates are shown in Table 1 
and Figure 1. The different sealers eluates were 
cytotoxic in a concentration-and time-dependent 
manner. Where, cell viability decreased with 
increase culture time and concentration of elutes.

At 24 hours; the all sealer reveals non-toxic 
manner. Although; all tested sealer show reduction 
of cell viability of about 20% at high elutes concen-
tration especially at concentration 500 mg/ ml.

At 72 hours, cell viability in the presence of the 
tested endodontic sealers at concentrations of 250 
mg/ml and 500 mg/ml markedly decreased but with 
no significance difference among all tested sealer 
materials eluates.

All sealers exhibited a similar cell death mor-
phology with apoptosis which cells showed nuclear 
condensation as shown in Figure 2. There are no 
statistically significant differences at each tested 
times 24 hours (P > 0.05) and 72 hours (P > 0.05), 
and also at different concentrations of measurement.

TABLE (1) Statistical analysis of cell viability test at 24 hours and 72 hours measurement.

24h Measurement Endodontic Sealer Materials Mean SD P-value

TotalFill BC 98.89 5.05 0.88

Gutta Flow 2 97.91 5.49

AH plus 97.74 6.1

72h Measurement Endodontic Sealer Materials Mean SD P-value

TotalFill BC 74.88 34.28 0.82

Gutta Flow 2 83.38 29.91

AH plus 78.92 33.63
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DISCUSSION 

Root canal sealers should be biocompatible 
because they might become in an intimate contact 
to the soft preapical tissues due to their accidently 
extrusion thought the apical foramen or at least them 
elutes (26,27). The endodontic sealer or elutes, when 
extruded out of the root canal could induce cytotoxic 
damage to tissue and may have different level of 
cytotoxicity over a period of 24 hours or 72 hours 

(26,27). So, it is important to evaluate the cytotoxicity 
of endodontic sealers materials and them elutes after 
setting over different periods and concentrations 
because they probably change their cytotoxicity due 
to diffusion of toxic components resulting from the 
decomposition of sealers components (1,5,26).

Using human primary cells especially fibroblast 
cell in studies that assess the cytotoxicity of end-
odontic materials and them elutes are common (1,21). 
Moreover, fibroblasts are the major constituents of 
connective tissue, the predominant cell type of peri-
odontal ligament, and are the most important col-
lagen producers in this tissue (28). For these reasons, 
WI-38 was used in the present study. 

Also, in vitro cell testing offers some information 
regarding the biocompatibility of relatively new 
endodontic sealers like TotalFill BC and Gutta Flow 
2 in comparison with currently used ones as AH 
Plus, because AH Plus is one of the most widely 
evaluated sealer (1,21,26).

Fig. (1) Cell viability that determined by using the MTT assay; at 24 hours and 72 hours.

TotalFill BC                                                 Gutta Flow 2                                             AH Plus

Fig. (2) Image of cell viability test of all tested groups at 72 hours (10X magnification)
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Cell viability and cytotoxicity testing was 
performed as direct method with direct contact 
of the endodontic sealer material to the tested 
extracted cell, that, may give speculated results 

(26). But to simulate the most common clinical 
scenario. It is well known, that there is no direct 
contact between the endodontic sealer materials 
and preapical tissues in most clinical cases (26,29). 
The most accepted clinical scenario is; the sealer 
degrade due to the penetration of the tissue fluid into 
the root canal system and degraded component may 
leached out to the preapical tissues, and, generate 
local inflammatory response (26,29,30).

After setting, TotalFill BC, Gutta Flow2 and 
AH Plus Sealers have no cytotoxic effect at 24 
hours’ measurement and at different sealer elutes 
concentrations after setting (26,27,31), this, may be due 
to the tested sealer materials showed little or no 
ability to release ions after setting and also it is not 
in direct contact with cell culture (31,32). Although; 
all tested sealer show cytotoxic effects, lead to a 
reduction of cell viability of about 20% at high elutes 
concentration as shown in Figure 1, which meaning 
the cytotoxicity of the material is augmented with 
increase their concentration (33,34).

The increased cytotoxic effect of the Gutta Flow2 
sealer at 72 hours may be due to it contain some extra-
additives as Guttapercha powder and preservative 
of silver in micron size. Silver powder relative 
toxicity reported in some studies, and Guttapercha 
powder also can produce tissue irritation  (35-37).  The 
TotalFill BC is a bioceramic material showed a lower 
cytotoxicity may be due to the release of some ions 
especially at high concentration (38). Also, AH Plus 
was cytotoxic in a concentration-dependent manner. 
This might be caused by the minimum release of 
formaldehyde from amines added to accelerate the 
epoxy polymerization (39). 

The cytotoxicity of sealer depends on the 
solubility of the sealers. For instance, AH Plus is 
significantly less soluble than the here tested sealers 
TotalFill BC, Gutta Flow2. That can explain why no 
significant difference in cytotoxicity among the all 
tested sealer because, the set AH Plus material has 
very low degree of solubility (26,40-42).

CONCLUSIONS 

Within the limitations of this in vitro study, the 
increase in sealers elutes concentration and time 
may be critical factor in cytotoxicity of endodontic 
sealer materials. Also, TotalFill BC, Gutta Flow2 
and AH Plus sealer eluates showed no cytotoxic 
effects at least in the first 24 hours. But they 
exhibited moderately or severely cytotoxic activity 
at 72 hours of measurement at high concentration.
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