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Introduction 
Cytotoxicity of dental materials is a common 

concern for dental clinicians since dental  

materials are in close contact with the  

periodontium and vital tissues, and can lead to 

inflammatory reactions, if they are not  

biocompatible [1]. Endodontic materials 

should not prevent tissue healing. Instead, they 

should preferably enhance tissue healing [2]. 

Also, they should not elicit inflammatory  
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 Abstract  

Background and Aim: This study aimed to compare the  
cytotoxicity of AH Plus and DC Canal SE sealer after final setting.  

Materials and Methods: In this in vitro, experimental study,  
human gingival fibroblasts (HGFs) were cultured in Dulbecco’s  
modified Eagle’s medium supplemented with 10% fetal bovine  
serum, 100 U/mL penicillin, and 100 µg/mL streptomycin, and 

incubated at 37°C and 5% CO2. Cells at a density of 5000 cells/well 
were seeded in a 96-well plate for the methyl thiazolyl tetrazolium 
(MTT) assay. The cells were incubated with AH Plus and DC Canal SE 
sealers. Specimens of freshly mixed sealers were fabricated with 4 
mm height and 10 mm diameter, and incubated at 37°C for 24 hours 
for setting. Each specimen was incubated with 10 mL of diluted  
culture medium at 37°C and 5% CO2 for 24 hours. Finally, the  

solution was filtered using a 0.22-µm filter. Different dilutions (1, 
1/2, 1/4, 1/8) were prepared, and cell viability was assessed at 24 
and 72 hours by measuring the optical density of the solutions  
spectrophotometrically. Data were analyzed by ANOVA and Tukey’s 
test. 
Results: Cell viability in presence of all concentrations of AH Plus 

and DC Canal SE was significantly lower at 72 hours compared with 

24 hours (P<0.001). Cell viability in presence of AH Plus was  
significantly higher compared with DC Canal SE at all concentrations 
and time points.  
Conclusion: Cell viability was higher in presence of AH Plus  
compared with DC Canal SE sealer in all concentrations and time 
points. 
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reactions in the periapical tissue [3]. However, 

the majority of endodontic sealers have some 

levels of toxicity [3,4]. Sealers, particularly  

during their setting reaction, can trigger an  

inflammatory response in the periapical tissue, 

and can also affect the viability of cells in the 

periapical region such as fibroblasts [5]. 

Among the known sealers, methacrylate-based 

sealers (especially in high concentrations) have 

the highest level of cytotoxicity followed by  

resin-based and bio-ceramic sealers and then 

silicone-based sealers, which have shown  

lower cytotoxicity [6,7]. The materials used for 

root canal filling may have toxic effects on the 

periapical tissue. Thus, an ideal sealer should 

have minimum cytotoxic effects [8].  

Accordingly, it is important to find a sealer 

with minimum cytotoxicity when in contact 

with the periapical tissue. AH Plus (Dentsply 

Sirona, Berlin, Germany) is a commonly applied 

endodontic sealer, which is also used for the 

purpose of comparison with other sealers in 

endodontic research [9]. Studies comparing the 

cytotoxicity of AH Plus with other sealers  

reported that it had minimum cytotoxic effects 

on human periodontal ligament cells,  

osteoblasts, and L929 murine fibroblasts [10-

12]. This sealer is an epoxy resin-based sealer. 

A recent study on the cytotoxicity of other  

resinous dental materials such as composite 

resins confirmed their optimal biocompatibility 

and insignificant cytotoxicity [13]. AH Plus 

sealer has favorable physicochemical,  

biological, and antimicrobial properties, and 

minimum adverse effect on cell viability and 

proliferation [14-20]. 

Recently, some new root canal filling  

materials were introduced to the market such 

as DC Canal SE sealer (S & C polymer GmbH,  

Elmshorn, Germany), which is a methacrylate-

based self-etch sealer. Advances in bonding 

technology aim to minimize apical and coronal 

leakage by enhancement of the bond strength 

of sealers to root dentin, and subsequent 

mono-block obturation. Methacrylate-based 

sealers were introduced to achieve this goal, 

and include urethane dimethacrylate,  

bisphenol-A-glycidyl dimethacrylate, pigments, 

and radiopaque materials. These sealers also 

have an etching primer [21,22]. The results  

regarding the cytotoxicity of these sealers have 

been controversial [23]. Thus, this study aimed 

to compare the cytotoxicity of AH Plus, and DC 

Canal SE sealer after final setting.  

 

Materials and Methods  
This in vitro experimental study was  

approved by the ethics committee of Islamic 

Azad University. For assessment of  

cytotoxicity, Human Gingival Fibroblasts 

(HGFs) were purchased from the Pasteur  

Institute of Iran and cultured in Dulbecco’s 

modified Eagle’s medium (Gibco, Munich,  

Germany) supplemented with 10% fetal bovine 

serum, 100 U/mL penicillin, and 100 µg/mL  

streptomycin. They were then incubated at 

37°C and 5% CO2. Second passage cells were 

plated with 5000 cells/well density in a  

96-well plate for the methyl thiazolyl  

tetrazolium (MTT) assay [24]. The cells were 

then incubated with AH Plus resin-based sealer 

and DC Canal SE sealer that were prepared as 

follows: Freshly applied sealers were mixed 

according to the manufacturers’ instructions 

for 30 seconds, and discs with 4 mm height and 

10 mm diameter were fabricated. After UV  

radiation for 24 hours, they were incubated in 

a humidified incubator at 37°C. Each specimen 

was immersed in 10 mL of culture medium at 

37°C and 5% CO2 for 24 hours. Next, the  

solution was collected by a sterile syringe and 

filtered using a 0.22-µm filter. The solution was 

then serially diluted to prepare 1, 1/2, 1/4, and 

1/8 concentrations; for this purpose, 100 mL of 

the sealer solution was mixed with 100 mL of 

the medium to obtain 1/2 concentration. The 

same process was repeated to obtain 1/4 and 

1/8 concentrations [24,25]. 

Cell viability was assessed by measuring the 

optical density of the solutions at 24 and 72 
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hours, and untreated tissue culture was used as 

the control group throughout the experiment. 

For this purpose, the color change following 

the addition of yellow MTT salt and formation 

of purple formazan crystals by the activity of 

mitochondrial dehydrogenase enzyme in  

metabolically active cells was measured by a 

spectrophotometer. For this purpose, the MTT 

salt was dissolved in phosphate buffered saline 

(Zist Mavad Pharmed, Tehran, Iran) and added 

to the culture medium in final concentration of 

0.5 mg/mL. After 2 hours of incubation at 37°C, 

the overlaying medium was carefully collected, 

and 100 mL of dimethyl sulfoxide was added to 

each well. The optical density was read by a 

spectrophotometer (ELX808 Microplate  

Reader, BioTek Instruments Inc., VT, USA) at 

490 nm wavelength. The mean optical density 

measured for each concentration was divided 

by the optical density of the control wells and 

multiplied by 100. The obtained value  

indicated the percentage of cell viability. The 

results were interpreted based on the drawn 

cell viability curves [26]. Normal distribution of 

data was evaluated by the Kolmogorov-

Smirnov test. Data were analyzed by ANOVA 

followed by the Tukey’s test.  

 

Results 
Table 1 presents the results of the MTT  

assay regarding the viability of HGFs following  

exposure to different concentrations of AH Plus 

and DC Canal SE sealers at 24 and 72 hours.  

Three-way ANOVA showed significant  

interaction effect of concentration, time, and 

type of sealer. The Tukey’s test was applied to 

assess the individual effect of sealer type,  

concentration, and time.  

Effect of sealer type:  

DC Canal SE:  

A significant difference was noted in cell  

viability among all concentrations of this sealer 

at 24 and 72 hours (P<0.05). In all groups,  

biocompatibility was significantly lower than 

that of the control group (P<0.001). Significant 

differences were noted when comparing  

different concentrations of the sealer with each 

other (P<0.001). Lower concentrations had 

higher biocompatibility and cell viability.  

Accordingly, maximum cell viability was noted 

in 1/8 concentration of DC Canal SE sealer at 

both 24 and 72 hours.  

AH Plus:  

A significant difference was noted in cell  

viability among all concentrations at 24 and 72 

hours (P<0.05). In all groups, biocompatibility 

was lower than that of the control group.  

Significant differences were noted when  

comparing different concentrations of the  

sealer with each other (P<0.001). Lower  

concentrations had higher biocompatibility 

and cell viability. Accordingly, maximum cell 

viability was noted in 1/8 concentration of AH 

Plus sealer at both 24 and 72 hours.  

Cell viability at 24 and 72 hours: 

24 hours: 

Cell viability of HGFs was significantly  

higher in presence of 1, 1/2, 1/4, and 1/8  

concentrations of AH Plus compared with  

similar concentrations of DC Canal SE 

(P<0.001). 

72 hours:  

Cell viability of HGFs was significantly  

higher in presence of 1, 1/2, 1/4, and 1/8  

concentrations of AH Plus compared with  

similar concentrations of DC Canal SE 

(P<0.001). 

In general, the viability of HGFs in presence 

of AH Plus was significantly higher than that of 

DC Canal SE sealer in all concentrations and 

time points (P<0.001).  

Based on concentration, comparison of cell  

viability at 24 and 72 hours revealed that cell 

viability at 72 hours was significantly lower 

than that at 24 hours in presence of all  

concentrations of AH Plus (P<0.001).  

Cell viability at 72 hours was significantly  

lower than that at 24 hours in presence  

of 1/4 and 1/8 concentrations of DC Canal  

SE (P<0.001). However, this difference was not 
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significant in presence of 1 and 1/2  

concentrations (P>0.05). Therefore, it may be 

stated that irrespective of type of sealer, lower 

concentration of sealer was associated with 

higher cell viability. Also, cell viability  

decreased following prolonged exposure to 

sealer. AH Plus was more biocompatible than 

DC Canal SE in all concentrations and time 

points. Also, according to ISO 10993-5,  

reduction over 30% in cell viability indicates 

cytotoxicity of an agent. Accordingly, AH Plus 

was not cytotoxic in any concentration or time 

point. However, DC Canal SE was only  

non-toxic and biocompatible in 1/8  

concentration at 24 and 72 hours, and was  

toxic in higher concentrations.  

Figure 1 shows the viability of HGFs ex-

posed to different concentrations of AH Plus 

and DC Canal SE sealers. 

 

Discussion 
This study assessed the cytotoxicity of two  

resin-based sealers namely AH Plus and DC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Viability of HGFs exposed to different  

concentrations of AH Plus and DC Canal SE sealers 

 

Canal SE (which is a self-etch epoxy resin  

sealer) against HGFs. The cytotoxicity of both 

sealers in 1, 1/2, 1/4, and 1/8 concentrations 

was evaluated at 24 and 72 hours using the 

MTT assay. In general, AH Plus showed  

significantly lower cytotoxicity than DC Canal 

SE sealer, and the only non-toxic concentration 

Std. Deviation Mean Maximum Minimum     

1.610 99.978 101.30 98.19 1.00 24 h 
DC 

Control 
1.003 100.050 101.19 99.32 3.00 72 h 

1.610 99.978 101.30 98.19 1.00 24 h 
AH Plus 

1.003 100.050 101.19 99.32 3.00 72 h 

1.287 79.978 81.03 78.54 1.00 24 h 
DC 

0.125 
0.727 73.031 73.86 72.50 3.00 72 h 

1.445 89.974 91.16 88.37 1.00 24 h 
AH Plus 

1.280 79.752 80.81 78.33 3.00 72 h 

1.154 71.975 72.92 70.69 1.00 24 h 
DC 

0.250  
0.673 67.911 68.68 67.42 3.00 72 h 

1.372 85.474 86.60 83.95 1.00 24 h 
AH Plus 

1.215 75.756 76.75 74.40 3.00 72 h 

0.983 61.170 61.98 60.08 1.00 24 h 
DC 

0.500 
0.592 59.752 60.43 59.32 3.00 72 h 

1.300 81.192 82.26 79.74 1.00 24 h 
AH Plus 

1.151 71.962 72.91 70.68 3.00 72 h 

0.837 51.992 52.68 51.06 1.00 24 h 
DC 

1.000 
0.532 53.769 54.38 53.38 3.00 72 h 

1.234 77.135 78.15 75.76 1.00 24h 
AH Plus 

1.099 68.369 69.27 67.14 3.00 72h 

Table 1. Results of the MTT assay regarding the viability of HGFs following exposure to different concentrations of AH 

Plus and DC Canal SE sealers (n=3) 
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of DC Canal SE was its 1/8 concentration. It 

showed cytotoxic effects in all other tested  

concentrations. This group of resin sealers 

bond to thermoplastic root filling materials as 

well as root dentin by the formation of hybrid 

layers. They are also used along with Resilon 

points or as a conventional sealer along with 

gutta-percha with the lateral compaction or 

warm vertical condensation techniques.  

Assessment of different properties of newly 

introduced sealers in comparison with  

commonly used sealers such as AH Plus is  

imperative. The MTT assay is often used for 

assessment of cytotoxicity of biomaterials. In 

the MTT assay, absence of a significant  

difference between the test and control wells 

would indicate that the tested sealer has no  

cytotoxic effect. However, a significant  

reduction in viability of cells treated with the 

sealer would indicate cytotoxic effect of the 

sealer.  

HGFs were used in this study due to their 

high sensitivity to toxic agents, similar to the 

study by Parirokh study [25]. Assessment of 

the cytotoxicity of freshly mixed sealers is  

clinically appropriate since sealers in the root 

canal system are not completely set after  

application, and may leak into the periapical 

tissue. The present results showed significantly  

higher viability of HGFs in presence of AH  

Plus compared with DC Canal SE at all  

concentrations and time points. Irrespective of 

sealer type, lower concentrations of sealer 

were associated with higher cell viability. Also, 

cell viability decreased following prolonged 

exposure to sealers. It has been demonstrated 

that cytotoxic effects on cell culture may be due 

to monomer release. Since curing of  

resin-based sealers is not often complete,  

non-polymerized monomers can leak out from 

resin into the adjacent aqueous phase, and  

diffuse into the periapical space through  

dentin. Thus, prior to complete setting, the  

cytotoxicity of monomer may affect the  

periapical tissue. However, after setting, the 

effect of residual monomers on the tissues  

depends on sealer washout over time [25]. 

Consistent with the present results, several 

studies have confirmed the high biocompatibil-

ity and low cytotoxicity of AH Plus [25,27,28]. 

In line with present results regarding  

decreased biocompatibility of AH Plus sealer 

after 72 hours, Cotti et al. [3] showed that after 

completion of setting time, AH Plus still  

decreased the viability of cells, probably due to 

the toxicity of epoxy resin component of this 

sealer, which still remains after setting. Unlike 

the present study, Parirokh et al. [25] reported 

decreased cytotoxicity of AH Plus after 24 

hours, and explained the reason to be the  

decreased concentration of the leached toxic 

resin component. However, they did not assess 

the cytotoxicity after 72 hours. In contrast to 

the present study, Bin et al. [29] found that 1, 

1/2 and 1/4 concentrations of AH Plus  

significantly decreased the biocompatibility of 

hamster fibroblasts at 48 hours, and were  

reported to be toxic according to ISO 10993-5. 

Also, they found no significant correlation  

between the concentration of this sealer and 

cytotoxicity rate. However, in line with the  

present results, they demonstrated that  

cytotoxicity increased at 48 hours, compared 

with 12 hours. They explained that the epoxy 

resin component of AH Plus was responsible 

for cytotoxicity of this sealer as well as the 

presence of small amount of amine to enhance 

the curing of epoxy component. Variations in 

the results regarding the cytotoxicity of AH 

Plus can be due to differences in setting time as 

a result of variations in temperature and 

humidity [29].  

Consistent with the present results  

regarding the inverse correlation of  

concentration and biocompatibility of sealers, 

Silva et al. [28] showed that by an increase in 

concentration of AH Plus and a methacrylate-

based sealer, cell viability decreased. Also, 

similar to the present study, Parirokh et al. [25] 

indicated that by an increase in concentration 
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of AH Plus, viability of fibroblasts decreased, 

and sealer cytotoxicity increased. Karapınar-

Kazandag et al. demonstrated that cytotoxicity 

of resin sealers had a direct correlation with 

time and concentration [26].  

Consistent with the present results  

regarding the cytotoxicity of SC Canal SE sealer 

(which has a methacrylate base) in all  

concentrations, Silva et al. [28] reported that 

methacrylate-based sealers showed high  

toxicity compared with AH Plus due to the 

presence of urethane dimethacrylate in their 

composition, which increases the intracellular 

free oxygen radicals and decreases the  

concentration of intracellular glutathione, and 

leads the cells towards apoptosis [23].  

Reduction in concentration of glutathione  

initiates intracellular cytotoxicity and cell 

death, because it decreases the self-protective  

property of target cells [30]. In contrast to the 

present results regarding no cytotoxicity of  

methacrylate-based sealers, Oztan et al. [31] 

reported that AH Plus had a higher cytotoxicity 

than methacrylate-based sealers. This  

controversy can be attributed to different in 

vitro conditions, biological mechanisms, cell 

type, method of contact of material with  

cells, preparation of extracts, and duration of   

exposure [31]. 

 
Conclusion 

The results of current study showed lower  

cytotoxicity of AH Plus than DC Canal SE  

sealer. DC Canal SE sealer was more cytotoxic 

at 72 hours compared with 24 hours at all  

concentrations. 
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