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Abstract 

Introduction: This study aimed to assess the 

cytotoxicity of Duraflur fluoride varnish as root canal 

sealer against L929 mouse fibroblasts in comparison with 

four commonly used conventional endodontic sealers in 

the first 48 hours of exposure. Methods: In this in vitro, 

experimental study, L929 mouse fibroblasts were 

exposed to 1/1, ½, ¼ , and 1/8 concentrations of Duraflur 

fluoride varnish, AH Plus, Fill Canal, MTA Fillapex, and 

AH26 sealers. After 48 hours, the methyl thiazolyl 

tetrazolium (MTT) assay was performed to assess the 

cytotoxicity of sealers. Cell viability was determined as 

the percentage of viable cells compared with the control 

group. The results were analyzed using one-way 

ANOVA followed by the Tukey’s post hoc test for 

multiple comparisons.. Results: MTA Fillapex had the 

lowest and AH26 had the highest cytotoxicity (P<0.05). 

Fluoride varnish showed high cell viability in 1/8 

concentration (91.09%). Its cytotoxicity was close to that 

of AH Plus with no significant difference (P=0.49) but it 

had higher cytotoxicity than Fill Canal and Fill Apex 

(P<0.05). Fluoride varnish in 1/1 and 1/8 concentrations 

showed significantly higher cell viability than AH26 

(P<0.001). Conclusion: Fluoride varnish sealer has 

acceptable biocompatibility comparable to that of 

conventional sealers. It has lower cytotoxicity than 

AH26.   
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Introduction 

Complete debridement of the root canal system and its 

optimal filling with biocompatible root filling materials 

are imperative for a successful endodontic treatment(1). 

Gutta-percha is currently the most suitable root canal 

filling material (2). However, it cannot bond to canal 

walls. Thus, the gap between the gutta-percha and root 

canal walls should be filled with endodontic sealers (1-

3). However, after completion of root canal treatment, 

sealers in contact with the periapical tissue may cause 

tissue irritation and lead to the development of apical 

periodontitis. Thus, root canal sealers must have optimal 

biocompatibility and should be well tolerated by the 

periapical tissue (4).  

Several sealer types with advantages and disadvantages 

and variable physical and biological properties are 

available in the dental market. Resin-based sealers, zinc-
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oxide eugenol (ZOE)-based sealers, calcium hydroxide-

based sealers, glass ionomer-based sealers, and silicon-

based sealers are among the most common sealer types. 

AH Plus is currently the gold-standard sealer due to its 

optimal bonding to dentin and provision of a hermetic 

seal. Thus, it commonly serves as the standard reference 

sealer in order to compare with other sealer types (5).  

MTA Fillapex is another sealer with the basis of mineral 

trioxide aggregate, which releases calcium and creates an 

alkaline environment that enhances hard tissue 

mineralization. Fill Canal is a ZOE-based sealer, which 

has long been used in endodontic treatment of teeth (6).  

Fluoride varnish has several dental applications and is 

commonly used as a preventive measure to control dental 

caries (7, 8). It is also used for the treatment of avulsed 

teeth with delayed replantation (9), treatment of dentin 

hypersensitivity(10, 11), and as a root filling material in 

primary teeth in combination with calcium hydroxide and 

zinc oxide (12). 

Recently, use of fluoride varnish as an endodontic sealer 

has been recommended owing to its optimal bonding and 

antibacterial properties (13, 14). Accordingly, Parirokh et 

al.(1)  compared the cytotoxicity of Duraflur fluoride 

varnish with that of AH26 and AH Plus sealers and found 

that Duraflur had better compatibility compared with 

AH26. AH Plus and Duraflur had no significant 

difference in terms of cell viability.  

Duofluoride XII (FGM, Joinville, SC, Brazil) is a dual 

fluoride varnish (2.92% fluorine, calcium fluoride + 

2.71% fluorine, sodium fluoride, FGM) with proven 

efficacy for prevention of dental caries (15) and good 

dentinal adaptability (14). When a new dental material is 

introduced, its biocompatibility should be determined. 

Any endodontic sealer must remain compatible with 

periapical tissues during long-time contact (4). 

Considering the novelty of use of fluoride varnish as an 

endodontic sealer and the significance of finding an ideal 

sealer to maximize the success rate of endodontic 

treatment, this study aimed to assess the cytotoxicity of 

Duofluoride XII (FGM) fluoride varnish in comparison 

with that of four commonly used conventional sealers 

namely MTA Fillapex, AH Plus, Fill Canal, and AH26 

using the methyl thiazolyl tetrazolium (MTT) assay in the 

first 48 hours of exposure.  

 

 

 

 

Materials and Methods    

In this in vitro, experimental study, L929 mouse 

fibroblasts with normal proliferation and no fungal or 

bacterial contamination were obtained from the Pasteur 

Institute of Iran.  

The sample size was determined to be two 96-well plates, 

and 16 wells were allocated to each sealer.  

Preparation of sealers: 

Duofluoride XII fluoride varnish (FGM, Joinville, SC, 

Brazil), AH26 (DeTrey Dentsply, Switzerland), AH Plus 

(Dentsply, Germany), MTA Fillapex (Angelus, Brazil) 

and Fill Canal (Technew, Portugal) sealers were 

evaluated in this study. The powder and liquid of the 

conventional sealers were mixed according to the 

manufacturers’ instructions such that after mixing, the 

sealers had to stretch for 1 inch on a glass slab.  

Preparation of culture medium: 

For the preparation of culture medium, 13.48 g of 

Dulbecco’s modified Eagle’s medium (DMEM; Gibco, 

USA) and 3.7 g of sodium bicarbonate were dissolved in 

1 L of distilled water. The pH of the culture medium was 

adjusted to 7.4 using hydrochloric acid and NaOH. The 

culture medium was filtered through a filter with 0.2 µ 

pore size and refrigerated in sterile dishes. Prior to use, 

10% fetal bovine serum (FBS; 1 mL per 9 mL of culture 

medium), 100 U/mL penicillin, and 100 U /mL 

streptomycin were also added to the culture medium. 

Preparation of cells:  

L929 mouse fibroblasts were removed from the nitrogen 

tank and cultured in a 75-cm2 flask (Nunc, Denmark) 

containing DMEM supplemented with FBS and 

antibiotics. The cells were then incubated (Panasonic 

Healthcare Corporation of north America) at 37°C and 

5% CO2. The culture medium was refreshed every 3 

days. After the passage of the cells and reaching adequate 

confluence, the cells were distributed among several 

flasks. For cell passage, first, the culture medium in the 

flask was extracted with a sterile pipette and the flask was 

rinsed with phosphate-buffered saline twice. Next, for a 

75-cm2 flask, 2 mm of trypsin (Merck, Germany) was 

added to the cells and they were incubated at 37°C for 5 

min. Afterward, 2 ml of the culture medium containing 

10% FBS was added to the flask to deactivate trypsin. 

The cells detached from the bottom of the flask were 

transferred to a 15-mL sterile tube and centrifuged at 

2000 rpm for 5 min (Hettich Universal, Germany). The 

supernatant containing trypsin was discarded and the cell 

sediment was suspended in a culture medium containing 

10% FBS and antibiotic and distributed into two flasks. 
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Eventually, the cell flasks were incubated at 37°C and 5% 

CO2.  

After detachment of the cells from the bottom of the flask 

using trypsin, the percentage of viable cells was 

determined using trypan blue. For this purpose, 20 µL of 

the suspension was transferred to a Neubauer chamber 

for cell counting. Number of cells in a large square 

(comprising of 16 smaller squares) was determined, and 

the number of viable cells was quantified using the 

following formula:  

Number of cells in 1 ml of the suspension=number of 

cells in a large square x 104 

Preparation of sealer extracts:   

Fluoride varnish, AH26, AH Plus, MTA Fillapex, and 

Fill Canal sealers were prepared according to the 

manufacturers’ instructions and transferred into the wells 

of a 24-well plate (16.2 mm diameter and 2 mm height) 

before setting. Next, 2.5 mL of the DMEM containing 

antibiotic (but without FBS) was added to each well. The 

plate was incubated at 37°C and 5% CO2 for 24 hours. 

Next, the overlaying culture medium over each sealer 

was transferred to a test tube, and 10% FBS was also 

added (0.5 mL per each 5 mL of the sealer extract). This 

extract was considered as the sealer sample with 1/1 

concentration. This sample was serially diluted to obtain 

culture media with lower concentrations of sealer. 

DMEM containing antibiotic and 10% FBS was used for 

dilution to obtain ½, ¼, and 1/8 concentrations of each 

sealer (16).   

Assessment of cytotoxicity of sealers: 

To assess the effect of sealer extracts on cell 

proliferation, first, the cells attached to the bottom of the 

flask were detached using trypsin as explained earlier and 

transferred to the wells of a 96-well plate. Prior to cell 

transfer to the wells, the percentage of viable cells was 

determined using the trypan blue test to ensure that the 

number of viable cells exceeded 90%. The 96-well plate 

was incubated in the cell culture incubator for 24 hours 

to allow the transfer of cells to the bottom of the flask. 

Next, the previous culture medium in each well was 

extracted and 200 mL of culture medium containing 

different concentrations of sealer was added. The 

conventional culture medium was added to the control 

wells. In each plate, four wells were allocated to each 

concentration of each sealer. Also, in each plate, nine 

wells were considered as control wells and were filled 

with a sealer-free culture medium. Next, the cells were 

incubated at 37°C and 5% CO2 for 48 hours. The effect 

of sealers on cells was evaluated using two 96-well 

plates. The test was repeated four times for each dilution. 

The methyl thiazolyl tetrazolium (MTT) assay (Sigma, 

USA) was performed after 48 hours to determine cell 

proliferation. For the MTT assay, upon completion of 

exposure time of cells to the sealer extracts, 20 mL of the 

5 mg/mL MTT solution was added to each well. Next, 

the plate containing cells was incubated for 2 hours. 

Afterward, the overlaying culture medium was removed 

and 100 µL of dimethyl sulfoxide (Merck, Germany) was 

added to each well to dissolve the formazan crystals. The 

optical density of each well was then read at 545 nm 

wavelength (with 630 nm reference wavelength) using 

ELISA Reader (Awareness Technology Inc.). The 

percentage of viable cells was calculated using the 

formula below: 

Percentage of viable cells= Optical density of each 

well/mean optical density of control wells x 100 

Data normality was tested with the Kolomogorov-

Smirnow test. Then were analysed using Prism software 

programs via one-way ANOVA followed by the Tukey’s 

post hoc test for multiple comparisons. The level of 

significance was set at 0.05. 

Results   

According to the result of the Kolomogorov-Smirnow 

test, the data distribution was normal. Therefore, two-

way ANOVA was used to evaluate the two factors of 

sealer and concentration simultaneously. The results 

were significant for both factors. Therefore, one-way 

ANOVA was used separately for each factor. 

Table I presents the cell viability following exposure to 

different concentrations of sealers compared with the 

control group. 
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Table I. Cell viability following exposure to different concentrations of sealers 

 

Capital letters: significant difference in row.  Small letters: significant difference in column 

 

Effect of AH Plus on L929 mouse fibroblasts after 48 

hours: 

The percentage of cell viability following exposure to 

different concentrations of AH Plus showed significant 

differences with the value in the control group (P<0.05). 

Thus, pairwise comparisons were carried out, which 

revealed significant differences between 1/2, ¼, and 1/8 

concentrations of this sealer (P<0.001).  

Effect of Fill Canal on L929 mouse fibroblasts after 48 

hours: 

The percentage of cell viability following exposure to 1/8 

concentration of Fill Canal sealer was not significantly 

different from that in the control group (P=0.07). 

However, cell viability following exposure to other 

concentrations of Fill Canal had significant differences 

with each other and the control group (P<0.05). Pairwise 

comparisons revealed significant differences between 

different concentrations (P<0.05) except for 1/4 versus 

1/8, and 1/2 versus 1/4 concentrations (P>0.05).  

Effect of MTA Fillapex on L929 mouse fibroblasts after 

48 hours: 

The percentage of cell viability following exposure to 1/8 

concentration of MTA Fillapex was not significantly 

different from that in the control group (P=0.07). 

However, cell viability following exposure to other 

concentrations of Fill Canal had significant differences 

with each other and the control group (P<0.05). Pairwise 

comparisons revealed significant differences between 

different concentrations (P<0.05) except for 1/4 versus 

1/8 concentrations (P=0.06).  

 

 

 

 

Effect of fluoride varnish on L929 mouse fibroblasts after 

48 hours: 

The percentage of cell viability following exposure to 

different concentrations of fluoride varnish showed 

significant differences with the value in the control group 

(P<0.05). Pairwise comparisons revealed significant 

differences between all concentrations (P<0.05).  

Effect of AH26 on L929 mouse fibroblasts after 48 hours: 

The percentage of cell viability following exposure to 

different concentrations of AH26 showed significant 

differences with the value in the control group ( P<0.05). 

Pairwise comparisons revealed no significant difference 

between the concentrations (P>0.05).  

Comparison of cytotoxicity of sealers:  

In general, the cytotoxicity of fluoride varnish and AH 

Plus was close with no significant difference (P=0.49). 

Both sealers were toxic in 1/1, 1/2 and 1/4 concentrations 

but their cytotoxicity decreased in 1/8 concentration.  

Comparison of cytotoxicity of fluoride varnish sealer 

with that of Fill Canal and MTA Fillapex revealed that 

fluoride varnish had significantly higher cytotoxicity 

than both of them (P<0.05). The difference in 

cytotoxicity of fluoride varnish and MTA Fillapex was 

greater than the difference between fluoride varnish and 

Fill Canal. An interesting finding was that fluoride 

varnish showed high cell viability in 1/8 concentration 

(91.09%). Fluoride varnish in 1/1 and 1/8 concentrations 

showed significantly higher cell viability than AH26 

(P<0.001). 

Comparison of AH Plus with AH26 showed that AH Plus 

in all concentrations had higher cell viability than AH26 

(P<0.001). Furthermore, the comparison of AH Plus with 

Fill Canal and MTA Fillapex showed that the cell 

Sealer control 1/8 1/4 1/2 1/1 

AH Plus 99.99±1.624A 84.16±5.102Aa 68.70 ±6.989Abhk 27.83±6.087Acil 4.438±1.094Adjm 

Fill Canal 100.1±1.626B 90.14±6.431C 83.72±6.198 BDh 73.73±1.478BCl 38.35±5.976BCDj 

MTA Fillapex 99.99±1.628E 95.54±1.342g 91.04±1.977EFk 85.12±1.694EFl 79.54±3.533EFm 

fluoride varnish 99.99±1.628G 91.09±4.463GHeg 44.87±3.952GH 9.820±1.422GH 3.038±0.250GHf 

AH26 99.99±5.399O 1.085±0.3303Oae 1.402±0.2713Ob 1.176±0.3766 Oc 0.8593±0.3089 Odf 



 Hosseini
 
et al.                                                                                                    JDMT, Volume 10, Number 3, September 2021    137 

viability of AH Plus was significantly lower (P<0.05) 

than that of the aforementioned two sealers. The 

difference in this respect between fluoride varnish and 

AH Plus was not significant (P>0.05).  

Comparison of cytotoxicity of Fill Canal and MTA 

Fillapex revealed no significant difference (P=0.06). 

However, among all, MTA Fillapex had the lowest 

cytotoxicity and highest cell viability. The difference of 

MTA Fillapex in this respect with AH Plus, AH26 and 

fluoride varnish was significant (P<0.05). MTA Fillapex 

was the only sealer that had higher cell viability in 1/8 

concentration than fluoride varnish (95.54%). Figure 1 

compares the cell viability of sealers evaluated in this 

study.  

 

 

 

  Figure1: comparison of cell viability of different sealer 

Discussion  

Evidence shows that root filling materials cause 

periapical irritation when leaked into the periradicular 

tissue. Thus, the main question is the severity of tissue 

irritation caused by different root filling materials (17). 

This study assessed the cytotoxicity of Duofluoride XII 

fluoride varnish as root canal sealer against L929 mouse 

fibroblasts in comparison with four commonly used 

conventional endodontic sealers in the first 48 hours of 

exposure. Duofluoride XII (FGM, Joinville, SC, Brazil) 

is a dual fluoride varnish (2.92% fluorine, calcium 

fluoride + 2.71% fluorine, sodium fluoride, FGM) that in 

previous studies, its anti-decay properties and dentinal 

adaptability were confirmed. However, its 

biocompatibility has not been yet compared with 

conventional sealers. L929 mouse fibroblasts were used 

in this study due to their easy accessibility and culture, 

yielding reproducible results. This cell line is commonly 

used for cytotoxicity testing (18-24). MTT assay was 

used for the assessment of cytotoxicity since it is the 

standard test for this purpose (18-24). 

In assessment of cytotoxicity of endodontic materials, 

some researchers directly exposed the cells to materials 

such as Ashraf et al, and Bracket et al. (19, 20). However, 

in some other studies, the sealer extract was mixed with 

the culture medium to assess its effects on cells (16, 25, 

26). Direct placement of sealer in cell culture plate may 

cause physical injury to the cells and increase the risk of 

microbial contamination of cell culture plate. Thus, the 

second method (use of sealer extract) was employed in 

our study. 

In the clinical setting, the sealer is applied to the root 

canal system immediately after preparation. However, 

evidence shows that freshly mixed, unset sealer has 

maximum cytotoxicity for the periapical tissue in case of 

exposure (16, 26).  
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A novel material for clinical use should always be 

evaluated by biocompatibility tests before introducing to 

the market (1) Since this was the first study that evaluated 

the cytotoxicity of Duofluoride XII, as a sealer  different 

dilutions of the sealer extract were prepared and used 

similar to the previous study (4). It is not possible to 

clinically determine the concentration of the substance to 

texture, due to the lack of an accurate estimate of 

concentration of the sealers in the setting and non-setting 

state to the cells. It is usually examined the effect of 

sealers at different concentrations of the face 

Concentrations that can cause cell damage To be 

specified (27). 

In the present study, the cytotoxicity of fluoride varnish 

and AH Plus sealers was close to each other with no 

significant difference such that they were both toxic in 

1/1, ½, and ¼ concentrations at 48 hours. Their 

cytotoxicity decreased in 1/8 concentration and the 

percentage of cell viability increased. However, AH26 

was toxic in 1/1 to 1/8 concentrations at 48 hours, which 

is due to its higher cytotoxicity, which had significant 

differences with all other sealers. However, it should be 

noted that this effect can be attributed to testing under in 

vitro conditions. The cytotoxicity of AH26 is attributed 

to its epoxy bis-phenol resin content as well as 

formaldehyde release during and after setting (28). 

Fluoride varnish sealer had lower cytotoxicity than AH26 

in our study. Our results were similar to those of Parirokh 

et  al. (1)  with the difference that we performed the MTT 

assay at 48 hours and assessed 5 sealers; whereas, 

Parirokh et al. (1) assessed AH Plus, AH26 and fluoride 

varnish sealers. The MTT assay showed that all three 

sealers in ½, ¼ and 1/8 concentrations had lower cell 

viability compared with the control group. AH Plus 

showed significantly higher cell viability than AH26. 

Also, similar to our study, the cell viability of AH Plus 

sealer in ½ and ¼ concentrations was higher than that of 

fluoride varnish. Fluoride varnish showed higher cell 

viability than AH26. The results of both studies indicate 

that fluoride varnish can be used as a suitable sealer with 

lower cytotoxicity than AH26 (1) but  in both articles the 

cytotoxicity of fluoride varnish was higher than that of 

AH plus sealer. The possible mechanisms of fluoride 

toxicity are  (a) As the fluoride comes in contact with 

moisture this results in the formation of hydrofluoric acid 

and this acid formation results in burning of tissues due 

to low pH. (b) Cellular poisoning results due to inhibition 

of enzymes required for the physiological functioning of 

cells. (c) Fluoride is one of the most reactive elements 

that attacks oxygen and disrupt the metabolism resulting 

in the production of hydrogen peroxide as a product. In 

addition, fluoride results in excessive production of free 

radicles that disrupt the antioxidant formation (27). 

Huang et al. (25)  reported results similar to ours. They 

showed that the cytotoxicity of AH26 and AH Plus was 

higher than that of a ZOE-based sealer (Canals) at 1, 2, 

and 3 days. Similarly, in our study, comparison of AH26 

and AH Plus with Fill Canal ZOE-based sealer showed a 

significant difference in cytotoxicity, indicating higher 

cytotoxicity of AH26 and AH Plus sealers. Al Anezi et 

al. (21) reported results similar to our findings such that 

the cytotoxicity of AH26 sealer was found to be higher 

than that of MTA sealer. Bin et al. (16) assessed the 

cytotoxicity of MTA Fillapex and compared it with AH 

Plus. The MTT assay results revealed cell viability over 

50% for all concentrations of MTA Fillapex, which was 

in agreement with our results. In the present study, the 

highest concentration of MTA Fillapex i.e. 1/1 showed 

79.54% cell viability. Silva et al. (29)  assessed the 

cytotoxicity of MTA Fillapex and reported that the 

cytotoxicity of MTA Fillapex was higher than that of AH 

Plus, which was different from our findings. This 

difference can be due to the time of assessment since they 

assessed the cytotoxicity of sealers after 168 hours while 

we performed the MTT assay after 48 hours and as we 

know, the cytotoxicity of resin-based sealers decreases 

over time (29). Badole et al. (2) compared the 

cytotoxicity of four sealers and similar to our study, 

reported that AH26 had maximum cytotoxicity in the first 

24 hours. Javidi et al. (4) assessed the cytotoxicity of 

NZOE and compared it with AH26 and Pulpdent using 

the MTT assay. In line with our findings, they indicated 

that AH26 was more toxic than other sealers. Jafari et al. 

(30)  compared the cytotoxicity of MTA Fillapex, AH26, 

and Apatite root canal sealer using the MTT assay and 

reported results in accordance with our findings. They 

demonstrated that after 72 hours, MTA Fillapex had 

lower cytotoxicity than AH26 sealer but this difference 

was no longer significant after 7 days. De Toledo 

Leonardo et al. (31) compared the cytotoxicity of five 

sealers such as Fill Canal and AH26 and reported that Fill 

Canal had the lowest cytotoxicity. In our study, Fill Canal 

and MTA Fillapex showed minimum cytotoxicity as 

well. Silva et al. (32)  compared the cytotoxicity of five 

sealers such as MTA Fillapex and AH Plus. They did not 

observe any significant difference in cytotoxicity of these 

two sealers after 2 days. However, after 3 days, MTA 

Fillapex was more toxic than all other sealers, which was 

different from our findings. This difference can be due to 

the fact that they did not assess different concentrations 

of sealers while we tested the cytotoxicity of four 

different concentrations of sealers. Jagtap et al. (33) 

assessed the cytotoxic effects of MTA Fillapex, Apexit 

Plus calcium hydroxide-based sealer, AH Plus and Tubli 

Seal ZOE-based sealer on human periodontal ligament 

fibroblasts using the MTT assay. They showed that MTA 

Fillapex had maximum cytotoxicity at 2 weeks followed 

by Tubli Seal and Apexit Plus. AH Plus showed 

minimum cytotoxicity.  
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Most in vitro studies on cytotoxicity of sealers have 

reported that the cytotoxicity of epoxy resin-based 

sealers (AH Plus and AH 26) is high especially early after 

mixing. The same is true for ZOE-based sealers. 

However, the cytotoxicity of AH26 is often lower (16, 

26, 34, 35). 

Future studies are required to assess the cytotoxicity of 

fluoride varnish sealer at different time points after 

mixing and setting of sealer. Also, other properties of 

fluoride varnish sealer such as its sealing ability, 

solubility and setting time should be investigated in 

further studies.   

Conclusion 

Fluoride varnish has acceptable biocompatibility 

comparable to that of commonly used sealers. 

Application of its lower concentrations, with lower 

cytotoxicity, can be considered as an alternative to 

conventional sealers. Fluoride varnish had optimal cell 

viability compared to that of AH Plus gold standard 

sealer, and had lower cytotoxicity than AH26. Thus, it 

seems to be a promising alternative sealer for use in the 

clinical setting.  

Conflict of Interest 

The authors declare no conflict of interest. 

Acknowledgment 

This work was based on the thesis supported by a grant 

from Research Council of Mazandaran University of 

Medical Sciences, Sari, Iran. 

References 

1. Parirokh M, Forghani FR, Paseban H, Asgary S, 

Askarifard S, Esmaeeli Mahani S. Cytotoxicity of two 

resin-based sealers and a fluoride varnish on human 

gingival fibroblasts. IEJ. 2015;10(2):89-92. 

2. Badole GP, Warhadpande MM, Meshram GK, 

Bahadure RN, Tawani SG, Tawani G, et al. A 

comparative evaluation of cytotoxicity of root canal 

sealers: an in vitro study. Restor Dent Endod. 

2013;38(4):204-209. 

3. Mohammadi Z, Giardino L, Palazzi F, 

Paragliola R, Grandini S, Jafarzadeh H. The Effect of 

Adding Different Antibiotics on the Resistance against 

Bacterial Leakage of AH 26 Sealer. J Dent Mater Tech. 

2017;6(4):170-175. 

4. Javidi M, Zarei M, Omidi S, Ghorbani A, 

Gharechahi M, Shayani Rad M. Cytotoxicity of a New 

Nano Zinc-Oxide Eugenol Sealer on Murine Fibroblasts. 

IEJ. 2015;10(4):231-235. 

5. Sevimay S, Dalat D. Evaluation of penetration 

and adaptation of three different sealers: a SEM study. J. 

Oral Rehabil. 2003;30(9):951-955. 

6. Yoshino P, Nishiyama CK, Modena KC, Santos 

CF, Sipert CR. In vitro cytotoxicity of white MTA, MTA 

Fillapex(R) and Portland cement on human periodontal 

ligament fibroblasts. Braz. Dent. J. 2013;24(2):111-116. 

7. Fontana M, Gonzalez-Cabezas C, Haider A, 

Stookey GK. Inhibition of secondary caries lesion 

progression using fluoride varnish. Caries Res. 

2002;36(2):129-135. 

8. Agouropoulos A, Twetman S, Pandis N, 

Kavvadia K, Papagiannoulis L. Caries-preventive 

effectiveness of fluoride varnish as adjunct to oral health 

promotion and supervised tooth brushing in preschool 

children: a double-blind randomized controlled trial. J 

Dent. 2014;42(10):1277-1283. 

9. Poi WR, Carvalho RM, Panzarini SR, Sonoda 

CK, Manfrin TM, Rodrigues Tda S. Influence of enamel 

matrix derivative (Emdogain) and sodium fluoride on the 

healing process in delayed tooth replantation: histologic 

and histometric analysis in rats. Dent Traumatol. 

2007;23(1):35-41. 

10. Lochaiwatana Y, Poolthong S, Hirata I, Okazaki 

M, Swasdison S, Vongsavan N. The synthesis and 

characterization of a novel potassium chloride-

fluoridated hydroxyapatite varnish for treating dentin 

hypersensitivity. Dent Mater J. 2015;34(1):31-40. 

11. Hoang-Dao BT, Hoang-Tu H, Tran-Thi NN, 

Koubi G, Camps J, About I. Clinical efficiency of a 

natural resin fluoride varnish (Shellac F) in reducing 

dentin hypersensitivity. J Oral Rehabil. 2009;36(2):124-

131. 

12. Chawla HS, Setia S, Gupta N, Gauba K, Goyal 

A. Evaluation of a mixture of zinc oxide, calcium 

hydroxide, and sodium fluoride as a new root canal filling 

material for primary teeth. J Indian Soc Pedod Prev Dent. 

2008;26(2):53-58. 

13. Donyavi Z, Shokri A, Pakseresht Z, Tapak L, 

Falahi A, H. A. Comparative evaluation of retreatability 

of endodontically treated teeth using AH 26, fluoride 

varnish and mineral trioxide aggregate-based endodontic 

sealers. . Open Dent. J 2019;13(1):183-189. 

14. Omidi S, Ahadian A, Hadidi G, Mousavi SJ, M. 

F. Evaluation of Dentin Adaptability of Fluoride Varnish 



140  JDMT, Volume 10, Number 3, September 2021                                                        Cytotoxicity of fluoride varnish as a sealer 

as a Root Canal Sealer Using Scanning Electron 

Microscopy. Front Dent. 2019;16(5):335-341. 

15. Olympio KPK, Cardoso VEdS, Bijella MFB, 

Pessan JP, Delbem ACB, Buzalaf MAR. Urinary fluoride 

output in children following the use of a dual-fluoride 

varnish formulation. J Appl Oral Sci. 2009;17(3):179-

183. 

16. Bin CV, Valera MC, Camargo SE, Rabelo SB, 

Silva GO, Balducci I, et al. Cytotoxicity and genotoxicity 

of root canal sealers based on mineral trioxide 

aggregate.J. Endod. 2012;38(4):495-500. 

17. Scarparo RK, Grecca FS, Fachin EV. Analysis 

of tissue reactions to methacrylate resin-based, epoxy 

resin-based, and zinc oxide-eugenol endodontic sealers.J. 

Endod. 2009;35(2):229-232. 

18. Lodiene G, Morisbak E, Bruzell E, Orstavik D. 

Toxicity evaluation of root canal sealers in vitro. Int. 

Endod. J. 2008;41(1):72-77. 

19. Brackett MG, Marshall A, Lockwood PE, Lewis 

JB, Messer RL, Bouillaguet S, et al. Cytotoxicity of 

endodontic materials over 6-weeks ex vivo. Int. Endod. 

J. 2008;41(12):1072-1078. 

20. Ashraf H, Taherian A, Kerdar AN. Evaluation 

of cytotoxicity of two root canal filling materials by MTT 

assay. Aust Endod J. 2010;36(1):24-28. 

21. Alanezi AZ, Jiang J, Safavi KE, Spangberg LS, 

Zhu Q. Cytotoxicity evaluation of endosequence root 

repair material. Oral Surg. Oral Med. Oral Pathol. Oral 

Radiol. 2010;109(3):122-125. 

22. Karapinar-Kazandag M, Bayrak OF, Yalvac 

ME, Ersev H, Tanalp J, Sahin F, et al. Cytotoxicity of 5 

endodontic sealers on L929 cell line and human dental 

pulp cells. Int. Endod. J. 2011;44(7):626-634. 

23. Eldeniz AU, Mustafa K, Orstavik D, Dahl JE. 

Cytotoxicity of new resin-, calcium hydroxide- and 

silicone-based root canal sealers on fibroblasts derived 

from human gingiva and L929 cell lines. Int. Endod. J. 

2007;40(5):329-337. 

24. Jafarnia B, Jiang J, He J, Wang YH, Safavi KE, 

Zhu Q. Evaluation of cytotoxicity of MTA employing 

various additives. Oral Surg. Oral Med. Oral Pathol. Oral 

Radiol. 2009;107(5):739-744. 

25. Huang FM, Tai KW, Chou MY, Chang YC. 

Cytotoxicity of resin-, zinc oxide-eugenol-, and calcium 

hydroxide-based root canal sealers on human periodontal 

ligament cells and permanent V79 cells. Int. Endod. J. 

2002;35(2):153-158. 

26. Huang F-M, Lee S-S, Yang S-F, Chang Y-C. 

Up-regulation of Receptor Activator Nuclear 

Factor&#x2013;Kappa B Ligand Expression by Root 

Canal Sealers in Human Osteoblastic Cells.J. Endod. 

2009;35(3):363-366. 

27. Ullah R, Sohail Zafar M, Shahani N. Potential 

fluoride toxicity from oral medicaments: A review. Iran. 

J. Basic Med. Sci. 2017;20(8):841-848. 

28.  Hargreaves KM, Berman AH. Cohen,s 

Pathways of the Pulp.12thed.St Louis, MO: Elsevier 

Health Sciences; 2020 

29. Silva EJ, Rosa TP, Herrera DR, Jacinto RC, 

Gomes BP, Zaia AA. Evaluation of cytotoxicity and 

physicochemical properties of calcium silicate-based 

endodontic sealer MTA Fillapex.J. Endod. 

2013;39(2):274-277. 

30. Jafari F, Aghazadeh M, Jafari S, Khaki F, Kabiri 

F. In vitro Cytotoxicity Comparison of MTA Fillapex, 

AH-26 and Apatite Root Canal Sealer at Different Setting 

Times. IEJ. 2017;12(2):162-167. 

31. Leonardo RT, Consolaro A, Carlos IZ, 

Leonardo MR. Evaluation of cell culture cytotoxicity of 

five root canal sealers.J. Endod. 2000;26(6):328-330. 

32. Silva EJ, Carvalho NK, Ronconi CT, De-Deus 

G, Zuolo ML, Zaia AA. Cytotoxicity Profile of 

Endodontic Sealers Provided by 3D Cell Culture 

Experimental Model. Braz. Dent. J. 2016;27(6):652-656. 

33. Jagtap P, Shetty R, Agarwalla A, Wani P, 

Bhargava K, Martande S. Comparative Evaluation of 

Cytotoxicity of Root Canal Sealers on Cultured Human 

Periodontal Fibroblasts: In vitro Study J. Contemp. 

Dent.. 2018;19(7):847-852. 

34. Bae WJ, Chang SW, Lee SI, Kum KY, Bae KS, 

Kim EC. Human periodontal ligament cell response to a 

newly developed calcium phosphate-based root canal 

sealer.J. Endod. 2010;36(10):1658-1663. 

35. Miletic I, Jukic S, Anic I, Zeljezic D, Garaj-

Vrhovac V, Osmak M. Examination of cytotoxicity and 

mutagenicity of AH26 and AH Plus sealers. Int. Endod. 

J. 2003;36(5):330-335. 

 

 

 



 Hosseini
 
et al.                                                                                                    JDMT, Volume 10, Number 3, September 2021    141 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Corresponding Author 
Salma Omidi 

Department of Endodontics, Faculty of Dentistry, Mazandaran University of Medical Sciences, Sari, Iran  

Tell: 09111534687 

Email: salmaomidi@yahoo.com 

 


