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ABSTRACT

Objective: Biocompatibility refers to the manner in which materials respond to living cells and includes cytotoxicity, cytogenicity, genotoxicity, and 
carcinogenicity. To determine cytogenicity, we count the micronuclei that form after applying materials to living cells. Sealer is a chemical material 
that can be directly contacted in periapical tissue and is potentially cytogenetic. Bioceramic, silicon, and methacrylate resin sealers have ingredients 
that are potentially cytogenetic. We examined the interactions of these sealers with lymphocyte T-cells.

Methods: We counted the number of micronuclei following treatment with bioceramic, silicone, and methacrylate resin sealers on lymphocyte T-cells 
at 1, 3, and 7 days.

Results: The micronuclei scores associated with bioceramic and silicone sealers were lower than methacrylate resin (p<0.05) between days 1, 3, and 7. 
The micronuclei scores of bioceramic and silicone sealers on day 1 were higher than on days 3 and 7. There were no significant between-group 
differences for bioceramic and silicone sealers on days 3 and 7. The highest micronuclei score for methacrylate resin was on day 1.

Conclusion: Bioceramic and silicone sealers were less cytogenetic than methacrylate resin sealer. However, all of the sealers produce micronuclei on 
days 1, 3, and 7.
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INTRODUCTION

Biocompatibility describes the response of various materials to living 
cells. Biocompatible materials will exhibit no irritation, inflammation, 
toxicity, genotoxicity, or carcinogenicity [1,2] and are determined by 
in vitro analysis [1-3]. One biocompatibility test is cytogenicity. To 
determine if a material is cytogenetic, after the material is applied to 
living cells, we count the micronuclei [3-6]. Micronuclei are formed from 
lagging chromosomal fragments or whole chromosomes at anaphase 
which are not included in the nuclei of daughter cells [7] and appear 
as small spherical objects that have the same morphology and staining 
properties of nuclei, within the cytoplasm of daughter cells [7].

Root canal sealer is widely used in endodontic treatments [1,5] and 
probably contacts periapical tissue. However, newer bioceramic 
and silicon sealers have produced different findings with regard to 
cytotoxicity. Some studies found that bioceramic sealer was non-toxic, 
while others found that it was mildly cytotoxic when freshly mixed. 
These discrepancies could be due to differences in setting times [4-6]. 
Methacrylate resin requires a setting time of 8 h; otherwise, bioceramic 
and silicone sealers only require 1 h for setting. Loushine et al. found that 
the final setting time for bioceramic sealers was 160–240 h [18]. Candeiro 
et al. also showed that AH Plus® (methacrylate resin) formed 8% of 
micronuclei, compared to bioceramic that formed 2% of micronuclei [3].

T lymphocyte cells contribute to the healing process in periapical 
inflammation and having high rates of division characteristic. We tested 
the cytogenicity of bioceramic, silicone, and methacrylate resin sealers 
on T lymphocytes.

METHODS

Blood cultures (0.5 mL) from healthy donors were established in 
Roswell Park Memorial Institute culture medium, supplemented with 

4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid and L-Glutamine, 
15% fetal bovine serum, penicillin-streptomycin, and phytohemagglutinin. 
We added 0.5 mL of each sealer with 5% concentration (bioceramic, 
silicone, and methacrylate resin) to the culture. The cultured medium 
was maintained in a 5% humidified CO2 incubator at 37°C for 1, 3, and 
7 days. After incubation, we added 15 µl cytochalasin B (Sigma-Aldrich) 
to the cultures and continued to incubate for 72 h. The cultures were then 
treated with cold hypotonic solution (0.075 KCl) to lyse the red blood 
cells. A fixative consisting of methanol-acetic acid (10:1) diluted with 
Ringer/s solution (NaCl and KCl) was added to replace the hypotonic 
solution. Then, the supernatant was washed with fixative solution 2 or 
3 times until the cell suspension was clear. The cells were then gently 
resuspended, and the suspension dropped onto clean glass slides and 
allowed to dry. The slides were then stained with 4% Giemsa solution 
in a potassium phosphate buffer (pH 7.3) and allowed to dry overnight. 
The slides were mounted with coverslips and allowed to dry completely 
before scoring. The slides were then analyzed by a single observer to 
determine the micronuclei frequency per 1000 binucleated cells.

RESULTS

From the result of experiment show that median value of micronuclei 
were significantly (p=0.000) lower for the bioceramic and silicone 
sealers, than for the methacrylate resin sealer (Table 1).

On days 1, 3, and 7 days, the median numbers of micronuclei were 
significantly (p=0.000) lower for the bioceramic and silicone sealers, 
compared to the methacrylate resin sealer (Table 2).

As shown in Fig. 1, the micronucleus lies inside a cell that has two 
daughter cells and is colored (purple) identically to the daughter cell. 
The micronucleus is approximately 1/6 to 1/3 the size of the daughter 
cell. The micronucleus image in Fig. 1 appears unchanged on days 1, 
3, and 7 of incubation. There are no different characteristic and image 
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of micronuclei in bioceramic, silicon, and methacrylate resin sealers on 
days 1, 3, and 7. There is only change in the amount of micronuclei.

Table 3 presents differences in the numbers of micronuclei in the various 
sealer groups on incubation days 1, 3, and 7. There were significant 
differences observed between days 1 and 3 (p=0.004) and days 1 and 7 
(p=0.003) for the bioceramic sealer. There was no significant difference 
between days 3 and 7 for the bioceramic group (p=0.423).

There were significant differences in the numbers of micronuclei 
between days 1 and 3 (p=0.004), days 1 and 7 (p=0.004), and days 3 
and 7 (p=0.0007) for the methacrylate resin sealer (Table 3).

DISCUSSION

We observed the cytogenicity of bioceramic, silicone, and methacrylate 
resin sealers on lymphocyte T-cells within micronuclei and found that 

bioceramic and silicone sealers were associated with less cytogenesis 
than methacrylate resin. We selected T lymphocytes as our target 
cell due to their involvement in the healing process. The presence of 
micronuclei is suggestive of cell division failure or destruction during 
cell division into daughter cells [1].

As presented in Tables 1 and 2, we observed significant differences in the 
number of miconuclei among the three sealers. Bioceramic and silicone 
sealers appeared to be less cytogenetic than the methacrylate sealer. This 
result is in agreement with previous research by Zhou et al. who showed 
that bioceramic sealers were less cytotoxic than methacrylate resin 
sealers [9]. However, the test type is different between cytotoxic test 
which uses MTT assay and cytogenetic test which counts micronuclei. 
Candeiro et al. also showed from their experiment that micronuclei from 
contacting with methacrylate resin (AH Plus®) are more than bioceramic 
sealers (IRoot SP® [EndoSequence, BC Sealer]) [11].

Meanwhile, Collado-González et al. found that a silicone-based 
sealer (Guttaflow Bioseal® [Coltene-Whaledent]) was less cytotoxic 
than methacrylate resin (AH Plus®) sealer [15]. Bioceramic and 
silicone sealers were associated with lower micronuclei counts than 
methacrylate resin. This result could have been caused by calcium 
and silicate, which were biocompatible through the formation of 
hydroxyapatite crystals when calcium contacts living cells. Moreover, 
silicone also has a phosphoric ion that leads to the formation of 
apatite crystals and forms phosphate calcium as an apatite precursor. 
Therefore, calcium and silicate biocompatible materials, so that 
fewer micronuclei form following contact with silicone, compared to 
methacrylate resin [13].

The micronuclei value associated with methacrylate resin in Tables 1 
and 2 was probably affected by epoxy material within the methacrylate 
resin. Candeiro et al. explained that main ingredients can accelerate the 
polymerization process [3]. However, it can also release formaldehyde 
during polymerization. Formaldehyde can lead to cellular hypoxia, 
destruction of cell structure, and reduced biological activity secondary to 
the introduction of free radicals and lactate acid. Moreover, epoxy resin 
also releases bisphenol A that can destroy the DNA chain and potentially 
destroy mitotic cells. Therefore, methacrylate resin possesses a higher 
cytotoxicity than bioceramic or silicone sealers [10-12].

Table 1: Median (minimum‑maximum) number of micronuclei 
after application of bioceramic, silicone, and methacrylate resin 

to T lymphocytes

Group n Median score  
(minimum–maximum)

p value

Bioceramic 18 2.00 (1–5) 0.000*
Silicone 18 2.00 (1–8) -
Methacrylate Resin 18 6.50 (4–15) -
*Kruskal–Wallis p<0.05

Table 2: Median (minimum–maximum) number of micronuclei 
at days 1, 3, and 7 after application of bioceramic, silicone, and 

methacrylate resin to T lymphocytes

Group N Day 1 Day 3 Day 7 p value
Bioceramic 18 4.00 (3–5) 2.00 (1–3) 1.50 (1–2) 0.000*
Silicone 18 6.00 (4–8) 2.00 (1–2) 1.50 (1–2) -
Methacrylate 
Resin

18 11.50 (10–15) 6.50 (5–8) 4.50 (4–5) -

*Kruskal–Wallis p<0.05

Fig. 1: Microscopic depictions of a cell micronucleus on day 1 (a), day 3 (b), and day 7 (c) of incubation
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As noted in Table 3, we found the differences in the micronuclei 
score between days 1 and 3 and days 1 and 7 for bioceramic sealers. 
However, there were no significant differences between days 3 and 7. 
This means that the cytogenicity of the bioceramic sealer was higher 
on day 1 compared to days 3 and 7. This result is in agreement with 
prior research by Vitti et al. who found decreasing cytotoxicity over the 
initial 24 h. This is probably caused by the alkaline nature (pH = 12) 
of the bioceramic sealer [17], potentially lethal for bacteria as well as 
living cells. At the conclusion of the setting time, there are a decreasing 
number of hydroxyl ions, thus neutralizing the pH. Loushine et al. found 
that bioceramic sealers required a final setting time of 160–240 h and 
released elements that affected the viability of periodontal ligament 
cells [18,19].

Thrikivaman et al. also explained that bioceramic sealers included 
zirconia nanoparticles, sized 1–7 µm; meanwhile, the size of 
T-lymphocytes is approximately 6 µm [20]. Zirconia nanoparticles enter 
into living cells and can produce reactive oxygen species (ROS) that 
increase the oxidation pressure. This mechanism is controlled by the 
p53 protein [20] and stimulates chromosome aberrations, destruction 
of chromosome fragments, and disturbs cell proliferation.

Micronuclei counts associated with contact with the silicone sealer 
also significantly differed between days 1 and 3 and days 1 and 7, with 
no significant differences between days 3 and 7. This means that the 
silicone sealer exhibited more cytogenicity on day 1 than days 3 and 
7, although micronuclei were found on all 3 days. This could have been 
caused by nanosilver particles contained within the sealer. According 
to McShan et al., nanosilver particles range from 1 to 100 nm in 
size [21]. This particle can penetrate and diffuse into cells, leading to 
mitochondrial dysfunction, production of ROS, and disruption of ATP 
synthesis. Oxidation pressures change if ROS exceeds the capacity 
of cellular antioxidant system, potentially destroying the cells and 
disturbing cell proliferation [22-24].

Table 3 also presents the differences in micronuclei associated 
with methacrylate resin on incubation days 1, 3, and 7. The highest 
cytogenicity of methacrylate resin sealer was on day 1, with decreasing 
cytogenicity on days 3 and 7. This result is in agreement with research 
by Zhou et al. who found that methacrylate resin cytotoxicity decreased 
after setting (8 h) [9]. Pawińska et al. [12] also found that AH Plus® 
was most cytotoxic when mixed and decreased after setting time. It 
probably caused by the release of formaldehyde.

In this research, the three sealer materials produced discreet micronuclei 
values on incubation days 1, 3, and 7. These three materials are 
potentially cytogenetic. We consider a material potentially cytogenetic if 
the amount of micronuclei formed in 1000 binuclear cells is >40.

All three sealer materials produced <40 micronuclei, with the highest 
value (12) associated with methacrylate resin sealer. In contrast, 

the silicone and bioceramic sealers had scores of 6 and 4. Therefore, 
the three sealers are all considered non-toxic, based the number of 
micronuclei; however, all have cytogenetic potential.

This research has a number of limitations. Our sample was fairly 
homogeneous and consisted of healthy females without systemic 
diseases or allergies.

CONCLUSION

This study proves that the cytogenetics of bioceramic silicone and 
silicon are lower than that of methacrylate resin.
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