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ABSTRACT
Objective: The objective of this study was to compare the potential mutagenicity of resin-, silicone-, and bioceramic-based sealers on protein
expression in human lymphocytes. There has been limited research on resin-, silicone-, and bioceramic-based sealers effects on protein expression
in lymphocytes.

Methods: Nine samples of each sealer were incubated in 2 mL human blood for 1, 3, and 7 days. Then, the isolated lymphocytes are observed for
protein separation by electrophoresis method. Profile of protein bands observed and data were analyzed statistically by Kruskal–Wallis and post hoc
Mann–Whitney.
Results: Although no statistically significant differences in protein bands were observed among the resin-, silicone-, and bioceramic-based sealers
(p=0.111), there was a statistically significant difference between the resin- and silicone-based sealers on the 1st day (p=0.046) and 3rd day (p=0.046)
and between the silicone- and bioceramic-based sealers on the 1st day (p=0.046). Thus, the present study shows that there were differences in the
potential mutagenicity on the 1st day; resin was potentially more mutagenic followed by bioceramic and silicone. On the 3rd and 7th days, bioceramic
was potentially more mutagenic followed by resin and silicone.
Conclusion: The manuscript describes the study in detail and concludes that resin was potentially more mutagenic followed by bioceramic- and
silicone-based sealers.
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INTRODUCTION
The main purpose of root canal treatment is to eliminate the
microorganisms and prevent the reoccurrence of infection in the future. To
achieve successful treatment, there is a need for closure of the root canal to
prevent bacterial proliferation, which can cause infection in the root canal
and periapical tissue. The obturation material and root canal sealer work
synergistically, resulting in hermetic obturation of the root canal [1].
Root canal sealers serve to fill the space between the gutta-percha and
the root canal walls, and accessory canals, and as a lubricant during
the obturation procedure to ensure hermetic and tight obturation [2].
Obturation of the root canal is carried out until apical constriction
occurs; however, currently, there exists the phenomenon of obturation
with the extrusion of sealers (sealer puff) beyond apical constriction
and subsequent contact with periapical tissue [3,4].

Hence, root canal sealers must be non-toxic and contribute to the
healing process of the periapical lesion [5]. Sealers should have a
bacteriostatic effect and be biocompatible, causing no irritation to
the periapical tissues [6]. Biocompatibility is defined as the ability of
a material to cause no biological response when applied to tissues or
cells in the human body. The biocompatibility of a material depends
on its expected physical function and biological response. Poor
biocompatibility results in cytotoxicity, genotoxicity, mutagenicity, and
the potential to cause malignancy [7].
Mutagenicity is the ability of an agent to cause a mutation in cellular
DNA; such a mutation can occur due to a fault during replication, repair,
or recombination of DNA that causes substitution, insertion, or deletion

of DNA base pairs. Cellular DNA can undergo mutation when the cell is
exposed to chemicals, physical agents, or radiation. Permanent damage
to DNA can also occur in defense cells found in the periapical area,
including lymphocytes [8].

A change in the chemical composition of DNA can change the processes
of transcription and translation, ultimately altering protein synthesis,
which can change cellular and organismal metabolic processes. These
changes can cause the differential expression of many proteins, which
may be due to inflammatory processes or changes in genes (mutations)
that occur as a result of the exposure of lymphocytes to mutagenic
agents (physical or chemical) [9,10].
Root canal sealers are chemical agents that are potentially mutagenic.
Miletic et al. studied AH26 and AH Plus resins for their effect on human
lymphocytes following incubation for 1 h, 24 h, and 7 days. This
experimental work found no chromosomal alterations or mutations in
the lymphocytes [11]; however, according to Sousa et al. that evaluate
the intraosseous biocompatibility of AH Plus, AH Plus sealer can cause
an inflammatory response in the guinea pigs jaw, into experimental
periods of 4 and 12 weeks [12]. The silicone sealer, GuttaFlow, has been
shown to have a better biocompatibility than the AH Plus sealer [13]
and caused no chromosomal alterations in human lymphocytes
in vitro [14]. Bioceramic sealers induce biomineralization and have a
good biocompatibility; however, research regarding these sealers is still
very limited [15].
Since there is a difference in the results presented in literature and
limited research regarding the effects of resin-, silicone-, and bioceramicbased sealers on protein expression in lymphocytes, the present study

The 3rd International Conference on Global Health (ICGH), Universitas Indonesia, Bali, Indonesia

Suryadarma et al.

sought to compare these three types of sealers. Incubation periods of
1 and 3 days were used, since the life cycle of lymphocytic cell ranges
from 1 to 3 days and 7 days, since there is evidence that bioceramic
sealers can take this long to set [16].

Sealers, as chemical agents, can potentially irritate when extruded
to the periapical tissue, affecting the life cycle of surrounding cells,
particularly lymphocytes. At present, resin-based sealers are most
commonly used, while more novel materials such as bioceramic- and
silicone-based sealers have emerged. The purpose of the present
study was to evaluate the differences in potential mutagenicity of
resin-, silicone-, and bioceramic-based sealers with respect to changes
in protein expression in lymphocytes following a 1-, 3-, and 7-day
incubation.
METHODS

This study was approved by the local ethics committee, patient approval
and consent were made before obtaining blood sample from one
human sample age 28, female, not smoking, with no systemic disease.
Sealers used for this study were resin based, AH Plus (Dentsply/
Maillefer, Konstanz, Germany), bioceramic based, IRoot SP (Innovative
Bioceramix Inc., Vancouver, Canada), and silicone based, GuttaFlow
bioseal (Coltene-Whaledent, Langenau, Germany). 2 ml of blood was
added to wells containing 1.5 mL culture medium (RPMI, FBS, PenStrep), mixed with sealers, and incubated for 1, 3, and 7 days at room
temperature. The wells were subsequently flushed with phosphatebuffered saline (PBS) for the isolation of lymphocytes.
Samples of blood and 3.5 mL medium mixed with 3 mL PBS were
added to 3 mL Histopaque and centrifugated for 30 min at 1500 rpm,
resulting in three layers of liquid. Lymphocytes were separated from
the layer between the Histopaque and blood plasma layers, transferred
to a 15-mL tube containing 5 mL PBS (pH 7.4), and centrifugated for
15 min at 1000 rpm. The supernatant was flushed out, and 10 µl of each
resuspended pellet was added to the same volume of sample buffer
containing β-mercaptoethanol.
Table 1: The median and p values of the effects of resin‑, silicone‑,
and bioceramic‑based sealers on the number of lymphocyte
protein bands following a 1‑, 3‑, and 7‑day incubation

Group

n

Resin
Silicone
Bioceramic

9
9
9

Incubation time median (Min‑Max)
1 day

3 days

7 days

4.00 (3−5)
10.00 (9−10)
6.00 (4−8)

5.00 (3−6)
7.00 (2−8)
4.00 (1−6)

3.00 (3−5)
3.00 (3−5)
2.00 (2−4)

*Kruskal–Wallis test, with p<0.05

p‑value
0.111
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About 20 µl of lymphocytes from each well were transferred to a
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
gel and separated by electrophoresis for 120 min at 120 V and 40 mA.
The gel was subsequently stained with Coomassie Brilliant Blue R-250
dye for 1 h, destained for 2 h, and scanned using a Bio-Rad® Molecular
Imager™ Gel Doc™ XR+ connected to a personal computer to observe
the protein profiles.
The protein profile of lymphocytes was analyzed by one-dimension
SDS-PAGE, and calculation was performed by counting the number of
protein bands. The data were subsequently tested by a Kruskal–Wallis
non-parametric test using the SPSS v22 software. Normally distributed
data were tested using a one-way analysis of variance parametric test,
and abnormally distributed data were tested using the Kruskal–Wallis
non-parametric test, to compare all materials and incubation times
(1, 3, and 7 days), with a statistical significance value of p<0.05.
RESULTS

The results of the statistical tests for resin-, silicone-, and bioceramicbased sealers are presented in Table 1.

There was no statistically significant difference in the number of protein
bands (p≥0.05) between the resin-, silicone-, and bioceramic-based
sealers, indicating no significant difference in potential mutagenicity
between the three materials.
To evaluate differences among groups, the data were subsequently which
is shown in Table 2 analyzed using the Mann–Whitney post hoc test.

There was no significant difference in the effect of the resin- or
bioceramic-based sealers on lymphocyte protein expression on days
1, 3, or 7; however, there was a significant difference in the effect of
the silicone-based sealer on lymphocyte protein expression on days
1, 3, and 7. There were significant differences in the effects of resin-,
silicone-, and bioceramic-based sealers on lymphocyte protein
expression on day 1. There were no significant differences in the effects
of the resin-, silicone-, or bioceramic-based sealers on lymphocyte
protein expression on days 3 and 7.
The mean number of protein bands present following each incubation
time is shown in Fig. 1. On the 1st day, the largest number of protein
bands was found following incubation with silicone followed by
bioceramic and resin. The lower the number of protein bands, the less
proteins were expressed.

On the 3rd day, the largest number of protein bands was found following
incubation with silicone followed by resin and bioceramic, while on the
7th day, the protein expression seen in the presence of all sealers tended
to be decreased as compared with the 1st and 3rd days.

Fig. 1: Comparison of the mean number of protein bands following incubation with bioceramic-, silicone-, and resin-based sealers for
different periods of time
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Table 2: Significance of the effect of each sealer on the number of protein bands following a 1‑, 3‑, and 7‑day incubation
Material

Incubation

Resin

1 day
3 days
7 days
1 day
3 days
7 days
1 day
3 days
7 days

Silicone
Bioceramic

Resin

Silicone

1 day

3 days

7 days

‑

0.500
‑

0.637
0.346
‑

0.046*
0.184

0.513
0.658

1.000
0.261

*Mann–Whitney post hoc test, with p<0.05 considered statistically significant

DISCUSSION

A change or mutation in a gene can cause alterations in protein
expression. Gene mutation occurs during the translation or
transcription processes of protein synthesis. A change in the nucleotide
sequence can lead to cessation of protein synthesis, due to a change
in lymphocyte gene expression caused by the exposure of physical or
chemical mutagenic agents [9,10].

Nine samples of each sealer were incubated with lymphocytes for 1, 3,
and 7 days. The results (Table 1) show that on the 1st day of exposure
to the sealers, the highest number of protein bands was seen in the
silicone-based sealer (GuttaFlow) group, while in the bioceramic-based
sealer (IRoot) group, there were 4–6 protein bands, and in the resinbased sealer (AH Plus) group, there were 3–5 protein bands.

From the mean number of protein bands seen in Fig. 1, the silicone-based
sealer showed the induction of higher protein expression, especially on
the 1st and 3rd days, as compared with the bioceramic- and resin-based
sealers. This is in accordance with Accardo et al. who showed greater cell
viability of periodontal ligaments with silicone (GuttaFlow) as compared
with resin (AH Plus Jet), indicating better biocompatibility [17].
The mutagenic potential of resin sealers, possibly caused by the epoxy
resin, bisphenol A (BPA) was explained in a study by Schweikl et al. [18].
Moreover, according to Ersev et al. and Schweikl et al., resin sealers
have a mutagenic effect in vitro and in vivo, especially immediately after
mixing [19]; however, the mutagenic potential was not seen 24 h after
setting [20]. In addition to containing BPA, resin sealers have also been
shown to release a small amount of formaldehyde after setting, based
on a report by Leonardo et al. [21].
However, according to Van Landuyt et al., resin sealer extruded
to periapical tissue caused no DNA destruction [22], which is in
accordance with Geurtsen and Leyhausen who showed that AH Plus has
no genotoxic or mutagenic effects [23].

On the 3rd day of exposure with the sealers, the highest number, 2–8,
of protein bands was seen with the silicone-based sealer (GuttaFlow),
while the number of protein bands seen with the resin-based sealer (AH
Plus) was 3–6 and with the bioceramic-based sealer (IRoot) was 1–6.
In the present study, the silicone-based sealer (GuttaFlow) had a better
biocompatibility than the resin- and bioceramic-based sealers. This
observation is supported by Saygili et al. who found that GuttaFlow was
more biocompatible as compared with AH Plus following incubation
with mouse fibroblasts for 3 h, and 1, 3, and 7 days. This may be
due to the bioactive glass content, consisting of silica, calcium oxide,
sodium oxide, and phosphorus oxide. This material has osteoinductive
properties and bonds mechanically with bone tissue [23].
A study by Bueno et al. in mouse subcutaneous tissue showed that
bioceramic-based resins induce biomineralization and have good

Bioceramic

1 day

3 days

7 days

‑

0.046*
‑

0.043*
0.507
‑

0.046*

0.275

0.261

1 day

3 days

7 days

‑

0.261
‑

0.072
0.653
-

biocompatibility [14] while, according to Orrenius et al. and Midy et
al., the concentration of calcium ions in bioceramic-based resins can
induce cell damage [16,24].

On the 7th day of exposure, the highest number of protein bands,
3–5, was seen with the resin-based (AH Plus) sealer, while the
number of protein bands seen with the silicone-based (GuttaFlow)
sealer was 3–5 and with the bioceramic-based (IRoot) sealer was
2–4. This is in accordance with Miletic et al., who studied the effect
of resin-based sealers (AH26 and AH Plus) on human lymphocytes
for 1 h, 24 h, and 7 days, and found no chromosomal alterations or
mutations [11].
The sample used in the present study was lymphocytes from human
peripheral blood, which was also used by Brzovic et al. and Miletic et al.
to observe mutagenicity through chromosomal aberration [11,14].
Lymphocytes have the highest sensitivity to DNA damage as compared
with other cell types [25].
A change in DNA chemical composition can lead to alterations in the
transcription and translation processes, which eventually affects
protein synthesis and changes cellular and organismal metabolic
processes [10]. Protein expression can be observed by SDS-PAGE.

The present study has some limitations. Samples were equalized by
blood volume, which does not necessarily result in the same number
of lymphocytes per well. This may have caused an imbalance in
lymphocyte protein expression, accounting for the different numbers
of protein bands in each condition. In the future, lymphocytes should be
counted using a hemocytometer or automatic cell counter to increase
accuracy.
In addition, blood samples were taken from only one relatively young
individual (and therefore also one gender) with good systemic health;
thus, the protein profile represented the expression of one individual’s
genes. In the future, samples from individuals varying in age, gender,
and systemic health should be used for comparison.

Moreover, the difference in protein profiles could have also been
caused by an unstable electric current, affecting the speed of protein
migration. Furthermore, the longer that lymphocytes are kept, the
more denaturation occurs, leading to cell lysis and protein damage.
The current results support the need to continue to develop better
endodontic sealers that combine the excellent sealing with acceptable
biological properties for clinical applications.
CONCLUSION

There were differences in the potential mutagenicity on the 1st day;
the resin-based sealer was potentially more mutagenic followed by
the bioceramic- and silicone-based sealers. On the 3rd and 7th days,
bioceramic was potentially more mutagenic followed by resin and
silicone.
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