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Freshly Mixed and Set Endodontic Sealers
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Objective: The objective of this study was to evaluate the in vitro performance of endodontic sealers in their
freshly mixed and set forms.

Methods: The commercially used endodontic sealers (AH Plus, Dia-ProSeal, GuttaFlow 2, and Pulpdent Root
Canal Sealer) were investigated and the chemical structure of freshly mixed and set sealers were assessed
with Fourier transform infrared spectroscopy (FTIR). The surface morphology and elemental analysis were
assessed with a scanning electron microscope (SEM) equipped with energy-dispersive X-ray spectroscopy.
The pH and solubility analysis were performed and the cytotoxicity was done on extracts of freshly mixed
and set materials using Alamar blue assay. One way ANOVA and Post Hoc Tukey analysis was used to do mul-
tiple comparison analysis of the mean values and standard deviation results through SPSS version 20 (IBM
Software, NY, USA) for pH, solubility, and cytotoxicity analysis.

Results: FTIR analysis revealed the structural pattern and the difference in freshly mixed and set samples was
observed with the change in intensities of the peaks. The morphological pattern revealed the presence of
micro/nano-particles with pores distributed throughout their structure. The sealer with the least solubility
was AH Plus (0.10+£0.01) followed by Dia-ProSeal (0.77+0.25), GuttaFlow 2 (1.88+0.82) and Pulpdent Root
Canal Sealer (3.03+0.18). The solubility of AH plus was significantly lower (P<0.05) in comparison to Gut-
taFlow 2 and Pulpdent Root Canal Sealer. The highest pH (10.09+0.034) in the freshly mixed state and highest
cytotoxicity in the freshly mixed (70.08+5.852) and set sealers (83.87+5.409) (P<0.05) at day 7 was observed
in Dia-ProSeal. GuttaFlow 2 was the most biocompatible sealer in the set state and AH Plus was the most
biocompatible sealer in the freshly mixed state at day 7.

Conclusion: Clinically, the sealer is applied in fresh state, whereby this study signifies that which material is
more biocompatible in fresh state and provides insight information to clinicians. AH Plus showed least solu-
bility and cytocompatibility in fresh state compared to other groups.
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HIGHLIGHTS

« The morphological pattern revealed the presence
of micro/nano-particles with pores distributed
throughout their structure

INTRODUCTION

Root canal filling materials have
been refined with the evolution
of dentistry (1-3). Regardless of
the advanced root canal materials
like gutta percha and innovative
methods, the seal is inadequate
and impervious without the use of
root canal sealers (4). The use of an
endodontic sealer is obligatory to
fill the space between the dentinal
wall and the interface of the obtu-
rating cone (5). Root canal sealers
not only fill the voids to a greater
extent but also flow into the irreg-
ularities of a root canal and simul-
taneously in the accessory and lat-
eral canals that cannot be sealed by gutta percha cones (6). Several root canal sealers are available
in the market; zinc oxide eugenol based, glass ionomer, calcium hydroxide, calcium silicate, and

« The lowest solubility was indicated by AH Plus fol-
lowed by Dia-ProSeal, GuttaFlow 2 and Pulpdent
Root Canal Sealer.

« The highest pH and cytotoxicity in fresh sealers and
set sealers at day 7 was observed in Dia-ProSeal.
+ GuttaFlow 2 was the most biocompatible sealer in

the set state and AH Plus was the most biocompat-
ible sealer in the freshly mixed state.
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methacrylate resin based and epoxy resin-based sealers are
the most common (7).

During root canal filling, the root canal sealer can inevita-
bly extrude through the apical foramen and extend into the
periradicular tissues (8). This may result in clinical symptoms
such as pain, swelling, dysesthesia, and paresthesia (9). The
extrusion of root canal sealers can be detrimental to the
proliferation of periradicular cells (10, 11). However, the ex-
truded root canal sealer may or may not dissolve over time
(12). Lateral and accessory canal may serve as a pathway for
biological fluids and bacteria to enter into the root canals
from periodontal tissues and can serve to degrade the sealer
consequently leaching various components (13). Thus, the
biological properties of a sealer play a crucial role as these
sealers may come into contact with the periapical tissues
subsequently stimulating the healing process and affecting
the biological seal (14).

Anideal sealer should be biocompatible, bacteriostatic, should
not show shrinkage on setting and it should not be soluble in
tissue fluids whereby in case of extrusion from canal, it should
be dissolved without causing any toxicity (5, 15). All root canal
sealers exhibit some form of toxicity irrespective of their type
(16). Therefore, cytotoxicity of sealers remains an issue even
though newer sealers have been introduced due to their high
biocompatibility (10). A previous study assessing the cytotox-
icity of set endodontic sealers on human periodontal ligament
cells suggested that silicone-based sealers have higher cell
viability as compared to epoxy resin sealers and calcium sili-
cate-based sealers (17). Little information is available on the
biocompatibility of new sealers available in the market (18).
In order to identify the functional groups present in the seal-
ers that may be responsible for cytotoxicity of the endodon-
tic sealers, Fourier Transform Infrared Spectroscopy (FTIR) can
provide a reliable data to assess chemical structures (19, 20).
Scanning electron microscopy (SEM) and the objective of el-
emental mapping using energy dispersive X-ray spectroscopy
(EDX) is also another technique to reveal the elements in the
constituents that may contribute to the cytotoxicity of these

TABLE 1. Composition of commercial endodontic sealers
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sealers (21, 22). This study aimed to evaluate the pH, solubility,
structural pattern and in vitro cytotoxic effects of various end-
odontic sealers in their freshly mixed and set states. Whereby
the cells were exposed to freshly mixed and set sealers to in-
vestigate the biocompatibility of commercially available seal-
ers in both phases.

In clinical situations the root canal sealer is introduced into the
root canal in a freshly mixed state; however, even after setting
it may exert cytotoxic effects by releasing harmful constit-
uents. Hence, the evaluation of biocompatibility in both the
states isimportant. It is anticipated that it would help clinicians
in making a better choice among the sealers during a clinical
setting based on the results of biocompatibility. Furthermore,
the effect of pH and solubility would determine their role in
relation to biocompatibility.

MATERIALS AND METHODS

Prior to the start of experimental work, ethical approval was
obtained from the institutional ethical committee (Ref. No.
[IDC/IRC/2020/02/006). The purpose of this study was to
compare four commonly available endodontic sealers. The
composition of these commercial endodontic sealers is giv-
en in Table 1. Each endodontic sealer was mixed with ster-
ile instruments according to the recommendations of the
manufacturer. The freshly mixed samples were utilised im-
mediately. The set samples were mixed and allowed to set
for 24 hours before testing (23). A total of 120 samples were
prepared from all four commercial sealers (n=30) group and
were structurally, morphologically, physically, and biological-
ly analysed.

Fourier transform infrared spectroscopy (FTIR)

A comparative structural analysis of freshly mixed and set seal-
ers (n=6) was performed with a FTIR spectrophotometer (Ther-
mo Scientific Nicolet 6700, ThermoFisher Scientific, Waltham,
United States) and spectra were obtained in a spectral range
of 4000-500 cm™' following the procedure mentioned previ-
ously (19).

Tested material Manufacturer

Constituents

AH Plus Dentsply, Konstanz, Germany
GuttaFlow 2 Coltene, Langenau, Switzerland
Dia-ProSeal DiaDent Group, Cheongju-si, Korea.

Pulpdent Root Canal Sealer Pulpdent Corp. Watertown, U.S.A.

Paste A: Bisphenol-F epoxy resin, zirconium oxide,
Bisphenol-A epoxy resin, silica, calcium tungstate,
and Iron oxide pigments
Paste B: Tricyclodecanediamine, dibenzyldiamine,
aminoadamantane zirconium oxide, calcium tungstate,
silicone oil, and silica
Polydimethylsiloxane (PDMS), gutta-percha powder,
zirconium dioxide, platinum catalyst,
coloring agents, micro silver
Base: Bisphenol-F epoxy resin, Bisphenol A-co-epichlorohydrin,
zirconium oxide, siloxanes and silicones,
calcium hydroxide, iron oxide,

Catalyst: zirconium oxide, hexamethylenetetramine,
siloxanes, silicones, calcium tungstate, calcium hydroxide
Powder: Zinc stearate, zinc oxide, barium sulphate, and
calcium phosphate
Liquid: Canada balsam and eugenol
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Scanning electron microscopy (SEM)

Morphological and surface analysis of the set endodontic seal-
ers was performed with SEM (Tescan Vega, Brno, Czech Repub-
lic). Teflon moulds (4 mm diameter and 1.5 mm height) were
used to prepare samples. The sealers along with the moulds
were stored at a relative humidity of 95% in a water bath. The
temperature was maintained at 37°C for 48 h. Later, samples
were coated with gold sputter (Quoram Technologies, Lewes,
UK) for 90 seconds and morphological assessment of these
sealers was achieved with an accelerating voltage of 10-20 kV
at various magnifications. In order to assess the morphology
of the sealers closely, the images were taken at 500X, 1000X,
5000X, and 10,000X. Energy Dispersive X-ray (EDX) microan-
alyzer (Oxford Instruments, Abingdon, UK) was employed for
the elemental mapping of the surface of set endodontic sealer
samples.

pH analysis

Freshly mixed and set states of sealers (n=6) were used to eval-
uate the pH at 1.3 and 7 days with a SevenCompact pH meter
$220 (Mettler Toledo, Columbus, United States) in order to es-
tablish a comparison. Prior to use, the pH meter was calibrated
using buffer solutions (pH ~ 4, 7, and 10). The sealer samples
were prepared in Teflon moulds with a 5 mm internal diame-
ter and 5 mm height and pH was analysed according to the
procedure mentioned earlier (24). The freshly mixed samples
were immediately placed in 15 mL sterile capped centrifuge
tubes (ThermoFisher Scientific, Waltham, United States) con-
taining 7.5 mL distilled water and the pH of this water con-
taining samples was measured after 1, 3 and 7 days. The set
samples were keptin in 15 mL sterile capped centrifuge tubes
(ThermoFisher Scientific, Waltham, United States) for one day
at 37°C to ensure complete setting of all the samples. After
one day 7.5 mL of distilled water was added to these samples.
The pH of this water containing samples was measured after 1,
3 and 7 days. To avoid any discrepancy and errors in the values
of pH the centrifuge tubes containing the endodontic sealers
and distilled water were slightly shaken before the readings
were obtained.

Solubility analysis

The samples from each group (n=6) were prepared in 5 x 5
mm? Teflon moulds and the solubility analysis was conducted
as per ISO 6786 specifications (25). The endodontic sealers
were mixed and manipulated according to the proportions
specified by the manufacturer. Consequently, the mixed seal-
ers were applied into the Teflon moulds with a 5 mm height
and a 5 mm internal diameter. This was done in order obtain
equal volumes of all the sealers and to establish a comparative
evaluation.

This complete assembly containing sealers within the mould
was stored in an incubator. The relative humidity in the incu-
bator was maintained at 95% and the temperature was kept at
37°C for a time period longer than the setting time by 100%.
Removal of endodontic sealer samples from the cylindrical
Teflon moulds was ensured after the completion of setting
time. An analytical balance (Mettler Toledo, Columbus, United
States) was utilised to weigh the removed samples thrice in
order to avoid any discrepancies and errors. The mean weight
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for each of the endodontic sealer sample was recorded as W1.
These sealer samples were subsequently placed in sterile 15
mL capped centrifuge tubes containing of 10 mL distilled wa-
ter. These sealers were stored in the capped centrifuge tubes
containing distilled water for a duration of 7 days. The samples
were removed from the centrifuge tubes containing distilled
water after the completion of 7 days. An absorbent paperand a
desiccator (Thomas Scientific, Swedesboro, United States) was
employed for the removal of excessive water from the samples
in order to avoid error in the recorded values. With the help
of the analytical balance (Mettler Toledo, Columbus, United
States) the sample specimens were weighed again. Each sam-
ple was weighed three times and W2 was documented as the
mean weight.

The following mathematical calculation was performed in
order to achieve a solubility evaluation of each endodontic
sealer specimen (26):

Solubility (%)=(W1-W2)/W1x100

Cytotoxicity analysis

The eluents of the endodontic sealers of each group (n=6)
were prepared for equal volumes of both freshly mixed and
set states according to ISO 10993-5 specifications (27). The
samples were prepared in 5x5 mm? Teflon moulds. To obtain
the eluent of samples, the mixed endodontic sealers were
stored for a duration of 24 h at 37°C. Subsequently, Dulbecco's
modified Eagle's medium (DMEM) was added as 1.25 cm?/mL
to these samples. The freshly mixed samples after mixing were
instantaneously placed in sterile tubes. The culture medium
containing the samples was incubated at 37°C for 24 h before
the removal of extract. Extracts were prepared and generated
for freshly mixed and set form of endodontic sealers to assess
cytotoxicity. Six samples were prepared for each of the freshly
mixed and set forms of endodontic sealers to assess cytotox-
icity. Whereby, 100% concentrated extracts of sample groups
with no dilution were used to assess the cytotoxicity of each
group of sealer and were compared to a negative control

group.

L929 fibroblasts (ATCC cell line CCL 1, NCTC clone 929) were
utilised for analysing the cytotoxicity of endodontic sealers
and were cultured as described previously (28).

The following mathematical equation was used to calculate
the cell viability (29):

Cell viability (%)=(Mean Optical Density of Test Group/Mean
Optical Density of Control Group)X100%

Alamar blue assay

Alamar blue assay was performed with an alamarBlue™ Cell
Viabilty Reagent (ThermoFisher Scientific, Waltham, United
States). Alamar blue assay was employed to evaluate cell pro-
liferation and metabolic activity after exposure to the extract
generated out of freshly mixed and set forms of sealers. The
cells were seeded at 1x10* cells in a well after the cells were
shifted into a 96 well plate from a 24 well plate (Sigma Aldrich,
St. Louis, United States). The cells were incubated in this new
well plate for a period of 24 h to allow the attachment. Subse-
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quently, the cell culture medium was removed and replaced
with 50 pL extracts of freshly mixed and set state of sealers.
This was done for all of the wells in the 96 well plate except
for the control group. The cells were incubated with these ex-
tracts for a time period of 1, 3, and 7 days. The morphological
pattern of the cells was observed under an inverted micro-
scope (Euromex, Arnhem, Netherlands) after 7 days. After the
completion of each incubation period, the endodontic sealer
extract in each well was replaced with 10% Alamar Blue Agent
for 4 h and absorbance values were calculated from micro-
plate reader at 590 nm. Each sealer extract was evaluated in
triplicates. The cell viability of all the sealers was evaluated in
comparison to the fixed cell viability of the control group that
was 100%. The following mathematical equation was used to
calculate the cell viability:

Cell viability (%)=(Mean Optical Density of Test Group/Mean
Optical Density of Control Group)X100%

The cytotoxicity response of materials was rated as non-cyto-
toxic (cell viability >90%), mild (cell viability 60-90%), moder-
ate (cell viability 30-60%) and severe (30%) (30).

Statistical analysis

One way ANOVA and Post Hoc Tukey analysis was used to do
multiple comparison analysis of the mean values and stan-
dard deviation results through SPSS version 20 (IBM Software,
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NY, USA) for pH, solubility, and cytotoxicity analysis. The con-
fidence interval was 95% and the statistical significance was
considered at P<0.05.

RESULTS

Fourier transform infrared spectroscopy (FTIR)

The characteristic structural peaks of freshly mixed and set
samples of each group appeared in the FTIR analysis as shown
in (Fig. 1 a-d). The changes in absorbance were observed after
setting as tabulated in Table 2.

FTIR analysis of AH Plus

The comparative spectra of AH Plus showed an O-H band that
appeared at 3500-3200 cm™ and an N-H peak that appeared at
3028 cm™. The peaks at 1604 cm™ and 1508 cm™ were assigned
to aromatic groups, whereas the peak at 1456 cm™ attributed
to bending absorbance of N-H groups. The stretching vibra-
tion peaks of C-N appeared at 1290 cm™ and 1239 cm™. The
peak at 1183 cm™ was attributed to Si-CH due to the presence
of silicone oil in AH Plus, while the epoxide band appeared at
1100-1030 cm™. The peak at 803 cm™ was attributed to Si-O.
After setting, change in the intensity of peaks was observed,
whereas, shifting and appearance of new peaks were not ob-
served (Fig. 1a).

AH Plus FTIR analysis Gutta Flow 2
a Set . b Set C-0-C
Freshlymixed .y 0 Freshly mixed Si-CH
. ] si-o-si 4 * )
CH N_HTSFCH 04 A 0.96
N-HA Aromatic C=C 5 ' A , CH, T
TT 102 >0 I} Pt {064
1o T T {032
10.0 -1 0.00
q0s5 10.81
103 40.54
1 0.1 10.27
L 1 1 1 1 1 1 1 1 OO L 1 1 1 1 1 1 1 1 000
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™) Wavenumber (cm™')
Diaproseal Pulpdent root canal sealer
Set Set
Freshly mixed Freshly mixed
< CH, 70016 d CH, Aromatic C=C 10.72
CH
4 70000 A~ Aliphatic C=C 1048
1-0.016 40.24
1-0.032 C-H 40.00
N-H
CH 10.51 10.57
Aromatic C=C T 4034 O+H 40.38
k 40.17 10.19
L 1 1 1 1 1 1 1 1 000 L 1 1 1 1 1 1 1 70.00
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™) Wavenumber (cm™)

Figure 1. (a) FTIR spectrum of freshly mixed and set AH Plus, (b) FTIR spectrum of freshly mixed and set GuttaFlow 2, (c) FTIR spectrum of
freshly mixed and set Dia-ProSeal, (d) FTIR spectrum of freshly mixed and set Pulpdent Root Canal Sealer
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TABLE 2. Comparative change in spectral absorbance intensity of
freshly mixed and set samples

Groups Freshly mixed Set state
Wavenumber (cm”) Absorbance Absorbance
AH Plus
N-H 1456 0.239 0.208
C-N 1296 0.188 0.175
C-N 1239 0.137 0.310
Si-O 803 0.449 0.340
Si-CH 1183 0.248 0.345
GuttaFlow 2
CH, (symmetric) 2961 0.195 0.234
Si-O-Si 1257 0.422 0.505
Si-O 3643 0.088 0.129
Dia-ProSeal
CH, 2920 0.103 -0.011
N-H 1581 0.095 0.015,0.015
C=C (Aromatic) 1605 0.122 -0.015
C-H 1452 0.214 -0.006
C=C (bending peaks) 825 0.471 0.007
Si-O-Si 1226 0.463
Pulpdent root canal sealer
O-H 3420 0.096
C=C (Aliphatic) 1637 0.048 0.094
C=C (Aromatic) 1606 0.095 0.121
CH, 2913 0.135 0.463
CH, 2843 0.116 0.351
C-H 1510 0.565 0.517,0.499
C-H 1452 0.221 0.395

FTIR analysis of GuttaFlow 2

The FTIR analysis of freshly mixed GuttaFlow 2 revealed a peak
of Si-O at 3643 cm™. The asymmetric and symmetric stretching
peak of CH, appeared at 2961 cm™ and 2820 cm™' respectively.
In the spectrum of the set sample, the peak of platinum was
observed at 2156 cm™. A peak of Si-O-Si was also visible at
1257 cm™ and a peak of Si-CH, was observed at 791 cm™ in
both freshly mixed and set GuttaFlow 2. A peak of C-O-C was
also observed at 1126 cm™ in both freshly mixed and set sam-
ples.The intensity of the peak observed for Si-O-Siat 1257 cm™
was increased from 0.422 in the freshly mixed state to 0.505 in
the set state (Fig. 1b).

FTIR analysis of Dia-ProSeal

The spectral analysis of freshly mixed Dia-ProSeal revealed
a stretching peak of CH, at 2920 cm™™. An aromatic peak of
C=C and an N-H peak was observed at 1605 cm™ and 1581
cm™” respectively in the freshly mixed sample. This N-H peak
was observed due to hexamethylenetetramine that is a con-
stituent of Dia-ProSeal. A bending peak of C-H was observed
at 1452 cm™ in the spectrum of the unset sample. A peak of
Si-O-Si was also observed in a freshly mixed sample at 1226
cm due to the presence of siloxanes and silicones in this
sealer. The spectrum also depicted a C=C bending peak at
825 cm. After setting, it was found that the intensity of the
bending peak of the CH, group was reduced from 0.103 to
0.011 due to the consumption of this group. The intensity of
the aromatic peak of C-H at 1605 cm™ was also reduced to
0.015 from 0.122 (Fig. 1¢).
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FTIR analysis of pulpdent root canal sealer

The freshly mixed samples of Pulpdent Root Canal Sealer re-
vealed a stretching peak of the O-H group at 3500 cm™. The
asymmetric and symmetric stretching peaks of C-H were ob-
served at 2913 cm™ and 2843 cm' respectively. The aliphatic
peak of C=C was observed at 1637 cm™. Likewise, the aromatic
peak of C=C was observed at 1606 cm™ and the bending peaks
of C-H were observed at 1510 cm™ and 1452 cm™.

After setting, the O-H peak completely disappeared due to
the consumption of the group. The intensity of aliphatic and
aromatic peaks of C=C was increased from 0.048 and 0.095 to
0.094 and 0.121 respectively. It was also revealed that the sin-
gle bending peak of C-H (1510 cm™) observed in the freshly
mixed state was divided into two peaks (1505 cm™ and 1536
cm™) in the set state that was a consequence of consumption
of C-H group that might be due to its reaction with the O-H
group present in eugenol (Fig. 1d).

Scanning electron microscopy (SEM)

AH Plus

Surface analysis of set AH Plus revealed a fibrous polymeric
structure (Fig. 2a, b). These fibers were distributed irregularly
throughout this polymeric structure. It was observed that
small-sized particles were attached to these fibers, whereby
the size of these particles was in a range of 2-3 um. Pores were
also present in the polymeric structure of this sealer. EDX anal-
ysis of AH Plus displayed a high peak of Ca owing to the pres-
ence of calcium tungstate (Fig. 2c). Peaks of Zr and Si were also
observed in this analysis due to the presence of ZrO, and silica,
respectively.

GuttaFlow 2

Surface analysis of GuttaFlow 2 displayed a flat surface with
smaller sized particles distributed throughout its structure
(Fig. 2d, e). These particles were 250-200 nm in size and were
uniformly distributed. No pores were observed in the struc-
ture of this sealer. EDX analysis revealed a high peak of Zr and
Si due to the presence of zirconia nanoparticles and poly-
dimethylsiloxane, respectively (Fig. 2f). Peaks of Ca, Cl, and Mg
were also observed due to the presence of traces of these ele-
ments in its composition (Fig. 2f).

Dia-ProSeal

Surface analysis of Dia-Proseal revealed the presence of
smaller sized particles in the polymeric structure (Fig. 2g, h). At
higher magnifications, it was observed that these small-sized
particles were fully embedded in this polymeric structure.
However, these particles were much more evenly distributed
as compared to the particles in AH Plus. These particles were
much more spherical and the size of these particles was in a
range of 300-1000 nm. The presence of pores in its structure
was also confirmed in this analysis. The EDX analysis revealed
the peak of Ca, Zr, Si, and N (Fig. 2i).

Pulpdent root canal sealer

SEM images exhibited an interconnecting matrix-like structure
(Fig. 2j, k). These images unveiled the presence of different
sized pores distributed throughout the structure. At higher
magnifications, these images disclosed the presence of out-
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Figure 2. SEM images of AH Plus (a) 500X and (b) 1000X show the fibrous structure and particles observed on fibrous structure (c) EDX
spectrum of AH Plus confirms the presence of Ca and Zr, GuttaFlow2 (d) 500X, (e) 1000X images show nanoparticles on surface (f) EDX
spectrum of GuttaFlow 2 shows elemental peaks of Ca, Zr, and Si, SEM images of Dia-ProSeal (g) 500X, (h) 1000X exhibit particles, whereby
(i) respective EDX spectrum of Dia-ProSeal confirms the presence of Ca, Si, and Zr, Pulpdent Root Canal Sealer images (j) 500X (k), T000X
show the porous structure and (I) Respective EDX spectrum of Pulpdent Root Canal Sealer shows the presence of Ca, C, Zr, O, P and Ba

growth of various sized particles that were present through-
out the structure of this zinc oxide eugenol containing root
canal sealer. In the EDX spectrum, an intense peak of Zn and Ba
was observed and traces of Ca and P were present as calcium
phosphate (Fig. 2I).

pH analysis

The pH of all freshly mixed and set samples was found to be
different across all days. The only exception was observed for
set Dia-ProSeal, whereby the comparison in pH was not signif-
icant between days 3 and 7 (Mean difference=-0.007) (P>0.05)
(detailed description in supplemental files appendix 1). Statis-
tically, non-significant difference was observed within groups
at different time intervals. The comparative pH analysis of
freshly prepared and set sample is given in Figure 3. The pH of
AH Plus was basic in both fresh and set state, whereas, the pH
of GuttaFlow 2 was acidic in fresh state and basic in set state .
The pH of freshly mixed and set Dia-ProSeal was slightly acidic
at day 1 and turned basic at days 3 and 7. The pH of freshly
mixed Pulpdent Root Canal Sealer was acidic on day 1, where-

as, it turned neutral on day 3 and was acidic at day 7, whereas,
it was basic in set state (Fig. 3).

Solubility analysis

The AH Plus group had the lowest solubility (0.10+0.01) fol-
lowed by Dia-ProSeal (0.77+0.25), GuttaFlow 2 (1.88+0.82) and
Pulpdent Root Canal Sealer (3.03+£0.18). In the intergroup dif-
ferences, the solubility change difference between groups is
given inTable 3.

Cytotoxicity analysis

Fresh samples

There was no discernible trend in survival rates observed for
AH Plus and GuttaFlow 2 group across days 1, 3, and 7 (Fig. 4a,
b). The Dia-ProSeal samples indicated a clear trend in cell via-
bility with time (Fig. 4c). Similar to the AH Plus and GuttaFlow
2 group the Pulpdent Root Canal Sealer group also had no dis-
cernible trend in cell viability across days 1, 3, and 7. For the
AH Plus, GuttaFlow 2 and Pulpdent Root Canal sealer groups,
the cell viability was maximum for day 3 (Fig. 4a, b, d). The cell
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Figure 3. pH of freshly mixed and set form of the same and different sealers at days 1, 3, and 7 (P<0.05 in same sealers at days 1,3 & 7) (P>0.05
at day 7 in comparison to set GuttaFlow 2 and Dia-Proseal) (P>0.05 at day 3 in comparison of set AH Plus and Dia-Proseal). The error bars

denote standard deviation (SD)

TABLE 3. Solubility comparison between different root canal sealer materials; SE (Standard error)

Material Comparison material Mean difference (SE) P value
AH Plus GuttaFlow 2 -1.77(0.36) 0.01
Dia-Proseal -0. 66 (0.36) 0.48
Pulpdent Root Canal Sealer -2.93(0.36) 0.001
Gutta Flow 2 Dia-Proseal 1.10 (0.36) 0.13
Pulpdent Root Canal Sealer -1.16 (0.36) 0.11
Dia-Proseal Pulpdent Root Canal Sealer -2.27(0.36) 0.001

viability for freshly mixed AH Plus, Dia-ProSeal, and Pulpdent
Root Canal Sealer samples on day 1 was significantly lower
from the cell viability on days 3 and 7 (P<0.05) (supplemen-
tal files appendix 3). Hence, these sealers were significantly
more cytotoxic on day 1 as compared to that on days 3 and 7.
However, the difference in cell viability for these three groups
was not significant when compared between days 3 and 7. For
GuttaFlow 2, the comparison in cell viability between days 1
and 7 was not significant (P>0.05) (supplemental files appen-
dix 3). The cell viability between all other days was significant
for GuttaFlow 2.

However, no discernible trend in cell viability was observed for
the other three groups across days 1, 3,and 7.

Set samples

For the set samples, the difference in cell viability between
all days was significant for AH Plus and Dia-ProSeal samples
(P<0.05) (supplemental files appendix 3). For GuttaFlow 2 and
Pulpdent Root Canal Sealer samples, the only exception for a
non-significant difference was between days 3 and 7 (P>0.05)
(supplemental files appendix 3). A clear trend was observed
for all set groups, with a decrease in cell viability as the days
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Figure 4. Comparison of mean (SD) values of fibroblast survival rate of freshly mixed and set form of the same sealer with control group on days 1,
3 and 7 () AH plus (p<0.05 for freshly mixed sealer at day 1, 3, and 7) (P>0.05 for set sealer at day 1and 3 and P<0.05 for day 7), (b) GuttaFlow
2 (P<0.05 for freshly mixed and set sealer at day 1, 3, and 7) , (c) Dia-Proseal (P<0.05 for freshly mixed sealer at day 1, 3, and 7) (P<0.05 for set
sealer at day 1 and 7 and P>0.05 for day 3), and (d) Pulpdent Root Canal Sealer (P<0.05 for freshly mixed and set sealer at day 1, 3 and 7). The

error bars denote standard deviation (SD)

progressed. All samples depicted the maximum cell viability
of fibroblast cells on day 1 and a minimum cell viability on day
7 (Fig. 4).

The comparison of cell viability rate between all freshly mixed
sealers and their set forms revealed that their difference was
statistically significant at day 1 (P<0.05) (supplemental files ap-
pendix 3) as shown in Figure 5.

The comparison of cell viability between freshly mixed AH Plus,
Dia-Proseal and Pulpdent root canal sealer and their set forms
revealed statistically significant difference at day 3 (P<0.05) as

shown in Tab. A20 (supplemental files appendix 3). However,
for GuttaFlow 2 the difference in cell viability for freshly mixed
and set form was not statistically significant at day 3 (P>0.05)
(supplemental files appendix 3). At day 7, the comparison of
cell viability between all freshly mixed sealers and their set
forms revealed that their difference was statistically significant
(P<0.05) (supplemental files appendix 3).

The L929 fibroblasts used in this study had a normal elongat-
ed, fusiform or spindle shape. The scattered rounded cells in-
dicated mitosis of the cells.
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Figure 5. Comparison of mean (SD) values of fibroblasts survival rates for freshly mixed and set sealer samples on day 1, 3, and 7. The error bars

denote standard deviation (SD)

The morphogological pattern of fibroblast cells was same at
days 1, 3, and 7. The representative images of the fibroblast
cells after 7 days are shown in Figure 6.

DISCUSSION

This study evaluated the chemical structure, pH, solubility, and
cytotoxicity of commercially used endodontic sealers in their
freshly mixed and set states. The presence of certain cytotoxic
chemical groups and elements in the structure of these sealers
was revealed. This study also revealed the cytotoxicity of these
sealers on the mouse fibroblasts confirming the cytotoxic na-
ture of endodontic sealers.

The FTIR analysis of endodontic sealers can help in identifying
some of the causative agents responsible for the cytotoxicity
of the sealers. The amines in AH Plus are present in the form

of aminoadamantane, dibenzyldiamine, and tricyclodec-
ane-diamine in the constituents of this sealer.

Morphological analysis of set AH Plus with a scanning electron
microscope revealed the presence of pores in the structure of
this sealer. These pores can lead to a higher degradation of this
sealer (31). It is expected that the higher degradation rate may
release cytotoxic substances from this sealer that might be as-
sociated with this sealer. Many elements have been known to
be toxic to cells in the human body. The EDX analysis of AH
Plus revealed the presence of zirconium (Zr) in its composi-
tion and this element is known to be cytotoxic (22). The pH
of freshly mixed AH Plus was alkaline in nature, whereas in set
state it showed neutral pH, which was in accordance to previ-
ous study, where it was reported that the set AH Plus exhibit-
ed neutral behavior (32). However, moderate-mild toxicity was
observed in freshly mixed state, whereas neutral behaviour in
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Figure 6. Morphology of cells in (a) Control, (b) AH Plus set, (c) AH Plus freshly mixed, (d) GuttaFlow 2 set, (e) GuttaFlow 2 freshly mixed, (f)
Dia-ProSeal set, (g) Dia-ProSeal freshly mixed, (h) Pulpdent Root Canal Sealer set, and (i) Pulpdent Root Canal Sealer freshly mixed

set state also supported cell proliferation. Furthermore, low
solubility behaviour also supported cell viability. The moder-
ate-mild toxicity might be due to presence of amine groups as
amines have cytotoxic nature and can affect the proliferation
of cells. Epoxy resin sealers are known to release amines and
formaldehyde that are cytotoxic and can affect the growth
and proliferation of human cells (10, 22, 33).

The FTIR analysis of freshly mixed GuttaFlow 2 revealed the
peaks of Si-CH,, Si-O-Si, and CH, at 791 cm’, 1257 cm™, and
2961 cm respectively. These peaks in GuttaFlow 2 confirmed
the presence of polydimethylsiloxane (PDMS) in the structure
of this sealer. Previous studies suggested that PDMS has been
used for biomedical application and is a biocompatible ma-
terial (34). Therefore, this group showed cytocompability in
this present study. This present study revealed that the freshly
mixed samples of GuttaFlow 2 were acidic, whereas the set
samples showed neutral pH. The cytotoxic behavior of freshly

mixed GuttaFlow 2 in the present study is related to acidic
pH. The presence of Zr may be another aggravating factor for
cytotoxicity. However, set samples showed a cell viability of
more than 90% with intact morphology that is incoherent due
to the neutral pH of set samples.

The results associated with Dia-ProSeal revealed moderate
to mild cytotoxicity, which could be due to the presence of
amines, bisphenol epoxy, and Zr (22). Hence, the extrusion of
root canal sealers out of the root canal and into periapical tis-
sues should be avoided as they include potential cytotoxic el-
ements. With a change in pH value, the cytotoxicity behaviour
was changed from moderate to mild. The change in pH from
acidic to alkaline was due to the presence of calcium hydrox-
ide. This higher pH helps in neutralizing the acids produced by
the osteoclasts. Bacterial membranes and their protein struc-
tures can also be destroyed by this high pH.
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The cytotoxicity of AH plus and DiaProseal epoxy resin sealers
could be due to presence of bisphenol A in their composition.

The spectral peaks of Pulpdent Root Canal Sealer confirmed
the presence of eugenol. Eugenol is a known cytotoxic agent
and is responsible for effecting the proliferation and viability of
cells as it comes in contact with the cells (35). The porous struc-
ture of Pulpdent Root Canal Sealer might absorb physiological
fluid, subsequently leading to leaching of ions. Therefore, ini-
tially set samples showed non-toxic behaviour, however, with
the increase in time, the behaviour was mildly cytotoxic. The
presence of Zr and Ba are additional aggravating factors. The
pH of freshly mixed samples was acidic to neutral, however,
the set samples indicated an alkaline behavior. The solubility
analysis of Pulpdent Root Canal Sealer revealed that it had the
highest solubility (3%) as compared to all the sealers. Previ-
ously, studies have concluded that after storage in water zinc
oxide eugenol exhibits weight loss to a certain extent varying
from lower than 1% to 7% (36).

Freshly mixed AH Plus, Dia-ProSeal, and Pulpdent Root Canal
Sealer possess alkaline pH. Sealers possessing alkaline pH have
better biocompatibility and antibacterial activity (32). A highly
soluble sealer allows gap formation within the sealer and be-
tween the sealer and root dentin interface thereby allowing a
pathway for leakage to and from the periapical tissues and the
oral cavity (6).

A sealer with lower solubility and lower biocompatibility ex-
truded into the periapical area may affect the repair of peri-
apical tissues.

Similarly, a high pH also helps in the activation of alkaline
phosphatase enzyme that helps in the process of mineral-
ization (30). However, in this study, only Pulpdent Root Canal
Sealer showed alkaline behaviour in set phase, whereby all
other sealers were in alkaline phase for a short period of time.
Therefore, it is difficult to say either they would be helpful in
mineralization or not.

All the sealers investigated in this study fulfilled the ANSI/ADA
specification 6876 and standard set by the International Stan-
dards Organization (specification No. 57) for solubility (25).
This study revealed that all the sealers were mildly cytotoxic
in their freshly mixed and set forms, where their cell viability
was lower as compared to the control group. However, the cell
viability was higher in the set forms of all the sealers. Among
all the sealers Dia-ProSeal exhibited the lowest cell viability in
both freshly mixed and set forms and set GuttaFlow 2 samples
exhibited the highest cell viability and freshly mixed AH Plus
exhibited the highest cell viability at day 7.

In a clinical setting, these results can be utilised to improve the
selection of materials by the clinicians to achieve better out-
comes in the clinical scenarios. This can also improve the pre-
dictability of the clinical results based on their physicochemi-
cal properties and biocompatibility. Based on the results from
solubility analysis, the selection of an appropriate material
may reduce the presence of voids in the root canal filling due
to solubility ensuring a proper seal of the root canal system
and achieving better results. Similarly, selection of sealers on
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the basis of their pH and solubility may improve biological re-
sponse of the tissues rendering improved clinical outcomes.

CONCLUSION

The FTIR analysis of the endodontic sealers revealed the func-
tional groups related to the cytotoxic constituents present in
these sealers and helped in the identification of these mate-
rials. The surface morphology of all the root canal sealers in
a set state was variable containing particles of various sizes.
Dia-ProSeal and AH Plus in their freshly mixed state and Pulp-
dent Root Canal Sealer in its set state were highly alkaline. The
lowest solubility was depicted by epoxy resin sealers (AH Plus
and Dia-ProSeal). This study concluded that GuttaFlow 2 was
the most biocompatible sealer in its set state and AH Plus was
the most biocompatible sealer in its freshly mixed state after 7
days. All of the sealers investigated did not affect the morphol-
ogy of the cells.
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