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ABSTRACT

The cytotoxicity of four calcium hydroxide-based root canal
sealers (Sealapex, CRCS, Apexit, and Sealer 26) and one zinc
oxide and eugenol-based sealer (Fill Canal) was evaluated
in rat peritoneal macrophage cultures for the release of hydro-
gen peroxide. The least cytotoxic sealer was CRCS, followed
in increasing order of cytotoxicity by Sealapex, Apexit, Fill
Canal, Sealer 26.
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RESUMO

A Citotoxicidade de quatro cimentos obturadores à base de
hidróxido de cálcio (Sealapex, CRCS, Apexit e Sealer26) e

um cimento à base de óxido de zinco e eugenol (Fill Canal)
foi avaliada em cultura de macrófagos retirado de peritônio
de rato para liberação de peróxido de hidrogênio. A menor
citotoxicidade foi para o cimento CRCS, seguida em ordem
crescente de citotoxicidade pelo Sealapex, Apexit, Fill Ca-
nall e Sealer 26.
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INTRODUCTION

Successful endodontic treatment requires tech-
niques that respect apical and periapical tissues and
which is completed with filling of the root canal
with inert, dimensionally stable and biocompati-
ble substances1,3. With this in mind, a vast variety
of sealing materials have been proposed and used,
such as solid cones de gutta percha inserted into
the root canal associated with cements or pastes to
hermetically seal the root canal2. Because these ma-
terials are in direct contact with apical and peria-
pical tissues for a prolonged period of time, bio-
compatibility is of great importance1. Holland &
Souza9, 1985,recommend the association of bio-
compatible sealers based on calcium hydroxide
with gutta percha for permanent root canal filling.

The toxicity of commercially available sealers,
such as Sealapex, CRCS, Apexit, Sealer 26, and
Fill Canal can be analyzed in vitro and in vivo. In
vitro experiments present the advantage of the con-
trol of factors and experimental variables, that can
cause problems during in vivo experiments.

In in vitro methods in cell cultures, the sealer
or its components can cause morphological chan-
ges that can be analyzed with a light, eletronic
transmission of scanning electron microscope, with
or without radioisotope labeling4. Toxicity can be
determined by intra - and extracellular morpholo-
gic changes as well as degenerative processes af-
ter cellular exposure to culture material. Morpho-
logical changes also indicate the stimulation of the
functional ability of protein synthesis, as well as
important chemical mediators of the repair process,
such as arachidonic acid products, cellular growth
factors, cytokines and other substances such as
H

2
O

2
 and NO which can represent a degenerative

process or activity. The greater the release of these
substances the more cytotoxic is the material when
in contact with cells6, 11, 12.

Analysis of the activity and the quantity of che-
mical mediators released in culture assesses these
phenomena. The reaction of each specific group of
cells can explain the reactions that occur in the
apical and periapical regions in an isolated man-
ner leading to more precise analysis. Thus, the ob-
jective of this investigation was to evaluate the
cytotoxicity of endodontic sealers by determining
the release of H

2
O

2
 using ELISA.

MATERIALS AND METHODS

Macrophages were obtained from two Swiss
Albino mice weighing approximately 100g (two
months of age). After sacrifice and antisepsis with
0,3% iodoethanol, the peritoneum was exposed
using a sterile scissors. Saline solution (0.85%
NaCl) was introduced into the peritoneum and af-
ter digital massage the solution was removed by
aspiration.

This suspension of peritoneal cells and saline
was placed in a Neubauer chamber and was cen-
trifuged at 200g for 10min at 200g for 10 min at
4oC to obtain a concentration of 2.4 x 106 cells/
ml. After removal of the solution, the cells were
resuspended to the original volume in solution
containing 140mM NaCl, 10mM potassium phos-
phate buffer, pH 7.0, 5.5 mM dextrose, 0.56mM
phenol red and type II horseradish peroxidase
(0.01 mg/ml).

Four calcium hydroxide-based root canal sea-
lers were tested, Sealapex (Kerr/Sybron, Romu-
lus, MI, USA), CRCS (Hygenic, Akron, OH,
USA), Apexit (Vivadent Schann, Liechtenstein),
and Sealer 26 (Dentsply, Rio de Janeiro, RJ, Bra-
zil), and one zinc oxide and eugenol-based sea-
ler, Fill Canal (DG/Ligas Odontológicas, Catum-
bi, SP, Brazil). The solutions of the sealers were
obtained by sonic fractionation and pulverization
and were then diluted in polyethyleneglycol 400
(18 and 9mg/ml). These aliquots were incubated
at 37oC in a humid atmosphere and then 0.1 ml
aliquot of each sealer in solution was transferred
to 48-well tissue culture plates. Fifty ml of pero-
xidase was added. Polyethyleneglycol 400 was
used as control. The reaction was interrupted af-
ter 1h by the addition of 10ml of 4N NaOH. Ex-
periments were done in quadruplicate.

Absorbance was determined with ELISA with
a 620-mm filter composed of a solution of phe-
nol red and 4 N NaOH. Results are reported in
nanomoles of H

2
O

2
/2 x 105 peritoneal cells, from

a standard curve established in each test, com-
posed of the known molar concentrations of H

2
O

2

in buffered phenol red. The non-parametric
Kruskal-Wallis test was used to analyze the effect
of the factors material and quantity on the varia-
ble H

2
O

2
 release. P < 0,05 was considered statis-

tically significant.
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RESULTS

The control group always released less H
2
O

2

than the other groups. The least cytotoxic sealer
was CRCS, followed in increasing order of cytoto-

xicity by Sealapex, Apexit, Fill Canal, with Sealer
26 always being the most cytotoxic. Sealers with
the same classification were statistically similar
(Table 1).

Table 1 - Frequency (N), mean point (MP), minimal significant difference (msd) and
classification of the sealer

Material N P.M. Dms Classification

9 and 18 mg/ml

CRCS 8 18.2 19.9 A,B

Sealapex 8 21.4 A,B,C

Apexit 8 27.4 B,C

Fill Canal 8 33.3 B,C

Sealer 26 8 42.2    C

Control 8 4.5 A

9 mg/ml

CRCS 4 10.1 14.2 A,B,C

Sealapex 4 7.2 A,B

Apexit 4 15.5 A,B,C

Fill Canal 4 17.1 B,C

Sealer 26 4 22.5    C

Control 4 2.5 A

18 mg/ml

CRCS 4 6.5 14.2 A,B

Sealapex 4 11.5 A,B

Apexit 4 13.5 A,B

Fill Canal 4 20.5 B

Sealer 26 4 20.5 B

Control 4 2.5 A

Sealers with the same classification were statistically similar. The variables were analyzed statistically with the Kruskal-Wallis test (p < 0.05).
Additional statistical tests were applied using the minimal significant difference (msd) with which two mean points were statistically equal if
the difference between them was less than the mds.
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DISCUSSION

Because it is a strong base, calcium hydroxide
can denature proteins, releasing hydroxyl ions,
making the medium alkaline, causing the hydroly-
sis of bacterial lipopolysaccharides, competing with
bacteria for CO

2
, and principally aiding in the pro-

cess of mineralization of apical tissues because of
release of calcium ions9, 15, 18.

In contact with apical and periapical tissues,
calcium hydroxide initially causes necrosis by su-
perficial coagulation of the tissue. From this ne-
crosis, a series of dependent and independent bio-
chemical reactions of calcium hydroxide occur in
tissue cells16. In the remnant pulp of periapical tis-
sue several cellular products are synthesized, es-
pecially arachidonic acid, cytokines, and H

2
O

2
.

Inflammatory reactions occur after filling be-
cause of contact with filling materials or surgical
procedures. The first reaction that ocurs at the in-
terface of contact is disorganization of free pro-
teins that act on mastocytes and free nerve endin-
gs. With the levels of histamine and neuropeptides
increased, changes occur in vascular permeability,
blood circulation, endothelial adhesion and conse-
quently leukopedese6.

Due to the large particle size, neutrophils are
not able to phagocytose them which also occurs
with eosinophils. After the afflux of neutroophils,
macrophages begin to migrate, which have slower
mobility and migratory capacity due to their size5.

Phagocytosis of sealers by macrophages may
occur or not, with the sealers being carried to other
parts of the organism. Macrophages are not able to
phagocytose gutta percha due to its dense structu-
re. In order to phagocytose sealers, macrophages
must release cellular products into the medium via
regurgitation or oxidative explosion. Among these
products are lisozymes, peroxidase, H

2
O

2
, and NO

which may act on bacterial elements, foreign bo-
dies, tissue components, neighboring cells, or in
an autocrine manner. The more aggressive the ma-
terial the greater the quantity of products synthesi-
zed. As an example of this interaction, in the at-
tempt to phagocytose an inert noningestible body,
macrophages release cytokines and growth factors
that lead to cytodifferentiation of fibroblasts and
peripheral collagen synthesis, establishing a fibrous

capsule or mineralized tissue around the area, iso-
lating healthy tissues 6, 12, 13.

The macrophage plays an important role in in-
flammatory repair and immunologic reactions. Its
intense capability of synthesis, phagocytosis, and
antigenic processing makes macrophages the true
orchestrator of cellular reactions. Its elevated pre-
sence and easy obtention led us to choose macro-
phages from the rat peritonium for analysis of the
reaction to endodontic sealers after culture. By
analyzing the release of H

2
O

2
 using ELISA, cyto-

toxicity could be evaluated.

Our results, after solubilization and after only
1h of contact of the sealers with macrophages cul-
tures, showed the most cytotoxic sealer to be Sea-
ler 26, followed in decreasing order of cytotoxici-
ty by Fill Canal, Apexit, Sealapex and CRCS.

Because Sealer 26 is a resin and is not very
soluble, it easily retains its elements and is diffi-
cult to phagocytose. After solubilization, Sealer 26
releases tetramine hexamethylene which during
metabolization transforms into highly toxic formal-
dehyde17. Procosol with a composition similar to
Fill Canal releases eugenol after solubilization
which is highly toxic8. Evaluating microscopically
this sealer in dog teeth with pulp necrosis and chro-
nic periapical lesion after 270 days, there was no
biological sealing in almost 70% of the cases and
the interstitial connective tissue in contact with the
material presented extensive necrosis14.

There was a low index of biologic sealing and
severe inflammatory infiltrate when Apexit was
elaluated after 180 days in dogs with pulp vitali-
ty8. Sealapex and CRCS, that are more soluble and
are made up of smaller particles, are naturally more
phacytable, which may explain their low toxicity.
The chemical components of these sealers also have
low toxicity10.

Our results are in agreement with these results;
however, there are no studies reported in the lite-
rature that evaluate the cytotoxicity of endodon-
tic sealers in terms of H

2
O

2
 release. Thus, we were

not able to compare our results with pertinent li-
terature. However, under the same solubility con-
ditions, using sonified cements, the release of
H

2
O

2
 is a reliable and valid method for evaluation

of cytotoxicity.
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