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Abstract: The aim of this study was to evaluate the influence of diabetes
mellitus on tissue response and mineralization ability of Sealapex®
and MTA Fillapex® sealers. Twenty-four Wistar rats were divided into
two groups: diabetic and non-diabetic. The materials were placed in
polyethylene tubes and implanted into dorsal connective tissue of rats
for 7 and 30 days. Six animals from each group received injection of
calcein, alizarin, and oxytetracycline on days 7, 14, and 21, respectively.
The animals were killed after 7 and 30 days and specimens were
prepared for histologic analysis by staining with hematoxylin and
eosin or Von Kossa or left unstained for polarized light or fluorescence
microscopy. On day 7, inflammatory reactions were characterized.
Moderate inflammatory responses were observed for all groups and
on day 30, a mild inflammatory response against MTA Fillapex® and
a moderate inflammatory response against Sealapex® were observed.
Von Kossa-positive structures were observed in response to both
materials and birefringent structures were observed upon polarized
light analysis; these had no relation to the diabetic condition (p > 0.05).
The fluorescence intensity was unaffected in diabetic rats (p > 0.05).
In conclusion, diabetes mellitus did not influence the tissue response or
mineralization stimulated by Sealapex® or MTA Fillapex®.
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Diabetes mellitus (DM) is a metabolic disorder characterized by
hyperglycemia resulting from defects in insulin secretion, insulin
action, or both and can manifest itself as type 1 or 2.1 Hyperglycemia
elevates levels of systemic inflammation markers2 and alters various
functions of the immune system,3 resulting in wound healing problems
and systemic and oral manifestations.4,5 The compromised immune
responses contribute to increased susceptibility to infections2,3 and
leads to predisposition to a wide spectrum of oral diseases including
pulpal and periapical infections.4,5 Fouad6 showed that DM may be a
modulating factor of endodontic infections and may compromise the
healing process of periapical tissues.
Endodontic therapy is an important element in the renewal of apical
and periapical tissues. The success of this therapy depends on cleaning and
shaping of the root canal system, control of pathogenic microorganisms,
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as well as root canal filling with proper material such
as gutta-percha and sealer.
Root canal sealers with different formulations
have been studied. Since the chemical composition
of sealers can positively or negatively influence the
outcome of endodontic therapy,7 the sealers should
be carefully studied prior to clinical application.
Sealapex ® (Sybron Endo, Glendora, USA) is a
calcium hydroxide-based sealer and has the ability
to induce hard tissue formation at the apex after root
canal obturation.8 It also has antimicrobial activity.9
Recently, the manufacturer modified the sealer
formulation by changing the radiopacifier (i.e., from
barium sulfate to bismuth trioxide) and increasing
the shelf life of the sealer.10,11
MTA Fillapex ® (Angelus, Londrina, Brazil) is
an MTA-based sealer that has been introduced
recently in the market. It contains MTA, salicylate
resin, natural resin, resin diluent, bismuth oxide,
and silica. Studies showed that MTA Fillapex® is
biocompatible, has antimicrobial action, promotes
adequate apical leakage prevention, and is capable
of inducing mineralization.12,13,14
Since Sealapex® and MTA Fillapex® have the ability
to induce tissue mineralization and because DM is
a disorder characterized by altered inflammatory
response, the aim of the present study was to
evaluate the influence of DM on tissue response and
mineralization ability of these sealers in subcutaneous
connective tissue of rats.

Methodology
Twenty-four male Wistar albino rats, aged
between 3 and 4 months and weighing approximately
250-280 g, were used in the study. The rats were
divided into two groups with 12 animals each:
diabetic and non-diabetic. The animals were housed
in temperature-controlled rooms with water and
food ad libitum. All procedures were performed
according to the guidelines of the Ethical Committee
(protocol no. 0177-2011).
For diabetes induction, 12 animals received
150 mg/kg of Alloxan monohydrate (Sigma Aldrich
Corp., St. Louis, USA) as a single intraperitoneal
dose.15 Blood glucose was measured 3 days after
injection to confirm hyperglycemia. Animals were
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considered diabetic if their glucose levels were higher
than 250 mg/dL and the third day after injection was
considered the first day of diabetes.
Sterile polyethylene tubes (Abbott Labs of Brazil,
São Paulo, Brazil) with an internal diameter of
1.0 mm, external diameter of 1.6 mm, and length of
10.0 mm were used for experiments. Sealapex® (Sybron
Endo) and MTA Fillapex® (Angelus) were prepared
according to the manufacturer’s recommendations
and inserted into the tubes with a lentulo spiral
(Maillefer Dentsply, Tulsa, USA). Twenty-four empty
tubes were used as controls.
On day 1 of diabetes confirmation, animals were
shaved under xylazine (10 mg/kg; Anasedan, Divisão
Vetbrands Saúde Animal, São Paulo, Brazil) and 5%
ketamine anesthesia (25 mg/kg; Cetamin Syntec do
Brasil, São Paulo, Brazil) and disinfected with 5%
iodine solution. The shaved backs received a 2 cm
incision in a head-to-tail orientation with a number 15
Bard-ParkerTM blade (Bard-Parker, Dickinson & Co.,
Franklin Lakes, USA). The skin was reflected, creating
three pockets, two on the right side and one on left
side of the incision. The tubes filled with sealers and
empty tube were implanted into the spaces created
with blunt dissection, and the incision was closed
with 4/0 silk suture (Ethicon; Johnson & Johnson,
São Paulo, Brazil).
The fluorescent markers, calcein, alizarin red S
and oxytetracycline hydrochloride (Sigma Aldrich
Corp.) were injected intramuscularly at a dose of
20 mg/kg, 7, 14, and 21 days after implantation,
respectively.16 These fluorochromes were used for
evaluating the time sequence of calcium deposition
in the tissue. These markers help in identifying
where and when mineralization occurs during
the process of ossification.
After 7 and 30 days from the implantation, animal’s
glucose blood levels were measured to confirm the
induction of diabetes. The animals were killed by
anesthetic overdose and the tubes along with the
surrounding tissues were removed and fixed in 10%
formalin solution at pH 7.0.17 The tubes were then
bisected transversely, and both halves were cut again
longitudinally with a sharp blade to allow the surfaces
to come in contact with the processing solutions.
The specimens were processed and embedded in
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glycol methacrylate (GMA),18 serially cut into 3 μm
sections, and stained with hematoxylin-eosin. The
10 μm sections were stained according to Von Kossa
technique or examined directly under polarized light.
The 50 μm sections were not stained for observation
under a fluorescence microscope.
Inflammatory reactions in the tissue surrounding
the material were evaluated as 0, no or few
inflammatory cells and no reaction; 1, less than
25 cells and mild reaction; 2 between 25-125 cells
and moderate reaction; and 3, 125 or more cells and
severe reaction.19 Fibrous capsules were considered
to be thin when thickness was < 150 μm and thick
at > 150 μm. Necrosis and mineralization were
recorded in µm 2 using Leica Qwin software (Leica
Microsystems, Wetzlar, Germany). An average
value for each material was obtained from the sum
of cells counted in 10 separate areas (magnification
x400). Fluorescence intensity was measured at
534 nm, 357 nm, and 368 nm, for calcein, alizarin,
and oxytetracycline, respectively by fluorescence
microscopy (DM 4000B, Leica Microsystems).
Fluorescence intensity was evaluated in an area
of 150 µm × 700 µm in the middle of tube opening
and was recorded with LAS v4.1 software (Leica
Applications Suite – version 4.1; Leica Microsystems).
Results were statistically analyzed using ANOVA
and Kruskal-Wallis tests for inflammatory reactions
(p < 0.05) and Mann-Whitney tests for mineralization
areas and fluorescence intensity (p < 0.05).

Results
Control (empty tubes)
On day 7, a mild inflammatory cell infiltration
consisting of macrophages and lymphocytes and
thin fibrous capsule formation surrounding the tube
were observed in both diabetic and non-diabetic
groups. On day 30, a mild inflammatory response
was observed in both non-diabetic (Figure 1) and
diabetic groups (Figure 2).
The empty tubes were not positive for Von Kossa
and no birefringent structures were observed under
polarized light. Fluorescence intensity for calcein,
alizarin red, and oxytetracycline was not observed
for the diabetic and non-diabetic groups.

Figure 1. Inflammatory response in non-diabetic Control
group at day 30: specimens showing thin fibrous capsule
formation and mild inflammatory cell infiltration consisting
of macrophages and lymphocytes (hematoxylin-eosin, 10X).

Figure 2. Inflammatory response in diabetic Control group at
day 30: specimens showing thin fibrous capsule formation and
mild inflammatory cell infiltration consisting of macrophages
and lymphocytes (hematoxylin-eosin, 10X).

Sealapex®
A moderate inflammatory cell infiltration consisting
of macrophages and lymphocytes and thick fibrous
capsule formation were observed on day 7 in both
diabetic and non-diabetic groups. On day 30, a
moderate inflammatory response was observed for
non-diabetic (Figure 3) and diabetic groups (Figure 4).
Granulations birefringent to polarized light and Von
Kossa positivity were observed for all groups at days
7 and 30. Fluorescence intensity for calcein, alizarin
red, and oxytetracycline was observed for both groups.
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MTA Fillapex®
On day 7, a moderate inflammatory cell infiltration
was observed for both groups. Granulations that were
birefringent to polarized light and Von Kossa-positive
were observed for all groups.
On day 30, a mild inflammatory infiltrate
with few chronic inflammatory cells and thick
fibrous capsule formation were observed for both
non-diabetic (Figure 5) and diabetic groups (Figure 6).
Granulations that were birefringent to polarized
light and Von Kossa-positive were observed near the

tube openings. Fluorescence intensity for calcein,
alizarin red, and oxytetracycline was observed.

Comparison among the groups
DM did not modify the inflammatory response
to either control or the sealers tested.
There were statistically significant differences
between sealers and control groups (p < 0.05) in all
mineralization parameters, independent of diabetic
status. Mineralized areas, as determined by positive
von Kossa staining and the presence of birefringent

Figure 3. Inflammatory response in non-diabetic Sealapex
group at day 30: moderate inflammatory cell infiltration
(hematoxylin-eosin, 10X).

Figure 4. Inflammatory response in diabetic Sealapex
group at day 30: moderate inflammatory cell infiltration
(hematoxylin-eosin, 10X).

Figure 5. Inflammatory response in non-diabetic MTA
Fillapex group at day 30: presence of a mild inflammatory cell
infiltration consisting of macrophages and lymphocytes after
30 days (hematoxylin-eosin, 10X).

Figure 6. Inflammatory response in diabetic MTA Fillapex
group at day 30: presence of a mild inflammatory cell
infiltration consisting of macrophages and lymphocytes after
30 days (hematoxylin-eosin, 10X).
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structures, were seen around the tubes with sealers,
with no significant difference related to diabetes
(p > 0.05). On day 30, Sealapex® showed more Von
Kossa-positive areas than MTA Fillapex® (p < 0.05)
independent of the diabetic condition.
The fluorescence intensity between each material
and control group was significantly different and
was independent of the fluorochrome and diabetic
condition (p < 0 .05). Moreover, there was no statistically
significant difference between Sealapex® and MTA
Fillapex ® group for all fluorochromes (p > 0.05)
independent of the diabetic condition.
Table shows the data of inflammatory response,
necrosis, von Kossa staining and fluorescence intensity
of calcein, alizarin, or oxytetracycline.

Diabetic rat models have been developed to
better understand diabetes.5,21 In the present study,
Alloxan was the agent of choice to reproduce
diabetic condition in rats;15 it exerts direct cytotoxic
action on the pancreas inhibiting the production
of insulin and causing severe hyperglycemia in
the animal.22 Hyperglycemia increases the levels
of systemic inflammatory markers 2 impairing
the wound healing process; it also contributes to
systemic and oral manifestations, which have a
direct effect on dental pulp integrity.4,5
In the present study, the inflammatory reaction
observed for the control group was similar to
previously reported findings of absence of Von
Kossa-positive areas and structures birefringent to
polarized light and basal fluorescence intensity.12,20
MTA Fillapex ® induced a mild inflammatory
response, which is in agreement with previously
reported findings.12 Our findings disagree with those
of another study that showed that MTA Fillapex®
produces intense inflammatory response23 and has
a severe cytotoxic action.24

Discussion
Several methods have been used to evaluate the
biocompatibility of endodontic sealers and one of
the widely accepted methods is the implantation of
polyethylene tubes into the subcutaneous connective
tissue of rats.14,20

Table 1. Number of samples in each group categorized according to the inflammatory score and median of samples in each group
categorized by necrosis, presence of mineralization, and fluorescence intensity.
Inflammation (Score)
Groups/ Time

Non-Diabetic (07 days)

Diabetic (07 days)

0

Material

3

Necrosis

Fluorescence Intensity
Van Koss

Calcein

Alizarin

Oxytretacycline

0

6

0

01

01

01

-

-

-

Sealapex®

0

2

4

02

10197,12

260652,12

-

-

-

MTA Fillapex®

0

0

6

02

2012,82

152732,12

-

-

-

Control

0

6

0

01

01

01

-

-

-

Sealapex®

0

2

4

02

6017,32

158667,02

-

-

-

MTA Fillapex

0

1

5

0

2

18873.0

130204,3

-

Control

0

5

1

0

1

0

0

1

4

12

01

523301,52

122,145a2

120,351a2

80,986a2

0

4

2

0

0

198983,3

84,357

70,263

a2

74,136a2

Control

0

4

2

01

01

01

46,469a1

25,549a1

31,595a1

Sealapex®

0

0

4

22

01

568201,82

107,426a2

105,678a2

90,154a2

MTA Fillapex®

0

4

2

02

01

347460,13

94,227a2

96,031a2

74,048a2

Sealapex®
MTA Fillapex
Diabetic (30 days)

2

Control

®

Non-Diabetic (30 days)

1

Presence of mineralization

®

2

1

1

2

0

2

43,858

1

3

a1

a2

25,349

a1

37,957a1

Score: 0: none or few inflammatory cells and no reaction; 1: <25 cells and mild reaction; 2: between 25 and 125 cells and moderate reaction;
3:125 or more cells and severe reaction.
The areas of mineralization and necrosis were measured in μm2.
Same letters and numbers indicate no statistical difference among the groups in row and columns respectively (p > 0.05).
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In this study, Sealapex ® showed a moderate
inflammatory response at all time points evaluated.
Similar results were observed in other studies that
suggest that alterations in the original formulation
(replacement of the radiopacifier and increase of
shelf-life) of this sealer could most likely promote
marked inflammatory infiltration.10,25 However, the
satisfactory biocompatibility and mild inflammatory
reaction observed in previous studies7,8 were not
observed in this study.
Only at day 30, Sealapex ® showed more Von
Kossa-positive areas than MTA Fillapex® (p < 0.05)
independent of the diabetic condition. The high
solubility of Sealapex ® and its ability to release
more calcium and hydroxyl ions might increase the
formation of mineralized tissue.26
Sealapex ® and MTA Fillapex ® are endodontic
sealers with chemical properties that favor healing
process.8,12,14,20 Calcium oxide is one of the main
components of these sealers. In the presence of
tissue fluids, calcium oxide forms calcium hydroxide,
leading to high pH, high solubility, and marked
release of Ca+2 and OH- ions.12,27 The high pH may
also neutralize the acids secreted by osteoclasts,
and this may help prevent further destruction of
mineralized tissue.24 These biologic activities can
explain the presence of Von Kossa-positive areas,
birefringent structures to polarized light, and
increased fluorescence intensity.
The host response to materials in contact
with tissue is complex, dependent on in nate
im mune responses, nonspeci fic, a nd occurs
in the surrounding tissue. Depending on the
composition of sealers, all materials might induce
some signaling pathways stimulating the expression
of pro inflammatory cytokines and prostaglandins

that are involved in initiation of the inflammatory
process and that may contribute to a sequence of
healing events.28,29 Many studies have shown that
the inflammatory state produces an unfavorable
environment for angiogenesis, cellular proliferation,
and wound healing.4,5
The hyperglycemia caused by DM did not influence
the inflammatory response or the mineralization
capacity of sealers on any of the parameters
investigated. There was no evidence of the direct
correlation between mineralized tissue formation
and inflammatory response in diabetes. These
results might be attributed to various satisfactory
characteristics of calcium hydroxide-based sealer;7,8,12
in our previous study, diabetic conditions were not
found to influence the mineralization ability of or
inflammatory response to MTA.23
Our findings are in disagreement with those of
previous studies that showed that DM altered various
functions of the immune system and is associated
with delayed healing, predisposition to chronic
inflammation, diminished tissue repair capacity,
and alteration of the inflammatory response.4,5 There
are conflicting data to suggest that the relationship
of DM and biocompatibility is not yet completely
understood, and other studies using different
methods are warranted.

Conclusion
In conclusion, DM was not found to influence
the tissue response or mineralization stimulated by
Sealapex® or MTA Fillapex ®.
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