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Abstract

Yamanaka Y, Shigetani Y, Yoshiba K, Yoshiba N, Okiji T.
Immunohistochemical analysis of subcutaneous tissue reac-
tions to methacrylate resin-based root canal sealers. Interna-
tional Endodontic Journal, 44, 669-675, 2011.

Aim To investigate subcutaneous tissue reactions to
methacrylate resin-based root canal sealers by immu-
nohistochemical assessment of inflammatory/immuno-
competent cell infiltration.

Methodology Silicone tubes containing freshly
mixed Epiphany SE sealer, MetaSEAL, Super-Bond RC
sealer, or a zinc oxide-eugenol sealer (Canals) were
subcutaneously implanted into the backs of Wistar rats.
Solid silicone rods implanted in different animals served
as controls. After 7, 14 and 28 days, connective tissue
surrounding the implants (n = 8, each) was processed
for immunoperoxidase staining using OX6 (reactive to
major histocompatibility complex class II molecules),
ED1 (reactive to macrophages), and W3/13 (reactive
primarily to neutrophils), and the number of positively
stained cells within each field (1.2 x 0.8 mm) was
enumerated. Statistical differences were analysed with
Friedman’s test and Scheffe’s test (comparisons

between test materials) or Mann-Whitney's U-test
(test—control comparisons).

Results Canals showed a significantly higher number
of W3/13-positive cells (mostly neutrophils) than Meta-
SEAL at 28 days (P < 0.05). There were no significant
differences in the numbers of OX6- or ED1-positive cells
between each test material at any time point. Test—
control comparisons revealed several significant differ-
ences for each antibody. This was most notable for ED1,
where all the test materials at each time point, except for
Epiphany SE at 28 days, showed significantly larger
values than the corresponding controls.
Conclusions All the methacrylate resin-based seal-
ers tested showed a similar level of inflammatory/
immunocompetent cell infiltration. MetaSEAL induced
less-intense neutrophil infiltration than Canals. Con-
trols exhibited milder infiltration of inflammatory/
immunocompetent cells compared with all the test
materials.
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Introduction

Successful root canal treatment depends on the elim-
ination of intracanal infection, followed by effective and
biocompatible canal filling in order to avoid reinfection

Correspondence: Yusuke Yamanaka, Division of Cariology,
Operative Dentistry and Endodontics, Department of Oral
Health Science, Niigata University Graduate School of Medical
and Dental Sciences, 2-5274, Gakkocho-dori, Chuo-ku, Niig-
ata city, 951-8514, Japan (Tel./fax: +81 25 227 2865;
e-mail: y-yamanaka@dent.niigata-u.ac.jp).

© 2011 International Endodontic Journal

and irritation of the periradicular tissue (Sundqvist &
Figdor 1998, Siqueira 2001). Root canal sealers are
expected to be confined within the root canal (Ricucci &
Langeland 1998, Bernath & Szab6 2003); however,
they may inadvertently extrude into the periradicular
tissue and consequently cause tissue irritation and
delayed healing (Seltzer 1999, Sari & Duruturk 2007).
Thus, one of the principal requirements of an end-
odontic root canal sealer is that it is immunologically
compatible with the periradicular tissue (Geurtsen &
Leyhausen 1997). Antimicrobial activity is another
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desirable property of a root canal sealer, although it
should be considered that there may be a balance
between antimicrobial activity and host cytotoxicity.

The recent advancement of dentine bonding tech-
nology has led to the development of several brands of
methacrylate resin-based root canal sealers, which take
advantage of the adhesive properties of methacrylate in
an attempt to reduce leakage and strengthen the root
(Schwartz 2006). Self-adhesive dual-curable sealers,
which eliminate the need for a separate priming step,
are the most recent generation of these materials and
include Epiphany SE (a modified version of Epiphany, a
nonetching methacrylate resin-based sealer), Meta-
SEAL  (4-methacryloxyethyl trimellitic anhydride
(4-META) containing methacrylate resin-based sealer),
and the Super-Bond RC sealer, which is a 4-META/
methyl methacrylate-tri-n-butyl borane (MMA-TBB)
resin-based liquid-and-powder type sealer that was
recently developed by modification of the Super-Bond
resin cement.

However, the biological properties of methacrylate
resin-based sealers have not yet fully been elucidated.
In particular, only a few studies have examined self-
adhesive sealers: in vitro studies have been demon-
strated that they have relatively low cytotoxicity
(Pinna et al. 2008, Ames et al. 2009, Gambarini et al.
2009); however, in vivo studies are lacking. The
available information about the tissue compatibility of
Super-Bond RC sealer is also limited, although Super-
Bond resin cement seems to be reasonably biocompat-
ible (Inoue et al. 2001, Fujisawa & Atsumi 2004,
Yoshimine et al. 2007); studies have demonstrated that
the Super-Bond RC sealer shows better cytocompatibil-

Table 1 Root canal sealers tested

ity than other resin-based sealers (Eldeniz et al. 2007)
and causes milder tissue reactions than a zinc oxide-
eugenol sealer (Hemmi et al. 2003). Moreover, some
components of methacrylate resin-based sealers may
have inflammatory/immunogenic potential; 2-hydro-
xyethyl methacrylate (HEMA), a constituent in some
methacrylate resin-based sealers (see Table 1), has
been reported to possess inflammatory and adjuvant
properties (Sandberg et al. 2005). However, little
information is available regarding the immunogenicity
of different resin-based sealers.

Subcutaneous implantation is widely used to assess
the in vivo tissue reaction of root canal sealers
(Gorduysus et al. 1998, Zmener 2004, Batista et al.
2007, Zafalon et al. 2007, Pinna et al. 2008, Scarparo
et al. 2009). In the majority of these studies, the tissue
response is assessed using traditional staining tech-
niques (e.g. haematoxylin and eosin) and scoring
systems. However, such methods rely on subjective
assessment and have limited ability to identify the types
of cells present. Although immunohistochemistry may
provide valuable information by facilitating cellular
identification and allowing evaluations of specific
cellular responses, only a few studies have applied this
technique to evaluate the biological properties of root
canal sealers (Hemmi et al. 2003).

Taken together, it was hypothesized that different
methacrylate resin-based root canal sealers elicit
different inflammatory and immunological response
patterns. In order to address the hypothesis, an
assessment of the inflammatory/immunogenic poten-
tial of contemporary methacrylate resin-based root
canal sealers was performed by means of subcutaneous

Material Batch no. Manufacturer Composition according to manufacturer
MetaSEAL RS1 Parkell, Farmington, NY Liquid: 4-META, HEMA and di-methacrylates
Powder: zirconium oxide, silica and hydrophilic
polymerization-initiator
Epiphany SE 149468 Pentron Clinical Technologies, HEMA, Bis-GMA, calcium phosphate, 2,2-Bis

Wallingford, CT

Super-Bond RC sealer LX2

Canals 5320R

Sun Medical, Moriyama, Japan

Showa Yakuhin Kako, Tokyo, Japan

(4-methacryloxypolyethoxyphenyl)propane,
barium borosilicate glass, bismuth oxychloride,
silica, allyl thiourea, benzoyl peroxide,
photo-initiator, stabilizers and pigment

Liquid: 4-META and methyl methacrylate

Catalyst: tributylborane

Powder: poly methyl methacrylate and zirconium
oxide

Powder: zinc oxide, barium sulfate, bismuth
carbonate oxide and rosin

Liquid: clove oil and olive oil

4-META, 4-methacryloxyethyl trimellitic anhydride; HEMA, 2-hydroxyethyl methacrylate; Bis-GMA, bisphenol A-glycidyl metha-

crylate.
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implantation followed by immunohistochemical detec-
tion of different inflammatory/immunocompetent cells.

Materials and methods

All experiments were approved and performed accord-
ing to the guidelines of the Niigata University Intra-
mural Animal Use and Care Committee.

The materials evaluated were MetaSEAL (Parkell,
Farmington, NY, USA), Epiphany SE (Pentron Clinical
Technologies, Wallingford, CT, USA), Super-Bond RC
sealer (Sun Medical, Moriyama, Japan), and a zinc
oxide-eugenol sealer (Canals; Showa Yakuhin Kako,
Tokyo, Japan). Table 1 shows the composition of the
test materials. Thirty 4-week-old male Wistar rats were
used. Under anaesthesia with an intraperitoneal injec-
tion of 8% chloral hydrate (350 mg kg™ '), four 0.5-cm
incisions were made on the back of each animal, 2 cm
from the spine and at least 3 cm apart. Lateral
undermining of the subcutaneous tissue produced four
surgical cavities, which were equidistant from the
centre of the animal’s back.

Silicone tubes of approximately 3 mm in length, with
an outer diameter of 3 mm and an inner diameter of
1 mm (Tigers Polymer Co, Osaka, Japan) were auto-
claved. The sealers were mixed according to the
manufacturers’ recommendations and loaded into
the silicone tubes. No light curing was performed.
The tubes were then inserted into the surgical cavities;
each animal received the four test materials, and the
site of implantation was standardized. The incisions
were then sutured with 4-0 silk thread (Mani, Tochigi,
Japan). Solid silicone rods (Sanplatec Co, Osaka, Japan)
of the same size were implanted in different animals
and used as negative controls. Observations were
performed at 7, 14 and 28 days after surgery (n = 8,
each).

After the given periods, the animals were killed by
anaesthetic overdose. The implants and their surround-
ing tissue were carefully removed in blocks and then
fixed in 4% paraformaldehyde solution for 24 h. After
fixation, the tissues were processed to produce frozen
sections that were cut parallel to the long axis of the
tubes. Serial sections of approximately 8 um thick were
obtained from the central part of each tube or silicone
rod. They were then processed for haematoxylin—eosin
(H-E) staining and immunohistochemistry. Immuno-
peroxidase staining was performed with the monoclonal
antibodies OX6 (reactive to rat major histocompatibility
complex (MHC) class IT molecules (Fukumoto et al.
1982); Serotec, Oxford, UK; diluted 1 : 4000), W3/13
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(mouse anti-rat CD43 reactive to neutrophils, plasma
cells, and T-lymphocyte subsets (Barclay 1981); Serotec;
diluted 1 : 200) and ED1 (mouse anti-rat CD68 reactive
to macrophages (Dijkstra et al. 1985, van den Berg et al.
2001); Serotec; diluted 1:200) as primary antibodies.
After blocking endogenous peroxidase activity with
0.3% hydrogen peroxide in methanol for 30 min, the
sections were incubated with one of the primary
antibodies at 4 °C overnight. After washing with phos-
phate-buffered saline, the sections were reacted with
biotinylated horse anti-mouse IgG (Vector, Laboratories,
Burlingame, CA, USA) for 2 h at room temperature and
then with avidin—biotin—peroxidase complex (Elite ABC
kit, Vector) for 30 min at room temperature. Immuno-
reactivity was visualized with the DAB Substrate Kit
(Vector) and counterstained with methyl green. Nega-
tive control staining was performed by replacing the
primary antibodies with phosphate-buffered saline.

The numbers of OX6, ED1 and W3/13-positive cells
were enumerated in the areas in contact with each
sealer and the corresponding areas of the controls.
Representative sections were chosen from the most
central cuts through the opening (one section per
specimen), and the number of positively stained cells
within a field (1.2 x 0.8 mm), which was placed just
beneath the tube opening, was enumerated. Statistical
differences were analysed with Friedman’s test and
Scheffe’s test (comparisons between test materials), or
Mann—Whitney’s U-test test with Bonferroni's correc-
tion (test—control comparisons).

Results

Histologic findings

In each group, the implants were encapsulated by
fibrous connective tissues, which were more evident
with longer observation periods. The areas in contact
with each sealer had varying degrees of inflammation
characterized by the infiltration of macrophages, a
relatively small number of neutrophils and occasional
lymphocytes. Plasma cells and multinuclear giant cells
were rarely seen. The inflammatory reaction subsided
with time, but was still detectable at 28 days. In
general, the controls showed less-intense inflammatory
cell infiltration than the test materials.

Immunohistochemical findings

Negative control staining did not reveal any specific
immunoreaction. 0X6 and W3/13 caused membrane

International Endodontic Journal, 44, 669-675, 2011

671



672

Tissue reactions to methacrylate resin-based sealers Yamanaka et al.

staining, whereas ED1 caused granular cytoplasmic
staining, as reported previously (Cantrell et al. 1983,
Dijkstra et al. 1985).

Morphology and distribution of cells positive to each
antibody was in general similar in each material; thus,
representative photomicrographs from a MetaSEAL
specimen are shown in FIg. 1.

OX6-positive cells showing various morphologies
(round, oval, slender and irregular) were distributed
in the areas in contact with each sealer (Fig. 1b.f).
These cells were predominantly identified as macro-
phages, but fibroblast-like cells, some endothelial cells
and a small number of lymphocyte-like cells also
demonstrated OX6-immunoreactivity. The accumula-
tion of OX6-positive cells was frequently seen around
the implanted materials, although cells with engulfed
sealer particles in their cytoplasm did not react with
0X6.

ED1 (CD68)-positive cells with round, oval or irreg-
ular morphologies were observed in the areas in
contact with each sealer as well as around extruded
materials (Fig. 1c,g). Cells that had phagocytosed sealer
particles often showed strong ED1-immunoreactivity.

W3/13 (CD43)-positive cells were scattered in the
area around the tube opening (Fig. 1d,h). The majority
of these cells were identified as neutrophils, although
mononuclear cells showing W3/13-immunoreactivity
were occasionally encountered.

The control specimens did not differ from the test
specimens with regard to the types of cells that were
positive for each antibody, although the density of
positively stained cells was generally lower in the
controls than in the corresponding test specimens.

MetaSEAL =4

Cell count

Comparisons between the test materials demonstrated
that canals showed a significantly higher number of
W3/13-positive cells than MetaSEAL at 28 days
(P < 0.05) (Fig. 2). There were no significant differ-
ences in the number of OX6- or EDI1-positive cells
between any of the test materials at any time period
(P > 0.05).

Test—control comparisons of the number of OX6-
positive cells revealed that no significant differences
were detected at 7 days, but that significant differences
were detected for two and three of the four sealers at 14
and 28 days, respectively. Regarding the number of
ED1-positive cells, all the test materials at each time
point, except for Epiphany SE at 28 days, showed
significantly larger values than the corresponding
controls. Significant test—control differences in the
numbers of W3/13-positive cells were detected for
all test materials at 7 days, but at 28 days significant
test—control differences were only detected for Super-
Bond RC sealer and Canals.

Discussion

In this study, the inflammatory and immunological
response patterns of contemporary methacrylate resin-
based root canal sealers was assessed by means of
subcutaneous implantation followed by immunohisto-
chemical detection of inflammatory/immunocompetent
cells, under the hypothesis that different sealers elicit
different patterns. In order to avoid the assessment
criteria being too narrow, three monoclonal antibodies

Figure 1 Tissue reaction to MetaSEAL (a—d) and the control (e-h) at 14 days. (a, e) H-E staining, bar = 100 pm. The boxes in a
and e show the approximate locations of the fields in b—d and f~h, respectively. (b—d, f~h) Immunoperoxidase staining of OX6 (b, f),
ED1 (c, g), and W3/13 (d, h); bar = 25 um. Arrows, sealer particles; open arrows, OX6-positive cells; arrowheads, ED1-positive

cells; and open arrowheads, W3/13-positive cells.
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Figure 2 Mean and SD of the number of cells that are
immunopositive for 0X6 (a), ED1 (b), and W3/13 (c).
Horizontal dotted lines indicate the mean value of the
corresponding controls. No significant differences were
detected amongst resin-based sealers at each time point for
each type of cells. Test—control differences were most notable
for ED1-positive cells #P < 0.05 (Friedman'’s test and Scheffe’s
test). *P <0.01 and **P < 0.001 (vs. control; Mann—
Whitney's U-test with Bonferroni’s correction).

was selected, which allowed the detection of different
types of inflammatory/immunocompetent cells. Using
this method, the identification and counting of specific
cell types may be much easier to achieve, and the
results might be more objective, compared with
assessment utilizing traditional subjective scoring
systems and H-E-stained sections. Based on the find-
ings, the hypothesis was rejected, as similar patterns
were present as determined by the density of ED1-,
0X6- and W3/13-positive cells.

© 2011 International Endodontic Journal

To date, a limited number of studies have investi-
gated the biological properties of self-adhesive methac-
rylate resin-based sealers. Studies have shown that
MetaSEAL is less cytotoxic than nonetching methacry-
late resin-based sealers (RealSeal and EndREZ) (Ames
et al. 2009) and a zinc oxide—eugenol sealer (Pinna
et al. 2008), but is more toxic than AH Plus, an epoxy
resin-based sealer (Pinna et al. 2008). With regard to
Epiphany SE, one study showed that it has similar
cytotoxicity to original Epiphany (Gambarini et al
2009). However, another study has demonstrated that
RealSeal SE, a self-adhesive sealer that is composition-
ally similar to Epiphany SE, is less cytotoxic than
RealSeal (Ames et al. 2009). Taken together, the
cytocompatibility of self-adhesive methacrylate resin-
based sealers may be comparable or better than those of
previous generation nonetching resin sealers.

On the other hand, the Super-Bond RC sealer has
been reported to show better cytocompatibility than
several other types of sealers (Eldeniz et al. 2007). This
is consistent with studies showing that the original
Super-Bond resin cement possesses favourable cyto-
compatibility to dental pulp cells (Inoue et al. 2001,
Fujisawa & Atsumi 2004) and an osteoblastic cell line
(Yoshimine et al. 2007). Another study demonstrated
that the subcutaneous tissue reaction to Super-Bond
RC sealer was milder than that to a zinc oxide—eugenol
sealer (Hemmi et al. 2003).

In the present study, inter-material comparisons
revealed that MetaSEAL showed a significantly smaller
number of W3/13-positive cells than Canals at
28 days. This may be attributable to the fact that zinc
oxide—eugenol sealers cause prolonged neutrophil infil-
tration (Olsson & Wennberg 1985, Kolokuris et al.
1996, Scarparo et al. 2009).

In all of the sealers tested, the number of W3/13-
positive cells (neutrophils) surrounding the sealer was
relatively low without any marked accumulation at
7 days. However, all of the sealers induced the infiltra-
tion of significantly more W3/13-positive cells than the
control at 7 days. Thus, it is apparent that they have
the potential to cause neutrophil infiltration. Similar
results have been reported in a number of studies
(Gorduysus et al. 1998, Bernath & Szab6 2003, Zmener
2004, Sousa et al. 2006, Zafalon et al. 2007, Scarparo
et al. 2009).

The test—control differences were most notable for
ED1-positive cells; all the sealers at each time point,
except for Epiphany SE at 28-days, showed significantly
larger values than the corresponding controls.
This suggests that these sealers primarily induce
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macrophage-dependent reaction(s) such as persistent
foreign body reactions to extruded sealer particles.

0X6 antibody recognizes the MHC class IT molecules
expressed on several cell types such as macrophage
subpopulations, dendritic cells, B cells, and activated T
cells (Kaneko et al. 2001, Ozaki et al. 2004). MHC class
IT molecule—expressing cells act as antigen-presenting
cells, which aid the initiation of T-cell responses by
uptaking, processing and presenting antigens to T
lymphocytes (Hart 1997). Thus, the level of MHC class
II molecule expression may be considered as an
indicator of a sealers’ immunogenic potential. In this
study, all the sealers exhibited infiltration by a signif-
icantly higher number of OX6-positive cells than the
corresponding controls at 14 and 28 days. This finding
suggests that these sealers continuously release anti-
genic substances that facilitate the recruitment of class
IT molecule—expressing cells and/or have the potential
to directly or indirectly induce class II molecule
expression.

At present, it is not clear which component(s) in
each sealer possess the potential of causing the
infiltration of inflammatory/immunocompetent cells.
One potential candidate for the cyto- and/or tissue-
irritation of methacrylate resin-based materials is
unpolymerized hydrophilic monomers such as HEMA,
as it has been reported that HEMA is cytotoxic
(Bouillaguet et al. 1996), identified as an allergen of
contact dermatitis (Rustemeyer & Frosch 1996) and
possesses inflammatogenic and adjuvant properties
(Sandberg et al. 2005). In the present study, however,
there was no significant difference in the level of
cellular infiltration amongst different resin-based mate-
rials, regardless of the presence or absence of HEMA.
On the other hand, 4-META/MMA-TBB resin is known
to induce macrophages accumulation when applied to
vital exposed pulps, and soft-tissue hybrid layer created
along the resin-pulp tissue interface has been suggested
to provoke the macrophage infiltration (Nakamura
et al. 2000). A similar mechanism would be involved in
the subcutaneous tissue reaction to 4-META-contain-
ing methacrylate resin-based sealers.

Conclusions

All the methacrylate resin-based sealers tested showed
a similar level of inflammatory/immunocompetent cell
infiltration. MetaSEAL induced less intense neutrophil
infiltration than Canals. Controls exhibited milder
infiltration of inflammatory/immunocompetent cells
compared with all the test materials.

International Endodontic Journal, 44, 669-675, 2011
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