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Immunohistochemical study on pulpal response in rat molars
after cavity preparation by Er:YAG laser
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Introduction

Dentinal cavities for caries treatment have traditionally relied on mechanical hard
tissue surgery with low-speed and high-speed handpieces. These devices are used to
for caries removing and cavity preparation. However, these mechanical devices are
associated with an irritating noise level and, frequently, with uncomfortable vibrations
transmitted throughout patients' ja\;vs and craniofacial tissues. Therefore, development
of alternative methods is desired for more comfortable treatment in dental clinic
instead of the rotary cutting device.

Recently, lasers have been tried in dental fields. It was first used in dentistry in
1964 by Goldman et al. They used a ruby laser on caries in teeth and demonstrated
the possibility of laser therapy in dental practice. And now, dental lasers have been
investigated for use in caries removal (Myers and Myers, 1985), desensitization
(Gelskey et al., 1993), resin bonding (Cooper et al., 1988), as an adjunct in root canal
therapy (Dederich et al. 1984), and in prevention/control of dental caries (Yamamoto
et al, 1980). Clinical trials of the Er:YAG laser for caries treatment have gradually
increased, and promising results have been reported (Keller et dl., 1995; Kumazaki.,
1995; Gimble et al., 1995; Ishikawa et al., 1996; Keller et al., 1998). The Er:YAG laser
systems thus have been a prime potential alternative.

The nature of laser's light is determined by its wavelength. Close attention has
been paid to the clinical applicability of the Er:YAG laser whose light qualities are
different form other laser beams. The Er:YAG laser is near infrared laser with a
wavelength of 2.94 yum. This waveleﬁgth isidentical to peak wavelength of the light
most readily absorbed by water and tooth. When used on living tissue with a
sufficient water content, this laser causes a rapid evaporation of the water in the most
superficial layer of tissue, wit.hout greatly affecting the tissue in the neighboring area.
When compared with conventional dental devices, this apparatus has the following
advantages: (1) there is no metallic sound or sounds of rotation, and (2) there is no

vibration during its use.



Many pathological and histological researches have been reported regarding
an influence of the En:YAG laser to the dental pulp. Wigdor et al. (1993) prepared
cavities 1.0 mm in depth into the dentin of dogs’ teeth with the Er:YAG, Nd:YAG,
and CO?2 lasers. Their results showed that the EcYAG laser produced the least
damage to the pulp tissues as compared with the other lasers and a high speed
handpiece after 4 days, and that the Er:YAG laser-treated pulps were similar in
appearance to the untreated control teeth. Another study demonstrated that the pulp
response to Er:YAG laser application would appear to be similar to the response from
high-speed handpiece application in dogs (Sbnntag et al., 1996). However, these
approaches have not sufficiently addressed the effects.of lasing on pulpul function.

Alkaline phosphatase (ALPase) activity has been suggested as a suitable
marker for the differentiative function of dental pulp dentinogenesis (Yoshiki et al.,
1971). It has been reported that the ALPase activity was stimulated in affected
subodontoblastic layer after cavity preparation with a bur (Aiba., 1983).

DNA fragmentation and programed cell death are known to be associated with
biological process, which take place in a variety of cells involved in tooth formation.
Apoptotic cells in the dental pulp have been reported in human and rodent teeth
(Bronckers et al,, 1996; Vermelin et al,. 1996; Franquin et al., 1998; Nishikawa and
Sasaki,. 1999). This phenomenon has shown to occur in pulp tissue after cavity
preparation with a bur in the rat molar (Bronckers et al., 1996).

Various types of immunocompetent cells are known to be present in normal
dental pulp (Jontell et al., 1987, 1988; Jontell and Bergenholtz, 1992; Okiji et al,
1992; Ohshima et al., 1994; Yoshiba et al., 1996). Class II MHC antigen expressing
cells that can absorb and process complex antigens and present them to lymphocytes,
which is a function essential to the initiation of immune responses (Steinman., 1991).
Changes in the distribution and the responses of class Il-expressing cells to
experimentally induced pulpitis (Bergenholtz et al., 1991), cavity preparation
(Ohshima et al., 1995), and caries (Yoshiba et al., 1996, 1998) have been reported.

Recently, intimate associations of MHC class 1l-expressing cells and the nerve fibers



have been demonstrated in human carious teeth, suggesting their functional
interactions in the dental pulp (Yoshiba et al.,, 1998).

In the present study, to investigate the effect of EnYAG laser on pulp tissue
used for cavity preparation, we analyzed the immunolocalization for ALPase using an
antibody to tissue non-specific alkaline phosphatase (TNAP), and detected DNA
fragments using the transferase-mediated, biotin-dUTP nick end-labeling (TUNEL)
procedure (Gavrieli et al.,, 1992). Furthermorc, double immunofluorescence staining
was performed to analyze distributional relationship between MHC class I antigen-
expressing cells and nerve fibers using OX6-polyclonal antibody and PGP 9.5-
monoclonal antibody, respectively. And we compared the findings to those of cavity

preparation by a traditional bur.

Materials and methods
Operative procedures

Sixty upper first molars in thirty male Wistar rats, 8 weeks old, were used in this study.
They were divided into two groups; one was for a bur and the other was for an
Er:YAG laser procedure. The animals were anesthetized with sodium pentobarbital
(30mg/kg, i.p.). A cervical cavity was prepared on the mesial surface of the tooth by
use of a micromotor with a tungsten carbide bur {diameter 0.8 mm) or a ML22 pulsed
Er:YAG laser (Erwin; HOYA Corp., Japan, and J. MORITA Mfg Corp., Japan) under
water cooling. Laser output energy setting was 70mJ/pulse. Cavity depth was about
0.4mm and each cavity was left open without any further treatment. Some untreated

teeth were used as a control.



Tissue preparation

At 5 min, 6 h, 12 h, 1, 3, and 7 days after cavity preparation, the animals were
anesthetized as described above and perfused with Ringer solution followed by 4%
paraformaldehyde and 0.1% glutaraldehyde in 0.1M phosphate buffer (pH7.4). The
maxillae were removed and immersed in the same fixative for additional 6 h.
Following decalcification in 5% EDTA (pH7.4) for 2 weeks at 4 °C, the specimens
were dehydrated with an increasing concentration of ethanol .and embedded in
paraffin, and sectioned at a thickness of 5 ym for TNAP immunohistochemistry and
TUNEL methods. For double immunofluorescence staining of OX6 and PGP 9.5,
some specimens were immersed in phosphatase-buffer saline (PBS) which contained
sucrose in gradually strengthening contractions of 10, 20, and 25%. They were then
rapidly frozen in liquid nitrogen and sliced into 25 um sections with a Cryotome

(AS620M, SHANDON, England).
Immunolocalization of TNAP

Immediately after deparaffination, the sections were rehydrated in PBS and treated
with in 0.03% H202 in PBS for 30 min at room temperature to inhibit endogenous
peroxidase. The sections were then pre-incubated for 1h with PBS containing 1%
bovine serum albumin (BSA-PBS), and thereafter incubated wi;h antiserum against
rat TNAP diluted 1:100 in BSA-PBS for 24h at 4 °C. After being rinsed with PBS, the
sections were incubated with horseradish peroxidase-conjugated goat anti-rabbit
immunoglobulins (Dakopatts, Glustrup, Denmark) diluted 1:100 in BSA-PBS for 1h at
room temperature. Following a PBS rinse, they were immersed in a mixture of
diaminobenzidine (0.05%) and H202 (0.008%) in 0.05M TRIS-HCI buffer (ph7.6) for
4 min at room temperature for visualization of immunoreactivity. These sections were

counter stained by hematoxylin, and observed under a light microscopy. As a



negative control, non-immune rabbit serum at the same dilution was used instead of

anti-TNAP antiserum.
TUNEL staining

Nuclear DNA fragmcntatiqn was detected on paraffin embedded sections, using an
Apop Tag® detection kit (Oncbr, Gaithersburg, MD, USA), according to a
digoxigenin-based modification of the original TUNEL method introduced by
Gavrieli et al. (1992). These sections were counter stained by hematoxylin, and

observed under .a light microscopy.
Double immunofiuorescence for OX6 and PGP 9.5

The double immunofluorescence staining was performed as described by Yoshiba et
al. (1998). Free-floating sections were pre-incubated for 60 min with BSA-PBS, and
thereafter incubated with OX6-monoclonal antibody recognizing la antigens
(Serotcc; Oxford, England) diluted 1:5000 in PBS for 24h at 4 °C. After rinsing with
PBS for 12h, they were incubated with Cy3-conjugated goat anti mouse IgG
(Jackson Immunoresearch Laboratories, Inc.,West Grove, PA) diluted 1:400 in PBS for
12h at 4 °C, and then rinsed with PBS for 12h. The sections were then incubated with
a rabbit anti human PGP 9.5 polyclonal antibody (Ultraclone Co. Ltd, Cambridge,
UK) diluted 1:2800 in PBS for 24h at 4 °C, rinsed with PBS for 12h, and finally
incubated with fluorescein isothioéyanatc (FITC)-conjugated swine anti-rabbit
immunoglobulins (DAKO) diluted 1:40 in PBS for 12h at 4 °C. The sections were
examined under a fluorescence microscope. Control sections were stained using

normal mouse serum, normal rabbit serum, or PBS as the primary antibody.



Results
Immunolocalization of TNAP

In a control (untreated) group, no or sparse immunoreactivity for TNAP was observed
in the subodontoblastic layer (data not shown).

Both of the laser and bur groups showed the similar histological findings in
most of the experimental teeth. However, the distribution pattern for TNAP was
different between the two experimental groups.‘

After 5 min postoperatively, the odontoblasts under cavity preparation
suffered from severe damages. They were separated from predentin, and lost their
elongated profiles. The immunolocalization of TNAP was observed just beneath the
odontoblast layer under the cavity lesion in both the laser and bur groups. However,
in the laser group, a strong immunoreactivity was observed in a wider range, as
compared with the bur group (Fig. 1).

At 6 h after cavily preparation, immunoreactivity for TNAP in the
subodontoblastic layer appeared to extend in both groups, where it was more widely
and intensely seen in the laser group (Fig. 2).

The TNAP immunoreactivity extended in the pulp tissue in both the laser and
bur groups with progress of time, and they showed similar findings at 7 days
postoperatively, when reparative dentin formation had started. Intense TNAP was
observed entirely in the pulp tissue under a cavity (Fig. 3).

Non-immune rabbit serum did not show any immunoreactivity when used

instead of the antibody to TNAP.
TUNEL staining

In a control group, any TUNEL-positive cells were not found in pulp tissues (data not

shown).



At 5 min and 6 h after cavity preparation, TUNEL-positive cells were not
recognized under the cavity lesion in both experimental groups (data not shown).

From 12 h to 1 day postoperatively, some TUNEL-positive cells were observed
under the odontoblast layer in the bur group. On the other hand, a few positive-cells
were seen mainly within the odontoblastic layer under cavity lesion in the laser group
(Fig. 4).

From 3 to 7 days after procedure, in the laser group, there were no TUNEL-
positive cells in and around the odontoblast layer at the cavity lesion. In the bur
group, however, a few TUNEL-positive cells were still observed under the

odontoblast layer (Fig. 5).

Double immunofluorescence for OX6 and PGP 9.5

In a control group, immunostaining with an OX6 antibody revealed distinct reactions
in many cells located predominantly beneath the odontoblastic layer in the dental
pulp. And a small number of PGP 9.5-immunopositive nerve fibers were observed
inside the pulp.

Throughout the examined stages, no difference was observed between the
laser and bur groups for the immunostainings of OX6 and PGP 9.5 antibodies. At 5
min after cavity preparation, OX6-positive dendritic cells and PGP 9.5-
immunoreactive nerve fibers with a dotted appearance were observed just beneath
the cavity lesion. PGP 9.5-immunoreaction was also recognized on the odontoblasts
(Fig. 6).

From 12 h to 1 day after preparation, as compared with the previous stage, an
increasing number of OX6-immunopositive cells accumulated along the pulp-dentin
border and extended their process deep into the dentinal tubules (Fig. 7). PGP 9.5-
immunopositive nerve fibers were not clearly observed around the odontblastic layer.

After 3 days postoperatively, many OX6-positive dendritic cells were appeared

inside the pulp around the cavity lesion (Fig. 8). However, no cytoplasmic processes



of the immunopositive cells were found in the dentinal tubules. PGP 9.5-
immunopositive nerve fibers began to gather under the cavity lesion.

At 7 days after procedure, the localization of OX6-immunopositive cells was
similar to that recognized at 3 days after cavity preparation (Fig. 9). PGP 9.5-
immunopositive nerve fibers beaded in appearance gathered around the cavity lesion,
and some were extended into odontoblastic layer (Fig. 10).

In a negative control section, no specific labeling was observed (data not

shown).

Discussion

This study demonstrated that both the Er-YAG laser and bur groups exhibited the
similar features at the histological level, although the differences in distribution
patterns of the TNAP immunoreactivity and TUNEL-positive cells are evident
between the two experimental groups.

In the pulp tissue, ALPase activity in the subodontoblastic layer is highest and
closely related to dentin formation, and it has been suggested as a suitable marker of
the differentiative function during dentinogenesis (Yoshiki and Kurahashi, 1971).
ALPase has been reported to be stimulated in affected subodontoblastic layer after
cavity preparation by an enzyme histochemical technique (Aiba, 1983). In the present
study, ALPase detection was performed with an antibody to TNAP. TNAP has shown
to be detected at high levels in hard tissues including bone, cartilage, and tooth
(Hoshi et al., 1997). In the mouse developing incisor, localization of TNAP was
detected in cells of the subodontoblastic layer and the basolateral portion of
odontoblasts. The present study demonstrated that the TNAP immunoreactivity in the
Er'YAG laser irradiated group was significantly higher at the early stage after cavity

preparation, as compared with the bur group.



In the human dental pulp cells in vitro, the laser irradiation has shown to
enhance the ALPase activity and the formation of calcified nodules (Ohbayashi et al.,
1999). This result would support our observations that the laser induced the
increasement of TNAP immunoreactivity, especially in the subodontoblastic layer.
However, the mechanisms by which the ALPase activity in the pulp cells was
enhanced by the laser irradiation are unknown.

It is known that the pressuré waves are generated when the pulsed hard laser
is irradiated to the tissues. Irradiation of pulsed Nd:YAG laser to the thigh bone of the
rat under the non-overload conditions induced a large lamount of bone formation on
the contralateral surface of the bone, which may be due to the pressure waves
(Ninomiya, 1998, personal communication). The pressure waves are thought to be
transmitted to the contralateral surface of the bone, and activated the osteoblasts.

Concerning the changes in temperature by the laser irradiation, the lesser
increase in intrapulpal temperature during the Er:YAG laser preparation in
comparison to the conventional bur has been reported and the Er:YAG laser used
with a water cooling dose not produce significant pulpal temperature changes
(Burkes et al. 1992; Glockner et al., 1998). Therefore, 'intcnsc and wide range
immunoreactivity for TNAP observed in the Er:YAG laser group may be due to the
pressure waves occurring in the pulp chamber rather than increase in intrapulpal
temperature.-

TUNEL-positive cells in the pulp tissue have been reported in human and
rodent teeth (Bronckers et al, 1996; Vermelin et al., 1996; Franquin et al., 1998;
Nishikawa and Sasaki, 1999). DNA fragmentation has demonstrated to be elicited in
odontoblasts and underlying pulpal tissue of mature erupted rat molars after cavity
preparation using a bur (Bronckers et al, 1996). In the present study, at 12 h
postoperatively, TUNEL-positive cells were recognized in the pulp tissue
corresponding to a cavity prepared either by a bur or an Er:YAG laser. This result
demonstrated that DNA fragmentation was also induced during cavity preparation by

using Er:YAG laser and suggested that the Er:YAG laser injured pulpal cells including



odontoblasts under the conditions of this experiment. During cell or tissue necrosis,
DNA degradation is a secondary event initiated by acute mechanical, physical or
chemical lesion. It has been suggested that the TUNEL procedure makes no
distinction between DNA fragmentation either generated during program celi death
or by necrosis. DNA fragments generated in both ways will be stained by TUNEL
staining method (Kressel and Groscurth 1994).

In the present study, the number of TUNEL-positive cells was a very few
contrary to our expectation. The apoptotic cells are phagocytized within a few hours
(Wyllie et al., 1980; Bursch et al., 1990) by neighboring cells (Savill et al.,, 1993) or
macrophages (Kim., 1995). This rapid phagocytosis of apoptotic cells could explain
the low number of TUNEL-labeled cells observed in our study. Since 3 days after
cavity preparation by the Er:YAG laser, TUNEL-positive cells were not observed in
the pulp in contrast to the bur group, where they remained after 7 days
postoperatively. The reason for this difference is unknown, but the laser irradiation
might enhance phagocytotic activity in the pulp tissue. Apoptotic fragments have
shown to be eliminated mainly by MHC Class II-expressing cells, including OX6-
positive dendritic cells, and by MHC Class I1-negative macrophages in the rat incisor
(Nishikawa and Sasaki, 1999).

Class 11 MHC antigen-expressing cells, especially, dendritic cells and
macrophages, play an important role in the immune system as antigen presenting cells
(Steinman et al, 1986). The pulp tissue contains many class II MHC antigen-
expressing cells under physiological conditions, locating predominantly around the
odontoblasts (Okiji et al., 1992; Ohshima et al, 1994; Yoshiba ct al., 1996). The
localization of class Il MHC antigen-expressing cells has been shown to change after
cavity preparation using a bur (Ohshima et al,, 1995). The OX6-immunopositive cells
accumulated and the cytoplasmic process extended into the dentinal tubules at 12h
to 1d after cavity preparation. The present findings also demonstrated the same
phenomenon after cavity preparation by an Er:YAG laser as well as by a bur. In

human teeth, the similar localization of class I MHC antigen expressing cells was
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