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Abstract Little is known about the physiological mecha-
nisms related to low-intensity laser therapy (LILT), particu-
larly in acute inflammation and subsequent wound healing.
The objective of this study was to verify the effect of LILT
on mast cell degranulation. Epulis fissuratum tissues from
eight patients were used. One part of the lesion was
irradiated with an AsGaAl laser (A= 670 nm, 8.0 Jem?,
5 mW, 4 min). The other part was not irradiated. Then, the
specimens were immediately removed, fixed and examined
by light microscopy. The number of mast cells was similar in
laser-treated samples when compared with non-irradiated
specimens. The degranulation indexes of the mast cells
observed in the irradiated samples were significantly higher
than those of controls (P<0.05). LILT with the parameters
used increased the number of degranulated mast cells in oral
mucosa.

This work was carried out at the University of Sdo Paulo and the
Energetic and Nuclear Research Institute (IPEN), Sao Paulo, Brazil.
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Introduction

Low-intensity laser therapy (LILT), first described by
Mester [1], has been reported to be useful in the field of
wound healing. It is supposed to be a non-invasive, painless
and athermal therapy, which restores functional ability,
based on biological estimulative—regenerative, anti-inflam-
matory and analgesic effects.

Vasodilation is a LILT effect important to improve the
wound healing process [2]. Wound healing begins with
acute inflammation. In this process, vasodilation is fol-
lowed by increased vascular permeability. One substance
that elicits vascular permeability is histamine, which is an
inflammatory mediator released by mast cells present in
mucosal and connective tissue [3]. Thus, mast cell
degranulation is an important step in wound healing. It is
known that LILT can increase mast cell degranulation in
animals; however, no information on humans is available.
This is probably due to the ethical issues related to the
removal of human tissue for histological analysis. There-
fore, we developed a research model, where inflamed oral
mucosa can be irradiated and immediately removed for
histological analysis with no ethical inference. As this
model we used inflamed tissues from the oral mucosa,
epulis fissuratum, which is an inflammatory oral mucosa
lesion the treatment of which is based on surgical removal.
Little is known about the physiological mechanisms related
to LILT, particularly in acute inflammation and subsequent
wound healing. The objective of our study was to verify the
effect of LILT on mast cell degranulation in human epulis
fissuratum lesions.
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Material and methods

Epulis fissuratum tissues from eight patients of the Centro
Odontologico Universitario do Norte do Parana were used,
after approval had been obtained from the University of
Londrina Ethics Committee.

The patients were selected based on the following
features:

Aged between 30 years and 60 years

Absence of systemic diseases

Wearer of ill-fitting complete dentures

Presence of epulis fissuratum bigger than 3.0 cm located
at the superior or inferior alveolar vestibule

No melanic pigmentation of the oral mucosal

f. Not pregnant or breastfeeding
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Surgical procedures

The patients were advised not to wear the ill-fitting den-
tures for 2 weeks before the surgical procedures were to be
performed, in order to reduce the inflammation at the
lesions. Antisepsis of the oral mucosa with 0.12% chlo-
rhexidine solution was accomplished, and local anesthesia
with mepivacaine 2% with levonordefrin 1:20.000 (DFL
Industria e comércio LTDA., Rio de Janeiro, RJ, Brazil)
was induced.

Each lesion was divided into two halves, and each part
was treated in a random fashion as follows:

Group 1 Control: half of the lesion was removed with a
scalpel and immediately fixed in 10% neutral
formalin solution.

Group 2 Laser: before removal of the other half, the tissue

was irradiated according to the settings listed in
Table 1. Immediately after laser irradiation, this
part of the lesion was removed by the same
process as that described for group 1.

At the end of the surgical procedures the oral mucosa
was sutured.

The irradiation was done using all security procedures,
such as the use of eye protection for the patients and
operators. The Laser Check power meter (Coherent, Inc.,
Santa Clara, CA, USA) verified the output of our equipment.

Light microscopy

For light microscopy, the specimens were immediately
fixed in 10% neutral formalin for 12 h, embedded in
paraffin, and cut into 5 um sections. The sections were
stained with hematoxylin and eosin (HE) for diagnostic
purposes and with Giemsa stain to identify the mast cells.
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Table 1 Laser system and parameters used

Laser AsGaAl

Device Kromen (Dentoflex Materiais
Odontoldgicos, Sao Paulo, Brazil)

Wavelength (nm) 670

Power output (mW) 15

Mode Continuous

Energy density (J/em?) 8.0

Mode of application Contact

Irradiated area (mm?) 5

Exposure time (min) 4

Giemsa stain is ordinarily used to identify degranulated
mast cell [4].

For each histological section, five consecutive histolog-
ical fields of x40 magnification were selected for the
analysis. These fields were located immediately below the
epithelium, in the connective tissue of the oral mucosa.
Each field was then observed at x400 (Fig. 1a) to locate the
mast cells for counting. Then, we checked the degranulated
(Fig. 1b) and non-degranulated (Fig. 1c) status of the mast
cells, at x1,000 magnification.

We obtained the degranulation index by dividing the
number of degranulated mast cells by the total number of
mast cells found in the five fields per specimen.

Statistical analysis

A mean =+ standard deviation was obtained per group. The
data were compared by the Kruskal-Wallis test comple-
mented by Dunn’s test. The level of significance was 5 %
(P=<0.05).

Results

Mast cells were observed in all samples. The total number of
mast cells (degranulated and non-degranulated) is presented in
Fig. 2. This number was similar in samples of laser-treated
oral mucosa and in samples of the control group (P>0.05).
Degranulation of mast cells was observed in each sample.
The degranulation index of the two groups is graphically
expressed in Fig. 3. The degranulation index of the mast cells
observed in the irradiated specimens was significantly higher
than the index observed in the control group (P<0.05).

Discussion
The epulis fissuratum is a tumor-like hyperplasia of fibrous

connective tissue that develops in association with the
flange of an ill-fitting complete or partial denture and is



Lasers Med Sci

Fig. 1 Photomicrographs of the
oral mucosa. a Fibrous connec-
tive tissue covered by stratified
squamous epithelium (£). Mast
cells are indicated by arrows.

b A degranulated mast cell
(arrow). ¢ A non-degranulated
mast cell (arrow). a Giemsa,
x400; b,c Giemsa, x1,000

treated by total surgical removal [5]. Thus, this human
tissue is ethically suitable for studies that need histological
analysis. For this reason we decided to use this tissue for
studying the effect of low-intensity laser therapy (LILT) on
mast cell degranulation in human oral mucosa. After laser
irradiation of the oral mucosa, it was possible to observe a
significant increase in the degranulation index of the mast
cells when compared with that of the mast cells in non-
irradiated tissue in the same lesion.

Mast cell degranulation may be triggered by a variety of
stimuli, which have been linked indirectly with inflamma-
tion in the oral cavity. These include IgE, neuropeptides,
trauma, and drugs [5, 6]. Histamine increases vascular
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Control Laser
Fig. 2 Graphic representation of the total number of mast cells in the
two experimental groups, Control (non-irradiated oral mucosa) and
Laser (irradiated oral mucosa). There are no statistical differences
between the groups

permeability via structural changes, which include endo-
thelial contraction and intercellular gap formation [7]. In
addition, histamine promotes leukocyte adhesion to endo-
thelium via transient mobilization of the adhesion molecule
P-selectin (also known as CD62-P or GMP140) to the
endothelial surface [8].

Our study showed that the numbers of mast cells were
similar in lased and non-lased tissue, probably due to the fact
that the time lapse between the laser irradiation and the
removal of the lesion was very short (minutes). In fact, El-
Sayed and Dyson [9, 10], working with animals, showed
that, 2 h after laser irradiation, the total number of mast cells
had increased significantly. If mast cells do not proliferate
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Fig. 3 Graphic representation of the degranulation indexes of the
mast cells in the two experimental groups. The degranulation index of
the non-irradiated group (Control) is significantly smaller than the
index of the lased group (asterisk)
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locally, it can be suggested that laser irradiation promotes a
process of directed migration of mast cells. In our study, it
was not possible to wait until 2 h after irradiation because it
would not be ethical for us to keep the patients for such a
time before the surgical removal of their oral lesions.

In relation to mast cell degranulation, the indexes
observed in the irradiated specimens were significantly
higher than those in the control group. This increase should
have an impact on the inflammatory process, because pre-
formed mediators released after degranulation of mast cells
can serve to promote inflammation via a multiplicity of
actions. In fact, according to Karu [11], the increase in mast
cell degranulation can be related to an increase in ATP
production, stimulated by LILT.

Other authors have also observed increases in the
degranulation indexes of mast cells; however, our study is
the first one performed with human tissue [10, 12, 13]. El-
Sayed and Dyson [10] showed an increase of this index in
the irradiated injured skin of rats that was mostly related to
the repetition rate of the irradiation.

Low-intensity laser therapy, under the conditions used in
this study, promotes human mast cell degranulation in
significant amounts and, therefore, may increase the
inflammation process. This suggests that laser may be a
therapeutic agent, targeting the mobilization and secretion
of mast cells. However, more studies using different LILT
parameters must be done to elucidate further the effects of
this therapy on mast cell degranulation and on other
important cells of the inflammatory process.
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