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INTRODUCTION

Abstract—Mast cells have been shown to participate in the
wound healing process. We investigated the effects of low-level
laser therapy (LLLT) on mast cell number in the inflammation,
proliferation, and remodeling phases of the wound healing process of experimental burns. Sixty rats subjected to third-degree
burns were divided into four groups: two laser-treated, one control, and one nitrofurazone-treated group. In the two lasertreated groups, burned areas received LLLT with a helium-neon
laser at energy densities of 38.2 J/cm2 and 76.4 J/cm2, respectively. The effects on mast cell number and degranulation were
assessed 7, 16, and 30 days postburn (inflammation, proliferation, and remodeling phases of wound healing, respectively).
Intact and degranulated mast cells were counted. Five rats with
no burns were used for baseline studies. On day 7 in the first
laser group, the total number of mast cells was significantly
higher than in the other groups. On day 16 in the nitrofurazonetreated group, the total number of mast cells was significantly
higher than in the control, first laser, and normal groups. LLLT
on the experimental third-degree burns significantly increased
the total number of mast cells during the inflammation phase of
wound healing; also, topical application of 0.2% nitrofurazone
ointment on the same burns significantly increased the total
number of mast cells during the proliferation phase of burn
healing.

The wound healing process is a normal physiological
response to injury and generally leads to restoration of normal structure and function in damaged tissues. In certain
disorders, the wound healing process leads to an altered restitution of tissue structure and function that is associated
with the development of remodeling and fibrosis. Mast
cells are related to the pathogenesis of many fibrotic disorders. However, mast cells have also been shown to participate in the wound healing process. The physiological role
of mast cells in this process has been demonstrated in in
vitro and in vivo wound healing models [1]. Wound healing
is a complex process that involves the interaction of various
cell types, such as lymphocytes, monocytes, epithelial cells,
and fibroblasts. Three main overlapping phases have been
identified in tissue response to injury: inflammation, formation of granulation tissue and matrix (proliferation), and
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remodeling. During granulation tissue formation, fibroblasts proliferate and migrate into the wound space [2].
Levi-Schaffer and Kupietzky have demonstrated in vitro
that mast cells influence the wound healing process by
increasing fibroblast migration and proliferation [3]. This
effect is partially mediated by histamine that acts on H2receptors on fibroblasts [4]. Besides histamine, interleukin4 derived from mast cells was also found to stimulate fibroblasts to proliferate and migrate [5]. New investigations are
finding that skin mast cells modulate the inflammatory
response in healing wounds [6], play a role in neoangiogenesis [7], and may participate in tissue remodeling in the late
phase of wound healing [8]. Recent evidence has revealed
that skin mast cells and mast cell chymase are important for
the formation of granulation tissue and the synthesis of collagen fibers that occur at the edge of the wound in the burnhealing model in mice [9].
Thermal burns are less common than other forms of
trauma, but they produce more severe physiological
stresses than other forms of traumatic injuries. It is estimated that annually two million people suffer from burns
in the United States [10].
Low-level laser therapy (LLLT) has become progressively more popular in the management of a wide variety
of medical conditions, including the wound healing process [11]. In laboratory animals, biostimulation of wound
healing results in faster healing of burns [12–14], stimulating effects on collagen synthesis in the wound, significant
acceleration of wound contraction [15], improved tensile
strength of the scar, an obvious increase in total collagen
content of the wound [16], early epithelialization with
increased fibroblastic reaction, considerable granulation
tissue with noticeably higher collagen hydroxyproline
concentration in scar tissue [17–18], dramatic decrease of
inflammatory cells and also edema, obvious proliferation
of myofibroblasts [19], and a greater mean quantity of collagen fibers both in diabetic and nondiabetic rats, as
reported by several investigators [20].
Some in vitro studies also demonstrate stimulating
effects of LLLT on the secretion of cytokines and growth
factors from different cells and cell proliferation [21–25].
Yu et al. showed the positive effect of helium-neon (HeNe) laser treatment on cytokine production in cultured
keratinocytes [21]. The main finding of the study by Kipshidze et al. was that vascular endothelial growth factor is
biologically active in human vascular smooth muscles,
fibroblasts, and cardiac myocytes in vitro in response to
laser treatment [22]. Vinck et al. reported that LLLT

resulted in increased fibroblast proliferation in vitro
[23]. In the Safavi et al. study, LLLT significantly
increased gene expression of platelet-derived growth factor and transforming growth factor-beta [24]. The results
of the Saygun et al. study showed that LLLT increased the
proliferation of human gingival fibroblasts and increased
the release of basic fibroblast growth factor, insulin-like
growth factor-1 (IGF-1), and an IGF-1 receptor [25].
Few studies have been conducted regarding the effects
of light on skin mast cells [26–27]. In their first study, El
Sayed and Dyson showed that mast cells can be activated
and their total number increased by treatment with certain
wavelengths of light [26]. In their second study, El Sayed
and Dyson showed that this increase in mast cell number is
not pulse-frequency dependent, whereas degranulation is
[27]. In a previous work, we showed that LLLT on deep
second-degree cutaneous burns in rats significantly
increases intact mast cells during the inflammation and
proliferation phases of healing and decreases the total
number of mast cells during the remodeling phase [28].
Until now, no knowledge has been available pertaining to the histological study of He-Ne laser treatment on
mast cell morphometry in burned skin. The aim of the
present study was to use a morphometrical method to
evaluate the effect of LLLT with a He-Ne laser on the
total number of mast cells and their degranulation in
third-degree burns in rats.

MATERIALS AND METHODS
Animals
Sixty-five male adult Wistar rats weighing 250 ± 30 g,
kept in separate cages, and fed ad libitum were used in this
experiment. On day 0, 60 rats were anesthetized by intramuscular injection of 50 mg/kg ketamine hydrochloride
and 5 mg/kg diazepam. The dorsal hair of the rats was
shaved, and the skin was cleaned with povidone iodine.
Rats were held in a special box with a 3 × 3 cm opening.
The back of each rat was exposed for 7 s, via the opening,
to the external lip of a 22 mm-diameter cylinder that was
connected to a source of boiling water. Histological examination showed that the epidermis and most of the dermis
were burned. The surface area of burned skin was 3.8 cm2.
All procedures were approved by the Institutional Medical
Ethics Committee of Shahid Beheshti University, M.C.
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Study Groups
The animals were randomly divided into five groups.
Rats in the control group (n = 15) were left untreated.
Rats in the two laser-treated groups (n = 15 each) were
exposed daily to 38.2 J/cm2 or 76.4 J/cm2 LLLT, respectively, from day 1 after burning until the experimental
time period was completed. The burned tissues daily
received a certain amount of laser energy [12–14,29–31]
during the wound healing process in order to increase
reparative activities. The specifications of the laser (manufactured by Iranian Atomic Energy Agency; Tehran,
Iran) are shown in the Table. To apply the laser treatment, we divided the burned area into several equal
squares (1 × 1 cm). The tip of the laser source was in
light contact with the surface of the burned skin at the
center of each square and directed perpendicularly to the
target tissue for the designated time. For accurate LLLT,
one formula was used for measurement of fluency
(energy density) [32]:
Fluency (J/cm2) = [output (mW) × time (s)] / area (cm2).

So, fluency of the first laser group = 0.010 × 120/
0.0314 = 38.2 J/cm2, and fluency of the second laser
group = 0.010 × 240/0.0314 = 76.4 J/cm2. Irradiation was
performed for 120 s for the first laser group and 240 s for
the second laser group. The laser source output was controlled with a power meter. Rats in group four (n = 15)
were treated daily with topical 0.2 percent nitrofurazone
cream (Tehran Daru Co; Tehran, Iran) from day 1 after
burning until the experimental time period was completed. Rats in each group were divided into three equal
subgroups. After anesthesia with chloroform, subgroups
a, b, and c were sacrificed by neck dislocation on days 7,
16, and 30 after burning, respectively. The fifth group,
five rats with unburned skin, was used for baseline studies (“normal” group).
Table.
Specifications of low-level laser.

Laser Parameter
Laser Source
Wavelength
Frequency
Spot Area
Application Time (daily)

Value
10 mW Helium-Neon Laser Tube
632.8 μm
Continuous
3.14 mm2
First Laser Group = 120 s,
Second Laser Group = 240 s

Morphometrical Examination
Samples for histological examination were excised
from the burned skin of each rat, fixed in buffered neutral
formaline, and embedded in paraffin blocks. Then, sagittal sections were cut and stained with 1 percent toluidine
blue in distilled water for 2 minutes until intact mast cells
showed deep blue staining. On the basis of the degree of
granulation, we can identify three types of mast cells,
which represent different stages of mast cell degranulation in skin samples:
1. Intact dark blue cells.
2. Cells from which some granules have been extruded
but with largely intact cell outlines.
3. Cells in which degranulation is more extensive and
widespread, with complete or partial disintegration of
the original cell outline [33].
After staining, we morphometrically examined 100
zones from each sample with a calibrated ocular on a light
microscope at a magnification of 1000× with immersion
oil. Morphometrical examination was performed by the
procedure reported by Young and Dyson [34] with some
modifications. Examination was performed in a blind
fashion.
Statistical Examination
Data (between groups and within each group) were
subjected to one-way analysis of variance (ANOVA).
Data were expressed as mean ± standard error of the
mean. Multiple comparisons were performed with the
least significant difference (LSD) test. We considered p <
0.05 statistically significant.

RESULTS
Results of statistical analysis between groups are
shown in Figures 1–3.
Seven Days After Burning
Type 1 mast cells in the first laser group were significantly higher than in the second laser and normal groups
(LSD test: p = 0.04 and p = 0.02, respectively).
Type 2 mast cells in the first laser group were significantly higher than in the nitrofurazone-treated group
(LSD test: p = 0.03).
The total number of mast cells in the first laser group
was significantly higher than in the second laser,
nitrourazone-treated, control, and normal groups (LSD
test: p = 0.02 for all).
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Figure 1.
Mean ± standard error of the mean for types of mast cells and total
number of them in 100 zones of burned skin in rats 7 days after
burning. Analysis of variance showed that type 1 mast cells in first
laser group were significantly higher than in second laser and normal
groups (least significant difference [LSD] test: p = 0.04 and p = 0.02,
respectively); type 2 mast cells in first laser group were significantly
higher than in nitrofurazone-treated group (LSD test: p = 0.03); and
total number of mast cells in first laser group was significantly higher
than in second laser, nitrofurazone-treated, control, and normal groups
(LSD test: p = 0.02 for all).

Sixteen Days After Burning
Type 1 mast cells in the nitrofurazone-treated group
were higher than in the other groups; however, no significant differences were found between groups.
Type 2 mast cells in the nitrofurazone-treated group
were significantly higher than in the control and normal
groups (LSD test: p = 0.02 and p = 0.01, respectively).
Type 3 mast cells in the nitrofurazone-treated group
were significantly higher than in the first laser and normal
groups (LSD test: p = 0.04 and p = 0.046, respectively).
The total number of mast cells in the nitrofurazonetreated group was significantly higher than in the first
laser, control, and normal groups (LSD test: p = 0.04, p =
0.01, and p = 0.005, respectively).
Thirty Days After Burning
Type 1 mast cells in the first laser group were higher
than in the other groups; however, no significant differences were found between groups.

Figure 2.
Mean ± standard error of the mean for types of mast cells and total
number of them in 100 zones of burned skin in rats 16 days after
burning. Analysis of variance showed that type 2 mast cells in
nitrofurazone-treated group were significantly higher than in control
and normal groups (least significant difference [LSD] test: p = 0.02
and p = 0.01, respectively); type 3 mast cells in nitrofurazone-treated
group were significantly higher than in first laser and normal groups
(LSD test: p = 0.04 and p = 0.046, respectively); and total number of
mast cells in nitrofurazone-treated group was significantly higher than
in first laser, control, and normal groups (LSD test: p = 0.04, p = 0.01,
and p = 0.005, respectively).

Type 2 mast cells in the nitrofurazone-treated group
were significantly higher than in the normal group (LSD
test: p = 0.04).
Type 3 mast cells in the nitrofurazone-treated group
were significantly higher than in the control and normal
groups (LSD test: p = 0.01 and p = 0.02, respectively).
The total number of mast cells in the nitrofurazonetreated group was significantly higher than in the normal
and control groups (LSD test: p = 0.02 and p = 0.049,
respectively). The total number of mast cells in the second laser group was significantly higher than in the normal group (LSD test: p = 0.02).
Statistical Analysis Within Each Group
Second Laser Group
Type 1 mast cells on day 30 were significantly higher
than on days 7 and 16 (ANOVA test: p = 0.03; LSD test:
p = 0.03 and p = 0.02, respectively).
Type 2 mast cells on day 30 were significantly higher
than on day 7 (ANOVA test: p = 0.11; LSD test: p = 0.04).
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Figure 3.
Mean ± standard error of the mean for types of mast cells and total
number of them in 100 zones of burned skin in rats 30 days after
burning. Analysis of variance showed that type 2 mast cells in
nitrofurazone-treated group were significantly higher than in normal
group (least significant difference [LSD] test: p = 0.04); type 3 mast
cells in nitrofurazone-treated group were significantly higher than in
control and normal groups (LSD test: p = 0.01 and p = 0.02,
respectively); and total number of mast cells in nitrofurazone-treated
group was significantly higher than in normal and control groups
(LSD test: p = 0.02 and p = 0.049, respectively). Total number of mast
cells in second laser group was significantly higher than in normal
group (LSD test: p = 0.02).

The total number of mast cells on day 30 was significantly higher than on day 7 (ANOVA test: p = 0.07; LSD
test: p = 0.02).
Nitrofurazone-Treated Group
Type 2 mast cells on day 7 were significantly lower
than on days 16 and 30 (ANOVA test: p = 0.02; LSD test:
p = 0.01 and p = 0.04, respectively).
The total number of mast cells on day 7 was significantly lower than on days 16 and 30 (ANOVA test: p =
0.02; LSD test: p = 0.01 and p = 0.04, respectively).

DISCUSSION
Mast cells may be important in wound healing because
of their effects on collagen formation, vascular permeability, and angiogenesis. Experimental evidence for mast cell
contribution to wound healing has largely been derived
from the observation of altered mast cell numbers and his-

tamine in rats undergoing wounding from incision [35].
LLLT, when used appropriately, can stimulate the healing
of injured tissue such as the dermis [36]. Investigations
into the mechanisms involved in the contribution of mast
cells to wound healing, both in vitro and in vivo, have
shown that different types of cells, whose interactions
result in dermal repair, may receive a therapeutic advantage from treatment with LLLT [11].
Mast cells and macrophages can be stimulated to
release growth factors and other substances, as the proliferation of fibroblasts, endothelial cells, and keratinocytes
maintained in adverse conditions are stimulated. The
development of granulation tissue is mainly controlled by
growth factors released from macrophages [36].
Findings from the present study demonstrate that
LLLT with an energy density of 38.2 J/cm2 noticeably
increased total number, type 1, and type 2 mast cells during the inflammation phase of third-degree burn healing
compared with control wounds and nitrofurazone-treated
wounds. The findings in this study agree with others [26].
El Sayed and Dyson demonstrated considerably higher
mast cell count and degranulation in partial-thickness
wounds of male Wistar rats after 660 nm irradiation [26].
The biologically active substances released by mast cells
stimulate tissue repair (including neovascularization)
[37]. In another study, which was done under the same
conditions, we found that LLLT with energy density of
38.2 J/cm2 increased the number of blood vessels during
the inflammation phase of third-degree burn healing [38].
These two findings have been observed to occur at the
same time. Angiogenesis has an important role in wound
healing [39]. Nienartowicz et al. showed that mast cells
play a role in angiogenesis, both in normal conditions
during tissue regeneration and in pathological neoplastic
states [7].
Some authors have noted a close association between
mast cells and angiogenesis in cancer, angiomas, lymphomas, and multiple myeloma [40–41]. Many biologically active substances contained in mast cell granules
affect various stages of angiogenesis. For instance,
tryptase (a novel potent angiogenic factor), in cooperation
with heparin, stimulates migration and division of vascular endothelial cells [42]. Interleukin-8 increases the
expression of the intercellular adhesion molecule-1 protein that is present on the surface of endothelial cells and
is responsible for cell adhesion during capillary formation [43]. Recently, Heissig et al. reported that low-dose
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irradiation fosters vascular-dependent regeneration of
mast cells in the limb ischemia model. They concluded
that increased recruitment and activation of mast cells
following irradiation alter the ischemic microenvironment and promote vascular regeneration in an ischemic
model [44]. Their results are consistent with those of the
present study. LLLT seems to induce an increase in blood
vessel sections during the inflammation phase of thirddegree burn healing through biologically active substances that are released by mast cells, which are significantly increased in number.
In the present study, we also found that topical application of nitrofurazone cream on the burned area considerably increased the total number of mast cells during the
proliferation phase of burn healing compared with control and laser-treated burns. Also, it significantly
increased the total number and type 2 mast cells on days
16 and 30 compared with day 7. In a previous study [38],
we showed that nitrofurazone-treated burns noticeably
increased the depth of new epidermis during the proliferation phase of burn healing, a significant finding considering the importance of epithelialization in wound covering.
The positive effect of nitrofurazone cream on burn healing
was also shown by the use of nitrofurazone-loaded synthetic dressings that extended to cover major portions of
the burn, which reduced the required nursing care and lessened patient discomfort [45]. Herruzo-Cabrera et al.
revealed that 0.2 percent nitrofurazone showed greater
penetration strength in the scar compared with the weaker
penetration of 0.5 and 1 percent chlorhexidine and the
absence of penetration by the 1 percent silver sulphadiazine
and 2.2 percent cerium nitrate [46]. Recently, several investigations have successfully used nitrofurazone cream as a
standard topical agent on injured skin [47–49].

CONCLUSIONS
We conclude that LLLT on experimental third-degree
burns significantly increased the total number of mast
cells during the inflammation phase of burn healing and
that topical application of 0.2 percent nitrofurazone ointment on the same burns significantly increased the total
number of mast cells during the proliferation phase of
burn healing.
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