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Do laser and led phototherapies influence mast cells
and myofibroblasts to produce collagen?
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Abstract Laser and LED phototherapies accelerate tissue
repair. Mast cells induce the proliferation of fibroblasts and
the development of local fibrosis. Increased numbers of
myofibroblasts and mast cells are frequently found together
in a normal wound repair, suggesting that mediators produced
by the mast cells could play a role in the regulation of
myofibroblast differentiation and function. The aim of this
study was to analyze the involvement of mast cells on the
synthesis of collagen and their influence on myofibroblast
differentiation in the late phase of tissue repair on wounds
treated with LLLT (λ 660 nm, 10 J/cm2, 40 mW, 252 s) or
LED (λ 630±10 nm, 10 J/cm2, 115 mW, 87 s). A 1×1-cm

surgical wound was created on the dorsum of 30 rats divided
into three groups of ten animals each: control, laser, and LED.
The animals of each group were irradiated and sacrificed 7 and
14 days after injury. The statistical analysis was performed
using the Mann–Whitney and Spearman correlation tests. Laser
light improved the collagen deposition rate along the time points
(p=0.22), but when compared to the control groups during the
periods studied, the number of mast cells decreased significantly
(p≤0.05). With respect to myofibroblasts, the results showed a
trend to their reduction. No statistical significances were ob-
served for LED light according to the parameters used in this
study. It is concluded that the mast cell and myofibroblast
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population might participate in the collagen formation of irradi-
ated wounds particularly in relation to laser phototherapy.

Keywords Phototherapy . Low-level laser therapy .Mast
cells . Myofibroblasts . Collagen

Introduction

Mast cells are derived from the bone marrow and play an
important role in inflammation, immune response, and tissue
repair and are relevant to the genesis of tissue because potent
granule-stored mediators are related to fibroblast proliferation
and collagen synthesis [1]. Among these mediators are hista-
mine, heparin, hyaluronic acid, proteoglycans, proteases,
growth factors, and cytokines [2]. Histamine has been related
to strong fibrogenic activity [1] and myofibroblast differenti-
ation [3]. In addition, previous authors demonstrated a directly
proportional relationship between the number of mast cells
and myofibroblasts [4].

The photobiomodulation generated by the irradiation of low-
level laser therapy (LLLT) has an important influence on increas-
ing the rate of cell proliferation [5], reducing the inflammatory
process, and promoting angiogenesis [6] by acting positively in
different cells types such as fibroblasts [7], keratinocytes [8],
osteoblasts [9], mesenchymal stem cells and cardiac cells [10],
muscle cells [11], and endothelial cells [12]. Previous reports also
showed that light-emitting diode (LED) plays a role in mast cell
degranulation [13], fibroblastic proliferation [14, 15], and angio-
genesis [16]. However, the influence of these phototherapies on
mast cell and of myofibroblastic differentiation on the synthesis
of collagen was minimally explored [17, 18].

The aim of this study was to analyze the involvement of
mast cells on the synthesis of collagen and their influence on
myofibroblast differentiation in the late phase of tissue repair
on wounds treated with LLLT or LED.

Materials and methods

Following the approval by the Animal Experimentation Ethics
Committee of the School of Dentistry of the Federal University
of Bahia, 30 young adult maleWistar rats weighing 200–230 g
were obtained from the vivarium of the Federal University of
Bahia and were kept at the Animal Experimentation Labora-
tory of the Federal University of Bahia. The animals were kept
in individual plastic cages lined with wood chips and were
maintained at 23 °C in a 12/12-h day/night light cycle.

The animals were fed a standard laboratory diet and had
water ad libitum. After a regular quarantine period, the ani-
mals were randomly distributed into three main groups and
then subdivided into six groups according to the time of death
(7 or 14 days) as shown in Table 1.

Under intramuscular general anesthesia (0.2 ml/100 mg of
ketamine and 0.06 ml/100 g of xylazine), each animal had its
dorsum shaven and skin cleaned with 2 % chlorhexidine
solution. A 1×1-cm full-thickness excisional wound was cre-
ated on the dorsum of each animal with a no. 15 scalpel blade.
The depth of the wound was controlled by cutting to the depth
of the bevel of the scalpel blade, which was 1 mm.

The laser and LED phototherapy treatments started imme-
diately after surgery and were repeated at 48-h intervals for 7
and 14 days. The spatial average energy fluency (SAEF) per
session was 10 J/cm2 [16] for the irradiated groups. When
laser (GaAlAs, λ 660 nm, 40 mW, CW, spot 4 mm2, 252 s,
Twin Flex Evolution, MMoptics®, São Carlos, São Paulo,
Brazil) was used, the energy was delivered in four points
around the wound (4×2.5 J/cm2). The LED probe (InGaAlP,
λ 630±10 nm, 115 mW, CW, spot 0.5 cm2, 87 s, Fisioled,
MMoptics®, São Carlos, São Paulo, Brazil) was placed in a
device in order to provide a focal distance that allowed the
spot size to be 1 cm2. Thus, the energy was delivered in a
single point over the wound. Both phototherapies were ap-
plied in a contact manner to the tissue. A summary of the
parameters used on this study is presented in Table 2.

At the end of each experimental period, the animals were
killed with an overdose of general anesthetics. The specimens
were taken and fixed for 24 h on a 10 % formalin solution,
routinely processed with wax, cut, stained with hematoxylin–

Table 1 Distribution of the experimental groups according to the irradi-
ation protocol and trial period

Groups (n=12) Irradiation protocol Experimental
period (days)

1 Control (no irradiation received) 7

2 Laser GaAlAs (λ 660 nm, 10 J/cm2) 7

3 LED InGaAlP (λ 630 nm, 10 J/cm2) 7

4 Control (no irradiation received) 14

5 Laser GaAlAs (λ 660 nm, 10 J/cm2) 14

6 LED InGaAlP (λ 630 nm, 10 J/cm2) 14

Table 2 Summary of the parameters used in the study

Parameters Laser LED

Wavelength (nm) 660 630±10

SAEF, J/cm2 (per session) 10 10

SAEF (J/cm2) 70 70

Power output (mW) 40 115

Illuminated area (cm2) 1 1

Mode CW CW

Spot (cm2) 0.04 0.5

Intensity (mW/cm2) 1.000 230

Exposure time, s (per session) 252 87
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eosin, and analyzed by light microscopy (AxiolabTM, Zeiss,
Germany) at the Laboratory of Surgical Pathology of the
School of Dentistry of the Federal University of Bahia.

To assess the intensity of collagen deposition in the tissue
samples, cuts of 5-μm thick were stained using Picrosirius.
The sections were examined using an optical microscope
(Zeiss) and classified according to the following scores: (+)
fibroplasia ≤ 50 % and (++) fibroplasia > 50 %.

Sections of 5-μm thick were also stained with toluidine
blue for the visualization and semiquantitative analysis of
mast cells in five microscopic fields (×400). Using the
AxionVisionTM REL 4.8.6 2009 program (Zeiss), the images
were captured and subjected to the counting of mast cells.
Then, the average was obtained regarding the five fields of
each sample for each group.

Immunohistochemistry was performed on paraffin wax-
embedded sections (3-μm thick). The tissue sections were
routinely deparaffinized and rehydrated. Endogenous peroxi-
dase activity was blocked using hydrogen peroxide. Polyclonal
antibody anti-SMA (Clone 1A4, Dako, Glostrup, Denmark;
dilution 1:200) was used with the EnVision™ System (Dako,
Carpinteria, CA, USA). The sections were incubated with the
antibody (dilution 1:200) for 12 h at room temperature. The
immunohistochemical reactions were developed with diami-
nobenzidine as the chromogenic peroxidase substrate, and the
slides were counterstained with Harris's hematoxylin. Histo-
logical sections of the uterine leiomyoma were used as positive
controls for the myofibroblasts. The samples were evaluated in
five different representative fields identified by light micros-
copy at×400 magnification. The myofibroblasts were counted
using the AxionVisionTM program, and the results were
expressed as the median number of myofibroblasts per field.

The results were statistically analyzed using GraphPad Prism
5.0 (GraphPad Software, Inc., La Jolla, CA, USA). The statis-
tical analysis was carried out using Mann–Whitney and
Spearman's tests. The significance level was accepted at p<0.05.

Results

For all experimental groups, histological observations demon-
strated that the mast cells were on the edge of the excisional
wounds. Morphologically, the mast cells were elongated, oval,
or round in shape. However, themyofibroblasts were found over
all of the wound areas, showing spindle- to oval-shaped forms.

After 7 days, the following median numbers of mast cells
were 26.00 (control), 22.4 (laser), and 12.0 (LED). Lower
values were found after 14 days to be 22.00 (control), 8.0
(laser), and 10.0 (LED). The laser and LED groups showed
reduced number of mast cells throughout the experiment.
After 7 days, a statistically significant difference was only
observed between the groups control and LED (p≤0.05),
while after 14 days, the statistical analysis showed significant

difference when the control group was compared with the
laser (p≤0.05) and LED (p≤0.05) groups. When the group
laser 7 days and laser 14 days were compared, a significant
difference was found between them (p≤0.05) (Fig. 1a, b).
However, no significant association was observed when the
control group (7 days) was compared to the control (14 days)
(p=0.83) and laser (7 days) (p=0.53) groups. Similarly, no
significant association was observed when LED 7 days was
compared to LED 14 days (p=0.67) and laser 7 days (p=0.14).
This occurred also after 14 days when the laser group was
compared to the LED group (p=0.83).

The median values of the myofibroblast on the healing area
after 7 days of experiment were 21.00 (control), 46.00 (laser),
and 19.00 (LED). After 14 days, lower values were observed
19.00 (control), 10.00 (laser), and 15.00 (LED). In general, no
statistically significant difference was observed between the
groups for all time points (p>0.05). However, a trend in the
reduction of myofibroblasts in all of the groups was observed
throughout the experiment, which was more evident on the
laser group (Fig. 1c, d).

A summary of the statistical results described above is
presented in Table 3. With respect to the correlation between
the number of mast cells and myofibroblasts when collagen
deposition achieved more than 50 % in the wound area
(Fig. 1e), a statistically significant correlation between groups
laser at 7 days and Laser at 14 days (p=0.022) was observed.
For the other experimental groups, there was no statistical
difference throughout the experimental period (Table 4).

Discussion

Different wavelengths emitted by laser light can trigger mast
cell degranulation in experimental models in animals [13, 19]
and humans [20] because the chemical mediators released
promote many different actions that are important steps in
tissue repair [1]. In this study, because of distinct light beams,
laser and LED protocols were adjusted to provide the same
energy density, allowing the comparison of both devices.
Similarly, an equal energy density (10 J/cm2) was used for
both therapies, as recommended by Barolet [21].

The mechanisms that accounted for the increase of colla-
gen and fibrosis mediated by mast cells are still controversial.
This increase occurs because of the diversity of proinflamma-
tory and fibrogenic factors synthesized and stored in mast
cells that trigger different molecular pathways. Mast cells are
believed to act on fibrotic processes from the content of their
granules, are rich in proteases (tryptase and chymase), and in
cytokines (IL-4, IL-6, IL-13, TGF-β, and TNF-α) and influ-
ence fibroblastic proliferation, production of extracellular ma-
trix, and myofibroblast differentiation [3]. The myofibroblast
capacity to possibly contribute to collagen deposition is gen-
erated by a cause–effect relationship between extracellular
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matrix deposition, inflammatory cytokines (chemokines and
arachidonic acid metabolites) and growth factors (TGF-b,
TGF-a, EGF, aFGF, and bFGF) [22]. Thus, this study might
contribute to the knowledge on mast cell participation in
collagen synthesis in irradiated wounds and their possible
participation in myofibroblastic differentiation.

Laser and LED technologies have been shown to be effec-
tive alternatives for the treatment of cutaneous wounds [15].

Fig. 1 Toluidine blue staining: a
laser group at 7 days: focal
accumulation of mast cells on
dermis. b Laser group at 14 days:
a greater number of mast cells
scattered on the dermis compared
to laser group at 7 days.
EnVision™ polymer: c Laser
group at 7 days: higher number of
spindle-shaped myofibroblasts on
dermis. d Laser group at 14 days:
lower number of spindle-shaped
and oval myofibroblasts com-
pared to the laser group at 7 days.
Picrosirius red: e deposition of
collagen fibers over 50 % on laser
group at 14 days

Table 3 Quantitative statistical comparison of mast cells and
myofibroblasts on cutaneous wound in the experimental groups assessed
at 7 and 14 days

Groups Mast cells Myofibroblasts
p value p value

Control 7 days vs. control 14 days p=0.83 p=0.51

Control 7 days vs. laser 7 days p=0.53 p=1.00

Control 7 days vs. LED 7 days p=0.05a p=0.55

Control 14 days vs. laser 14 days p=0.03a p=0.65

Control 14 days vs. LED 14 days p=0.03a p=1.00

Laser 7 days vs. laser 14 days p=0.05a p=0.27

LED 7 days vs. LED 14 days p=0.67 p=1.00

Laser 7 days vs. LED 7 days p=0.14 p=0.62

Laser 14 days vs. LED 14 days p=0.83 p=0.71

a Statistically significant

Table 4 Correlation betweenmast cells andmyofibroblasts on cutaneous
wound with more than 50 % of collagen deposition (++) in the experi-
mental groups assessed at 7 and 14 days

Mast cell (++)/myofibroblasts (++) r p value

Control 7 days/control 14 days 0.249 0.686

Laser 7 days/laser 14 days 0.930 0.022a

LED 7 days/LED 14 days 0.529 0.359

a Spearman’s correlation test
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When compared with lasers, LED technology generates neg-
ligible amounts of heat, has been clinically proven as safe, and
has achieved non-significant risk status in human trials con-
ducted by the Food and Drug Administration [21].

The results of this study showed a higher number of mast
cells on the edges of wounds for all the experimental groups.
When all three groups were compared, along with the exper-
imental time points, a reduction in the median numbers of
mast cells in both laser and LED groups occurred compared to
the control group. This result is similar to those reported by
Berbet et al. [17] who found a reduction of this cellular
population in red laser and infrared laser groups compared to
the control group when analyzing mast cells and the fibrosis
index present in endodontic sealing material.

In the present study, regarding both periods of time, a com-
parison of mast cells in the specimens with more than 50 %
collagen in wound healing showed that the mast cells in the laser
group increased, contrary to what occurred in the LED group.
This result could indicate the role of these cells in collagen
synthesis when irradiated by different light sources. However,
when comparing the median number of mast cells from day 7 to
14, a significant reduction in this cell population was observed on
irradiated wounds using both phototherapies, whereas non-
irradiated wounds showed no variation in their number of mast
cells. Despite these aspects, Khoshvaghti et al. [19] demonstrated
the same result when studying the laser treatment of burns with
similar experimental periods, whereas Berbet et al. [17] found a
lower number ofmast cells after LLLT irradiation but no decrease
in collagen deposition by Picrosirius. It is possible that the time
used for these authors has influenced their results.We believe that
a decrease in the mast cell population can prevent complications
in wound healing, such as excessive collagen synthesis.

Previous studies showed that mast cells exert a strong
influence over collagen production in different types of injury
[17, 23] and repair processes [1, 24] considering their enzy-
matic content [1, 25]. Despite this participation, Kofford et al.
[25] suggested that mediators such as chymase, also present in
mast cell granules, directly transform procollagen in collagen
fibrils in vitro and indirectly induce fibroblast proliferation
through TGFB-1. Other authors, such as Garbuzenko et al.
[1] showed that human mast cells directly modulate human
skin fibroblast properties to a fibrotic phenotype by increasing
the synthesis of fibroblasts, collagen, and TIMP-2 through the
liberation of stored granules, also promoting tissue remodeling.

Similar to mast cells, the median number of myofibroblasts
in the laser and LED groups reduced during the experimental
time points. Importantly, no difference existed between the
median numbers in both groups; this tendency for a reduction
in myofibroblasts was observed specially in the laser group
regardless of the experimental period. According to
Desmouliére [26] and Gabbiani [27], this reduced number of
myofibroblasts was the result of an apoptosis phenomenon, and
this could be attributed to laser irradiation. Other authors found

a reduction in myofibroblasts in the later experimental periods
[28]. In addition, Karu [29] attributes this cellular reduction to
an inhibitory effect of laser light on the cellular metabolism and
apoptosis. Nevertheless, we demonstrated that the late phase, in
the present study, showed an increase of collagen deposition.

For samples with more than 50 % collagen production, no
significant difference was observed in the median of
myofibroblasts for the control, laser, and LED groups. Howev-
er, myofibroblast differentiation and its function are known to
be regulated by mediators produced by mast cells [3] because
serine proteases stimulate fibroblast proliferation and collagen
synthesis [30]. This role seems to be in accordance with our
results, as there was a significant correlation among mast cells,
myofibroblasts, and collagen production over 50 % on laser-
treated subjects throughout the experimental period, although
we were not able to demonstrate a significant correlation for the
other groups. This result might suggest the participation of mast
cells on tissue remodeling promoted by the laser phototherapy
used in this study because in addition to the mast cell contri-
bution to collagen synthesis, other studies suggested their par-
ticipation in differentiation of myofibroblasts [3, 4]. Further
studies should be performed to clarify this matter.

It is important to state that LED is different from laser
because the former is not a collimated light and non-coherent.
The light emitted by LED is more divergent than that emitted
by laser; thus, LED has less energy per spectral band as the
photons spread over a larger surface. Although these differ-
ences exist, there is a similar energy concentration on the action
area covered by both phototherapies, but their distribution
remains different. All the aspects allow the photobiomodulation
to act upon the photoreceptors that are present in the biological
tissues [31] and probably on the different cellular populations
such as mast cells and myofibroblasts.

Finally, the mast cell and myofibroblast population, in
addition to their basic functions in wound tissue repair, might
also participate in collagen formation and remodeling of irra-
diated wounds particularly in relation to laser light. Neverthe-
less, other methodologies and different parameters using both
phototherapies could be performed in an attempt to contribute
to the role of mast cells on the collagen synthesis and their
participation in myofibroblastic differentiation.
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