
ORIGINAL ARTICLE

Infrared low-level diode laser on serum chemokine MCP-1
modulation in mice

Thiago Y. Fukuda & Maury M. Tanji &
Julio Fernandes de Jesus & Suélen Rocha da Silva &

Maria N. Sato & Hélio Plapler

Received: 22 August 2011 /Accepted: 15 February 2012 /Published online: 14 March 2012
# Springer-Verlag London Ltd 2012

Abstract The effect of the low-level laser therapy (LLLT) in
the modulation of cells related to inflammatory processes has
been widely studied, with different parameters. The objective
was to investigate the immediate and cumulative effect of
infrared LLLT on chemokine monocyte chemotactic protein-
1 (MCP-1) modulation in mice. Fifty-two isogenic mice were
distributed in seven groups: control (n010, no surgical proce-
dure), laser I (n07, surgical procedure and a single LLLT
exposure 12 h after the surgery), laser II (n07, surgery
followed by two LLLT exposures, 12 and 36 h after surgery),
and laser III (n07, surgery followed by three LLLTexposures,

12, 36, and 60 h after surgery). For each group, a sham group
(n021) underwent surgery without laser application. The ani-
mals in the laser groups received an infrared diode continuous
laser exposure (AsGaAl, 780 nm wavelength, power of
20 mW, energy density of 10 J/cm2, spot size of 0,04 cm2)
on three points (20 s per point), and a final energy of 0.4 J. The
animals were sacrificed 36 h (laser I and sham I groups), 60 h
(laser II and sham II), and 84 h (laser III and sham III groups)
after surgery. The MCP-1 concentrations were measured by
cytometric bead array. There was no significant difference
between the three periods in the sham group (p00.3). There
was a lower concentration of MCP-1 in the laser III group
compared to the laser I group (p00.05). The infrared LLLT
showed a cumulative effect in the modulation of chemokine
MCP-1 concentration. Three LLLT exposures were necessary
to achieve the MCP-1 modulation.

Keywords Chemokines . Inflammation .Monocyte
chemotactic protein-1 . Low-level laser therapy

Introduction

Low-level laser therapy (LLLT) has been investigated and
used clinically for over 30 years in the treatment of inflam-
matory diseases and some infectious conditions. The increase
in the use of this clinical application can be attributed to its
therapeutic effects on pain relief and tissue repair without heat
production risks and damage to the irradiated tissue [1–7].

Since inflammation is an adaptive response, triggered by
noxious stimulus, infections, and tissue injuries, the inflam-
matory process involves a coordinated release of blood
components like plasma and leukocytes to the injured site.
Moreover, there is an initial recognition of the aggressor
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agent or factor mediated by macrophages and mast cells,
which leads to production of a wide variety of inflammatory
mediators, including chemokines, cytokines, vasoactive
amines, and products of the proteolytic cascade [8].

In this context, many studies have demonstrated the effects
of red and infrared LLLT in the inflammatory modulation, as
in the reduction of tumor necrosis factor alpha in acute lung
injury in rats and in synovial cells of arthritis patients as well
as in the reduction of interleukin-1 beta and interferon gamma
in the inflammation of the gum tissue in rats [9, 10].

Monocyte chemotactic protein-1 (MCP-1) is a member of
the chemokines family, with an important role in the organic
response face to inflammatory processes. This protein is pro-
duced mainly by endothelial cells, neutrophils, and smooth
muscle cells, and it plays important roles in the recruitment of
leukocytes, T cells, and monocytes to sites where there are
acute or chronic inflammatory processes, promoting angio-
genesis and also the maturation of immune cells [11, 12]. In
fact, some studies have shown high concentrations of MCP-1
in sepsis, autoimmune diseases, and tumors [13–15].

Due to the importance of chemokines in the inflammatory
process and because of the ability of LLLT in modulating this
process, the interaction between the two has shown promising
results in the literature because the LLLTwith wavelengths (1)
780 nm and fluence of 2.2 J/cm² irradiated on monocytes/
macrophages of rats was able to modulate the release ofMCP-
1 [16]. A similar effect was found with 1 of 660 nm and
fluence of 21 J/cm² in acute pleuritis in rats induced by
carragenina [17]. In addition, there was also modulation of
interleukin-8 with 1 of 810 nm and 25 J/cm² in synovial cells
of individuals with rheumatoid arthritis [10].

Therefore, there is evidence in the literature of the effects
of LLLT in modulating inflammatory processes. However,
there are few reports showing the interaction of LLLT with
the modulation of chemokines, especially MCP-1. Thus, the
aim of this study was to evaluate the immediate and cumu-
lative effects of infrared LLLT in the modulation of chemo-
kine MCP-1 in the inflammation process in vivo, in mice.

Methods

Design, ethics, and animals

This study was approved by the Institutional Review Board
of Federal University of São Paulo (protocol number 2038/
07). It was conducted under international ethical standards
for experimentation with animals.

In this experimental study, 52 three-month-old BALB/c
isogenic male mices, weighing 25–30 g, were used. The
animals were maintained in appropriate cages with a 12-
h light/dark cycle, with a temperature around 20°C, with a

relative humidity of 65%, and with access to food and water
ad libitum [18].

As illustrated in Fig. 1, they were distributed into seven
groups: one was not submitted to surgery nor laser therapy
(control, n010), and was used for baseline MCP-1 measure-
ment. The remaining 42 underwent surgery (the procedure is
described below) and laser therapy (n021) or surgery only
(“sham”, n021) [17]:

Laser group I: seven animals with one laser session,
12 h after surgery;
Sham group I: seven animals undergoing surgery, with-
out laser therapy, paired with the laser group I;
Laser group II: seven animals with two laser sessions,
12 and 36 h after surgery;
Sham group II: seven animals undergoing surgery,
without laser therapy, paired with the laser group II;
Laser group III: seven animals with three laser sessions,
12, 36, and 60 h after surgery;
Sham group III: seven animals undergoing surgery,
without laser therapy, paired with the laser group III;

Surgical procedure

The animals were injected with ketamine (0.06 mL) and
xylazine 2% (0.015 mL) intraperitoneally to induce and
maintain anesthesia. Once anesthetized, the animals were
positioned on a flat surface with the limbs in extension for
shaving procedure. A squared skin flap of 2 cm on each side
was created, and the cranial base of the flap was kept intact
[19]. This flap served as a window for the exposure of the
abdominal muscle and for the production of one incision,
1 cm in length. The incision was made in an attempt to
generate an inflammatory process that could trigger a repair
response. It was followed by a suture (with nylon monofil-
ament 6-0) in both muscle and skin flap [20]. The animals
were sacrificed at time period of 36 h (laser I and sham I
groups), 60 h (laser II and sham II groups), and 84 h (laser
III and sham III groups) after surgery.

LLLT irradiation

Infrared AsGaAl diode laser (model Twin Laser, from
MMOptics) with 1 of 780 nm, spot size of 0.04 cm2, and
an output power of 20 mW was used. The exposure was
continuous with an energy density of 10 J/cm2, an applica-
tion time of 20 s, and a final energy of 0.4 J per point.

Three laser applications were performed on the exposed
area 12, 36, and 60 h after the surgical procedure, according
to the group the animal belonged to. For the sham group, a
laser exposure simulation was performed with the equip-
ment in “stand by.” The contact technique was used in all
irradiations [20].

452 Lasers Med Sci (2013) 28:451–456



Flow cytometry

By puncturing the inferior vena cava, blood was collected,
transferred to an Eppendorf tube, and centrifuged. This
procedure was performed prior to euthanasia. The serum
was removed and frozen at −80°C.

The determination of serum chemokine MCP-1 was
performed by flow cytometry (FCM), using the mouse
inflammation kit (BD PharMingen, CA, USA) according
to manufacturer’s instructions. The standard curve and
samples were diluted and incubated with capture beads
and detection antibody labeled with phycoerythrin for
2 h at room temperature and away from light. Subse-
quently, the samples were washed by centrifugation at
500×g for 5 min. The supernatant was removed, and the
pellet was resuspended in wash buffer for analysis on
the BD FACSCalibur cytometer (BD Biosciences, San
Jose, CA USA). The detection limit of the kit for the
MCP-1 was 52.7 pg/mL.

Data analysis

Initially, a normality and a homogeneity of variances
tests were performed (Anderson–Darling test and Lev-
ene’s test), and the Mann–Whitney test was used to
compare the results of the experimental groups (sham
and laser), compared to control, according to all the
variables. Later, the “evolution” in these experimental
groups was examined comparing the sacrifice periods of
36, 60, and 84 h by multiple comparison test for inde-
pendent data, the Kruskal–Wallis test. Finally, the
Mann–Whitney test was applied again for comparison
between sham and laser groups in each of these
moments. Data are expressed as mean, median, standard
deviation, standard error of mean (SEM), and 95%
confidence intervals (95% CI; Fig. 2). Statistical signif-
icance was set at p<0.05. Statistical analysis was made
with the Statistical Package for Social Sciences soft-
ware, version 16.0.

Results

The MCP-1 chemokine concentrations obtained for each
group are shown in Table 1. The sham group I showed a
significant difference (p00.003) when compared to the con-
trol group, showing that the surgical procedure was suffi-
cient to cause an increase in MCP-1. The laser group I also
showed a significant difference when compared to the con-
trol (p00.001). The comparison between the sham II and
laser II groups and the control group resulted in no signif-
icant differences, although a tendency could be observed
(p00.08 in both comparisons), neither was there a signifi-
cant difference in the comparison between the sham III and
laser III groups in relation to the control group (p00.8 and
p00.6, respectively; Table 1).

The comparison of the three moments studied in the sham
group (I, II, and III) showed no significant difference (p00.3).
However, the same analysis for the laser groups (I, II, and III)
showed that there was a modulation of the concentration of
MCP-1, and the laser group I had a higher concentration when
compared to laser III (p00.05, Fig. 2). Finally, in the analysis
between sham and laser groups in the three moments, there
were no significant differences between sham I versus laser I
(p00.6), sham II versus laser II (p00.9), and between sham III
versus laser III (p00.8).

Fig. 1 Study design for the laser groups

Fig. 2 Mean (±SEM) of MCP-1 concentrations in picograms per
milliliter; p = 0.05, significant difference between laser I and laser III
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Discussion

This study investigated the immediate and the cumulative
effects of infrared LLLT in the modulation of MCP-1 since
this chemokine plays an important role in the inflammatory
responses. The inflammatory response is coordinated by a
large number of mediators that form a complex regulatory
network [8]. In this context, cytokines are groups of mole-
cules (proteins) involved in the emission of signals between
cells during development of the immune response and repair
[20]. Among these cytokines, chemokines are associated
with activation of leukocytes and also have chemotactic
activity, being mostly produced in response to a variety of
inflammatory and noxious stimuli [17].

MCP-1 has been shown to be attractive to monocytes and
neutrophils in vitro and in vivo and appears to be a funda-
mental part of the migration of leukocytes, and it also helps
in the adhesion to the endothelial surface [17]. In addition, it
has been associated with inflammatory joint diseases such as
osteoarthritis, gout, and rheumatoid arthritis, and, when
present in large amounts in the synovial fluid, it can lead
to degradation of the joint cartilage, accelerating the degen-
erative process [21]. Some studies have also shown in-
creased levels of MCP-1 in patients with type II diabetes,
acting as a risk factor for arterial and lung disease [22, 23].

Given the importance of MCP-1 in inflammatory pro-
cesses and their clinical implications, several laboratory
methods have been used to effectively analyze the presence
of this chemokine, such as ELISA [17, 20], immunohisto-
chemistry, RT-PCR [24], and also FCM [25]. The latter was
used in this study because it is a sensible and standardized
method for such analysis.

The LLLT can be used with different wavelengths, both
in the visible and infrared. Within the wide variety of types
of equipment available, many studies have tried to under-
stand the action of LLLT, to determine the most appropriate
wavelength, the period of irradiation, the number of ses-
sions, the energy density as well as the total energy which
would respond more efficiently to the various experimental
conditions [17]. In this context, the infrared LLLT with
wavelength (λ) of 780 nm presents important results in

some experimental and clinical situations, such as bone
defects repair [26], in the control of the release of proin-
flammatory cytokines in mice [27], in the stimulation of
vascular endothelial growth factor in wound healing [28],
and in pain control [29]. Due to the positive results found in
the literature with LLLT with λ 780 nm, it was used in this
study with the aim of controlling the levels of MCP-1 in the
inflammatory process of mice.

The LLLT may have immediate and cumulative effects.
In some studies, a single laser application was able to reduce
pain [30], cell apoptosis, and the levels of creatine kinase
[31], ligament injury repair [32] and act in muscle injury
prevention [33]. However, when analyzing the results in the
comparison of the sham I and laser I groups in this study, we
observed that there was no modulation of the level of MCP-
1 with a single application of LLLT, corroborating the find-
ings of Ng and colleagues study [34, 35], where a single
application of LLLT was not effective in the repair process
of ligament injuries.

Otherwise, the cumulative effects of LLLT have more
consistent results in the literature, and were observed in the
repair of ligament injuries in mice, where cumulative doses
were superior to a single session of LLLT in the restoration
of strength and ligament tension [34, 35], wound healing
[36], and also in the realignment of collagen fibers in the
partially injured calcaneal tendon of rats [37]. These find-
ings are similar to those obtained in this study, in which a
reduction in the level of MCP-1 was found when the laser
group III was compared with the laser group I, showing the
cumulative effect of LLLT in the effective control or mod-
ulation of this chemokine.

Although we have demonstrated a systemic modulation of
MCP-1 levels with three LLLT applications, a limitation of
this study was the analysis of a single factor related to the
inflammatory process. However, this chemokine was chosen
for analysis because it is directly related to the monocytes’
attraction to the inflammatory site. In addition, future studies
could investigate the interaction of LLLT with the injured
tissue (local effect) as well as testing different parameters of
the equipment (wavelength and dose) in the same inflamma-
tory model.

Table 1 Serum MCP-1 concentration in pg/mL in mice

MCP-1 Control Sham I Laser I Sham II Laser II Sham III Laser III
N010 N07 N07 N07 N07 N07 N07

Mean 28.5 35.6 37.8 36.6 35.4 31.5 30.6

Median 28.2 33.7 34.7 36.5 30.8 27.9 29.0

SD 3.0 3.6 6.1 8.9 8.2 8.5 4.6

SEM 1.0 1.4 2.3 3.6 3.1 3.5 1.8

CI (95%) 26.6/30.4 32.9/38.3 33.3/42.3 29.5/43.7 29.3/41.5 24.7/38.3 27.2/34.0

p value – 0.003 0.001 0.08 0.08 0.8 0.6
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Conclusion

Three sessions of LLLT were able to modulate in vivo the
level of the chemokine MCP-1 in an inflammation model in
mice, showing that the cumulative effect seems to be supe-
rior to the immediate effect of LLLT in this situation.
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