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Photobiomodulation exerts anti-inflammatory effects on the vascular
and cellular phases of experimental inflammatory models
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Abstract
Photobiomodulation therapy (PBMT) is a non-thermal therapeutic procedure widely used in clinical practice. It is considered an
effective modality of treatment for the control of various inflammatory conditions with fewer adverse effects as compared to conven-
tional therapy. However, despite the clinical effects, the mechanisms of action and dosimetric parameters of PBMT are not fully
understood. This studywas performed to describe the effects of two different doses of PBMTon experimentalmodels of inflammation.
Male Swissmicewere administeredwith 0.9%of saline or phlogistic agents (carrageenan, dextran, serotonin, histamine, or bradykinin)
by intra-plantar injection and were treated with PBMT at a dose of 1 or 5 J/cm2; right after, the variation of the paw volumewas made,
and histopathological analysis and myeloperoxidase assay of the carrageenan-induced edematous paw tissues were performed. The
action of PBMT on carrageenan-induced vascular permeability was further evaluated. Our results showed that PBMT (1 J/cm2) led to
an improvement in paw edema induced by the phlogistic agents and further reduced the histological scores. Inhibition of neutrophil
migration was observed following the administration of 1 and 5 J/cm2 of PBMT. However, only 1 J/cm2 of PBMT showed beneficial
effects on carrageenan-induced edema. Laser at a dose of 1 J/cm2 showed cellular and vascular effects since it was able to reverse all the
inflammatory parameters, and laser at a dose of 5 J/cm2 probably has only cellular effects in the presence of acute inflammation.
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Introduction

Inflammation can be defined as an adaptive biological
response that is triggered by harmful stimuli such as
infection and cellular damage, in order to restore ho-
meostasis [1]. Inflammation involves events coordinated
by a large range of mediators, including chemokines,
cytokines, and vasoactive amines, which promote struc-
tural and biochemical changes in the site of infection or
injury such as vasodilatation, increase of vascular per-
meability, migration of immune cells, and production of
oxygen and nitrogen reactive species [1]. However, al-
though these events may ultimately result in the cell
regeneration and tissue healing, uncontrolled or un-
solved inflammation can lead to excessive tissue dam-
age, dysregulation of tissue healing, and chronic inflam-
mation [2, 3].
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Currently, the therapeutic options for the treatment of in-
flammatory disorders focus on the use of non-steroidal anti-
inflammatory drugs (NSAIDs), which have significant ad-
verse effects [4, 5]. Besides, continuous use of these drugs
may lead to gastrointestinal adverse effects, such as bleeding
and ulcerations, as well as renal dysfunction [4, 6]. Therefore,
the scientific community has always been interested in the
discovery of new effective therapies having fewer adverse
effects on the treatment of inflammatory conditions. In this
context, photobiomodulation therapy (PBMT) has been sug-
gested as a promising option [7, 8].

The photobiomodulation therapy (PBMT) involves
exposing the tissues to non-thermal electromagnetic ra-
diation with visible and/or invisible light emitted
through laser and/or LED devices at a low density [9,
10]). There are positive reports on the use of PBMT in
painful and inflammatory conditions [11–13]. The effi-
cacy of PBMT was found to be similar to that of
diclofenac sodium [14, 15]; in addition to that, studies
show that photobiomodulation stands out as a promising
agent against inflammatory conditions and pain [16, 17].

However, despite the wide use and recommendations,
the biological mechanisms by which PBMT exerts its
role in inflammation are not completely understood
[18]. Though its influences on the regulation of tran-
scription factors, the modulation of the levels of cyto-
kines, and other inflammation mediators have been de-
scribed [7, 8], the research on the impact of PBMT
upon specific events of acute phases of inflammation,
such as vascular permeability and neutrophil infiltration,
is still sparse [18, 19] and hence further research is
required.

Furthermore, PBMT is composed of a range of treat-
ment parameters that include light wavelength (nm),
power of the light (W), time of irradiation (s), and the
total energy delivered over the target tissue (J) [7]. Of
these, varying the total energy delivered seems to pro-
vide the greatest impact upon the effects of PBMT.
Indeed, high exposure dosages to the target tissue(s)
will suppress cell activity, while low doses show no
effect [20]. Though the delivery of specific doses has
been suggested as effective to inhibit some inflammato-
ry parameters in [18, 19], the impact of different doses
upon vascular and cellular events of acute inflammation
triggered by distinct phlogistic agents is still unknown.

Thus, the present study aimed to evaluate the anti-
inflammatory effects of two different doses of PBMT in
in vivo experimental models of acute inflammation.
Considering the supposed influences of PBMT to de-
crease inflammation, it was hypothesized that both treat-
ment doses would positively impact upon the vascular
and cellular events of acute inflammation.

Materials and methods

Animals

A total of 196 Male Swiss mice (25−30 g, 2 months old) were
housed in cages at 22 ± 2 °C with a 12 h/12 h light/dark cycle
(10 animals per cage). Food and water were provided ad
libitum.

Photobiomodulation therapy

The treatments were provided using a low-intensity Laser
AsGa (Gallium Arsenide, KLD Biosystems Equipment
Electronics Ltd., Brazil; Model LLT 0107) operating at a
wavelength of 904 nm. For irradiating the paws of the ani-
mals, the laser parameters used were frequency, 1000 Hz;
average power, 50 mW; pulse duration, 100 ns; and irradiated
area, 0.6 cm2. The irradiation times for groups L1 and L5were
12 and 60 s, corresponding to the doses of 1 and 5 J/cm2,
respectively. The energy delivered to each point of application
was 0.24 J for 12 s and 1.2 J for 60 s, calculated as described in
a previous study [21] (Table 1). The irradiation was applied
directly onto the skin following the contact technique. Before
the initiation of the study, the power of the laser device was
calibrated using a Newport Multifunctional Optical Meter
(Model 1835-C).

Paw edema induced by carrageenan

The animals were randomly divided into four groups (n = 7).
The saline group received sterile saline (0.9%) into the right
hind paw. In the other three groups, edema was induced by
carrageenan (50 μL; 500 μg/paw) into the right hind paw.
Before 30 min of inducing edema, one group was treated with
laser 1 J/cm2, while the other was treated with laser 5 J/cm2 in
the paw. One group did not receive any treatment (control

Table 1 Parameters of the equipment used in the experimental set

Center wavelength 904 nm ± 5%

Operating mode Pulsed

Frequency 1000 Hz

Pulse duration 100 ns

Peak radiant power 50 W

Average radiant power 50 mW

Bean divergence 0.31 rad

Bean spot size 0.6 cm2

Exposure duration 12 and 60 s

Radiant exposure 1 and 5 J/cm2

Application technique In contact to the skin
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group). The PBMT treatment procedure was repeated each
30 min during 4 h of paw measurement after the administra-
tion of the phlogistic agent. The paw volume was measured
immediately before (Vo) and at 1, 2, 3, and 4 h after carra-
geenan treatment (Vt) using a plethysmometer (Panlab,
Barcelona, Spain) as previously described [6]. The effect of
the PBMT treatment was calculated as the percentage of inhi-
bition of edema relative to the paw volume of the saline-
treated controls according to the following formula: % inhibi-
tion of edema = [(Vt − Vo) Control] − [(Vt − Vo) Treated]/
[(Vt − Vo) Control] × 100. The mean variation in the volume
as a function of the elapsed time of 4 h after the administration
of carrageenan was presented by a point and line graph.

Histopathological analysis of the paw tissues

Segments from the sub-plantar tissue of the study groups were
removed for histological evaluation shortly after the end of the
carrageenan edema. The samples were fixed in 10% formalin
solution for 24 h and then transferred to a solution containing
70% alcohol. The material was then embedded in paraffin and
sectioned in semi-serial way. The 4-μm-thick sections were
deparaffinized with xylol, stained with hematoxylin/eosin,
and evaluated by a blinded experienced pathologist. The
scores obtained from this test were used to verify the total
scores obtained from the lesions (sum of the microscopic
scores of the lesions) in the paw tissues and were presented
as the stage of severity of neutrophil infiltration, edema, and
tissue bleeding (variations 1−4). In summary: Score 1, con-
nective and epithelial tissues are healthy and no inflammatory
cells are visible in the area. Score 2, connective and epithelial
tissues with light edema and inflammatory cells are visible in
the area. Score 3, connective and epithelial tissues with mod-
erate edema and inflammatory cells and occurrence of blood
vessel congestion are visible in the area. Score 4, connective
and epithelial tissues with severe edema and intense presence
of inflammatory cells, occurrence of blood vessel congestion,
and vascular vasodilatation are visible in the area [22].

Paw edema induced by inflammatory mediators

The animals (n = 7) received either 50 μL of dextran (500 μg/
paw); serotonin (5-HT, 1%, w/v); histamine (1%, w/v); bra-
dykinin (6 nmol/paw); or sterile saline (0.9%) into the right
hind paw. Before and after the administration of the inflam-
matory mediators, the animal groups were treated with laser 1
J/cm2. The control group received no treatment. The PBMT
treatment procedure was repeated every 30 min during the 4 h
of paw measurement after the administration of the phlogistic
agent. The paw volumewasmeasured immediately before and
at selected intervals of 30 min for 2 h after the administration
of the phlogistic agent.

Neutrophil infiltration in the paw

The neutrophil infiltrationwas estimated through the measure-
ment of the myeloperoxidase (MPO) activity. It was deter-
mined based on a previously described method [23]. The re-
sults are described as MPO per milliliter of peritoneal exudate
(UMPO/mL). One unit of MPO activity was defined by the
conversion of 1 μmol of hydrogen peroxide to water in 1 min
at 22 °C.

Assessment of vascular permeability

The animals received saline or carrageenan intraperitoneally
(Cg, i.p., 500 μg/250 μL). After 30 min, PBMT at a dose of 1
J/cm2 was administered in one group, and at a dose of 5 J/cm2

in the other group. The control group received no treatment.
The PBMT was further administered hourly for four times.
The vascular permeability was analyzed in the mice by mea-
suring Evans blue extravasation following the administration
of 50 μL of Evans blue (50 mg/kg in PBS) through the ocular
plexus. The animals were euthanized 4 h after carrageenan
injection, and a peritoneal wash was performed with 1.5 mL
of PBS plus EDTA. The amount of Evans blue extravasation
was measured by spectrophotometry at 620 nm. The vehicle
(sterile 0.9% (w/v) saline) was used as the control [24].

Statistical analyses

Data were described as mean ± SEM. Analysis of variance
(ANOVA), followed by Student–Newman–Keuls test, was
used to compare the means. The histopathological parameters
were analyzed using the Kruskal−Wallis non-parametric test,
followed by Dunn’s multiple comparison test. Statistical sig-
nificance was defined as p < 0.05.

Results

PBMT at a dose of 1 J/cm2 reduced carrageenan-
induced paw edema

According to Fig. 1 and Table 2, the administration of carra-
geenan on the right paw of mice led to an increase in paw
volume (0.100 ± 0.013 mL and 0.082 ± 0.009 mL) at the
3rd and 4th hours, respectively, as compared to that in the
saline group (0 mL at the same time points). The administra-
tion of PBMT at a dose of 1 J/cm2 resulted in a significantly (p
< 0.05) reduced paw volume (0.052 ± 0.008 mL and 0.053 ±
0.008 mL) at the 3rd and 4th hours, respectively, as compared
to that in the saline group. As seen in Fig. 1 and Table 2,
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treatment with PBMT at a dose of 5 J/cm2 had no effect on
carrageenan-induced paw edema.

PBMT at doses of 1 J/cm2 and 5 J/cm2 reduced
histopathological damages in the inflamed paws

As seen in Fig. 2, the administration of carrageenan caused a
significant (p < 0.05) increase in the histopathological lesion
score (3.667 ± 0.210) as compared to that in the saline group
(1.167 ± 0.167). Figure 3 shows the corresponding changes in
the paw tissues with significant (p < 0.05) neutrophil infiltra-
tion. The PBMT treatment (1 and 5 J/cm2) reduced all the
histopathological scores (1 J/cm2: 2.333 ± 0.333 and 5
J/cm2: 1.500 ± 0.223) as compared to that in the carrageenan
group. Figure 3 shows the reconstitution of the tissue struc-
ture, as well as the reduction in inflammatory cell infiltration.

PBMT at a dose of 1 J/cm2 reduced mediator-induced
paw edema

The administration of dextran at a dose of 500 μg/kg
(0.076 ± 0.011 mL, Fig. 4a), histamine (0.083 ± 0.009

mL, Fig. 4b), serotonin (0.090 ± 0.007 mL, Fig. 4c), and
bradykinin (0.052 ± 0.003 mL, Fig. 4d) caused signifi-
cant (p < 0.05) edema in the paw of the mice with a
maximum peak at 30 min as compared to that in the
saline group. The administration of PBMT at a dose of
1 J/cm2 resulted in a significantly (p < 0.05) reduced
paw volume at 30 min as shown in Fig. 4 (dextran:
0.006 ± 0.002 mL, Fig. 4a; histamine: 0.0450 ± 0.002
mL, Fig. 4b; serotonin: 0.060 ± 0.007 mL, Fig. 4c; and
bradykinin: 0.024 ± 0.002 mL, Fig. 4d).

PBMT at doses of 1 J/cm2 and 5 J/cm2 reduced
myeloperoxidase (MPO) activity

Figure 5 shows a significant (p < 0.05) increase in
MPO activity in the carrageenan group (58.19 ± 5.665
UMPO/mg) as compared to that in the saline group
(2.741 ± 2.314 UMPO/mg). The PBMT (1 and 5
J/cm2) treatment following carrageenan-induced paw
edema significantly (p < 0.05) reduced the MPO activ-
ity (1 J/cm2: 41.81 ± 4.994 UMPO/mg; 5 J/cm2: 24.91
± 4.768 UMPO/mg).

Table 2 The anti-inflammatory activity of laser on acute paw edema induced by carrageenan

Treatment Dose Paw edema in mL (time after administration of inflammatory stimulus)

1 h 2 h 3 h 4 h

Control(Cg) 500 μg/paw - 0.038 ± 0.006# 0.090 ± 0.017# 0.100 ± 0.013# 0.082 ± 0.009#

Saline - - 0.000 ± 0.000 0.000 ± 0.000 0.000 ± 0.000 0.000 ± 0.000

Laser 1 J/cm2 - 0.043 ± 0.006
(0.000%)

0.060 ± 0.012*

(33.33%)
0.052 ± 0.008*

(48.00%)
0.053 ± 0.008*

(35.36%)

5 J/cm2 - 0.035 ± 0.010
(07.90%)

0.055 ± 0.009*

(38.88%)
0.084 ± 0.006
(16.00%)

0.090 ± 0.003
(0.000%)

Values are given as the means ± SEM of ten animals, as analyzed by one-way ANOVA followed by Newman–Keuls test

*p < 0.05 vs carrageenan group; # p < 0.05 vs saline group

Fig. 1 Laser effect at 1 and 5
J/cm2 on paw edema induced by
carrageenan in mice. The
administration of carrageenan
(Cg) 50 μL (500 μg/paw)
promoted an increase in paw
volume. However, treatment with
photobiomodulation (1 and 5
J/cm2) significantly reverted this
effect. Results are expressed as
the mean ± SEM of seven animals
per group. #p < 0.05 versus saline
group; *p < 0.05 versus
carrageenan group. ANOVA and
Newman–Keuls test were used
for evaluation
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PBMT at a dose of 1 J/cm2 reduced carrageenan-
induced vascular permeability

According to Fig. 6, administration of carrageenan into the
mice peritoneum promoted a significant (p < 0.05) increase
in the vascular permeability (215.6 ± 11.00 μg/mL of exudate)
as compared to that in the saline group (112.4 ± 6.396 μg/mL
of exudate). The administration of PBMT at a dose of 1 J/cm2

in the specific peritoneal areas promoted a significant (p <
0.05) reduction in the vascular permeability (150.2 ± 22.00
μg/mL of exudate). The PBMT (5 J/cm2) played no role in
carrageenan-induced vascular permeability.

Discussion

The PBMT has shown promising effects in the treatment of
inflammatory processes as well as in the reduction of trigger-
ing parameters of acute inflammation [16, 17]. For these rea-
sons, in this study we decided to test the PBMT with low-
intensity laser on inflammatory parameters that are considered
key in the acute inflammatory process.

The current study showed that PBMT at a dose of 1 J/cm2

promoted amelioration of paw edema induced by carrageenan
and other inflammatory mediators. Laser at a dose of 1 J/cm2

also reduced carrageenan-induced neutrophil infiltration in the
paw. The PBMT using a dose of 5 J/cm2 did not show positive
effects on the alleviation of edema or vascular permeability,
although it showed positive histopathological results accom-
panied by a significant reduction in neutrophil migration
resulting in an improvement of the inflammatory process in
the paw.Moreover, both doses of PBMT reduced the capillary
permeability induced by carrageenan and promoted an

improvement in the histopathological damage leading to the
reorganization of the inflamed paw tissue structures.
However, laser AsGa 904 nm at a dose of 5 J/cm2 did not
show positive effects on the alleviation of edema or vascular
permeability, although it showed positive histopathological
results accompanied by a significant reduction in neutrophil
migration resulting in an improvement of the inflammatory
process in the paw.

The development of edema induced by carrageenan is de-
scribed as a biphasic event [25]. The initial phase is marked by
activation and degranulation of mast cells that are involved in
the release of histamine, serotonin, bradykinin, and other me-
diators acting to alter the vascular permeability [26]. Albertini
et al., using a dose of 2.5 J/cm2, have already evidenced the
effectiveness of PBMT on reducing paw edema induced by
carrageenan in rats [14]. Likewise, in another investigation,
Albertini et al. also demonstrated that PBMT at the 7.5 J/cm2

dosage reduced cytokine mRNA expression levels 3 h after
inflammation induced by this phlogistic agent [27]. The cur-
rent study, in addition to corroborating the finding of the
aforementioned studies, also evidenced that PBMT with a
dose of 1 J/cm2 was capable of reducing paw edema induced
by dextran, histamine, serotonin, and bradykinin, reinforcing
the assumption that PBMTwith a dose of 1 J/cm2 is protective
in the vascular phase of paw edema.

In the second phase of edema, carrageenan triggers a cas-
cade of inflammatory mediators, including prostaglandins and
reactive oxygen species, resulting in the migration of leuko-
cytes toward the injured site [28]. The current study demon-
strated that although PBMT at a dose of 5 J/cm2 did not show
positive effects on the alleviation of edema or vascular perme-
ability, it reduced the neutrophil migration to the tissue,
assessed by MPO enzyme activity. Similar findings were de-
scribed by Correa e al., using PBMT to treat induced perito-
nitis in rats, observing reductions in the number of neutrophil
cells in the peritoneal cavity with doses of 3 (−42%) and 7.5
J/cm2 (−70%) in comparison to the control group [29].
Besides, Pallotta et al. observed that PBMT with 50, 150,
and 300 J/cm2, in addition to reducing MPO enzyme activity
in an experimental model of knee inflammation, also
reduced the total number of leukocytes infiltrated to
the knee region [13]. Merging these results, PBMT
seems to impact upon acute inflammation in different
ways, depending on the dosage used, acting on both
vascular and cellular events at low dosages (< 3
J/cm2) and, predominantly, on the cellular events as
the dose used increases (> 3 J/cm2). Indeed, a previous
study has demonstrated that both doses of 1 J/cm2 and
5 J/cm2 impact upon the cellular phase of acute perito-
nitis induced by carrageenan [30]. However, this hy-
pothesized dose-dependent characteristic of the effects
of PBMT on specific events of acute inflammation
needs to be better investigated by future research.

Fig. 2 Laser effect at doses 1 J/cm2 and 5 J/cm2 on the histological
microscopic paw lesion scores. Lesion scores were measured after
carrageenan-induced (Cg) paw edema (500 μg/paw). The laser groups 1
J/cm2 (L1) and 5 J/cm2 (L5). *p < 0.05 compared to group Cg. #p < 0.05
compared to saline group
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Nevertheless, in spite of the different results comparing the
impact of 1 J/cm2 and 5 J/cm2 doses on vascular and cellular
events of acute inflammation, the current study demonstrated

that both the doses of PBMT presented satisfactory results in
improving the microscopic histopathological scores in
carrageenan-induced paw edema. Similar effects were

Fig. 3 Microphotograph representing the effect of laser at doses of 1 and
5 J/cm2 on the microscopic damage of tissue damage caused by
carrageenan-induced paw edema. Saline group (a, b); carrageenan (Cg)
group (c, d); laser 1 J/cm2 (e, f); laser 5 J/cm2 (g, h). Epidermis, Ep;
dermis (De); arrows indicate inflammatory cells; asterisk “*” indicates

vasodilatation vascular; arrowhead indicates blood vessel. All images
were stained with hematoxylin and eosin; images a, c, e, and g are at ×
400 original magnification; images b, d, f, and h are at × 500 original
magnification; bar = 50μm; arrowhead indicates blood vessel
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described by Tomazoni et al., who observed that PBMT at
107.1 J/cm2 was effective in improving morphological

changes induced by trauma in muscle tissue of rats [31].
Likewise, these authors also demonstrated in the aforemen-
tioned study and in another investigation that PBMT was
more effective in improving inflammation than was
diclofenac sodium, a classical pharmacological agent used in
these conditions [32]. Taken altogether, these findings rein-
force the ability of PBMT on positively impacting upon in-
flammation. In fact, such benefits have already been

Fig. 4 Effect of laser 1 J/cm2 on paw edema induced by various
inflammatory mediators. Paw edema was induced by dextran (Dxt:
500 μg per paw) (a); histamine (Hist: 500 μg per paw) (b); serotonin
(Ser: 500 μg per paw) (c); bradykinin (Bk: 6 nmol, w/v, per paw) (d).
Injections into the plantar surface of the right paw. The change in paw
volume was measured at the indicated time intervals. Animals were
treated with laser 1 J/cm2 (L1). The values given are means ± SEM (n

= 5). *Statistical difference (p < 0.05) compared to inflammatory stimuli
treatment (one-way ANOVA followed by Newman–Keuls post test).
Each column represents the mean ± SEM of seven animals per group.
#p < 0.05 versus control group (saline); *p < 0.05 versus carrageenan
group. One-way analysis of variance (ANOVA) followed by Kruskal–
Wallis (non-parametric data)

Fig. 5 Effect of laser at doses 1 J/cm2 and 5 J/cm2 reduces
myeloperoxidase (MPO) activity in paw edema induced in mice.
Carrageenan (Cg) was administered 50 μL (500 μg/paw). In the saline
group, 50 μL saline solution at 0.9% only was administered. After 30
min, the laser treatment was started with doses of 1 J/cm2 (L1) and 5
J/cm2 (L5). In treatment groups (L1 and L5), there was a reduction in
neutrophil concentration. Each column represents the mean ± SEM of
seven animals per group. #p < 0.05 versus control group (saline); *p <
0.05 versus carrageenan group. One-way analysis of variance (ANOVA)
followed by Newman–Keuls test

Fig. 6 Effect of laser at doses 1 J/cm2 and 5 J/cm2 on vascular
permeability. The laser groups 1 J/cm2 (L1) and 5 J/cm2 (L5). *p <
0.05 compared to group Cg. #p < 0.05 compared to saline group
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demonstrated in clinical trials investigating the impact
of PBMT on wound healing [33] and postoperative sit-
uations [34].

Last, the current study demonstrates that although PBMT
was effective in improving inflammation induced by carra-
geenan and other distinct phlogistic agents, its impact on spe-
cific events of acute inflammation seems to have a dose-
dependent characteristic. Our results expand previous investi-
gations and collectively provide a solid foundation for the
continued research that will lead to the standards for PBMT
usage in inflammation scenarios.

Conclusion

Based on the results presented, we can suggest that laser at a
dose of 1 J/cm2 exerts anti-inflammatory effects in both the
cellular and vascular phases of carrageenan-induced paw ede-
ma, whereas laser at a dose of 5 J/cm2, although effective in
reducing leukocyte migration, has no effects on the vascular
permeability. Thus, we can suggest that laser at a dose of 1
J/cm2 is an effective anti-inflammatory resource as it works by
alleviating both phases of inflammation.

Funding This study was supported by grants from the National Council
for Scientific and Technological Development (CNPq).

Declarations

Ethics approval All experiments were conducted in accordance with the
currently established principles for the care and the use of COBEA,
Brazil. The Animal Studies Committee of the Federal University of
Piauí approved the experimental protocol (038/15).

Conflict of interest The authors declare no competing interests.

References

1. Zhang K, Kaufman RJ (2008) From endoplasmic-reticulum stress
to the inflammatory response. Nature 454(7203):455–462

2. Medzhitov R (2008) Origin and physiological roles of inflamma-
tion. Nature 454(7203):428–435

3. Kotas ME, Medzhitov R (2015) Homeostasis, inflammation, and
disease susceptibility. Cell 160(5):816–827

4. van Esch RW, Kool MM, van As S (2013) NSAIDs can have
adverse effects on bone healing. Med Hypotheses 81(2):343–346

5. Akram M et al (2016) Potent anti-inflammatory and analgesic ac-
tions of the chloroform extract of Dendropanax morbifera mediated
by the Nrf2/HO-1 pathway. Biol Pharm Bull 39(5):728–736

6. Silva RO et al (2015) Riparin A, a compound from Aniba riparia,
attenuate the inflammatory response by modulation of neutrophil
migration. Chem Biol Interact 229:55–63

7. de Freitas LF, Hamblin MR (2016) Proposed mechanisms of
photobiomodulation or low-level light therapy. IEEE J Sel Top
Quantum Electron 22(3)

8. Hamblin MR (2016) Photobiomodulation or low-level laser thera-
py. J Biophotonics 9(11-12):1122–1124

9. Farivar S, Malekshahabi T, Shiari R (2014) Biological effects of
low level laser therapy. J Lasers Med Sci 5(2):58–62

10. Sonis ST et al (2016) Could the biological robustness of low level
laser therapy (Photobiomodulation) impact its use in the manage-
ment of mucositis in head and neck cancer patients. Oral Oncol 54:
7–14

11. Albertini R et al (2007) Anti-inflammatory effects of low-level laser
therapy (LLLT) with two different red wavelengths (660 nm and
684 nm) in carrageenan-induced rat paw edema. J Photochem
Photobiol B 89(1):50–55

12. Laraia EM et al (2012) Effect of low-level laser therapy (660 nm)
on acute inflammation induced by tenotomy of Achilles tendon in
rats. Photochem Photobiol 88(6):1546–1550

13. Pallotta RC et al (2012) Infrared (810-nm) low-level laser therapy
on rat experimental knee inflammation. Lasers Med Sci 27(1):71–
78

14. Albertini R et al (2004) Effects of different protocol doses of low
power gallium-aluminum-arsenate (Ga-Al-As) laser radiation (650
nm) on carrageenan induced rat paw ooedema. J Photochem
Photobiol B 74(2-3):101–107

15. de Almeida P et al (2014) What is the best treatment to decrease
pro-inflammatory cytokine release in acute skeletal muscle injury
induced by trauma in rats: low-level laser therapy, diclofenac, or
cryotherapy? Lasers Med Sci 29(2):653–658

16. Pigatto GR, Silva CS, Parizotto NA (2019) Photobiomodulation
therapy reduces acute pain and inflammation in mice. J
Photochem Photobiol B 196:111513

17. Neves LMS et al (2018) Photobiomodulation therapy improves
acute inflammatory response in mice: the role of cannabinoid
receptors/ATP-sensitive K(+) channel/p38-MAPK signalling path-
way. Mol Neurobiol 55(7):5580–5593

18. Carvalho AF et al (2015) The low-level laser on acute myositis in
rats. Acta Cir Bras 30(12):806–811

19. dos Santos SA et al (2014) Comparative analysis of two low-level
laser doses on the expression of inflammatory mediators and on
neutrophils and macrophages in acute joint inflammation. Lasers
Med Sci 29(3):1051–1058

20. Huang YY et al (2011) Biphasic dose response in low level light
therapy - an update. Dose-Response 9(4):602–618

21. Hashmi JT et al (2010) Effect of pulsing in low-level light therapy.
Lasers Surg Med 42(6):450–466

22. Sousa SG et al (2018) Chemical structure and anti-inflammatory
effect of polysaccharide extracted from Morinda citrifolia Linn
(Noni). Carbohydr Polym 197:515–523

23. Bradley PP, Christensen RD, Rothstein G (1982) Cellular and ex-
tracellular myeloperoxidase in pyogenic inflammation. Blood
60(3):618–622

24. Thurston G et al (2000) Angiopoietin-1 protects the adult vascula-
ture against plasma leakage. Nat Med 6(4):460–463

25. Laavola M et al (2017) Anti-inflammatory effects of
nortrachelogenin in murine J774 macrophages and in
carrageenan-induced paw edema model in the mouse. Planta
Med 83(6):519–526

26. Zhao J et al (2018) Evaluation on analgesic and anti-inflammatory
activities of total flavonoids from Juniperus sabina. Evid Based
Complement Alternat Med 2018:7965306

27. Albertini R et al (2008) Cytokine mRNA expression is decreased in
the subplantar muscle of rat paw subjected to carrageenan-induced
inflammation after low-level laser therapy. Photomed Laser Surg
26(1):19–24

570 Lasers Med Sci (2022) 37:563–571

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



28. Ribeiro A et al (2019) Inhibitory effects of Morus nigra L.
(Moraceae) against local paw edema and mechanical
hypernociception induced by Bothrops jararacussu snake venom
in mice. Biomed Pharmacother 111:1046–1056

29. Correa F et al (2007) Low-level laser therapy (GaAs lambda = 904
nm) reduces inflammatory cell migration in mice with
lipopolysaccharide-induced peritonitis. Photomed Laser Surg
25(4):245–249

30. de Souza Costa M et al (2018) Photobiomodulation reduces neu-
trophil migration and oxidative stress in mice with carrageenan-
induced peritonitis. Lasers Med Sci 33(9):1983–1990

31. Tomazoni SS et al (2017) Effects of photobiomodulation therapy
and topical non-steroidal anti-inflammatory drug on skeletal muscle
injury induced by contusion in rats-part 1: morphological and func-
tional aspects. Lasers Med Sci 32(9):2111–2120

32. Tomazoni SS et al (2017) Effects of photobiomodulation therapy
and topical non-steroidal anti-inflammatory drug on skeletal muscle
injury induced by contusion in rats-part 2: biochemical aspects.
Lasers Med Sci 32(8):1879–1887

33. Langella LG et al (2018) Photobiomodulation therapy (PBMT) on
acute pain and inflammation in patients who underwent total hip
arthroplasty-a randomized, triple-blind, placebo-controlled clinical
trial. Lasers Med Sci 33(9):1933–1940

34. Ruh AC et al (2018) Laser photobiomodulation in pressure ulcer
healing of human diabetic patients: gene expression analysis of
inflammatory biochemical markers. Lasers Med Sci 33(1):165–171

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

571Lasers Med Sci (2022) 37:563–571

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



1.

2.

3.

4.

5.

6.

Terms and Conditions
 
Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature”). 
Springer Nature supports a reasonable amount of sharing of  research papers by authors, subscribers and authorised users (“Users”), for small-
scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are maintained. By
accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use (“Terms”). For these
purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial. 
These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or a personal
subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription
(to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the Creative Commons license used will
apply. 
We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data internally within
ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not
otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of companies unless we have your permission as
detailed in the Privacy Policy. 
While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that Users may
not: 
 

use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to circumvent access

control;

use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil liability, or is

otherwise unlawful;

falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by Springer Nature in

writing;

use bots or other automated methods to access the content or redirect messages

override any security feature or exclusionary protocol; or

share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer Nature journal

content.
 
In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates revenue,
royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain. Springer Nature journal
content cannot be used for inter-library loans and librarians may not upload Springer Nature journal content on a large scale into their, or any
other, institutional repository. 
These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any information or
content on this website and may remove it or features or functionality at our sole discretion, at any time with or without notice. Springer Nature
may revoke this licence to you at any time and remove access to any copies of the Springer Nature journal content which have been saved. 
To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express or implied
with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or warranties imposed by law,
including merchantability or fitness for any particular purpose. 
Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be licensed
from third parties. 
If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other manner not
expressly permitted by these Terms, please contact Springer Nature at 
 

onlineservice@springernature.com
 


