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Abstract The objective of this study was to evaluate the ef-
fects of photobiomodulation therapy (PBMT) on inflammato-
ry indicators, i.e., inflammatory mediators (TNF-oc and CINC-
1), and pain characterized by hyperalgesia and B1 and B2
receptor activation at 6, 24, and 48 h after papain-induced
osteoarthritis (OA) in rats. Fifty-four rats were subjected to
hyperalgesia evaluations and then divided randomly into three
groups—a control group and two groups OA and OA PBMT
group by using laser parameters at wavelength (808 nm), out-
put power (50 mW), energy per point (4 Joules), power den-
sity (1.78 W/em?), laser beam (0.028 cm?), and energy density
(144 J/cm*)—the induction of osteoarthritis was then per-
formed with 20-pl injections of a 4 % papain solution dis-
solved in 10 pl of saline solution, to which 10 ul of cysteine
solution (0.03 M). The statistical analysis was performed
using two-way ANOVA with Bonferroni’s post hoc test for
comparisons between the 6, 24, and 48 h and team points
within each group, and between the control, injury, and
PBMT groups, and p < 0.05 was considered to indicate a sig-
nificant difference. The hyperalgesia was evaluated at 6, 24,
and 48 h after the injury. PBMT at a wavelength of 808 nm
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and doses of 4 J, administered afterward, promotes increase at
the threshold of pressure stimulus at 6, 24, and 48 h after
application and promote cytokine attenuation levels (TNF
and CINC-1) and bradykinin receptor (B1 and B2) along the
experimental period. We conclude that photobiomodulation
therapy was able to promote the reduction of proinflammatory
cytokines such as TNF-« and CINC-1, to reduce the gene and
protein expression of the bradykinin receptor (Bl and B2), as
well as increasing the stimulus response threshold of pressure
in an experimental model of acute osteoarthritis

Keywords Osteoarthritis - Hyperalgesia - Cytokines -
Photobiomodulation therapy

Introduction

Osteoarthritis (OA) is a degenerative joint disease that affects
most of the elderly population, causing chronic pain and joint
disability. In particular, it is characterized by cartilage break-
down that is attributed to an imbalance between the synthetic
(anabolic) and resorptive (catabolic) activities of resident
chondrocytes and by synovial inflammation that is directly
linked to clinical symptoms such as joint swelling, synovitis,
and inflammatory pain [1, 2].

The inflammation of the synovial membrane that oc-
curs in both the early and late phases of OA is associated
with alterations in the adjacent cartilage that are similar
to those seen in rheumatoid arthritis. Catabolic and pro-
inflammatory mediators such as cytokines, nitric oxide,
prostaglandin E2, and neuropeptides are produced by the
inflamed synovium and alter the balance of cartilage
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matrix degradation and repair, leading to excess produc-
tion of the proteolytic enzymes responsible for cartilage
breakdown [3, 4]. The spectrum of these factors includes
different cytokines such as interleukins (IL-1P), (IL-6),
and (TNF-«), chemokines such as (IL-8), numerous me-
talloproteinases (MMPs) (MMP-3, MMP-9, and MMP-
13), prostaglandin E2 (PGE2), and nitric oxide (NO)
[5]. Recent evidence suggests the involvement of the
bradykinin (BK) B1 and B2 receptors in the pathophys-
iology of OA [2].

BK belongs to a family of oligopeptides derived from the
enzymatic action of kallikreins on kininogens [5]. BK is a
vasodilator and inflammatory nonapeptide, which is generated
in the synovium in OA.

The kallikrein system is activated in several arthropathies
such as osteoarthritis, rheumatoid arthritis, gout, and psoriatic
arthritis. BK can contribute to inflammation and structural
alterations in arthritic joints, as its intra-articular administra-
tion in animals causes excitation and sensitization of sensory
nerves, evoking pain and hyperalgesia, leukocyte recruitment,
and an increase in vascular permeability and vasodilation,
producing local heating and edema [6].

It contributes to the initiation and maintenance inflamma-
tion, to excitation and sensitization of sensory nerve fibers,
thus producing pain, and to activation of synoviocytes and
chondrocytes, which are the main cells involved in maintain-
ing the homeostasis of the synovial fluid and cartilage, respec-
tively. Moreover, BK synergistically potentiates the effects
produced by pro-inflammatory cytokines [7-9].

Several studies [10—13] have indicated that joint inflamma-
tion can be reduced by blocking bradykinin receptors, and
according to Valenti et al. [6], kinin B2 receptor antagonists
could represent a new class of anti-inflammatory drugs that
may act synergistically with steroids in acute arthritis, suggest-
ing the possibility of reducing their effective doses and side
effects.

Photobiomodulation therapy (PBMT) is a therapy involv-
ing the application of low-power monochromatic coherent
light to injuries and lesions. PBMT is used to treat pain, al-
though the biological mechanisms of the beneficial results
observed in clinical trials remain unclear [14].

Albertini et al. [14, 15] demonstrated the reduction of
TNF-« cytokines, IL-13, IL-6, and COX-2 in a rat paw edema
model after a treatment with PBMT and concluded that PBMT
has an anti-inflammatory effect, which may modulate tran-
scription factors linked to pro-inflammatory cytokines and
messenger RNA (mRNA) gene expression. In previous stud-
ies, we found that PBMT can reduce protein expression of
cytokines IL-1f3, IL-6, and TNF-«x [16, 17] as well as that of
MMPs 2 and 9 [18] in a model of inflammation-induced joint
pain. Other researchers have also reported about the effect of
PBMT in proinflammatory cytokines [19-21] and in its anti-
inflammatory effects [22, 23] in different experimental and
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clinical models. In concordance with results indicating that
PBMT can modulate the activity of cytokines, studies by
Bortone et al. [24], Manchini et al. [25], and Silva et al. [26]
have also demonstrated the effectiveness of PBMT in reduc-
ing B2 receptor expression, demonstrating that PBMT may
attenuate expression of the B2 receptor.

Considering the important role of Kinin inflammation and
its activity on different kinds of joint cells, attenuation of B2
receptor expression by PBMT may represent a new therapeu-
tic strategy in OA. This study aimed to test the hypothesis that
PBMT can reduce levels of pro-inflammatory cytokines and
mononuclear cells, and modulate bradykinin levels and the B1
and B2 receptors, besides changing the mechanical
hyperalgesia reaction. As the null hypothesis,
photobiomodulation is not able to alter the inflammatory
markers and bradykinin receptors B1 and B2, thus not chang-
ing the mechanical hyperalgesia reaction in rats subjected to
experimental osteoarthritis. In this light, the objective of this
study was to investigate the action of PBMT on hyperalgesia
(nociception) pressure threshold, gene and protein expression
of the B1 and B2 receptors, and monitor the expression of
TNF-«, CINC-1 at the protein levels.

Materials and methods
Animals and ethics statement

The sample population consisted of 54 male Wistar rats
(Norvegicus albinus), 90 days old, weighing 250-300 g. The
animals were obtained from the animal housing facility from
the Universidade Nove de Julho (Brazil), and they were kept
under controlled light and temperature conditions, with free
access to water and chow. Animals were handled in compli-
ance with national guidelines for the human treatment of lab-
oratory animals, and the Research Ethics Committee of the
UNINOVE (AN 0016/2011) approved all experimental
procedures.

Experimental groups

Animals (n = 54) were randomly distributed into three groups
of 18 animals each. The first group (control) did not receive
any kind of intervention, the second group (OA) received
induction but did not receive any treatment, and the third
group (OA PBMT) was treated with PBMT. All the three
groups were evaluated at 6, 24, and 48 h post-injury (six
animals per group, at each experimental time point).

Papain-induced inflammation

The animals were anesthetized with an intramuscular injection
of a 7 % ketamine solution (Cetamin; Syntec, Cotia, SP,
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Brazil) and 0.3 % xylene solution (Xilazin; Syntec Syntec,
Cotia, SP, Brazil) at a proportion of 2:1 (0.2 ml/100 g). The
OA induction was then performed following previously pub-
lished methods [15, 16]. Specifically, 20-ul injections of a 4 %
papain solution (Sigma—Aldrich, St. Louis, MO, USA) dis-
solved in 10 ul of saline solution (Aster Produtos Médicos
Ltda, Sorocaba, SP, Brazil) to which 10 pl of cysteine solution
(0.03 M) (Sigma—Aldrich, St. Louis, MO, USA); then pre-
pared injections were administered in the right knee of the
hind leg of each animal. This solution was used as the activa-
tor to produce cartilage injury.

Photobiomodulation therapy

The PBMT was applied using a gallium aluminum arsenide
(GaAlAs) diode laser device with a wavelength of 808 nm
from Photon Laser IIl DMC (Sao Carlos, SP, Brazil) was used.
The dose and parameters are summarized in Table 1.

Irradiation

Laser irradiation was given transcutancously at two points:
medial and lateral. Laser irradiation was performed immedi-
ately after the papain-cysteine injection, on the right knee, at a
power output of 50 mW. The control and injury groups re-
ceived no treatment and served as the negative and positive
control groups, respectively, for the comparative analysis.
Animals were manually immobilized and were irradiated at
an angle of 90° to the surface of the tissue [15].

Hyperalgesia evaluation

The evaluation was carried out before randomization of the
groups and at 6, 24, and 48 h after the second papain induc-
tion. Mechanical hyperalgesia was evaluated with a digital
analgesimeter (Insight, Ribeirdo Preto, Sdo Paulo, Brazil).
The procedures were performed in a quiet room, with no
sounds that might stimulate the animals. A trained, experi-
enced examiner applied the tip to the plantar surface of the
rat, at a 90° angle, through one of the hollow floor platforms.
Pressure was increased linearly until the mouse showed a paw
withdrawal response [27, 28].

Table 1  Summary of the laser parameters

Wave  Output Power Laser Energy  Energy Irradiation

length power density beam  density per time per

(nm) (mW)  (Wem®) (cm?)  (J/em?) point point (s)
@

808 50 1.78 0.028 144 4 80

Euthanasia and sample collection

At the end of each experimental period (6, 24 and 48 h) the
animals were identified, weighed and then euthanized by in-
traperitoneal administration of thiopental (Thiopentax,
Cristalia, Itapira, S3o Paulo, Brazil ) at a dose of 100 mg/kg
(DL), with lidocaine at 10 mg/ml (Xylestesin, Cristalia
Cristalia, Itapira, Sdo Paulo, Brazil). After euthanasia, a pro-
cedure for obtaining the washed articular synovial fluid was
performed [16].

Evaluation of the B1 and B2 receptors and the cytokines
TNF- and CINC-1

The amount of Bl and B2 receptors (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) and TNF-« and
CINC-1 in washed articular synovium was quantified using
an enzyme-linked immunosorbent assay, as per the manufac-
turer’s instructions (R&D Systems, Minneapolis, MN, USA).
The manufacturer reports this kit, when run in accordance
with standard Quantikine protocols, to be extremely sensitive
(minimum detectable dose ranged from 2.2 to 18.3 pg/ml),
specific (no significant cross-reactivity or interference was
observed), precise (intra- and inter-assay CVs were 3.7 %
and 6.7 %), and linear (all diluted samples fell with the dy-
namic range of the assay). Since sample concentrations were
expected to fall outside the range of provided standards, serum
was diluted 100-fold by adding 5 pl of sample to 495 ul of
calibrator diluent [19].

B1 and B2 gene expression quantification

Total mRNA was isolated from cartilage by TRIzol reagent
(Trizol reagent, Gibco BRL, Gaithersburg, MD, USA), ac-
cording to the manufacturer’s protocol. The mRNA was sub-
jected to DNase I digestion, followed by reverse transcription
to cDNA, as previously described [15]. PCR was performed in
an ABI PRISM 7000 Sequence Detection System (Applied
Biosystems, Foster City, CA, USA) using the SYBRGreen
core reaction kit (Applied Biosystems, Foster City, CA,
USA) (Table 2).

Statistical analysis

The data were found to be normally distributed (Shapiro-Wilk
test), and a two-way ANOVA with Bonferroni’s post hoc test
was used for comparisons between the 6-, 24-, and 48-h time
points within each group, and between the control, injury, and
PBMT groups. All data are expressed as the mean + standard
deviation (SD). The GraphPad Prism 5 software program
(GraphPad Software, San Diego, CA, USA) was used, and
P <0.05 was considered to indicate a significant difference.
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Table 2 Rat primers used for

real-time PCR for mRNA Gene

Forward primer

Reverse primer GenBank accession number

quantification
Kinin B1 receptor

Kinin B2 receptor

5-CCTTCCAGGCTT

AAACGATTCTC-3'
5-CCACCACGGCCT

5-GGTTGGAGGATT

GGAGCTCTAGA-3'
5-CGAACAGCACC

NM-030851.1

NM-001270713.1

CTTTCAG-3' CAGAGGAA-3'
GAPDH 5-TGCACCACCAAC 5"-GCCCCACGGCC NM-017008
TGCTTAGC-3' ATCA-3'

The calculation of sample power using the G * Power soft-
ware found 80 % power for all outcomes analyzed.

Results
Hyperalgesia evaluation

At 6 h, hyperalgesia from OA group (17.20+1.1) differed
significantly (P <0.001) from that observed in controls
(22.74 £ 1.2). The control group differed significantly
(P<0.001) from the OA group; however, no significant dif-
ference was observed compared to the PBMT OA group
(P>0.05). At 24 h, significant differences were observed be-
tween the control group and the OA group (P <0.001), and
between the OA group and the PBMT OA group (P <0.001).
At 48 h, significant differences were observed (P <0.001)
between the control group (22.74 +1.2) and the OA group
(18.02 +1.30), and between the OA group and the PBMT
OA group (22.64+0.9) (P<0.001) (Fig. 1).
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Fig. 1 Comparison of hyperalgesia in the knee joint before and after AO
induction with papain, at 6, 24, and 48 h; data are shown as mean + SD.
The figure shows the basal pressure threshold, and the threshold at 6 h
after treatment in OA; ***P <0.001, using the Bonferroni test for
comparison with the basal pressure threshold; ###P <0.001 for
comparisons with the OA group. We can still see the comparison in the
24-h experimental time, using the Bonferroni test for comparison with the
basal pressure threshold ***P < 0.001 and ###P < 0.001 for comparisons
with the OA group. For the experimental time of 48 h after treatment in
OA, we observed using the Bonferroni test for comparison with the basal
pressure threshold ***P < 0.001 and ###P < 0.001 for comparisons with
the OA group
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Quantification of TNF-«x protein expression

Protein expression of TNF-« at 6 h showed significant differ-
ences (P <0.001) from that observed at baseline (1.00 £ 0.07 pg/
ml) from OA group (1.40+0.10 pg/ml), but not in the PBMT
OA group (0.96 £ 0.05 pg/ml) (P> 0.05). Significant differences
(P<0.001) were also observed between the OA group and the
PBMT OA group. At 24 h, significant differences were observed
(P<0.001) at baseline from OA group (1.68 +0.09 pg/ml), but
not in the OA PBMT group (1.09+0.10 pg/ml) (P> 0.05).
Significant differences (P <0.001) were also observed between
the OA group and the PBMT OA group. At 48 h, significant
differences were observed (P <0.001) at baseline from OA
group (1.90+0.10 pg/ml) and the OA PBMT group (1.17 +
0.12 pg/ml) (P <0.05). Significant differences (P <0.001) were
also observed between the OA group and the PBMT OA group

(Fig. 2).
CINC-1 protein expression quantification

CINC-1 protein expression at 6 h showed significant differ-
ences (P<0.05) from that observed at baseline from OA
group (1.20£0.10 pg/ml), but not from OA PBMT group
(0.99£0.05 pg/ml) (P>0.05). Significant differences
(P<0.01) were also observed between the OA group and
the PBMT OA group. At 24 h, there was a significant differ-
ence (P <0.001) between the baseline and the OA group and
between the baseline and the PBMT OA group (P < 0.05). The
OA group showed no significant difference (P> 0.05) from
the PBMT OA group. At 48 h, significant differences from
baseline were observed from OA group (1.29 +0.20 pg/ml)
(P<0.001), but the OA PBMT group (1.02+0.10 pg/ml)
showed no significant difference (P> 0.05). The OA group
showed a significant difference (P <0.001) from the PBMT
OA group (Fig. 3).

B1 protein expression

Protein expression of B1 at 6 h showed significant differences
(P <0.001) from that observed at baseline (1.00 = 0.08 pg/ml)
from OA group (1.27 £ 0.08 pg/ml), but not in the OA PBMT
group (1.05+0.09 pg/ml) (P> 0.05). Significant differences
(P<0.001) were also observed between the OA group and the
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Fig. 2 Comparison of TNF-« level as measured using an enzyme-linked
immunosorbent assay (ELISA). Protein concentrations in washed
articular fluid after AO induction with papain are shown, at 6, 24, and
48 h; data are shown as mean + SD. *P < 0.05 and ***P < 0.001 using the
Bonferroni post hoc test for comparison with the control group

OA PBMT group. At 24 h, significant differences were
observed (P<0.001) from baseline from OA group (1.36+
0.09 pg/ml) but not from the OA PBMT group (1.09 +
0.10 pg/ml) (P > 0.05). Significant differences (P < 0.001) were
also observed between the OA group and the PBMT OA group.
At 48 h, significant differences were observed (P <0.001) at
baseline from the OA group (1.40 +0.05 pg/ml) but not from
the OA PBMT group (1.10+£0.08 pg/ml) (P> 0.05).
Significant differences (P < 0.001) were also observed between
the OA group and the PBMT OA group (Fig. 4a).

B2 protein expression

B2 protein expression at 6 h showed significant differences
(P <0.001) from that observed at baseline (1.00 + 0.05 pg/ml)
from OA group (1.28 £0.02 pg/ml), but not from OA PBMT
group (1.10+0.09 pg/ml) (P> 0.05). Significant differences
(P<0.01) were also observed between the OA group and the
PBMT OA group. At 24 h, significant differences were
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Fig. 3 Comparison of CINC-1 concentrations as measured using an
enzyme-linked immunosorbent assay (ELISA). Protein concentrations
in washed articular fluid after AO induction with papain are shown, at
6, 24, and 48 h; data are shown as mean+SD. *P<0.05 and
##4P < (.001using the Bonferroni post hoc test for comparison with the
control group
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Fig. 4 Comparison of Bl and B2 concentrations as measured using an
enzyme-linked immunosorbent assay (ELISA). Protein concentrations in
washed articular fluid after AO induction with papain are shown, at 6, 24,
and 48 h; data are shown as mean+SD. *P<0.05 and ***P <0.001
using the Bonferroni post hoc test for comparison with the control group

observed (P<0.001) at baseline from OA group (1.39 =+
0.03 pg/ml) and from OA PBMT group (1.15+0.10 pg/ml,
P <0.05). Significant differences were also observed between
the OA group and the PBMT OA group (P < 0.001). At48 h,
significant differences were observed (P <0.001) at baseline
from OA group (1.45+0.15 pg/ml), but not from the OA
PBMT group (1.03 +£0.08 pg/ml) (P>0.05). Significant dif-
ferences (P <0.001) were also observed between the OA
group and the PBMT OA group (Fig. 4b).

B1 gene expression quantification

B1 protein expression at 6 h was significantly different
(P<0.001) from that observed at control (1.0 +0.03) from
OA (2.05£0.15) and PBMT OA groups (0.63 £0.17). The
control group showed a significant difference (P <0.001)
from the OA group, but not from the PBMT OA group
(P>0.05). At 24 h, the OA group differed significantly
from the PBMT OA group (P<0.001). At 48 h, the OA
group (9.86 +0.50) and the PBMT OA group (2.10+0.90)
differed significantly (P <0.001) from the control group
(1.0£0.03). Significant differences were also observed
between the OA and the PBMT OA groups (P<0.001)
(Fig. 5).
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Fig. 5 Comparison of B1 levels as measured using real-time PCR for
mRNA quantification. Gene concentrations in washed articular fluid after
AO induction with papain are shown, at 6, 24, and 48 h; data are shown as
mean + SD. *P<0.05 and ***P <0.001 using the Bonferroni post hoc
test for comparison with the control group

B2 gene expression quantification

B2 protein expression at 6 h showed significant differ-
ences (P<0.001) from that observed at baseline (1.00 +
0.10 pg/ml) from OA group (1.37 +=0.08 pg/ml), but not
from OA PBMT group (1.14+0.13 pg/ml) (P> 0.05).
Significant differences (P <0.01) were also observed
between the OA group and the PBMT OA group. At
24 h, significant differences at baseline were observed
(P<0.001) in the OA (1.60£0.04 pg/ml) and the OA
PBMT groups (1.24+0.07 pg/ml). Significant differ-
ences (P<0.001) were also observed between the OA
group and the PBMT OA group. At 48 h, significant
differences at baseline were observed (P <0.001) from
OA group (1.77+0.11 pg/ml) and the OA PBMT group
(1.19+0.08 pg/ml). Significant differences (P <0.001)
were also observed between the OA group and the
PBMT OA group (Fig. 6).

201 Tk

=
3]
L

E3 Control
OA
E3 PBMT OA

Fold change
5
1

mRNA B2 expression

o
3
1

0.0-

48 hours

6 hours
Fig. 6 Comparison of B2 levels as measured using real-time PCR for
mRNA quantification. Gene concentrations in washed articular fluid after
AO induction with papain are shown, at 6, 24, and 48 h; data are shown as
mean + SD. *P <0.05 and ***P <0.001 using the Bonferroni post hoc
test for comparison with the control group
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Discussion

Synovial membrane inflammation plays an important role in
the OA pathophysiology. Mononuclear cells infiltration and
proinflammatory cytokines production and other mediators of
inflammation and joint pain characterize the initial OA stages.
OA pain is often comprised of hyperalgesia, referred pain, and
ongoing pain. PBMT therapy has great potential utility in this
regard, since several studies have shown that it can regulate
expression of the inflammatory mediator interleukin and can
reduce the inflammatory signs and symptoms that are present
in osteoarthritis.

Preclinical studies conducted by our and other research
groups [17, 18, 20, 29] have shown that PBMT can decrease
cytokines levels such as IL-1[3 and TNF, resulting in decreased
expression of MMPs and increased collagen [18, 29]. Several
clinical studies have also been conducted on the ability of
PBMT to reduce pain in chronic conditions such as OA [30].
This study aimed to test the hypothesis that PBMT can reduce
levels of pro-inflammatory cytokines and mononuclear cells,
and modulate bradykinin levels and the B1 and B2 receptors,
besides changing the mechanical hyperalgesia reaction.

Nociceptors sensitization occurs as a secondary process,
following the initiation of a cytokine cascade. During inflam-
mation, TNF-x release induces the liberation of IL-1[3 and IL-
6, as well as the production of cyclooxygenase products.
TNF-« may also trigger the release of IL-8, which induces
the production of sympathomimetic mediators.

In rats, induced mechanical hypernociception is mediated
by the release of a cytokine cascade initiated by bradykinin,
which is rapidly generated when plasma components reach the
extravascular tissue, although neutrophils are able to produce
and release cytokines (TNF-«, IL-1e, and CINC-1/CXCL1)
involved in the mediation of hypernociception that might be
released by resident cells such as macrophages and mast cells.
Indeed, these cells are able to release cytokines when activated
by inflammatory stimuli [31]. In this study, we conducted a
protein expression analysis of TNF-«, cytokines, and
cytokine-induced neutrophil chemoattractant 1 (CINC-1) in
washed coordinate at 6, 24, and 48 h. We observed a signifi-
cant reduction of the expression of both cytokines (TNF-&
and CINC-1) in the AO PBMT group compared with the
AO group, which did not receive PBMT.

Alves et al. [18] and dos Santos et al. [17] have shown a
reduction in TNF-« levels, using the same dose of PBMT that
was effective in reducing intra-articular TNF-c levels. In this
study, we also measured hypernociception of the inflamed
joint, using an electronic version of the von Frey hair test, in
which the force required to evoke a behavioral withdrawal is
automatically recorded by an electronic pressure meter. We
observed that the AO PBMT group showed a gradual reduc-
tion of hypernociception over time (6, 24, and 48 h), but the
AO group did not.
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TNF-o is considered to be a pivotal cytokine in the
hypernociception of inflamed joints [24]. For instance, during
inflammation, TNF-« release induces the liberation of IL-1f3
and IL-6 as well as the production of cyclooxygenase prod-
ucts. TNF-o« may also trigger the release of IL-8, which in-
duces the production of sympathomimetic mediators. Rats do
not express IL-8, but the chemokine CINC-1 is considered
homolog of IL-8 in rats, and CINC-1 and IL-8 are ligands
for the same receptor [31].

In rats, the release of TNF-« is preceded by the generation
of BK. Thus, BK stimulates the release of TNF-«, which in
turn stimulates two distinct hypernociceptive pathways.
TNF-« stimulates IL-1{3 production, which induces the ex-
pression of COX-2, which is responsible for prostanoid bio-
synthesis. TNF-« also stimulates release of CXC chemokines
(CINC-1/IL-8), which induce the release of sympathomimetic
amines [32].

In this study, we quantified the mRNA expression of the
BK receptors, Bl and B2, since the literature demonstrates
evidence of their role in both the hyperalgesia with joint
inflammation.

Although the relative contribution of the B1 and B2 kinin
receptors to the genesis of inflammatory pain is not complete-
ly understood, it has been demonstrated that the activation of
B2 kinin receptors is associated with direct activation of
small-diameter afferent nociceptive fibers that also induces
the release of prostanoids and sympathetic amines, which trig-
ger nociceptor sensitization [33].

The involvement of the B1 and B2 receptors in joint
hyperalgesia was demonstrated in this study, since increased
levels of the B1 and B2 receptors decreased the pressure re-
quired to trigger mechanical hyperalgesia. mRNA quantifica-
tion in the joint wash fluid from control rats revealed that both
B1 and B2 receptors are continuously synthesized, even in the
absence of AO injury, and that there is a constant turnover of
these receptors in washed articulate. An increase in the syn-
thesis of both B1 and B2 receptors was identified 6 h after
injection of papain in the knee joint. This upregulation was
observed at all of the time points investigated (6, 24, and 48 h).
The next step was to investigate whether the overexpression of
the B1 and B2 receptors was also observed at the protein level,
using the ELISA technique. We observed similar B1 and B2
overexpression at the protein level as at the gene level.
However, the group treated with PBMT showed lower values
for mRNA and protein expression of Bl and B2.

Our results for the bradykinin receptors B1 and B2 are
similar to those reported by Bortone et al. [24], who evaluated
mRNA expression of the B1 and B2 receptors in a rat exper-
imental model of paw edema induced by carrageenan, with
PBMT at two different wavelengths (660 and 684 nm). The
authors concluded that PBMT at both wavelengths reduced
the mRNA expression of the B1 and B2 receptors, producing
an anti-inflammatory effect.

However, Manchini et al. [25] conducted a study of the
effect of PBMT using an experimental model of myocardial
infarction; PBMT was administered using the following pa-
rameters: wavelength = 660 nm, power = 15 mW, laser beam
spot size = 0.785 cm?, energy density = 22.5 J/cm?, irradiation
time =60 s, and energy delivered = 1.1 J. The authors ob-
served the effect of PBMT in reduction of the infarcted area
and attenuation of systolic dysfunction, together with mRNA
upregulation of the protective kinin B2 receptor, a reduction of
the kinin receptor B1, and mRNA expression of pro-
inflammatory interleukins. The authors concluded that
PBMT treatment increased protein and mRNA levels of the
B1 and B2 receptors, but the mRNA expression of kinin B2
receptors and the circulating levels of plasma kallikrein com-
pared to non-treated post-myocardial infarction rats. mRNA
expression of the kinin B1 receptor decreased after PBMT. It
is noteworthy that the results obtained by Manchini [25] re-
garding B1 receptor are similar to our findings, even with
different models and experimental times.

Our results show that PBMT, in addition to its activity in
the modulation of cytokines such as TNF-« and CINC-1, can
contribute to a reduction in the protein and mRNA expression
of the B1 and B2 receptors, decreasing mechanical
hyperalgesia.

This study also has limitations that prevent us from stating
that PBMT directly influences the B1 and B2 receptors and is
responsible for altering the intensity of hyperalgesia, as deter-
mined by the von Frey test; ideally, future study would use
mouse models in which these receptors would be blocked, as
controls.

Author contributions VO, PTCC, and AJS wrote the paper. Statistical
analyses: ELJ, RLM, and PTCC. The design and performance of the
experiments were overseen by Oversaw: VO, EAPS, RCP, and ACM.

Compliance with ethical standards

Role of the funding source This work was supported by grants from
the Sdo Paulo Research Foundation (FAPESP, grant number
(2015/13677-4) and the National Council for Scientific and
Technological (grant number 309065/2015-1).

Conflict of interest The authors have no conflict of interest.

References

1. Goldring MB, Goldring SR (2007) Osteoarthritis. J Cell Physiol
213:626-634

2. De Falco L, Fioravanti A, Galeazzi M, Tenti S (2013) Bradykinin
and its role in osteoarthritis. Reumatismo 65:97-104

3. Uth K, Trifonov D (2014) Stem cell application for osteoarthritis in
the knee joint: a minireview. World J Stem Cells 6:629-636

4. Goldring MB, Otero M (2011) Inflammation in osteoarthritis. Curr
Opin Rheumatol 23:471-478

@ Springer



Lasers Med Sci

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Chen S, Zhou Y, Li J, Shan LQ, Fan QY (2012) The effect of
bradykinin B2 receptor polymorphisms on the susceptibility and
severity of osteoarthritis in a Chinese cohort. J Biomed
Biotechnol 2012:597637

Valenti C, Giuliani S, Cialdai C, Tramontana M, Maggi CA (2012)
Fasitibant chloride, a kinin B, receptor antagonist, and dexametha-
sone interact to inhibit carrageenan-induced inflammatory arthritis
in rats. Br J Pharmacol 166:1403-1410

Meini S, Cucchi P, Catalani C, Bellucci F, Giuliani S, Maggi CA
(2011) Bradykinin and B, receptor antagonism in rat and human
articular chondrocytes. Br J Pharmacol 162:611-622

Meini S, Maggi CA (2008) Knee osteoarthritis: a role for bradyki-
nin? Inflamm Res 57:351-361

Sharma JN, Buchanan WW (1994) Pathogenic responses of brady-
kinin system in chronic inflammatory rheumatoid disease. Exp
Toxicol Pathol 46:421-433

Damas J, Remacle-Volon G (1992) Influence of a long-acting bra-
dykinin antagonist, Hoe 140, on some acute inflammatory reactions
in the rat. Eur J Pharmacol 211:81-86

Sharma JN, Wirth KJ (1996) Inhibition of rats adjuvant arthritis by a
bradykinin antagonist Hoe 140 and its influence on kallikreins. Gen
Pharmacol 27:133-136

Cialdai C, Giuliani S, Valenti C, Tramontana M, Maggi CA (2009)
Effect of intra-articular -articular 4- (S) -Amino-5- (4- {4-[2,4-
dichloro-3- (2,4- dimethyl-8 quinolyloxymethyl)
phenylsulfonamido]-tetrahydro- 2H-4-pyranylcarbonyl}
piperazino) -5 oxopentyl] (trimethyl) ammonium chloride hydro-
chloride (MEN16132), a kinin B2 receptor antagonist, on nocicep-
tive response in monosodium iodoacetate-induced experimental os-
teoarthritis in rats. J Pharmacol Exp Ther 331:1025-1032

Valenti C, Giuliani S, Cialdai C, Tramontana M, Maggi CA (2010)
Anti-inflammatory effect of MEN16132, a kinin B, receptor antag-
onist, and dexamethasone on carrageenan-induced knee joint arthri-
tis in rats. Br J Pharmacol 161:1616-1627

Albertini R, Villaverde AB, Aimbire F, Bjordal J, Brugnera A,
Mittmann J, Silva JA, Costa M (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 26:19-24

Albertini R, Aimbire F, Villaverde AB, Silva JA Jr, Costa MS
(2007) COX-2 mRNA expression decreases in the subplantar mus-
cle of rat paw subjected to carrageenan-induced inflammation after
low level laser therapy. Inflamm Res 56:228-229

Alves AC, Vieira R, Leal-Junior E, dos Santos S, Ligeiro AP,
Albertini R, Junior J, de Carvalho P (2013) Effect of low-level laser
therapy on the expression of inflammatory mediators and on neu-
trophils and macrophages in acute joint inflammation. Arthritis Res
Ther 15:R116

dos Santos SA, Alves AC, Leal-Junior EC, Albertini R, Vieira RP,
Ligeiro AP, Junior JA, de Carvalho PT (2014) Comparative analy-
sis of two low-level laser doses on the expression of inflammatory
mediators and on neutrophils and macrophages in acute joint in-
flammation. Lasers Med Sci 29:1051-1058

Alves AC, Albertini R, dos Santos SA, Leal-Junior EC, Santana E,
Serra AJ, Silva JA Jr, de Carvalho PT (2014) Effect of low-level
laser therapy on metalloproteinase MMP-2 and MMP-9 production
and percentage of collagen types I and III in a papain cartilage
injury model. Lasers Med Sci 29:911-919

Basso FG, Pansani TN, Soares DG, Scheffel DL, Bagnato VS, de
Souza Costa CA, Hebling J (2015) Biomodulation of inflammatory
cytokines related to oral mucositis by low-level laser therapy.
Photochem Photobiol 91:952-956

@ Springer

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Esmaeelinejad M, Bayat M (2013) Effect of low-level laser therapy
on the release of interleukin-6 and basic fibroblast growth factor
from cultured human skin fibroblasts in normal and high glucose
mediums. J Cosmet Laser Ther 15:310-317

Fukuda TY, Tanji MM, Silva SR, Sato MN, Plapler H (2013)
Infrared low-level diode laser on inflammatory process modulation
in mice: pro- and anti-inflammatory cytokines. Lasers Med Sci 28:
1305-1313

Oliveira RG, Ferreira AP, Cortes AJ, Aarestrup BJ, Andrade LC,
Aarestrup FM (2013) Low-level laser reduces the production of
TNF-a, IFN-y, and IL-10 induced by OVA. Lasers Med Sci 28:
1519-1525

Casalechi HL, Leal-Junior EC, Xavier M, Silva JA Jr, de Carvalho
PT, Aimbire F, Albertini R (2013) Low-level laser therapy in ex-
perimental model of collagenase-induced tendinitis in rats: effects
in acute and chronic inflammatory phases. Lasers Med Sci 28:989—
995

Bortone F, Santos HA, Albertini R, Pesquero JB, Costa MS, Silva
JA Jr (2008) Low level laser therapy modulates kinin receptors
mRNA expression in the subplantar muscle of rat paw subjected
to carrageenan-induced inflammation. Int Immunopharmacol 8:
206-210

Manchini MT, Serra AJ, Feliciano Rdos S, Santana ET, Ant6onio
EL, de Tarso Camillo de Carvalho P, Montemor J, Crajoinas RO,
Girardi AC, Tucci PJ, Silva JA Jr (2014) Amelioration of cardiac
function and activation of anti-inflammatory vasoactive peptides
expression in the rat myocardium by low level laser therapy.
PLoS One 9, €101270

Silva MP, Bortone F, Silva MP, Aratjo TR, Costa MS, Silva Janior
JA (2011) Inhibition of carrageenan-induced expression of tissue
and plasma prekallikreins mRNA by low-level laser therapy in a rat
paw edema model. Rev Bras Fisioter 15:1-7

Guerrero AT, Verri WA Jr, Cunha TM, Silva TA, Rocha FA, Ferreira
SH et al (2006) Hypernociception elicited by tibio-tarsal joint flex-
ion in mice: a novel experimental arthritis model for pharmacolog-
ical screening. Pharmacol Biochem Behav 84:244-251

Assis L, Milares LP, Almeida T, Tim C, Magri A, Fernandes KR,
Medalha C, Renno AC (2016) Aerobic exercise training and low-
level laser therapy modulate inflammatory response and degenera-
tive process in an experimental model of knee osteoarthritis in rats.
Osteoarthr Cartil 24:169-177

Ferreira de Meneses SR, Hunter DJ, Young Docko E, Pasqual
Marques A (2015) Effect of low-level laser therapy (904 nm) and
static stretching in patients with knee osteoarthritis: a protocol of
randomised controlled trial. BMC Musculoskelet Disord 16:252
Cunha TM, Verri WA Jr, Fukada SY, Guerrero AT, Santodomingo-
Garzon T, Poole S, Parada CA, Ferreira SH, Cunha FQ (2007)
TNF-alpha and IL-1beta mediate inflammatory hypernociception
in mice triggered by B1 but not B2 kinin receptor. Eur J
Pharmacol 573:221-229

Santodomingo-Garzon T, Cunha TM, Verri WA Jr, Valério
DAR, Parada CA, Poole S, Ferreira SH, Cunha FQ (2006)
Atorvastatin inhibits inflammatory hypernociception. Br J
Pharmacol 149:14-22

Cunha TM, Verri WA Jr, Schivo IR, Napimoga MH, Parada CA,
Poole S, Teixeira MM, Ferreira SH, Cunha FQ (2008) Crucial role
of neutrophils in the development of mechanical inflammatory
hypernociception. J Leukoc Biol 83:824-832

Ferreira SH, Lorenzetti BB, Poole S (1993) Bradykinin initiates
cytokine-mediated inflammatory hyperalgesia. Br J Pharmacol
110:1227-1231



	Photobiomodulation...
	Abstract
	Introduction
	Materials and methods
	Animals and ethics statement
	Experimental groups
	Papain-induced inflammation
	Photobiomodulation therapy
	Irradiation
	Hyperalgesia evaluation
	Euthanasia and sample collection
	Evaluation of the B1 and B2 receptors and the cytokines TNF-α and CINC-1
	B1 and B2 gene expression quantification
	Statistical analysis

	Results
	Hyperalgesia evaluation
	Quantification of TNF-α protein expression
	CINC-1 protein expression quantification
	B1 protein expression
	B2 protein expression
	B1 gene expression quantification
	B2 gene expression quantification

	Discussion
	References


