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Background and Objective: In the classic model of
pleurisy there is little evidence about the anti-inflamma-
tory effects of low-level laser therapy (LLLT) as well the
dosage characteristics, such as wavelength, total energy,
number and pattern of treatment. In this study we
investigated the potential effects of LLLT on modulating
the pro-inflammatory and anti-inflammatory mediators of
acute inflammation in a rat pleurisy model.

Study Design/Materials and Methods: A sample of
48 female Wistar rats were divided into control and
experiential groups. An inflammation was induced by
carrageenan (0.2 ml) injected into the pleural cavity. At 1,
2, and 3 hours after induction a continuous wave (20 mW)
diode laser of the InGaAlP (660 nm) type was used in the
four laser groups with different doses and treatment
patterns. One group received a single dose of 2.1 J and
the other three groups received a total energy of 0.9, 2.1,
and 4.2 J. Four hours later the exudate volume, total and
differential leukocytes, protein concentration, NO, IL-6,
I1L-10, TNF-a, and MCP-1 were measured from the
aspirated liquid.

Results: All the treatment patterns and quantity of energy
studied show significant reduction of the exudate volume
(P<0.05). Using energy of 0.9 J only NO, IL-6, MCP-1 and
IL-10 are significantly reduced (P<0.05). On the other
hand, higher energies (2.1 and 4.2 J) significantly reduce all
variables independently of the treatment pattern. The
neutrophil migration has a straight correlation with the
TNF-a (r=0.551) and NO (r = 0.549) concentration.
Conclusions: LLLT—660 nm induced an anti-inflamma-
tory effect characterized by inhibition of either total or
differential leukocyte influx, exudation, total protein, NO,
IL-6, MCP-1, IL-10, and TNF-a, in a dose-dependent
manner. Under these conditions, laser treatment with
2.1 J was more effective than 0.9 and 4.2 J. Lasers Surg.
Med. 40:500-508, 2008. © 2008 Wiley-Liss, Inc.
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INTRODUCTION

Inflammation is a protective process essential for the
preservation of the integrity of the organisms in the event
of physical, chemical and infectious damage [1]. Acute
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inflammation is characterized by the classical signs of pain,
heat, redness and swelling, involving a complex series of
events including vasodilatation, increased permeability,
fluid exudation and migration of leukocytes to the site of the
inflammation [2].

Carrageenan-induced pleurisy is a well-characterized
experimental model of inflammation that permits the
quantification and correlation of both exudate and cellular
migration with changes of other inflammatory parameters
[3]. The major characteristic of this model in the rat is
the biphasic profile of the inflammatory reaction, where
early (4 hours) and late (48 hours) phases of both cell
migration and exudation are clearly observed [4]. Thus,
this model constitutes a biologic system suitable for the
investigation of possible correlation occurring between
cell migration, fluid leakage, nitric oxide (NO), chemokine,
pro-inflammatory and anti-inflammatory cytokines.

One of the early cellular events in inflammation is the
migration of leukocytes, primarily neutrophils. In addition,
NO plays an important role in inflammation such as plasma
exudation and leukocyte infiltration. The NO synthesis
(NOS) inhibitors can reverse several classic inflammatory
symptoms [5].

The maintenance of leukocyte recruitment during inflam-
mation requires intercellular communication between
infiltrating leukocytes and the endothelium. These events
are mediated by the generation of early response cytokines,
for example, interleukin (IL-1) and tumor necrosis factor
(TNF-a), the expression of cell-surface adhesion molecules
and the production of chemotactic molecules, such as
chemokines [6].

Chemokines are a family of structurally related glyco-
proteins with potent leukocyte activation and/or chemo-
tactic activity. Most chemokines are produced in response
to a variety of inflammatory stimuli, including the
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early-response cytokines, TNF-a, IL-1, C5a, leukotriene B4
and interferons [7]. Monocyte chemoattractant protein-1
(MCP-1) is a chemokine that has been demonstrated to
attract monocytes and neutrophils both in vitro and in vivo
and appears to be a key part of leukocyte emigration,
serving as a promoter of the transition from leukocyte
rolling to adhesion on the endothelial surface [8].

Representative inflammatory cytokines include TNF-q,
IL-1,IL-6, and IL-8. The TNF-o and IL-1 has been revealed
to have many overlapping biological activities in the
inflammatory reaction: both cause fever, accumulation of
neutrophils in local tissues, induction of vascular adhesion
molecules and stimulation of acute phase protein synthesis
[9]. Some of these responses by TNF-o and IL-1 are now
known to be mediated by other inflammatory mediators
or secondarily induced cytokines such as IL-6 [10].

The IL-6 is widely produced by several cells such as
fibroblasts, endothelial cells, keratinocytes, monocytes, T
cells, mast and tumor cell lines, and cells of neural origin.
Thus, IL-6 is often used as a marker for systemic activation
of pro-inflammatory cytokines [11]. However, evidence
also indicates that, under certain conditions, IL-6 has both
pro-inflammatory and anti-inflammatory properties [12].
Apart from this, there is also experimental evidence
indicating that IL-6 down-regulates the synthesis of IL-1
and TNF-« [13].

The IL-10 is known as the most important anti-
inflammatory cytokine found within the human immune
response. Previous data has shown that IL-10 is capable of
blocking the inflammatory response induced by several
inflammatory stimuli in different models [11].

The conventionally used therapies for inflammation,
non-steroidal anti-inflammatory drugs (NSAIDs), have a
very important role in managing pain and acute inflam-
matory conditions [14], though with rather discouraging
profile of side effects [13]. Even the anti-inflammatory
drugs, cyclo-oxygenase 2 (COX-2) inhibitors, are not devoid
of adverse effects [15]. Therefore, alternative physical
techniques such as low-level laser therapy (LLLT) have
been used clinically, among other indications for its
proposed anti-inflammatory effects, pain relief and accel-
eration of the regeneration of damaged tissues [16].
Although in the past decade several studies have examined
the effects of LLLT, the treatment protocols used included
enormous variations in parameters (such as wavelengths,
energy and power densities, wave modes, number of
treatments), which makes it difficult to assess the optimum
treatment parameters in each case [17].

However, more recent studies have been able to find some
dose-dependent effects on TNF-o [18] and prostaglandin
Ey levels [19], besides reduction of the oedema [20,21],
neutrophils migration [21], nitric oxide synthase (iINOS)
expression [22] and COX-2 mRNA expression [23] in the
different inflammatory experimental models after LLLT.
The efficacy of LLLT radiation as an anti-inflammatory
therapy is controversial.

Therefore, the present study was designed to explore the
potential effects of LLLT applied at different points with
dose variation on the modulation of the pro-inflammatory
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and anti-inflammatory mediators of acute inflammation in
carrageenan-induced pleurisy in rat model.

MATERIALS AND METHODS

Animals

Adult female Wistar rats (Rattus norvegicus) bred in our
laboratory (around 3—4 months old, weighing 180-220 g)
were used, all of the same ancestry and socialization with
free access to food and water. Animals were divided into
six groups composed of eight rats each. The rats were
maintained in accordance with the “Guiding Principles in
the Care and Use of Animals” and the present study was
approved by ethics committee of Pontificia Universidade
Catolica do Rio Grande do Sul (PUCRS).

Carrageenan-Induced Pleurisy

Rats were anesthetized with a mix of Ketamine (80 mg/
kg) and Xilazine (12 mg/kg). Saline 0.2 ml (saline group) or
saline containing 2% A-carrageenan (Cg) 0.2 ml (carra-
geenan group and Cg+laser groups) was injected into the
pleural cavity at the level of the sixth left intercostals space.
At 4 hours after the intrathoracic injection, the animals
were sacrificed with decapitation and the pleural cavity
was opened. The liquid that had accumulated in the pleural
cavity was washed with 2.0 ml of sterile saline solution
(NaCl 0.9%) containing 1% EDTA in the aspirated liquid.
All exudate contaminated with red blood cells was
discarded [2].

Laser Irradiation

The continuous wave diode laser of InGaAlP type (model
Endophoton-LLT-010-KLLD Biosistemas Equipamentos
Eletronicos Ltd., Sao Paulo, Brazil) with an output power
of 20 mW and a wavelength of 660 nm (visible red) was used.
The spot size was 0.035 cm? and the power density was
0.571 W/ecm?. Table 1 shows the laser parameters used in
our experiment. Different doses were used for each of the
four groups: the group with 1 point (Cg+1 point laser with
21 J/ecm?), the group with 3 points (Cg+3 points laser with
3 J/em? each), the group with 7 points (Cg+7 points laser
with 3 J/em? each) and the group with 14 points (Cg+14
points laser with 3 J/cm? each). All the experimental groups
were irradiated with LLLT from a spot in contact with the
skin at 1, 2, and 3 hours after pleurisy induction. Thus, the
total energy delivered from the three treatment sessions
was2.1,0.9,2.1,and 4.2 J during 37, 16, 37, and 74 seconds,
respectively. The animals received the irradiation at the
left thoracic wall with different treatment methods accord-
ing to the group: the group of 1 point was irradiated with
LLLT where the pleurisy was induced; the group of 3 points
received LLLT around the induction area; the group of
7 points was irradiated, in which 1 point was on the
induction local and 6 points were symmetrically distributed
around the area; in the group of 14 points they were
distributed in a craniocaudal direction of crescent 2, 3, 4,
and 5 points involving all thoracic wall.
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TABLE 1. Protocol of Laser Radiation

BOSCHI ET AL.

Model
Output power (mW)

Laser 660 nm + Carrageenan (4 hours)
20 (continuous)

Spot size (cm?) 0.035

Power density (W/em?2) 0.571

Groups 1 Point 3 Points 7 Points 14 Points
Energy density per point (J/cm?) 21 3 3 3
Time per point (seconds) 36.75 5.25 5.25 5.25
Dose per treatment (J/em?) 21 9 21 42
Total dose from all three treatments (J/cm?) 63 27 63 126
Total energy per point (J) 0.7 0.1 0.1 0.1
Total energy per treatment (J) 0.7 0.3 0.7 1.4
Total final energy (J) 2.1 0.9 2.1 4.2
Exudate Analysis the four groups irradiated with different laser doses and

The volume of the exudates was measured and the result
expressed by subtracting the volume injected into the
pleural cavity (2.0 ml of solution) from the total volume
aspirated. Total leukocytes were diluted in Thoma solution
(1:20) and counted in a Neubauer chamber using light
microscopy. Cytological slide smears stained with May-
Grinwald/Giemsa were used for differential leukocyte
counts in a light microscope [24]. The pleural liquid
removed from the rats was centrifuged at 1,200g for
10 minutes and the protein concentration measured by
the Biuret technique. NO is a very unstable radical, rapidly
metabolized from nitrate to nitrite in the presence of oxygen
[25]. Therefore, the amount of NO in the exudate was
analyzed using the Griess reaction that measured nitrite,
as previously described [26]. The frozen cell-free super-
natant of the pleural fluid was thawed, and IL-6, IL-10,
TNF-o0 and MCP-1 were determined using a rat enzyme-
linked immunosorbent assay (ELISA) kit (Biosource,
Camarillo, CA).

Statistical Analysis

The results were evaluated statistically by analysis of
variance (ANOVA) with LSD test post hoc using Statistical
Package for the Social Sciences (SPSS) 12.0 software and
were expressed as the means + standard error of means
(SEM). The correlation between the variables and the
neutrophil infiltration into the pleural cavity was analyzed
by using Pearson Correlation Linear. The level of statistical
significance was defined as P<0.05.

RESULTS

According to the analysis of this study, the rats injected
with carrageenan in the pleural space developed an acute
pleurisy after 4 hours with a significant increase in all
variables when compared to the saline group.

Figure 1 shows the protective effect of LLLT on the
inflammatory parameters, such as: protein concentration,
exudate volume, the amount of leukocytes and neutrophils
in the pleural liquid of the saline group, carrageenan and in

treatment methods.

Protein

Protein concentration (Fig. 1A) showed a significant
decrease (P<0.05) in laser groups with 1 point (1.01+
0.11 g/dl), 7 points (0.9440.03 g/dl) and 14 points
(1.13+0.10) when compared to the carrageenan group
(1.42 +0.04 g/d]). It was observed that the laser group with
3 points (1.47 +0.07 g/dl) did not modify the concentration
of proteins that had migrated to the pleural cavity.

Exudate Volume

In relation to the exudate volume (Fig. 1B) collected
4 hours after the pleurisy induction, a significant reduction
was observed in the four groupsirradiated with LLLT when
compared to the carrageenan group (1 point: 0.32 4+ 0.03 ml;
3 points: 0.68 +0.07 ml; 7 points: 0.60+0.08 ml and
14 points: 0.52 +0.06 ml vs. Cg: 0.98 +0.04 ml, P<0.001).
Besides that, the laser group with 1 point (2.1 J) was more
effective than the laser group with 7 points (2.1 J) in
reducing pleural exudate volume (P = 0.002).

Total Leukocytes

All groups irradiated with LLLT, except the group with
3 points, showed a significant decrease in the total number
of leukocytes when compared to the carrageenan group
(1 point: 35.03+4.07; 3 points: 63.25+5.69; 7 points:
37.21+2.35 and 14 points: 46.22 +3.81 vs. Cg: 70.67 +
3.90, P=0.001) (Fig. 1C). Based on this, the group that
received a final dose of 0.9 J (group 3 points) did not
demonstrate reduction in the leukocyte cells infiltration to
the inflammatory site of the lesion (P =0.176).

Neutrophils

The reduction in the inflammatory acute phase response,
represented by a lower migration of polymorphonuclear-
neutrophil cells (PMNs), showed a mean of 50% reduction of
these cells in the groups 1, 7, and 14 points that received
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Fig. 1. Effect of low-power laser on the total proteins con-
centration (A), exudate volume (B), total leukocytes (C) and
polymorphonuclears (PMNs) (D) that accumulated in pleural
cavity after 4 hours of carrageenan injection on the saline,
carrageenan (Cg) and laser groups. The Cg-+laser groups were
irradiated at 1, 2, and 3 hours after induction of the pleurisy

higher or equal to 2.1 J energy when compared to the
carrageenan group or the laser group with 3 points (1 point:
31.09 4 3.60; 7 points: 31.61 + 1.90 and 14 points: 36.63 &
4.20 vs. Cg: 61.11+1.76, P<0.001). No significant reduc-
tion in the neutrophil infiltration (58.30 & 5.60, P =0.568)
(Fig. 1 D) was observed for the group 3 points.

NO

The concentration of nitric oxide (NO) in the pleural
cavity (Fig. 2A) presented a significant reduction in the
groups irradiated with laser when compared to the
carrageenan group (1 point: 49.40 4+ 2.53 nmol; 3 points:
55.25 4+ 2.49nmol; 7 points: 49.44 + 2.22nmol and 14 points:
55.70 +2.88 nmol vs. Cg: 86.02 + 3.86 nmol, P=0.001). It
is worthwhile to mention that in laser groups with 1 and
7 points the reduction approximates the basal level values
of the saline group (49.78 + 5.63 nmol).
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with 3 or 21 J/em? The groups with 3 J/em? received the
irradiation at 3 points (9 J/em?), 7 points (21 J/em?), 14 points
(42 J/cm?) per session and the group with 21 J/cm? received it at
1 point per session. Results are expressed as means + SEM of
eight animals. *P<0.05 versus carrageenan group. **P<0.05
1 point versus 7 points.

IL-6

In relation to the pro-inflammatory cytokine, a reduction
was observed in the concentration of IL-6 in the irradiated
groups after the application of energy when compared to
the one that received only carrageenan (1 point: 7298.82 +
178.99 pg, 3 points: 8596.92+231.76 pg, 7 points:
7955.80 +-478.74 pg and 14 points: 14587.74 +2613.69 pg
vs. Cg: 25357.77 +5451.93 pg, P<0.001). This important
mediator presented sensibility to LLLT irradiation inde-
pendently of the chosen treatment method and energy dose
(Fig. 2B).

MCP-1

The chemokine MCP-1 had a significant decrease in
laser groups with 1 point (1131.25+4175.74 pg, P=0.019),
3 points (1,228 +209.39 pg, P=0.025) and 7 points
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Fig. 2. Effect of low-power laser on the nitric oxide (NO) (A),
interleukin (IL)-6 (B) and monocyte chemoattractant protein-1
(MCP-1) (C) that accumulated in pleural cavity after 4 hours of
carrageenan injection on the saline, carrageenan (Cg) and
laser groups. The Cg+laser groups were irradiated at 1, 2, and
3 hours after induction of the pleurisy with 3 or 21 J/cm?. The

(1434.50+£171.89 pg, P=0.046) when compared to the
carrageenan group (3007.25 + 1067.61 pg), but in the laser
group with 14 points (2578.85+741.09 pg, P=0.591),
where the total final energy was equal to 4.2 J, no
significant reduction was verified in the measured values
from the pleural liquid count (Fig. 2C).

IL-10

A significant reduction was verified of IL-10 concentra-
tion in the irradiated groups with 1 point (560.05 + 70.18 pg,
P=0.002), 3 points (690.76 +114.44 pg, P=0.007), and
7 points (855.87 +239.78 pg P =0.049) when compared to
the carrageenan group (1436.15 + 305.68 pg). In the group
with 14 points (957.42 + 216.25 pg), IL-10 did not show any
improvement on the measured values showing that a more
local treatment pattern tends to intervene in the final result
(P=0.088) (Fig. 3A).

groups with 3 J/cm? received it at 3 points (9 J/cm?), 7 points
(21 J/em?), 14 points (42 J/em?) per session and the group with
21 J/em? received it at 1 point per session. Results are
expressed as means + SEM of eight animals. *P<0.05 versus
carrageenan group.

TNFa

The concentration of TNF-a (Fig. 3B) decreased signi-
ficantly in the LLLT irradiated groups with 1 point
(523.904+122.21 pg), 7 points (298.05+69.21 pg), and
14 points (509.05+146.07 pg) when compared to the
carrageenan group (1535.204+402.81 pg, P<0.001). The
laser group with 3 points did not present a decrease in
TNF-a levels when compared to the carrageenan group
(1206.27 + 359.99 pg vs. 1535.20 +402.81 pg, P=0.336).

Correlation Between Neutrophil Cell Migration
With the Study Variables

At 4 hours after carrageenan-induced pleurisy a signifi-
cant increase was observed in neutrophil migration to the
pleural cavity in the carrageenan group when compared to
the saline group (Fig. 1D). With regard to all variables
correlated to the neutrophil infiltration in the pleural
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Fig. 3. Effect of low-power laser on the interleukin (IL)-10
(A) and tumor necrosis factor (TNFao) (B) that accumulated
in pleural cavity after 4 hours of carrageenan injection on the
saline, carrageenan (Cg) and laser groups. The Cg+laser
groups were irradiated at 1, 2, and 3 hours after induction of

cavity, only MCP-1 (P =0.060) and IL-10 (P = 0.092) did not
present a significant statistics-level. In our experimental
model, the first inflammatory mediator to show a main
correlation with neutrophil infiltration was TNF-a
(r=0.551) and the second was NO (r=0.549). The results
are summarized in Table 2.

DISCUSSION

Immediately after an acute injury the body initiates a
series of biological responses. The inflammatory reaction
consists of both vascular and cellular events. Injury

TABLE 2. Correlation Between Neutrophil Cell
Migration With the Study Variables

Polymorphonuclear leukocytes

(PMNs)
Level of Pearson
Variable significance (P) correlation (r)
Total leukocytes 0.001 0.940
Total proteins 0.001 0.845
Pleural exudates 0.001 0.818
TNF-o 0.001 0.551
Nitric oxide 0.001 0.549
1L-6 0.008 0.395
MCP-1 0.060 0.286
IL-10 0.092 0.257

The correlation between the variables and the polymorphonu-
clear leukocytes infiltration into the pleural cavity in the
carrageenan group. TNF-o, tumor necrosis factor alfa; IL-6,
interleukin 6; IL-10, interleukin 10; MCP-1, Monocyte chemo-
attractant protein-1.
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the pleurisy with 3 or 21 J/cm? The groups with 3 J/cm?
received it at 3 points (9 J/cm?), 7 points (21 J/ecm?), 14 points
(42 J/em?) per session and the group with 21 J/cm? received it at
1 point per session. Results are expressed as means + SEM of
eight animals. *P<0.05 versus carrageenan group.

responsive components such as mast cells, bradykinins
and prostaglandins are activated along with the vascular
responses and cellular membrane reactions. All of these
combined processes and events are represented by the
symptoms of edema, inflammation, pain and functional
debility [4,11,27].

The carrageenan is a polysaccharide frequently used to
induce acute inflammatory reaction in animal experi-
mental models. Winter et al. [28] introduced the use of
carrageeenan as an irritant agent of rat paw edema,
becoming the first and most popular method to evaluate
new anti-inflammatory therapies with a hydroplethys-
mometer for inflammated paw volume measurement.

The paw edema induced by carrageenan is an useful
method to evaluate acute inflammation, since edema peak
occurs within 3—5 hours [29]. However, this technique
has some limitations on measuring inflammatory cells,
proteins and chemical mediators, once it is not possible to
extract the inflammatory exudate.

Despite this, carrageenan-induced pleurisy in rats
permits quantifying the volume and protein concentration
of the exudate formed, besides the evaluation of the
inflammatory cell migration to the pleural cavity [30]. This
kind of pleurisy is used to investigate acute inflammation
pathophysiology and also to evaluate anti-inflammatory
therapies efficacy.

The inflammatory response that occurs after carra-
geenan injection into the pleural cavity is characterized
by cellular infiltration, mainly composed of neutrophils
(approx. 90%) and to a lesser extent of monocyte/macro-
phages [27, 31].

Many studies have suggested advantages of the biomo-
dulatory effects of LLLT on the inflammatory process,
wound healing and pain relief. LLLT has been shown to
reduce the duration of acute inflammation and pain, just as
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to accelerate tissue repair in tendon and muscle injuries
[32].

Laser therapy uses different wavelengths of the visible
and near-infrared spectra including HeNe (632.8 nm),
InGaAIP (630—685 nm), GaAlAs (780—-870 nm), and GaAs
(904 nm) [33,34]. Many researchers have attempted to
understand the action of LLLT, as well as to determine the
most appropriate wavelength, period of irradiation, num-
ber of treatments, energy density and energy total.

Albertini et al. have demonstrated that LLLT with
InGaAlP (650 nm) employed with a continuous power of
2.5 mW and energy density of 2.5 J/em? can reduce edema
caused by carrageenan-inflammation in rat paw. In the
anti-inflammatory response it has shown similar perform-
ance to the sodium diclophenac when intraperitoneally
administrated with a dose of 1 mg/kg. In this study the
authors verified that LLLT did not inhibit the carrageenan-
induced edema in adrenalectomized rat models, suggesting
that the mechanism of action can be related with the
hypothalamo-hypophyseal-adrenal endocrine system and,
as a consequence, with the release of endogenous corticoids
[20].

Recently, Lopes-Martins et al. described an inhibitory
effect of LLLT (650 nm—2.5 mW) on leukocyte (neutrophil)
migration to the pleural space in the carrageenan-induced
pleurisy in mice with energy density of 1, 2.5, and 5 J/cm?,
applied on the 1st, 2nd, and 3rd hour after the inflam-
matory induction. It was observed that the total dose of
7.5 J/em? (0.6 J) was more effective [21].

Based on these studies that have evaluated the anti-
inflammatory action of LLLT, the dosage of 2.5 J/cm? with
power of 2.5 mW has demonstrated to reduce edema
and inflamed cells when local irradiation is applied on
the inflammated site at 1, 2, and 3 hours after the
carrageenan induction, knowing to be dealing with exper-
imental models in which only one point of laser would be
sufficient to cover the rat paw or the mouse thoracic wall.

In our study a rat pleurisy model was used but we had no
references about points quantity needed to irradiate the
most thoracic wall of these animals. Thus, to accomplish
our study, we used a continuous-wave power of 20 mW
at energy dose of 3 J/cm? in three groups with eight
animals. These groups were irradiated at 3, 7, and 14 points
distributed unequally (14 points symmetrically distributed
within the rat’s thoracic wall; 7 points and 3 points located
on the pleurisy induction site as described above in
methods).

The analysis of cell counts (Fig. 1D) showed a more
significant decrease of neutrophil infiltration to the pleural
space in the group irradiated at 7 points with 3 J/em? in
relation to the groups irradiated at 3 points and 14 points.
Because our equipment presents a spot of 0.035¢cm? and the
dose used was 3 J/cm?, we concluded that each treatment
point corresponds to 0.1 J and, as the total number of
applications on the thoracic wall was 7 points, the final
energy was 0.7 J. After that, we applied irradiation of 0.7 J
at 1 point on the inflammation spot, adding an experimen-
tal group to the sample which received a local treatment of
21 J/em®.
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The energy of 0.7 J applied at 1 point (21 J/ecm?)
showed similar results than at 7 points (3 J/cm?) applied
surrounded to the pleurisy-induced site. A significant
disparity was noticed in the exudate volume in the
group irradiated at 1 point with local treatment when
compared to the laser group with 7 points in which the
final energy dose was exactly the same. Thus, the local
application of energy on the inflammatory process seems to
have a better effect on reducing the exudate volume instead
of spreading it. The mechanism of this process is still
unclear.

The transmigration of neutrophils to injured tissues is a
precocious phenomenon of the repair process. It occurs
right after the signalization activity mediated by congre-
gated neutrophils. Cytokines (TNF-o, IL-1) act on the
endothelial cell receptors inducing NO and cytokines
production and cellular adhesion molecule expression in
neutrophils.

The quantity of TNF-uo (Fig. 3B) in the pleural cavity of
the 3 points group demonstrated a similarity between this
study and the findings on protein concentration (Fig. 1A),
total leukocytes (Fig. 1C) and neutrophils (Fig. 1D), where
we did not find a significant variation in the parameters
in low doses of LLLT energy. This result gives a dose-
dependent effect to this experimental model based on the
quantity of energy deposited over the inflamed tissue.
Probably the results observed in this group could be related
to the fact that LLLT application was done around to the
carrageenan injection point.

Shinomiya et al. reported earlier that TNF-a, IL-1, IL-6
were sequentially produced in the exudates of rats with
carrageenin-induced pleurisy during the early stage of
pleurisy. These chemokines in the inflammatory site cause
further chemotaxis to attract granulocytes and monocytes.
And the migration of leukocytes, in turn, produces further
cytokines and other mediators [35].

The generation of TNFa, IL-6 and MCP-1 in the pleural
exudates during the rapid increase in exudate volumes
and leukocyte number suggest the involvement of these
cytokines in triggering the inflammatory reaction and
causing the subsequent responses such as neutrophil
infiltration [6]. The cell types responsible for the production
of these cytokines are probably both resident cells, mainly
monocytes, and migrated neutrophils, because these
cytokine levels were rapidly increased almost in parallel
with the marked neutrophil influx [7], evincing in our study
a moderate correlation between TNF-o and neutrophil
infiltration (Table 2).

Whether LLLT can modulate TNF-u in different animal
models has been unclear, as previous studies did not find a
reduction in TNF-a levels after high doses of LLLT (0.22 J)
[18]. Our study shows that LLLT reduces TNF-a levels
with total energy dose higher than 2.1 J, contradicting the
findings of Aimbire et al. [18].

Non-steroidal anti-inflammatory drugs have been used
as remedies for these inflammatory diseases, but several
reports have warned that indomethacin increases the
production of pro-inflammatory cytokines, such as TNF-o
and IL-1, but suppresses IL-6 and IL-8 in the inflammatory
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exudates, and that the addition of PGEs or PGI; reverse
these effects [35].

Recent studies, such as Bjordal et al. [36] which
investigated in situ if LLLT has an anti-inflammatory
effect on activated tendinitis of the human Achiles tendon,
concluded that PGE; concentrations were significantly
reduced after active LLLT compared to concentrations
before treatment. Albertini et al. [23] verified recently
that LLLT with a wavelength of either 660 or 684 nm
(30 Mw—17.5J/cm?) diminished the formation of edema and
the expression of COX-2 mRNA decreased in the subplan-
tar muscle of rat paw subjected to carrageenan-induced
inflammation, suggesting a subsequent reduction in pro-
duction of PGEs.

Some studies suggest that PGE, regulates the cytokine
production, such as IL-10, which then suppresses TNF-o
production, while another study argues there is no involve-
ment of IL-10 in the inhibition of TNF-a production [35]. In
this research we did not evaluate the concentration of
PGE,, but we did not find any correlation between IL-10
and TNF-o and hence the action of laser does not seem to
involve IL-10.

Karu et al. [37] investigated the possible regulatory role
of NO in the mechanism of cell attachment after LLLT and
proposed the existence of signaling pathways between cell
mitochondria, the plasma membrane and the nucleus that
are activated by visible to near-infrared radiation. Saka-
guchi et al. demonstrated that the non-selective NO
inhibitor shows an anti-inflammatory effect and whether
the combination of an NOS inhibitor and COX inhibitor
exerts a synergistic anti-inflammatory effect on acute
inflammation such as rat carrageenan-induced pleurisy.
The combination of NOS and COX inhibitors showed
greater decrease of the exudate volume (43%), leukocyte
infiltration (31%) and exudate NO, level (37%). In our study
we achieved a reduction of 67% in the exudate volume, 50%
in the leukocyte migration and 42% in the NOx of the
pleural exudate after the application of LLLT at one point
with 21 J/cm?. Tt is likely that LLLT causes the inhibition
of NO production, resulting in the potentiation of anti-
inflammatory effects with greater results than the combi-
nation of NOS and COX inhibitors.

CONCLUSION

We observed a distinct dose—response pattern for the
anti-inflammatory effects of LLLT, which were number of
points, dose, and total energy delivered in rat pleurisy
model induced by carrageenan. The quantity of energy
seems to be a more important parameter than the number
of points irradiated with laser. Therefore, the healing of the
wound in response to local application of LLLT could be a
relevant mechanism which contributes to the results
observed in the present report. Moreover, any treatment
pattern and quantity of luminous energy can reduce an
important volume of the exudate to the pleural cavity, but
the local application of energy is more efficient than
dividing it around the inflammation site.
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The LLLT irradiation with total energy lower than 2.1 J
reduced only NO, IL-6, MCP-1, and IL-10, while an energy
of 2.1 J reduced all variables analyzed in this study,
independently of the treatment pattern. The neutrophil
migration had a straight correlation with the TNF-o and
NO concentration released in the inflammation site,
evidencing that the mechanism of the anti-inflammatory
action of the laser irradiation can be through the TNF-u or
NO. Our results confirm the anti-inflammatory effects of
LLLT suggesting it as a clinical alternative to anti-
inflammatory drugs. However, many questions regarding
molecular and cellular mechanisms by which the cytokines
exert these effects after LLLT irradiation remain to be
answered.

REFERENCES

1. Nunes FB, Graziotitin CM, Alves Filho JCF. An assessment
of fructose-1,6-bisphosphate as an antimicrobial and anti-
inflammatory agent in sepsis. Pharmacol Res 2003;47(1):35—41.

2. Gualillo O, Eiras S, Lago F, Diéguez C, Casanueva FF.
Elevated serum leptin concentractions induced by experi-
mental acute inflammation. Life Sci 2000;67:2433—2441.

3. Vinegar R, Truax JF, Selph JL, Voelker FA. Pathway of
onset, development, and decay of carrageenan pleuresy in the
rat. Fed Proc 1982;41:2588—2595.

4. Saleh TSF, Calixto JB, Medeiros YS. Effects of anti-
inflammatory drugs upon nitrate and myeloperoxidase levels
in the mouse pleurisy induced by carrageenan. Peptides
1999;20:949-956.

5. Sakaguchi Y, Shirahase H, Kunishiro K, Ichikawa A, Kanda
M, Uehara Y. Effect of combination of nitric oxide synthase
and cyclooxygenase inhibitors on carrageenan-induced
pleurisy in rats. Life Sci 2006;79:442—447.

6. Keane MP, Strieter RM. Chemokine signaling in inflamma-
tion. Crit Care Med 2000;28:13—26.

7. Puneet P, Moochhala S, Bhatia M. Chemokines in acute
respiratory distress syndrome. Am J Physiol Lung Cell Mol
Physiol 2005;288:L3-L15.

8. Christopherson K, Hromas R. Chemokine regulation of
normal and pathologic immune responses. Stem Cells 2001;
19:388—-396.

9. Utsunomiya I, Ito M, Oh-ishi S. Generation of inflammatory
cytokines in zymosan-induced pleurisy in rats: TNF induces
IL-6 and Cytokine-Induced Neutrophil Chemoattractant
(CINC) in vivo. Cytokine 1998;10:956—-963.

10. Utsunomiya I, Nagal S, Oh-ishi S. Sequential appearance of
IL-1 and IL-6 activities in rat carrageenin-induced pleurisy.
J Immunol 1991;147:1803—1809.

11. Frode TS, Souza GEP, Calixto JB. The effects of IL-6 and
IL.-10 and their specific antibodies in the acute inflammatory
responses induced by carrageenan in the mouse model of
pleurisy. Cytokine 2002;17:149-156.

12. Opal S, DePalo V. Anti-inflammatory cytokines. Chest 2002;
117:1162-1172.

13. Xing Z, Gauldie J, Cox G, Baumann H, Jordana M, Lei XF,
Achong MK. IL-6 is an antiinflammatory cytokine required
for controlling local or systemic acute inflammatory
responses. J Clin Invest 1998;101(2):311-312.

14. Davies NM, Saleh JY, Skjodt NM. Detection and, prevention
of NSAID-induced enteropathy. J Pharm Sci 2000;3(1):137—
155.

15. Wallace JL. Selective cyclooxygenase-2 inhibitors: After the
smoke has cleared. Dig Liver Dis 2002;34(2):89-94.

16. Vladimirov YA, Asipov AN, Klebanov GI. Photobiological
principles of therapeutic applications of laser radiation. Rev
Biochem 2004;69:81-90.

17. Tunér J, Hode L. Laser therapy: Clinical practice and
scientific background. Sweden: Prima Books; 2002.

18. Aimbire F, Albertini R, Pacheco MTT. Low-level laser therapy
induces dose-dependent reduction of TNFalfa levels in acute
inflammation. Photomed Laser Surg 2006;24(1):33—-37.



508

19.

20.

21.

22.

23.

24.

25.

26.

27.

BOSCHI ET AL.

Sakurai Y, Yamaguchi M, Abiko Y. Inhibitory effects of low-
level laser irradiation on LPS-stimulated prostaglandin E2
production and cyclooxygenase-2 in human gingival fibro-
blasts. Eur J Oral Sci 2000;108:29—34.

Albertini R, Aimbire FS, Correa FI, Ribeiro W, Cogo JC,
Antunes E, Teixeira SA, De Nucci G, Castro-Faria-Neto HC,
Zngaro RA, Lopes-Martins RA. 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: Biol 2004;74:101-107.
Lopes-Martins RA, Albertini R, Lopes-Martins PSL, Bjordal
JM, Faria Neto HCC. Spontaneous effects of low-level laser
therapy (650 nm) in acute inflammatory mouse pleurisy
induced by carrageenan. Photomed Laser Surg 2005;23(4):
377-381.

Moriyama Y, Moriyama EH, Blackmore K, Akens MK, Lilge
L. In vivo study of the inflammatory modulating effects of
low-level laser therapy on iNOS expression using biolumi-
nescence imaging. Photochem Photobiol 2005;81:1351-1355.
Albertini R, Aimbire F, Villaverde AB, Silva JJA, Costa MS.
COX-2 mRNA expression decreases in subplantar muscle of
rat paw subjected to carrageenan-induced inflamamation
after low level laser therapy. Inflamm Res 2007;56:228—229.
Frode-Saleh TS, Calixto JB, Medeiros YS. Analysis of the
inflammatory response induced by substance P in the mouse
pleural cavity. Peptides 1999;20:259—265.

Fujisawa H, Nakagawa S, Ohkubo SHP, Matsui M, Yama-
guchi S, Kawamura M. Local and systemic expression of
inducible nitric oxide synthase in comparison with that of
cyclooxygenase-2 in rat carrageenin-induced pleurisy. Nitric
Oxide 2005;12:80—88.

Habashy RR, Abdel-Naim AB, Khalifa AE, Al-Zizi M. Anti-
inflammatory effects of jojoba liquid wax in experimental
models. Pharmacol Res 2005;51:95—-105.

Lunardelli A, Leite CE, Pires MGR, Oliveira JR. Extract of
the bristles of Dirphia sp. increase nitric oxide in a rat
pleurisy model. Inflamm Res 2006;55:129—135.

28.

29.

30.

31.

32.

33.
34.
35.

36.

37.

Winter CA, Risley EA, Nuss GW. Carrageenin-induced
edema in hind paw of rats as an assay method for anti-
inflammatory drugs. Proc Soc Exp Biol Med 1962;111:544—
547.

Salvemini D, Wang ZQ, Wyatt PS, Bourdon DM, Marino MH,
Manning PT, Currie MG. Nitric Oxide: A key mediator in the
early and late phase of carrageenan-induced rat paw
inflammation. Br Pharmacol 1996;118:829—838.

Shivkar YM, Kumar VL. Effect of anti-inflammatory drugs
on pleurisy induced by latex of Calotropis procera in rats.
Pharmacol Res 2004;50:335—340.

Arruda VA, Guimaraes AQ, Hyslop S, Aratjo MF, Bom C,
Aratjo AL. Bothrops lanceolatus (fer de lance) venom
stimulates leukocyte migration into the peritoneal cavity of
mice. Toxicon 2003;41:99-107.

Lopes-Martins RA, Marcos RL, Leonardo PS, Prianti AC, Jr.,
Muscara MN, Aimbire F, Frigo L, Iversen VV, Bjordal JM.
Effect of low-level laser (Ga-Al-As 655 nm) on skeletal muscle
fatigue induced by electrical stimulation in rats. J Appl
Physiol 2006;101:283—288.

Karu TI. Laser biostimulation: A photobiological phenom-
enon. J Photochem Photobiol 1989;3(4):638—640.

Karu TI. Photobiological fundamental of low power laser
therapy. IEEE J Quant Electron 1987;23:1703.

Shinomiya S, Naraba H, Ueno A. Regulation of TNFao and
interleukin-10 production by prostaglandins I and Ej:
Studies with prostaglandin receptor-deficient mice and
prostaglandin E-receptor subtype-selective synthetic ago-
nists. Biochem Pharmacol 2001;61:1153—1160.

Bjordal JM, Lopes-Martins RA, Iversen VV. A randomised,
placebo controlled trial of low level laser therapy for activated
Achilles tendinitis with microdialysis measurement of peri-
tendinous prostaglandin E2 concentrations. Br J Sports Med
2006;40:76—80.

Karu TI, Pyatibrat LV, Afanasyeva NI. Cellular effects of low
power laser therapy can be mediated by nitric oxide. Lasers
Surg Med 2005;36:307—314.



