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Abstract

On present days, the obesity is present in 20% of the world. The combined use of low-level laser therapy and
exercise may potentiate the effects promoted by exercise. The objective of this study was to investigate the
conjugated effects of exercise and phototherapy on inflammatory markers. The 64 rats was used, which were
divided into eight groups (n=8): normocaloric diet groups - sedentary normal diet; swimming trained normal diet;
sedentary normal diet plus laser; swimming trained normal diet plus laser; and high-fat diet groups - sedentary high-
fat diet; swimming trained high-fat diet; sedentary high-fat diet plus laser; and trained high-fat diet plus laser . The
rats were submitted to swimming training for 90 minutes/5 times per week for 8 weeks and low-level laser therapy
(GA-Al-AS, 830 nm) at a dose of 4.7 J/point with a total energy of 9.4 J/animal, the point of application was
gastrocnemius muscles after exercise. We observed alterations in inflammatory makers: reduction of IL-6 in the
group sedentary normal diet versus swimming trained normal diet; and sedentary high-fat diet versus swimming
trained high-fat diet; increase of IL-4 in the group sedentary normal diet versus swimming trained normal diet;
reduction of TNF-α in the group sedentary normal diet versus and swimming trained normal diet; and increase
sedentary high-fat plus versus sedentary high-fat diet plus laser; increase of IL-10 in the group sedentary normal diet
versus swimming trained normal diet; and swimming trained high-fat diet versus trained high-fat diet plus laser; and
reduction swimming trained normal diet versus swimming trained high-fat diet. All comparisons were significant to
p<0.05. We concluded that this intervention promotes reduction of the inflammatory process. Thus, the reduction of
the inflammatory process is extremely beneficial for the whole body.

Keywords: Exercise; Phototherapy; Obesity; Inflammatory factors;
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Introduction
The increase of obese people worldwide is a matter of global

concern. This disease is qualified as the century epidemic known like
subclinical chronic inflammatory disease, due to changes observed in
several inflammatory markers. The 95% of cases of obesity are of
exogenous origin. The exogenous obesity indicates that the excessive
intake of calories and reduced daily physical activity have been the
cause of many cases of obesity, increasing both in adults and in
children [1].

The presence of pro-inflammatory cytokines such as IL-1, IL-6 and
TNF-α occurs after trauma or pathogenic invasion of the organism. In
the obesity situation, the levels of pro-inflammatory adipokines
showed increase, like IL-6 [2,3]. IL-10 has been considered regulatory
of associated production events that contribute to the balance between
the 2 subgroups of lymphocytes: Th1 and Th2. The IL-4 is related to
some chronic diseases associated with the presence of inhibitory effects
of the inflammatory response, especially in chronic cases, in addition
to characteristics of Th2 immune response.

The homeostasis subject is linked to the balance of the immune
response against both pathogens, as in cases of pathophysiological,
associated or not with factors such as obesity. Cytokines associated
with cells and inflammatory mediators can modulate the inflammatory
response profile in different models of inflammation and in part
attenuate the symptoms that characterize this response.

The determination of the signs and symptoms involved in different
inflammatory processes also depends on endocrine factors present and
ingested over diet nutrients, which will contribute significantly to
activation of the immune response. Therefore, understanding the
immune response and the determination of the cytokine profiles are
relevant factors that favor greater understanding of the inflammatory
process during different therapeutic procedures.

However, excess of those cytokines characterize, many times, more
severe frameworks and contribute to a worsening of symptoms in the
immune response. The biological context and action of cytokines often
favors the improvement or worsening of an inflammatory process.
Therefore, it is important to evaluate the effects of therapeutic laser
effects on some systemic cytokines and their anti-inflammatory effect
within an organism with high calorie diet.
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It is known that diet nutrients have great potential to modulate the
production of cytokines. Currently, we seek tools that can effectively
modulate the effects of overweight subjects, particularly the factors
that contribute to decreased quality of life of these individuals. The
literature shows the relation between subclinical inflammation and
type-2 diabetes. This form, it is important to study non-invasive
therapeutic tools that control the harmful effects of obesity.

The exercise goal has many features that can modulate the brain
function and have wide effects on total brain health [4]. The important
mechanism mediating these benefits of exercise on the brain is
influence of the growth factors and cascades of this factor, common
mechanism subjacent the systemic effects of exercise that might be
related to inflammation. This fact can impair growth factor signaling
both systematically as in the brain. The exercise ensures both
successful brain function as help in homeostasis maintenance [4].

The binding between metabolism and immune response plays a
main role in the progress of obesity-associated chronic diseases. The
immune function affected by obesity involves impairment of both the
innate and adaptive immune system [5]. This leads to increased risk of
infections as well as chronic inflammation.

Thus, we have by hypothesis that Low Level Laser Therapy (LLLT),
associated to aerobic training of moderate intensity may decrease
inflammation status in obese animals, decreasing pro-inflammatory
interleukins and increasing anti-inflammatory interleukins. The aim of
this study was to investigate the effects of LLLT associated with
moderate-intensity aerobic exercise on inflammatory status in obese
rats.

Material and Methods

Animal care
All experiments were conducted according to the policy of Guide

for care and use of laboratory animals (National Research Council
1998). Sixty male 90 day-old Wistar rats from the biotery of the Federal
University of São Carlos (UFSCar), São Paulo, Brazil, were used.

The animals were kept in individuals polypropylene cages, at a
constant temperature of 22°C ± 2°C, and cycle of 12 hours light/
darkness. During the all experiment period, the rats received standard
rat chow (MP-77; Primor®, São Paulo, Brazil) and tap water ad libitum.
The ethics committee on animal experimentation of the UFSCar,
protocol n˚ 067/2010 approved the research.

Experimental groups
Sixty-four male Wistar rats (90 days old with weighted 317.00 ±

19.16 g) were used in this study. Before beginning the protocol, the
groups [except for the normocaloric groups (N)] were fed ad libitum
with the high-fat diet (H) for 3 weeks [6] for the development of
dyslipidemia and obesity.

The animals were randomized according to diet into eight groups
with eight rats each (n=08): normocaloric diet groups (N) - sedentary
normal diet (SN); swimming trained normal diet (TN); sedentary
normal diet plus laser (SNL); and swimming trained normal diet plus
laser (TNL); and high-fat diet groups (H) - sedentary high-fat diet
(SH);swimming trained high-fat diet (TH); sedentary high-fat diet plus

laser (SHL), and trained high-fat diet plus laser (THL). Rats were kep
tone per cage containing food and water ad libitum (8 weeks), on a 12:
12 h light/dark cycle at 23°C ± 1°C.

Normocaloric diet
The experimental groups received the following alimentation: the

normocaloric diet (N)—MP-77 standard rat chow diet provided in
pellet form (Primor®, São Paulo, Brazil) containing 23 g of protein, 4 g
of total fat, 49 g of carbohydrate, 7 g of ash, 5 g of fiber, and 6 g of
vitamins per 100 g.

High-fat diet
The experimental groups received the standard rat chow diet

(MP-77; Primor®, São Paulo, Brazil) in the pellet form, containing 23 g
of protein, 4 g of total fat 49 g of carbohydrates, and 5 g of fiber per 100
g of diet.

The high-fat diet was composed of standard rat chow plus peanuts,
milk chocolate, and sweet cookies in a proportion of 3:2:2:1. This diet
contained 20 g of protein, 20 g of total fat, 48 g of carbohydrate, and 4
g of fiber per 100 g of diet.

The caloric density of the diets was measured with an adiabatic
calorimeter (IKA-C400), and the values were: 5.12 kcal/g for the high-
fat diet and 4.07 kcal/g for the chow diet [7]. All components were
ground and blended and offered to rats in the pellets form.

Swimming training
The swimming training program was conducted by previous

described by Sene-Fiorese [8]. The training occurs in individual tanks
with water, maintained at 28–32°C. The rats of the trained groups
swam for 30, 60, and 90 min on the first, second, and third days to
correct adaption.

The swimming time was then increased to 90 min/day, during 5
days/week. All rats receive the load (attached to the trunk by a jacket)
of 3-5% of body mass to swim. The protocols were performed for 5
days/week during 8 weeks. This program is named to be of moderate
intensity [8].

LLLT protocols
The LLLT parameters are shown in Table 1. It was irradiated

transcutaneous way on the muscles of the rat’s paw (one point on
quadriceps and other point on gastrocnemius). The quantity of energy
density of laser irradiation and the anatomical points were chosen
based on previous studies realized by our laboratory [9].

We decided not to use sham group because we have a positive
control [8], a negative control (hypercaloric diet and not treated with
LLLT), as well as positive (hypercaloric) and negative (normocaloric)
controls for the factor diet, with or without laser intervention.

The laser was applied after the exercises because the advantage of
using the stress induced to get the maximum of absorption and effects
on metabolism. This protocol before was used in different papers from
our laboratory [10].
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Type Ga-Al-As Energy density 1.66 J/cm2

Wavelength 830 nm (infrared) Time 47 s

Frequency Continuous wave (CW) Total energy 9.4 J

Optical output 100 mW Power density 35.36 W/cm2

Spot diameter 0.6 mm Energy per point 4.7 J/point

Table 1: Low-level laser therapy (LLLT) parameters.

Preparation of Samples
The animals were euthanized by decapitation at the end of 8 weeks

of training and after a 24 h rest period. The collected blood was
immediately centrifuged and frozen at -80°C. The gastrocnemius
muscles (GAST) were immediately removed, weighted, and frozen at
-20°C.

Measurement of cytokines
To determine serum cytokine levels were analyzed according to

Machado et al. [11]. The serum samples were homogenized, briefly
(Ultra-Turrax T8; IKA-Werke, Staufen, Germany) in 1.5 ml of RPMI
medium, centrifuged at 1500 g, filtered, and stored at -70°C before
analysis. Commercially available enzyme linked immunosorbent assay
(ELISA) kits were used to measure IL-4, IL-6, IL-10 and TNF-α
according to the manufacturer’s instructions (BD Pharmingen).
Sensitivities were >10 pg/ml.

Statistical analysis
All data were expressed as a mean and ± standard deviation. The

Kolmogorov–Smirnov test was used to analyze the normality. For
statistical evaluation of the metabolic parameters, a one-way ANOVA
test with post hoc analysis (Tukey–Kramer multiple comparisons) was
used between groups. Statistical analysis was performed using SPSS for
Macintosh (version 20, SPSS Inc. Chicago, IL, USA). Statistical
significance was set at p < 0.05 levels.

Results
The Figure 1 demonstrated the cytokines levels in serum in this

model. Figure 1A show decrease of IL-6 level in serum submitted of
aerobic training feed with normal diet (TN) compared with sedentary
normal rats (SN) (p < 0.001). A similar result was observed to obese
trained group (TH) compared with sedentary obese rats (SH) (p <
0.001).

To IL-4 level in serum, Figure 1B, we observed that the animals,
which were submitted to aerobic training (TN) was bigger compared in
relation sedentary rats, fed with normal diet (SN) (p < 0.001).

The aerobic training was able to decrease the TNF-α (Figure 1C) in
normal group (TN) compared with sedentary normal group (SN) (p <
0.05). In the sedentary obese animals, the irradiation of LLLT (SHL)
was able to increase the TNF-α (p < 0.05) compared with sedentary
obese rats (SH).

In our study, we observed that, the normal animals that swam (TN)
increase IL-10 levels in serum (p < 0.001) compared with animals that
did not training (SN). For the animals that were obese (TH) the

training was not capable to increase the IL-10 levels in serum,
compared with normal trained animals (TN) (p < 0.001), however, the
LLLT, associated with aerobic training on obese animals, was able to
increase the IL-10 level in serum (p < 0.001). Although not statistically
different, the LLLT was able to increase the values of this anti-
inflammatory cytokine to near normal values trained group (Figure
1D).

Figure 1: Circulating (serum) cytokine levels, A- IL 6; B- IL- 4, C-
IL- 10 and D-TNF-α. Cytokine levels were determined by ELISA
analysis. Data are expressed as mean ± SD. Sedentary normal diet
(SN); Swimming trained normal diet (TN); Sedentary normal diet
plus laser (SNL); Swimming trained normal diet plus laser (TNL);
Sedentary high-fat diet (SH); Swimming trained high-fat diet (TH);
Sedentary high-fat diet plus laser (SHL); Trained high-fat diet plus
laser (THL). The letter superscript allows the comparison between
groups: * SN v SNL / SN v TN / SN v SH; # SH v SHL / SH v TH;
+TN v TH / TN v TNL; ** TH v THL, represented statistical
difference (p < 0.05).

Discussion
In our study, we evaluated the efficiency of the moderate-intensity

aerobic exercise and the LLLT in reducing possible serum interleukins
in normal and obese trained rats. In previous study, we showed the
obesity condition in experimental study [12]. Our results showed how
the aerobic exercise by swimming and LLLT can be useful as a non-
pharmacological treatment against obesity and decrease inflammatory
cytokines production. The increased accumulation of lipids in the
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obesity can promote an inflammatory injury and feature as type 2
diabetes and cardiac diseases [13,14].

It is known that TNF-α [13,14] stimulates the production of IL-1
(Figure 1B) and IL-6 during inflammatory process and that these
cytokines are of great importance to maintenance of inflammation [15]
and interfere with the activation of macrophages [16], mainly
peritoneal macrophages. This effect promoted a balance in pro-
inflammatory cytokines, regulating the production of IL-6 (Figure 1A)
and mainly TNF-α (Figure 1C), during the evaluation of the effects of
photodynamic therapy in this model. Elevated levels of IL-6 in obese
subjects significantly increased risk of severe cardiovascular disease,
thereby increasing morbidity and mortality that involve the patients,
mainly due to the progressive atherosclerosis [17]. Therefore, the
control of these factors contributes significantly to improving the
survival of the [13,14] individuals. Furthermore, it is known that
increase in IL-6 can promote coronary acute onset of instability. Thus,
the laser effect in decreasing TNF-α indirectly regulates the production
of IL-6, contributing to reduce the risks associated with injuries
promoted by atherosclerotic plaques.

The literature shows that not only the immune cells are able to
produce and secrete cytokines, but other cell types present in the
visceral and subcutaneous adipose tissue may also be substantial
sources of cytokines (adipokines). Thus, the increase in this type of
tissue may contribute significantly to the production of IL-1, IL-6 and
TNF-α, contributing to harmful changes promoted by the presence of
these cytokines [18], associated with changes in the function of the
immune response [19].

Contrary, no significant differences in values of IL-4 (Figure 1B)
were observed, suggesting that the laser did not stimulate Th2 response
in these animals. This results have shown that photodynamic therapy
when associated low intensity laser seems to regulate the levels of IL-10
(Figure 1D), especially in animals that received hypercaloric diet.
These results suggest a compensatory effect for maintaining the
immune balance in this experimental model, as that in animals treated
with laser levels; Moreover, of IL-10 significantly increase the balance
of Th1 versus Th2 in the immune response, independently of calorie
intake. Some authors have shown that injection of IL-10 in the
hypothalamus of obese animals was responsible for the improvement
in insulin action and leptin, as these animals have been favored a
smaller intake of food, satiating the hunger of these animals and
indirectly contributing to the control of weight [20]. Thus, our results
show that the use of laser can contribute directly and indirectly in
weight control, favoring the individuals who use laser therapy
increased serum IL-10. Consequently, this study contributes to better
understanding of the effects of laser therapy on immune response in
individuals with obesity.

This modulation of the immune response may be related to lower
oxidative damage [21]. This form, it is suggested that biochemical
modulation after application of LLLT is attributable to reduction in the
extent of inflammatory responses.

Conclusion
The study showed a improvement of the inflammatory process when

analyzed the association between LLLT and moderate-intensity aerobic
exercise in obese rats, which is extremely beneficial for the organism.
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