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Abstract

Obesity and associated dyslipidemia is the fastest growing health problem throughout the world.
The combination of exercise and low-level laser therapy (LLLT) could be a new approach to the
treatment of obesity and associated disease. In this work, the effects of LLLT associated with
exercises on the lipid metabolism in regular and high-fat diet rats were verified. We used 64 rats
divided in eight groups with eight rats each, designed: SC, sedentary chow diet; SCL, sedentary
chow diet laser, TC, trained chow diet; TCL, trained chow diet laser; SH, sedentary high-fat diet;
SHL, sedentary high-fat diet laser; TH, trained high-fat diet; and THL, trained high-fat diet laser.
The exercise used was swimming during 8 weeks/90 min daily and LLLT (GA-AI-As, 830 nm)
dose of 4.7 J/point and total energy 9.4 J per animal, applied to both gastrocnemius muscles after
exercise. We analyzed biochemical parameters, percentage of fat, hepatic and muscular glycogen
and relative mass of tissue, and weight percentage gain. The statistical test used was ANOVA,
with post hoc Tukey—Kramer for multiple analysis between groups, and the significant level was
p<0.001, p<0.01, and p<0.05. LLLT decreased the total cholesterol (p<0.05), triglycerides
(0<0.01), low-density lipoprotein cholesterol (p<0.05), and relative mass of fat tissue (p<0.05),
suggesting increased metabolic activity and altered lipid pathways. The combination of exercise
and LLLT increased the benefits of exercise alone. However, LLLT without exercise tended to
increase body weight and fat content. LLLT may be a valuable addition to a regimen of diet and
exercise for weight reduction and dyslipidemic control.
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Introduction

The pathogenesis of obesity is complex and not well understood. It is fundamentally a
problem of energy balance, which can develop only when energy intake is in excess of
energy expenditure. This fact has led to a major focus on the mechanisms controlling food
intake and the components and regulatory mechanisms of energy expenditure [1]. Eating
high-fat or high-calorie food associated with a sedentary lifestyle facilitates the development
of a positive energy balance [1]. Obesity is strongly associated with many chronic diseases,
such as hypertension, diabetes, coronary heart disease, cancer, nonalcoholic fatty liver
disease, and dyslipidemias [2, 3]
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Physical activity is already established as an important nonpharmacological strategy for
control of obesity or high body-fat percentage and for the treatment of associated diseases
[4]. Several clinical and experimental studies have demonstrated that a moderate exercise
regimen combined with a normocaloric diet resulted in the reduction of adiposity and
improved lipid profile [5, 6]. However, due to the increased incidence of obesity in the
world, it becomes necessary to seek new noninvasive and nonpharmacological strategies to
increase the physiological effects of exercises.

Several studies have investigated low-level laser therapy (LLLT) or light-emitting diode
(LED) therapy and have made advances in the understanding of the underlying mechanisms
LLLT in biological systems [7-9]. The main characteristics of photobiomodulation or
photobiostimulation are the induction and stimulation of many aspects of cellular processes.
According to Karu [10], the cellular redox state is an important determinant of the final
response, and there are three signaling pathways that operate relating to cell attachment,
mitochondrial respiratory chain, and Na, K-ATPase. Moreover, results suggest that specific
wavelengths, such as red and near-infrared radiation, can create, regulate, or activate
enzymatic processes in cells to improve metabolism [8].

There is still much to elucidate about the mechanisms underlying LLLT and how it acts on
cells and tissues, but there is evidence that the response usually exhibit a biphasic dose—
response profile [11]. In the adipose tissues, some authors have attempted to modify their
metabolism using LLLT, and some clinical studies [12, 13] tried to explain how there could
be the reduction of body contours promoted by the LLLT, including the transitory induction
of pores in the membranes of the adipocytes and consequently liberation of intracellular
constituents (fat) and its removal and metabolism; however, the mechanisms still remain
unclear.

For this reason, parameters such as quantity hepatic and muscle glycogen, the percentage of
lipids in different tissues, as well as triglycerides, total cholesterol, high-density lipoprotein
(HDL) cholesterol and low-density lipoprotein (LDL) cholesterol may provide the state of
health of individuals, as well as can be used to monitor the systemic of conditions, which are
distributed the products of the metabolism of fat and sugar [5, 14, 15].

Nevertheless, only a few studies have described LLLT combined with exercise training, for
example, in young males [8], postmenopausal women [9], or overweight individuals [16].
Thus, our goal was to perform a randomized controlled trial to investigate the effects of the
LLLT associated with exercise training on lipid profile in rats fed with different diets. Our
hypothesis was that combined exercise with LLLT could control the serum lipids and
modify the lipid metabolism in animals with normocaloric and hypercaloric diet. If
successful, this combination could play an important role in control of diseases associated
with obesity.

Methods and procedures

Animals

All animal procedures were performed according to the principles in the Guide for the Care
and Use of Laboratory Animals and were approved by the Institutional Animal Ethics
Committee (number 067/2010). Sixty-four male Wistar rats (90 days old and weight of
317.00+19.16 g) were included in this study. Before beginning the experimental protocol, all
of the groups [except for the normocaloric groups (N)] were fed ad libitum with the
hyperlipidic diet (H) for 3 weeks [14] for the development of obesity and dyslipidemia. The
animals were randomized according to diet into eight groups with eight rats each (/=8):
normocaloric diet (N) groups—sedentary normal diet (SN), trained normal diet (TN),
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sedentary normal diet plus laser (SNL), and trained normal diet plus laser (TNL);
hypercaloric high-fat diet (H) groups—sedentary high-fat diet (SH), trained high-fat diet
(TH), sedentary high-fat diet plus laser (SHL), and trained high-fat diet plus laser (THL).
Rats were kept one per cage with food and water ad libitum (8 weeks), on a 12:12-h light—
dark cycle at 23+1 °C.

The experimental groups received the following diet: the normocaloric diet (N)—MP-77
standard rat chow diet provided in pellet form (Primor®, S&o Paulo, Brazil) containing 23 g
of protein, 49 g of carbohydrate, 4 g of total fat, 5 g of fiber, 7 g of ash, and 6 g of vitamins
per 100 g diet. The hypercaloric diet consisted of the same commercial rat chow plus
peanuts, milk chocolate, and sweet biscuit in a proportion of 3:2:2:1. It contained 5.12 kcal/g
(35 % of calories as fat) for the hypercaloric high-fat diet and 4.07 kcal/g for the
normocaloric diet [14].

Exercise and LLLT protocols

The exercise program consisted of swimming in individual tanks (Fig. 1) filled with water,
maintained at 28-32 °C. The animals of the trained groups swam for 30, 60, and 90 min on
the first, second, and third days to adapt. The swimming period was then increased to 90
min/day, during 5 days/week. All rats swam with a load of 3-5 % body mass attached to the
trunk by a jacket. The exercise protocols were performed for 5 days/week during 8 weeks.
This program is considered to be of moderate intensity [5].

The LLLT parameters are shown in Table 1. It was irradiated transcutaneously on the
muscles of the rat's paw (one point on quadriceps and other point on gastrocnemius). The
energy density of laser irradiation and the anatomical points were chosen based on previous
studies [8]. We decided not to use sham group because we have a positive control
(hypercaloric diet and treated with LLLT), 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 treatment.

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. It was used the same protocol
before in different papers from our laboratory [17].

Experimental procedure

Hepatic and

At the end of 8 weeks of training and after a 24-h rest period, analysis was performed. All
animals were euthanized by decapitation. The collected blood was immediately centrifuged
and frozen at —80 °C. The heart (H), liver (L), gastrocnemius muscle (GAST), soleus muscle
(SOL), the white adipose tissues (epididymal (EPI) retroperitoneal (RET), visceral (VI1S)),
and the interscapular brown adipose tissue (BAT) were immediately removed, weighted, and
frozen at —20 °C.

muscular glycogen and percentage of lipids of tissues

The muscle and liver glycogen was determined by colorimetric method, which assesses the
concentration of glycosyl-glucose using a standard of 100 nmol of glucose and determined
using a ultraviolet/visible spectrophotometer Biospectro® SP220 [18]. The percentage of
lipid content in the tissue was determined by the gravimetric method [6].
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Serum analysis

Total cholesterol (CHOL-total), triacylglycerol (TG), and high-density lipoprotein
cholesterol (HDL-c) in the serum were determined enzymatically (Laborlab® kits) using a
spectrophotometer [6]. The low-density lipoprotein (LDL-c) was calculated by Friedewald
equation [19].

Statistical analysis

Results

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. Instat 3.0 for Windows 7 (Graph Pad, San Diego, CA, USA, 1998)
was used for the statistical analysis and the significance level was given as p<0.001, p<0.01,
and p<0.05.

Body mass and relative mass of tissues

Effects of type diet and exercise—The body mass gain differences are shown in Fig. 2
as the percentage of gain depending on diet used and treatments. High-fat diet promoted in
the sedentary group an increase in EPI, RET, and BAT relative weight compared with as
observed in the sedentary rats fed with chow diet group (SN), but the relative weight of
liver, VIS, GAST, SOL, and heart was not significantly affected by this diet (Table 2). In the
TH group, there was a significant reduction in relative weight of RET when compared with
SH group. In the same comparison, the EPI declined 18 % in their relative weight. In
contrast, no difference was observed in relative weight of tissues when comparing SN and
TN groups (Table 2).

Effects of LLLT combined with diet and exercise—In the LLLT sedentary groups
(SNL and SHL), the relative weight of EPI was greater than respective controls (SN and
SH). In the SCL group, the relative weight of RET also showed an increase compared with
the SN group (Table 2). Exercise associated with LLLT promoted a significant reduction in
the relative weight of adipose tissues (EPI, RET) in rats fed with chow diet when compared
with the sedentary (SNL). In the THL group, EPI declined 12 % in relative weight, and the
relative weight of RET was lower than SHL group (Table 2). In the other tissues, no
difference was observed in the relative weight in SHL, SNL, THL, and TNL groups (Table
2).

Glycogen content and percentage of lipid in the tissues

Effects of type diet and exercise—The glycogen content in liver, GAST, and SOL did
not differ significantly across sedentary and exercise groups during the experimental period
when compared with respective control groups (Table 3). Nevertheless, exercise increased
the glycogen content in the liver of the groups TN and TH by 32 and 28 %, respectively. In
the TH group, the SOL glycogen content was 40 % smaller when compared with SH group
(Table 3). High-fat diet promoted a significant increase in fatty liver of the sedentary rats.
On the other hand, exercise promoted a significant reduction in the fat content in liver in TH
group. No significant differences occurred in lipid content in GAST in the SN, SH, TN, and
TH groups.

Effects of LLLT combined with diet and exercise—In rats fed with chow diet, LLLT

did not promote changes in the glycogen and lipid content in the tissues. The same effect
was observed in the fat content of the gastrocnemius muscle in SHL and THL groups (Table
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3). SHL showed higher GAST glycogen content when compared with SNL and SH groups.
Exercise and LLLT in rats fed with high-fat diet showed higher glycogen content in the liver
when compared with SHL, TH and TNL groups. Exercise and LLLT, in rats fed with high-
fat diet, also promoted an increase in glycogen content in SOL when compared with the TH
group. On the other hand, in the GAST, exercise and LLLT promoted a significant decrease
in glycogen content when compared with its respective control group (SHL) (Table 3). Fatty
liver in THL was 32 % smaller when compared with the SHL group.

Effects of type diet and exercise—The consumption of a high-fat diet, compared to a
chow diet, in sedentary rats promoted an increase in the total amount of plasma cholesterol
(CHOL-total), TG and low density lipoprotein cholesterol (LDL-c). HDL-c concentrations
did not show a statistically significant difference. On the other hand, exercise promoted a
significant reduction in the CHOL-total, TG, HDL-c, and LDL-c concentrations in both diets
(Fig. 3a—d).

Effects of LLLT combined with diet and exercise—No difference was observed in
this parameter in the group SLC. However, in the sedentary rats fed with high-fat diet
(SHL), LLLT promoted a significant decrease in CHOL-total, TG, and LDL-c
concentrations when compared with SH group. HDL-c concentrations do not change in the
same comparison. Exercise and LLLT in both diets promoted a significant reduction in
CHOL-total, TG, LDL-c, and HDL-c concentrations when compared with the respective
control groups. THL in rats fed with high-fat diet also showed a significant decrease in
serum cholesterol and TG concentrations compared with the TH group (Fig. 3a—d).

Discussion

This is the first randomized controlled experimental study evaluating effects of combined
LLLT and training exercise on lipid pathways. We found a decreased lipid profile, and these
results suggest that this LLLT with exercise training as a new alternative for dyslipidemic
control.

Recent research has discussed the effects of high-fat diet consumption on fatty liver,
intramuscular fat, lipid profile, glycogen concentration in the muscle or liver, and their
relation to the development of chronic diseases and obesity [20, 21]. Moreover, there is
recent interest in the role of physical exercise combined with LLLT as an adjunct approach
to reduce the adverse effects of high-fat diet and sedentary life-style. However, the intensity,
frequency, and duration of the exercise and the kind of diet promote different metabolic
adaptations [15, 22, 23]. It is questionable whether all models of physical exercise have the
same beneficial effects on adiposity, fatty liver, lipid profile, and glycogen concentration.
Several studies have reported that moderate swimming exercise in animals (90 min)
promotes reduction in adiposity, fatty liver, and increase in glycogen concentration and
improvement in lipid profile [2, 5, 24-26].

In relation to the high-fat diet (SH group), experimental studies demonstrated that the intake
of this diet was related to the dyslipidemic profile and was observed in our results by an
increase in total cholesterol, TG, and LDL-c concentrations (see Fig. 3a—d)[5, 6, 14, 25].
Besides, due to the higher energy content of the high-fat diet compared with the chow diet,
this diet induced increases in adiposity and fatty liver [2, 5, 6]. These alterations were
observed in the present study (see Table 2 and 3).

A high-fat diet has been associated with a decrease in the rate of glycolysis and glycogen
synthesis, leading to a lower content of glycogen in tissues [15, 22, 23]. However, this fact

Lasers Med Sci. Author manuscript; available in PMC 2014 September 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Aquino et al.

Page 7

was not observed in our results when the glycogen content in the muscle and liver did not
differ significantly from the control group (see Table 3). Several studies have reported that
moderate exercise promotes reduction in body adiposity, dyslipidemia and fatty liver in rats
[5, 24-26]. It has been reported that high-fat diets result in an increase in lipid oxidation
during exercise [27]. It is known that both increased lipolysis and the consequent increase in
plasma fatty acids during exercise facilitate this change [28]. However, these same two
factors act in an opposite direction with respect to the metabolism of carbohydrates. Physical
training increases the glycogen content stored, while the high-fat diet has been associated
with a decreased rate of glycolysis and glycogen synthesis [29]. Thus, our finding agrees
with that those found in the literature demonstrated by improvement in lipid profile in
trained groups (see Fig. 3a, b), reduction in relative weight of EPI, RET (see Table 2), and
fatty liver and glycogen content (see Table 3). In Fig. 4 we give a summary of our key
findings related to kind of diet and training.

It is known that exercise improves the lipid profile and lipid metabolism. However, the
effect of LLLT on the metabolic activity is not yet established. Jackson et al. [12] performed
a noncontrolled and nonrandomized pilot clinical study that investigated the effects of the
LLLT (635 nm) on lipid parameters. The individuals were able to maintain a regular diet
and exercise regimen during the study. The LLLT was applied around the patient abdomen
(five independent diode lasers with power output of 17 mW each was applied for 20 min
leading to 6.6 J/cm? fluence) during 2 weeks (three sessions per week with duration of 20
min each) with the subject at rest. Their results showed a significant reduction in cholesterol
and triglyceride levels.

In a similar, but this time-controlled and randomized study, Rushdi [30] showed that LLLT
(four laser pads with 38 diodes laser at each pad, 650-660 nm and 1.3 W) of total energy
applied on the abdomen, for 55 min, two times per week for 2 weeks, could reduce
cholesterol and triglyceride levels as well as reduce LDL levels while preserving HDL
levels.

The hypothesis proposed by authors [30, 31] was that the LLLT could alter the
mitochondrial membrane potential and the intracellular redox state with a resultant increase
in ADP-ATP exchange rate. These mitochondrial changes may suppress cholesterologenesis
by altering the transcription factors responsible for the expression of essential genes
involved in the biosynthetic process.

We agree partly with this hypothesis. Our results showed that the LLLT did not suppress
cholesterol synthesis, but caused a redirection of serum lipids to fat reserves (in sedentary
conditions) and an improved supply of substrate for energy expenditure (in trained
conditions). In addition, we believe that the exercise training combined with LLLT could
have increased mitochondrial metabolism, as well as increased mitochondrial number and/or
caused the fusion of smaller mitochondria to form giant mitochondria [32]. These effects
could increase physical performance [7, 33-35].

Cytochrome c oxidase is unit IV of the electron transport chain of mitochondria and is also a
chromophore for LLLT. It had been speculated that LLLT increases the rate at which
cytochrome c oxidase transfers electrons and could cause the reduction of the catalytic
center of cytochrome c oxidase, thus making more electrons available for the reduction of
dioxygen [36, 37]. This mechanism of action of LLLT causes an increase in the electron and
proton transfer, an increased quantity of ATP, and an initially increased production of
reactive oxygen species (ROS). Elevated ROS concentration increases the lipid
peroxidation, and this event occurs where ROS reacts with lipids found within cell
membranes, temporarily damaging them [38]. Transitory pores created on adipocytes'

Lasers Med Sci. Author manuscript; available in PMC 2014 September 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Aquino et al.

Page 8

membrane have been shown on several studies through scanning electron microscopy and
transmission electron microscopy [39]. In addition to this, when irradiated adipocytes were
cultured, they were shown to be able to recover to their original cell membrane structure and
remain alive or viable.

A controlled and randomized trial showed that LLLT combined with aerobic or strength
training in humans had long-lasting effects with improvement of muscle performance over
three months [7]. Leal Junior et al. [33] and De Marchi et al. [7] showed that LLLT applied
before exercise had acute effects with reduction of blood lactate, creatine kinase, and C-
reactive protein levels with accelerated postexercise recovery in athletes, and showed that
inflammation was reduced.

There is an extensive literature showing a high correlation between obesity and
inflammatory activity [40]. Many of these papers correlate various adipokines as responsible
for this pathophysiologic state [41]. Adiponectin is one of the adipokines that is responsible
for response to exercise, leading to upregulation of its receptors, apparently related to
increased mitochondrial metabolism [42]. It is a hypothesis that may explain how LLLT
interacts with mitochondria, especially when combined with exercise [43]. LLLT is known
to have a modulatory effect on inflammation, which could in turn affect the action of
adiponectin on fat metabolism.

Several studies have demonstrated that LLLT alters cyclic adenosine monophosphate
(CAMP) levels [44]. One mechanism to explain reduction in fat levels through the action of
LLLT is that the adipocyte membrane is activated by raised cCAMP concentrations that
stimulate, in turn, cytoplasmic lipase that triggers the conversion of triglycerides into fatty
acids and glycerol, both elements that can easily pass through the cell membrane. On the
other hand, epinephrine is known to exert antilopolytic effects through its action on
adrenergic receptors via increasing CAMP levels [45]. In addition to this, variations in types
of adrenergic receptors and adrenergic receptor sensitivity on adipocytes of the abdominal
and femoral regions in both males and females have been previously reported [39]. Based on
these findings, it can be speculated that LLLT through increasing levels of cAMP might
have enhancing effects on lipolysis and different amounts of fat reduction in different
regions in the body might be explained by this hypothesis, which further confirms our
results that showed variations in fat reduction among different regions.

Results of lipid profile can be changed by alteration in dietary habits and when patients
perform exercise training. However, the studies discussed [30, 31] did not measure the
aerobic fitness and dietary variables. In this context, our study is important because there
was control of both diet and training.

Thus LLLT can improve pathways of energetic metabolism, mainly lipid metabolism,
potentiating the effects of LLLT and, when combined with exercise of moderated intensity,
could be used as a new approach to control dyslipidemia and consequently have a role in
treatment of diseases related to dyslipidemia and obesity [2, 15]. The summary of our key
findings of this study is shown in Fig. 4.
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Fig. 1.
The training of swimming in individual tanks at controlled temperature (T=30 °C)%2. It is
possible to see the jacket attached to the trunk during the training session
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Fig. 2.

Values of weight gain in percentage of two series of animals: normocaloric diet (N) and
hypercaloric diet (H). Different superscripts (a S versus SL; b'S versus T; ¢ SL versus TL; d
T versus TL; eeffects of high-fat diet in the different protocols) are significantly different
(Tukey-Kramer multiple comparisons for p<0.05 except the specific comparisons:
SHLxTHL p<0.05, THXTHL p<0.05). The groups are designed: Ssedentary; SL sedentary
laser; Ttrained; 7L trained laser
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Blood lipid analysis. C denotes normocaloric diet and H denotes hypercaloric diet. The
groups are designated: Ssedentary; SL sedentary laser; 7trained; 7L trained laser. Values
are expressed as meanzstandard deviation (/#=8/group). Different superscripts (a S versus
SL; bSversus T; ¢SL versus TL; d'T versus TL; ¢ effects of hypercaloric diet in the
different protocols) are significantly different (Tukey—Kramer multiple comparisons for
p<0.001 except the specific comparisons for cholesterol total: THXxTHL p<0.05; for
triglycerides: SNxTN p<0.01; and THXTHL p<0.01; for HDL-cholesterol: SNXTN p< 0.01,
SHLxTHL p<0.05 and SHxTH p<0.05; LDL-cholesterol: TNxTH p<0.05). a Total
cholesterol. b Triacylglycerol. ¢ HDL-cholesterol. d LDL-cholesterol
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Fig. 4.

The summary of key findings related to kind of diet and training. The blue arrows showed
the comparisons control groupsxtrained and the red arrows the comparisons with trained
groupsxtrained and laser groups. The comparison with laser effects associated to exercise
for hypercaloric groups showed a red arrow and a blue arrow for the variables of blood. The
red arrowincludes the variables cholesterol, and tryacylglicerol as the blue arrow includes
all variables
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Table 1

Characteristics of the laser used in the experimental procedures

Type Ga-Al-As Treatment time 47s
Wavelength 830 nm (infrared) Number of points 2 points
Frequency Continuous wave (CW)  Total energy delivered 9.4

Optical output 100 mw

Spot diameter 0.6 mm

Application mode: probe held stationary in skin contact with a 90° angle and slight

i 2
Power density 35.36 W/em pressure. Used always after the training session.

Energy per point 4.7 J/point
Energy density 1,662 J/cm?

These are the characteristics of equipment and wavelength used during the study. All applications were realized to the same person (Theralase,
DMC, Equipment, S&o Carlos, SP, Brazil)

Lasers Med Sci. Author manuscript; available in PMC 2014 September 01.



Page 17

Aquino et al.

"G0'0>¢ THL x HL pue H1 x HS ‘[eauopiadonial :G0°0>¢ TINS x NS ‘fewApipida

G0°0>0 HS x DS ‘anssn asodipe umoig :suosuredwod 914198ds a3 1daoxs T00"0> @ 104 suosuedwod sjdnnw Jawesy—Aayn 1) Juaapip Ajpuediiubis ase $]020304d Jualaydip sy} ul 31p d1i0[edlsdAy Jo wumtom

NIH-PA Author Manuscript

‘1L SNSIaA |

7Y

1L SNSIaA s,

‘] SNSIOA §

q

s snsien s,

anssn asodipe [eJadsIA S/ ‘anssh asodipe [eauoiiadonay 113y ‘anssn asodipe jewApipidg 1143 ‘enssi] asodipy umolq
L V/g ‘8]9sNW SNajos 7OS ‘8]9S SNIWaud0iseb_/ S79 ‘IaAI| ‘Leay :10j SSew ay) aJe sa|gelden ay 'Jase| 181p d1lofeatadAy paurel) 74/ ‘191p dLo[edsadAy paures A/ ‘1ase| 181p d1I0jeaIadAy Areiuapas
THS ‘181p o1I0jeaIadAYy Aleluapas /S ‘1ase] 191p J1I0JeI0WIOU Paulel} 7/, 131P OLI0[BIOWIOU pauresl A/ ‘18se] 191p J1I0[edowIou A1ejuapas JA/S ‘11p dLofesowou Areluspss /s :paubisap ale sdnoib ay L

syduiosiadns Juslapl@ “(dnolb/g=/) uoneIASp plepurIsFURSW Se Passaldxa ate sanjeA

GE'0¥S0T  8T0F¥00T  8SOFYTT  9T'0¥66'0  620¥E80 GZ0F0L0  TT'OFI80 9T'0¥69°0 SIA
TUOF,,E9T BT OFHLY'T LE0FBTT  050%960C LT0%LL0  6Z0F70T 9C0%pLE€T  9T'0F%L0 134
TC0%6CT  YTOFETT  LOOFLY'T E€C0Fe8E'T 6007190 ¢T0¥6,0 9C0FET'T  TT'0¥8L°0 Id3
TO'0F0T'0  TO0FOT'0  T00F800 V0'0FTT0  Zz0'0F60°0 TO'0F600  TO'0FI00  20°0FLO0 1vd
000¥¥0'0  000F700  000F700  000F70'0  000¥F%00 TO'0F¥00  00'0F700 00'0F700 10S
2007150  20°0¥250  TOOFLF0  €0°0F6Y'0  ¥0'0¥ZS0 €0°0¥SS0  €0°0F67'0 OT0FSr'0  LSVD
ZT0¥8y'z  81°0¥78ZC 0CO0FYSCT  2€0¥8ZC  0Z0FYSZ 2€0¥82C  YE0FeSC 620799°C JEINR
200¥9€0  YO'0FSE0  CO0FEE0  E00FEE0  ¥O'0FBE0 TOOFIE0D  C0'0FSE0  OT'0¥8C0 JesH
THL HL THS HS INL NL INS NS JosseiN

(yBram Apoq Jo 6 90T/6) 191p JLI0JRIISdAY 10 110[RI0WIOU YIIM Pa) 1] Ul SBNSSI] JO SSeW dAIR|oY

¢?olqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Lasers Med Sci. Author manuscript; available in PMC 2014 September 01.



Page 18

Aquino et al.

"(TO'0>¢' HLL x HS pue G0'0>¢ TTHS x TINS ‘T0°'0>¢ HS NS “1aAl| :1e} Jo afejuslad 104 T0°0>¢ THL x TTHS PUB T0°0>¢ THS x TINS ‘819snuwl sniwauaonsed 'G0'0>¢ THL x TINL pue

T0'0>0 THL x HL ‘18A1] :usboaA|B 10y suosiredwod 213193ds ay3 1daaxs 10O 0> 104 suostiedwod ajdinuw Jawery—Asyn ) uaiapip Apuediyiubis ale sj02010.4d JUaIaHIP 8y} Ul 131P d1I0jedIadAy Jo womtom

1L SNSIaA |
1Y

1L SNSJaA 18,

‘] SNSIOA §
q

7S snsian
s S,

9]9SNW SN3J0s 7OS ‘8]9sNW SNIWBU20NISEB / S/ :aIe sa|qelieA ay | "Jase] d1iojeaadAy paure) 74/ ‘o1io[ediadAy pauren 4/ ‘1ase|
ol0[ealadAy Arejuspas 7S ‘oliofealadAy Alejuspas A/S ‘1ase] J110]ed0WIOU paules) JA// ‘01I0[eo0uWLIou paulel) A/ ‘18Se] OLI0JRI0WIOU ATRlUspas JA/S ‘ollojeaowlou Areiuapas /S :paubisep ale sdnoib syl

sydiiosiadns Juaiayi@ 'sarjen ul paybijybiy ate saouatayip syl “(dnoib/g=w/) uoieiAsp piepuels Fueaw se passaldxa ale sanjeA

60'0FLE0  OT'0¥6E0  ST'O¥EY'0  OT'OFEF'0  900FLEQ  LOOFED TTOFLE0 TTOF9E0  Ise9
CE0FL8T SCOFLV'T  EVOTYLC 6ETFYL'C 2e0F€9T  LTOFL9T  €20FIST 9COFEF'T  JoAI
Je} J0 abejusdiad
LT0%plS0  vy0'0F¢C0 YT'0¥8E'0  LO0FLE0 800FSE0 SO0FIE0  9T'0FGE0 60°0¥8€0  10S
2007060  gooFez0 900F,,680  zo0F0E'0  £0078Z0 200FTE0 2O0FTIE0 €00F6Z0 1SV
VE0%,,89T  g0'0F00T  €T0F/80 E€T0F8L0 €TOFYOT  ZyOFI0T  E€ZOFL80 TYOFO80  JOAIT
JUBU0J UaB02A|D

THL HL THS HS INL NL NS NS

181p 2110jeaJadAy o 2110[RI0WIOU LM Pa) SIRJ JO SaNnssI) auyl ul 1e) Jo abejusaiad pue (6/jwr) sjosnwiyoiedsy usbhosA|9

NIH-PA Author Manuscript

€9lgel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Lasers Med Sci. Author manuscript; available in PMC 2014 September 01.



