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  Low intensity laser therapy accelerates muscle 
regeneration in aged rats 

 Beschleunigung der Muskelregeneration bei  ä lteren Ratten durch eine Therapie mit 

Laserlicht niedriger Intensit ä t  

   Abstract 

  Background:  Elderly people suffer from skeletal muscle 

disorders that undermine their daily activity and quality 

of life; some of these problems can be listed as but not 

limited to: sarcopenia, changes in central and periph-

eral nervous system, blood hypoperfusion, regenerative 

changes contributing to atrophy, and muscle weakness. 

Determination, proliferation and differentiation of sate-

llite cells in the regenerative process are regulated by 

specific transcription factors, known as myogenic regula-

tory factors (MRFs). In the elderly, the activation of MRFs 

is inefficient which hampers the regenerative process. 

Recent studies found that low intensity laser therapy 

(LILT) has a stimulatory effect in the muscle regeneration 

process. However, the effects of this therapy when associ-

ated with aging are still unknown. 

  Objective:  This study aimed to evaluate the effects of LILT 

( λ   =  830 nm) on the tibialis anterior (TA) muscle of aged rats. 

  Subjects and methods:  The total of 56 male Wistar rats 

formed two population sets: old and young, with 28 

animals in each set. Each of these sets were randomly 

divided into four groups of young rats (3 months of age) 

with n  =  7 per group and four groups of aged rats (10 

months of age) with n  =  7 per group. These groups were 

submitted to cryoinjury  +  laser irradiation, cryoinjury 

only, laser irradiation only and the control group (no 

cryoinjury/no laser irradiation). The laser treatment was 

performed for 5 consecutive days. The first laser applica-

tion was done 24 h after the injury (on day 2) and on the 

seventh day, the TA muscle was dissected and removed 

under anesthesia. After this the animals were euthanized. 

Histological analyses with toluidine blue as well as hema-

toxylin-eosin staining (for counting the blood capillaries) 

were performed for the lesion areas. In addition, MyoD 

and VEGF mRNA was assessed by quantitative polymer-

ase chain reaction. 

  Results:  The results showed significant elevation 

( p   <  0.05) in MyoD and VEGF genes expression levels. 

Moreover, capillary blood count was more prominent in 

elderly rats in laser irradiated groups when compared to 

young animals. 

  Conclusion:  In conclusion, LILT increased the maturation 

of satellite cells into myoblasts and myotubes, enhancing 

the regenerative process of aged rats irradiated with laser.  

   Keywords:    aged rats;   phototherapy;   low intensity laser 

therapy;   muscle regeneration;   MyoD;   VEGF.  

  Zusammenfassung 
 Hintergrund:  Ä ltere Menschen leiden h ä ufig unter 

Skeletterkrankungen, die ihre Tagesaktivit ä ten und 

Lebensqualit ä t negativ beeinflussen. H ä ufig, aber 

nicht ausschlie ß lich, lassen sich die Probleme auf 

Sarkopenie, Ver ä nderungen des zentralen und periphe-

ren Nervensystems, Durchblutungsst ö rungen oder 

regenerative Ver ä nderungen (Muskelatrophie, Muskel-

schw ä che) zur ü ckf ü hren.   Determination, Ausbreitung 

und Differenzierung von Satellitenzellen im Regenera-

tionsprozess werden durch spezifische Transkriptions-

faktoren, den sogenannten myogenen regulatorischen 

Faktoren (myogenic regulatory factors, MRFs) bestimmt.  

 Im Alter ist die Aktivierung der MRFs ineffizient, was 

den Regenerationsprozess hemmt. Neuere Studien 

haben gezeigt, dass die Therapie mit Laserlicht nied-

riger Intensit ä t (low intensity laser therapy, LILT) die 

Muskelregeneration stimuliert. Allerdings sind diese 

Effekte im Zusammenhang mit dem Altern noch wenig 

erforscht. 

  Zielsetzung:  Die vorliegende Studie evaluiert den Effekt 

der LILT ( λ   =  830 nm) auf den Tibialis-anterior (TA)-Muskel 

von  ä lteren Ratten. 
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  Material und Methoden:  Es wurden an insgesamt 56 

m ä nnlichen Wistar-Ratten, aufgeteilt in zwei Populations-

klassen (jung, alt) mit jeweils 28 Versuchstieren, Unter-

suchungen durchgef ü hrt. Jede dieser beiden Klassen 

wurde nach dem Zufallsprinzip in 4 Gruppen mit jeweils 

7 jungen Ratten (3 Monate alt) bzw. 4 Gruppen mit jeweils 

7 alten Ratten (10 Monate alt) aufgeteilt: Cryosch ä digung 

des TA  +  Lasertherapie, nur Cryosch ä digung, nur Laser-

therapie oder weder Cryosch ä digung noch Laserthera-

pie (Kontrollgruppe).   Die Laserbehandlung erfolgte an 

5 aufeinanderfolgenden Tagen. Die erste Behandlung 

wurde 24 Stunden nach Cryosch ä digung durchgef ü hrt 

(Tag 2). Am 7. Tag wurde der TA-Muskel unter An ä sthesie 

pr ä pariert und entnommen; anschlie ß end wurden die 

Tiere eingeschl ä fert.   Die entnommenen Gewebeproben 

wurden sowohl mit Toluidinblau als auch mit H ä matoxy-

lin-Eosin eingef ä rbt und histologisch untersucht (Z ä hlung 

der Blutgef ä  ß e).   Zus ä tzlich wurde die Expression von 

MyoD and VEGF mRNA mittels quantitativer Polymerase-

Kettenreaktion (quantitative polymerase chain reaction, 

qPCR) bestimmt. 

  Ergebnisse:  Im Ergebnis zeigte sich eine signifikante 

Erh ö hung der MyoD- und VEGF-Expression ( p   <  0.05). 

Au ß erdem stellten sich die kapillaren Blutgef ä  ß e bei den 

 ä lteren lasertherapierten Ratten im Vergleich zu den j ü n-

geren Ratten prominenter dar. 

  Zusammenfassung:  Die LILT verbesserte die Reifung der 

Satellitenzellen in Myoblasten und Myotuben, wodurch 

der Regenerationsprozess bei  ä lteren, laserbehandelten 

Ratten verst ä rkt wurde.  

  Schl ü sselw ö rter:    ä ltere Ratten;   Phototherapie;   Low-Inten-

sity-Lasertherapie;   Muskelregeneration;   MyoD;   VEGF.  
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1        Introduction 
 Aging is associated to loss of muscle mass and conse-

quently muscle function impairment  [1] . These charac-

teristics are worse and increase the risk falls and other 

injuries in the elderly  [2] . In addition, the elderly show 

regenerative changes  [1]  influenced by modification in 

the neuromuscular system, blood hypoperfusion and 

sarcopenia  [3] . Furthermore, studies show that there is a 

change in the activation of myogenic regulatory factors 

(MRFs) during aging  [4, 5] . Although the causes of this 

change are not well defined it is possible that this influ-

ences the regenerative process. 

 The MRFs are part of the family of transcription 

factors for alpha-helix-helix genes that regulate mus-

cle-specific, being composed of four members: MyoD, 

Myf-5, MRF4 and myogenin. Two groups of MRFs were 

identified: the primary MRFs are the MyoD and Myf-5, 

which has a role in determining myogenesis, doing 

the transformation of precursor cells into myoblasts, 

and the secondary MRFs that are myogenin and MRF4 

responsible to the cellular differentiation of myoblasts 

in myocyte differentiation and to the mature muscle 

fiber  [6 – 8] . 

 It has been shown that MyoD and myogenin are 

expressed in high levels during the first months of life. 

In adult muscle of animals they are detectable in the 

processes of plasticity and regeneration. However in the 

elderly, muscle MRFs are often increased and may be 

related to blood hypoperfusion, insufficient innervation 

and subsequent muscle atrophy  [1, 5, 9] . 

 Unfortunately, studies that investigated laser as 

a treatment for muscle regeneration in aged rats are 

difficult to access. However, other studies show posi-

tive effects of low intensity laser (LILT) in regenerating 

muscle of young rats, the increase of myotubes, myofi-

brils and angiogenesis  [4, 10 – 16] . These previous results 

in young murine animals are interesting for the devel-

opment of therapeutic strategies that may enhance 

muscle regenerative capacity in the elderly. If these 

results are confirmed in the elderly model, LILT could 
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be considered as a therapeutic strategy. Based on these 

statements, we hypothesized that LILT could improve 

the muscle regeneration process in elderly rats. There-

fore, the aim of this study was to analyze the effect of 

LILT during the muscle regenerative process of young 

compared to old rats.  

2    Subjects and methods 

2.1    Animal care and experimental groups 

 In this study we used 56 male Wistar rats, 28 of them 

were 3 months old (266  ±  30 g), thus in the young cat-

egory, and 28 of them were 10 months old (674  ±  85 g) and 

comprised the old category. All the animals were housed 

in plastic cages and kept in a room with controlled envi-

ronmental conditions, and with free access to water 

and standard food. The experimental procedures were 

approved by the Ethics Committee of the Federal Univer-

sity of S ã o Carlos, SP, Brazil and conducted in accord-

ance with the  ‘ Guide for Care and Use of Laboratory 

Animals ’ . 

 The animals were divided into four experimental 

groups for both young (Y) and old (O) animals, with seven 

animals per each group (n  =  7). A group of young animals 

(Y) was paired with a group of old animals (O) and the 

paired groups were subjected to the same experimental 

conditions; thus, we had four pairing groups: one com-

prised of young animals and one of old animals, and the 

experiments that we performed ran parallel in the desig-

nated young and old paired groups. 

 The muscle subjected to cryolesioning was the right 

tibialis anterior (TA). Laser treatment, when done, was 

applied for 29 s at wavelength of  λ   =  830nm, and energy 

of 0.87 J.

 –    Groups 1 (IL-Y) and 2 (IL-O): muscles of young and 

old rats, respectively, were subjected to cryolesioning 

and were treated with laser irradiation.  

 –   Groups 3 (I-Y) and 4 (I-O): muscles of young and old 

rats, respectively, were subjected to cryolesioning but 

were not irradiated.  

 –   Groups 5 (L-Y) and 6 (L-O): muscles of young and old 

rats, respectively, were not submitted to cryolesion-

ing, but were treated with laser irradiation in the 

right TA.  

 –   Groups 7 (C-Y) and 8 (C-O): muscles of young and 

old rats, respectively, were submitted neither to 

cryolesioning nor to laser irradiation, thus were the 

absolute control groups.      Figure 1    Cryolesion generation (A, B) and laser irradiation (C).    

2.2     Surgical technique and cryoinjury 
protocol 

 The experiment was conducted in 7 days:

 –     Day 1   –  The animals were weighed and then 

anesthetized with ketamine hydrochloride (HCl) 

(0.05 mg/kg) and xylazine HCl (0.03 mg/kg) 

injections to the muscle tissue in accordance with the 

body weight. The muscle subjected to cryolesioning 

was the right TA. The skin covering the right TA was 

cleaned, and then a transverse incision (approx. 1 cm 

in length) was performed in the region corresponding 

to the belly of the muscle. For correct exposure of the 

TA it was still necessary to remove the fascia cover. 

Tissue injury was induced by freezing (cryolesioning) 

in the center of the muscle belly of the TA. For this, a 

stick of iron with 0.5 cm 2  was previously immersed 

in liquid nitrogen (N 
2
 ) and pressed transversely 

against on the belly of the muscle for 10 s (Figure  1   

A, B). After further cooling of the bat, this procedure 

was repeated and then the skin was sutured (3-0 

Nylon Yarn; Shalon Suturas Ltda., Goiania, Brazil) 

and cleaned with iodine alcohol. Injury by freezing 

(cryoinjury) is a common procedure used to induce 

damage  [17] .  

 –    Day 2 through 6   –  The animals were subjected to 

the procedure of laser irradiation (Figure 1 C), for 5 

consecutive days on the injured site.  

 –    Day 7   –  The right TA muscle was carefully dissected 

and removed with the animals anesthetized. After 
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removal, the muscle was weighed and then it was 

divided into two parts (with similar horizontal cuts 

through the belly). The distal portion was immediately 

frozen in liquid N 
2
  for extraction of RNA. The proximal 

portion was pre-frozen in isopentane and used for 

histological analysis. The muscles were stored in a 

freezer at -86 ° C. All the animals of treated and control 

groups at the end were weighed, anesthetized and 

subjected to euthanasia with intracardiac injection of 

potassium chloride (3M KCl).     

2.3    RNA isolation and analysis 

 RNA was isolated from a frozen fragment from the distal 

ends of each muscle using 1 ml of Trizol reagent (Invi-

trogen, Carlsbad, CA, USA), according to the manufac-

turer ’ s instructions. The extracted RNA was dissolved 

in Tris-HCl and ethylene-diamine tetraacetic acid (pH 

7.6) and quantified spectrophotometrically. The purity 

was assessed by determining the ratio of the absorbance 

at 260 nm and 280 nm. All samples had 260 – 280 nm 

ratios above 2.0. The integrity of the RNA was confirmed 

by inspection of ethidium bromide - stained 18S and 

28S ribosomal RNA under ultraviolet light (Invitrogen, 

Carlsbad, CA, USA).  

2.4    Reverse transcription 

 Total RNA was reverse transcribed into cDNA in two 

steps. In the first step, 1  μ l of oligo (dT) primer (Invitro-

gen, Carlsbad, CA, USA) and 9.5  μ l of water was added to 

1  μ g of isolated total RNA, heated to 70 ° C for 10 min and 

quickly cooled on ice. In the second step, 4  μ l of 5  ×   reverse 

transcription buffer, 1  μ l of a dNTP (Promega, Madison, 

WI, USA) mixture containing 0.2 mm each of dATP, dCTP, 

dGTP, and 0.1 m dTTP, 2  μ l of 0.1 m dithiothreitol, and 

0.5  μ l of M-MLV RT enzyme (Promega, Madison, WI, USA) 

in a total volume of 20  μ l; the total mixture was incu-

bated at 42 ° C for 60 min for each sample. To minimize 

any possible variation in the reverse transcription reac-

tion, all RNA sample groups were reverse transcribed 

simultaneously.  

2.5    Primers 

 The primers used for polymerase chain reactions in 

MyoD were (sense: GGAGACATCCTCAAGCGATGC; anti-

sense: AGCACCTGGTAAATCGGATTG) as described in  [18] ; 

in vascular endothelial growth factor (VEGF) (sense: 

GGAGATCCTTCGAGGAGCACTT; antisense: GGCGATT-

TAGCAGCAGATATAAGAA) as described in  [19] ; in 

GAPDH (sense: CCACCAACTGCTTAGCCC; antisense: 

GCCAAATTCGTTGTCATACC), as described in our previ-

ous paper  [4] .  

2.6     Analysis by real-time polymerase 
chain reactions 

 The RNA transcript levels for the different experimental 

and control muscles were analyzed simultaneously and 

the reactions were carried out in duplicate using SYBR 

green fluorescent dye (Applied Biosystems, Foster City, 

CA, USA) in a sequence detection system (GeneAmp 5700; 

Applied Biosystems).  

2.7    Histological analysis 

 To evaluate the presence of signs of muscle injury 

induced via cryoinjury and the possible presence of 

capillary vessels, histological cross-sections of the right 

TA muscles were analyzed. For this, the medial parts 

of the middle belly muscle were frozen in isopentane 

pre-cooled in liquid N 
2
 , and stored in a freezer (-80 ° C). 

Serial cross-sections of 10  μ m thickness (to see muscle 

injury) and 7  μ m thickness (to see capillary blood) were 

then obtained from the frozen soleus muscle using 

a microtome cryostat (HE 505; Microm International 

GmbH, Jena, Germany) maintained at  – 20 ° C and alter-

nate serial cross-sections of the muscles stained with 

1 %  toluidine blue (TB)/1 %  borax. TB staining was used 

to evaluate the morphological pattern of the muscle 

fibers and the presence of muscle-fiber injury, because 

it permits the identification of the myonuclei, areas of 

myonecrosis, and the basophilic regions of the muscle 

fibers. For the capillary blood analysis the alterna-

tive serial cross-sections were stained with hematoxy-

lin/eosin (H&E), were processed to obtain a mosaic 

showing the total extent of the histological section 

made by cutting five areas, and five sections per animal 

and the images were captured with the 10  ×   objective 

and analyzed by optical microscope (Axioplan 2; Carl 

Zeiss, Jena, Germany). The capillary blood images were 

analyzed in Imagetool 3.0 software (University of Texas 

Health Science Center at San Antonio, TX, USA), which 

were recorded in the amount of blood capillaries in the 

photomicrography.  

Brought to you by | MIT Libraries
Authenticated

Download Date | 5/9/16 8:07 PM



F. Vatansever et al.: Low intensity laser therapy accelerates muscle regeneration in aged rats      291

2.8    Sources of light and irradiation protocol 

 A diode laser (Model: Theralase; DMC Equipamentos 

Ltda., S ã o Carlos, Brazil), operating with parameters given 

in Table  1   was used. 

 The animals were irradiated directly on the site of 

muscle damage, every 24 h for 5 consecutive days, with 

the first application 24 h after induction of injury, directly 

on the skin covering the belly of the TA muscle. During the 

irradiation process animals were kept under sedation with 

low doses of ketamine HCl and xylazine to allow smooth 

laser application time.  

2.9    Statistical analysis 

 Levene ’ s test was applied first to evaluate the homoge-

neity of the results. ANOVA was used to identify possi-

bly differences amongst groups. When differences were 

observed, the Tukey test was performed. For all tests, the 

significance level was set at 5 % .   

3    Results 

3.1    Morphological analysis 

 The qualitative histological procedures were analyzed 

in muscles under normal conditions and with influence 

of laser irradiation. Images stained with TB (Figure  2   A, 

B) in groups only cryoinjured and in groups cryoinjured 

and irradiated showed a well-defined injured region that 

remains restricted to the surface of the TA muscle and 

that could also be seen at the transition regions among 

the intact and injured tissue. In the site of injury in 

young rats (Figure 2B, image I young and IL young), near 

the region of transition, fibers with centralized nuclei 

and smaller cross-sectional area can be identified. At 

Parameters of laser (GaAlAs) Values

Wavelength 830 nm

Optical power output 30 mW

Beam diameter 0.6 mm

Beam area 0.0028 cm 2 

Divergence angle 1.5 degrees

Fluence 30 J/cm 2 

Irradiation time 29 s

Total energy 0.87 J

 Table 1        Parameters used in the laser irradiation of the rat muscle.

 Figure 2    Transverse serial sections of the middle region of the right 

TA muscle, stained with toluidine blue; row (A) is the elderly group 

and row (B) the young group; IL, injured and laser irradiated groups; 

I, injured only groups; L, irradiated only groups; C, total control 

groups. View   →   is the interface between normal and injured regions; 

     region corresponding to injury,  denotes normal muscle fibers.    

the surface of the lesion, it is possible to identify a high 

concentration of mononuclear cells (inflammatory and/

or myogenic), abundant extracellular matrix, high con-

centration of lysosomes, and absence of young muscle 

fibers. In the irradiated only (L) and absolute control 

group (C), the intact region of the injured groups (Figure 

2) shows the same characteristics of a healthy skeletal 

muscle tissue as a polygonal shape, peripheral nucleus, 

organization issues and no change in the morphology of 

the fibers. 

 Images stained with H&E (Figure  3  ) enabled to observe 

the presence of blood capillaries in slides of control C 

(both C-Y and C-O), irradiated only L (L-Y and L-O), injured 

only I (I-Y and I-O), and injured and irradiated IL (IL-Y and 

IL-O) groups of animals.  
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 Figure 3    Transverse serial sections of the middle region of the right 

TA muscle stained with H&E. The row (A) is the elderly group, and 

row (B) the young group; IL, injured and irradiated groups; I, injured 

groups only; L, irradiated groups only; C, absolute control groups.  

 →   points to blood vessels.    

3.2    Morphometric analysis 

 Figure  4   shows an expansion of the total area of cross 

section of young and elderly groups, but a significant 

increase in this area occurred only in the groups IL-Y, I-Y, 

and L-Y. The figure also shows that there was a decrease in 

affected areas with statistical difference only for the IL-Y 

group compared with the I-Y one.  

3.3    Quantification of capillary blood vessels 

 The result of counting of the blood capillary vessels, as 

seen in Figures 3 and  5  , shows a significant increase in the 

amount of blood capillaries in groups IL-Y, IL-O, I-Y and 

I-O. The young and elderly irradiated group showed no 

changes in the total number of blood capillaries.  

3.4    mRNA gene expression of MyoD 

 MyoD mRNA gene expression proved to be at elevated 

levels in both young and elderly of L, I, and IL groups in 

comparison with the control group C (for both young and 

elderly). The level of gene expression differences reached 

an even more significant state, if we compared group C 

with the IL-O, I-O, and L-O groups. In the young animals, 

we already see statistical difference of MyoD mRNA 

expression levels in comparison with the control C-Y, and 

IL-Y, and I-Y groups (Figure  6  ). If we compare the young 

with the elderly groups, we can see a more pronounced 

response in the levels of mRNA of MyoD in the elderly 

groups.  

3.5    Gene expression of VEGF mRNA 

 The gene expression of VEGF mRNA in elderly IL and I 

groups appears to be with increased expression levels, 

whereas in the elderly IL and C groups, it reaches signifi-

cant-increase levels. In contrast, while the young IL and 

C groups showed an increase in the expression of VEGF 

mRNA, the young IL and I groups showed a decrease in 

the expression levels (Figure  7  ).   

4    Discussion 
 LILT has been used extensively in the clinic rehabilitation 

 [4]  and several studies are showing the positive action of 

LILT in muscle regeneration  [15, 20, 21] . However, there 

are few studies that examine the mechanisms by which 

this therapy interacts with the muscle tissue during the 

regeneration process, especially in the elderly. In our 

current study we demonstrate the influence of LILT in 

regenerating skeletal muscles in elderly rats. Our results 

support the idea that LILT treatment enhanced the regen-

erative process of skeletal muscle in irradiated aged rats 

where cryolesions increased the maturation of satellite 

cells into myoblasts and myotubes. These results are 

very interesting for the development of novel therapeutic 

strategies and modalities, such as including the LILT as a 

treatment option (in addition to those that are already in 

place), that may enhance muscle regenerative capacity in 

the elderly. 
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 This study was designed to observe and evaluate the 

response to injury during the acute phase of the inflam-

mation induced by cryoinjury, as well as to evaluate how 

the inflammation may be affected by laser irradiation. As 

such, our experimental set-up is reflecting the inflamma-

tion development; thus,  in vivo  studies followed the 5 days 

benchmark. 

 We induced the cryoinjuries with a liquid N 
2
  cooled 

rod and marked the spot twice with a cooling the rod in 

between times. The injured spot is clearly seen in Figure 1. 
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 Figure 4    Morphometric analyses. Total area (AT) and injured area (AL), where *:  p   <  0.05 corresponds intragroup comparisons, i.e., the 

significant differences between groups IL, L, I, and C on the young and old paired groups;  # :  p   <  0.05 is significant difference between the IL 

and I young subjects groups. The horizontal bars in the upper portion of the figure indicate the intergroup comparisons showing statistical 
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 Figure 5    Count of blood vessels by light microscopy photomicro-

graphs obtained in groups of young and old specimens, where *: 

 p   <  0.05 corresponds intragroup comparisons, i.e., the significant 

differences between groups IL young, I young, and compared to 

absolute control (C) young; and between groups IL, I elderly com-

pared to absolute control (C) group of elderly. The horizontal bars in 

the upper portion of the figure indicate the intergroup comparisons 

showing statistical differences ( p   <  0.05), between young and elderly 

groups.    
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 Figure 6    Levels of MyoD mRNA in the TA muscle of rats, where *: 

 p   <  0.05 corresponds intragroup comparisons, i.e., the significant 

differences between groups IL, I, and absolute control (C) of young 

specimens; and between groups IL, I, and L in the elderly group with 

absolute control (C) of the elderly specimens. The horizontal bars 

in the upper part of the figure indicate the intergroup comparisons 

showing statistical differences, between young and elderly groups.    

The lower image is of laser irradiation performed on the 

TA muscle. 

 Morphological analyses of the images (generated 

with TB staining) of the right TA muscles cross-sections, 

are rendering only qualitative information. Looking at 

these images one does not see pronounced difference 

in the muscle regeneration patterns of young and old 

rats that have undergone both cryolesioning and irra-

diation treatments, when compared with the young and 

old rat groups that have only been through a cryolesion-

ing treatment (Figure 2). However, the borderlines of 

the cryoinjury and cell structure damage are visible and 

pronounced. 
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 To assess the regenerative effect of irradiation mor-

phometric analyses of the stained tissue had to be done 

(over the total area of imaging), and by that it was possible 

to verify the regenerative pattern differences in the elderly 

and young rat groups. Our results show that only the 

young rats ’  group were cryolesioned and irradiated (Figure 

4), gain a positive outlook for repairing of the injured area, 

with unequivocal narrowing of the damaged area. In this 

regard, the LILT was effective for muscle regeneration in 

the 5-day treatment process, enabling the proliferation 

and/or differentiation of satellite cells recruited during the 

initial phase of the regeneration  [22, 23] . In the elderly rats ’  

cryolesioned and irradiated group, it was not possible to 

see such decrease of the damaged area. However, neither 

did this area increase, which shows that the regenerative 

process in the elderly rats is poor  [24] , and that the LILT 

nevertheless stimulated the regeneration such that it did 

not stall nor did it take a turn for the worse. Thus, it is 

important to evaluate treatments with different times and 

different doses using laser irradiation. 

 The reduced regenerative capacity is related to aging 

in association with changes in the function of satellite cells 

 [25] . However, activation of satellite cells requires a con-

trolled increase in the MRFs expression and the muscle-

specific genes  [6] . In the muscles of older rats the MRFs 

expression are high enough; however, they are ineffective 

in action  [1, 5] . According to Alway et al.  [1] , gene expression 

of MRFs can increase in aged muscles; however, it cannot 

increase as much and with the same rates after injury, 

which is an impairing factor in the regenerative process. 

 Our recent studies  [4] , as well as Nakano et al.  [26] , 

have shown that there is an increase in the number of 

molecular markers linked to muscle regeneration in 

young rats and mice treated with LILT. In our previous 
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 Figure 7    Levels of VEGF mRNA in the TA muscle of rats, where *: 

 p   <  0.05 corresponds to intragroup comparisons, i.e., the significant 

differences between IL elderly groups and elderly groups I, L and 

C. The horizontal bars in the upper part of the figure indicate the 

intergroup comparisons showing statistical differences ( p   <  0.05), 

between young and elderly groups.    

study  [4] , using lasers with wavelengths of 685 and 830 

nm, and irradiation doses of 2.6 and 8.4 J/cm 2 , respec-

tively, we showed that enzymes lactate dehydrogenase 

and citrate synthase levels increased upon treatment; 

pointing towards the fact that this type of therapy influ-

ences the proliferation and metabolic functions of satel-

lite cells during the muscle regeneration process. Nakano 

et al.  [26]  demonstrated that laser diode with  λ   =  830 nm 

has a stimu latory effect over cellular activity and that it 

increases the number of capillaries as well as the fibro-

blast growth factor levels. 

 In our current study where aged rats are used for the 

first time in this type of experimental model we show that 

treatment with LILT had a positive influence on elevating 

the gene expression levels of MyoD in the young groups; 

thus we hypothesized that the laser irradiation activates 

quiescent satellite cells and leads to activation of the 

initial phase of the cell cycle and as such has mediating 

effects over cell proliferation. This is in line with argu-

ments of other groups as well  [11, 22] . We see a similar 

response in aged groups rats where MRFs expressions are 

upregulated. 

 In examining the effects of LILT on the gene expres-

sion levels of MyoD, it was observed that the gene initi-

ates the activation of proliferation and differentiation of 

the satellite cells during the muscle regenerative process 

 [6] . Thus, it is clear that satellite cells are essential for 

regeneration. However, during aging even though satel-

lite cells ability to spread is maintained, their quantity 

and capacity to differentiate is reduced. These changes 

are caused by the lack of induction of MRFs in the cells, 

an action crucial to the regenerative process and to the 

transcription of muscle-specific genes  [26, 27] . In our 

previous study  [28] , with different study conditions 

and only a young mice population, we showed that an 

808 nm laser irradiation treatment applied population 

had elevated mRNA levels of the transcription factors 

MyoD and myogenin. Our current results, as seen in 

Figure 6, show that LILT exerted great influence on the 

mRNA expression of MyoD in older groups, but viewing 

the injured area of the TA muscle, we can say that the 

IL group showed positive responses in young muscle 

regeneration which is more pronounced than in group 

IL elderly. For this, Degens  [27]  emphasizes that the high 

levels of mRNA of MRFs do not necessarily reflect high 

levels of muscle-specific proteins. 

 The relationship between muscle regeneration and 

adequate blood supply is very important  [19]  in helping 

the migration of satellite cells to the injury site  [29] . With 

that in mind we analyzed the gene expression of VEGF (as 

an angiogenic factor playing an important role in vascular 
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development)  [29] , an active participant in the muscle 

regene rative process  [19] . 

 It is known that VEGF gene has an important regu-

latory role in basal capillarization of muscle tissue and 

in the mitigation of motoneurons loss in the elderly  [30]  

by accelerating the fusion of myogenic satellite cells to 

form myotubes during regeneration  [19, 31] . Studies show 

that the endothelial dysfunction related to age and the 

reduced expression of VEGF are possible mechanisms of 

reducing age-dependent angiogenesis  [30, 32] , leading 

to a delay in the formation of blood capillaries in the 

elderly  [29] . Bryan et al.  [33]  showed that VEGF is coor-

dinately regulated and increasing its expression during 

myogenesis, and also they found that increase of VEGF 

levels depends on the myogenic transcription factor, the 

MyoD. Thus, changes in gene expression of the mRNA 

of MyoD that occurs during aging may clearly influ-

ence the reduced expression of the VEGF gene. Results 

of our study (Figures 6 and 7) show that LILT irradiation 

upregulated the gene expression of the mRNA of MyoD, 

and of VEGF, as well as increased the number of blood 

vessels in the muscle groups of the right TA. Our findings 

corroborate the effects of LILT on angiogenesis through 

increasing expression levels of VEGF  [34, 35]  (Figure 7); 

increasing the count of blood capillaries  [16, 36] , (Figures 

3 and 5); and increasing the expression of satellite cells 

 [22]  through the MyoD effect (Figure 6). 

 In our study we observed that there was a decrease 

in the number of blood vessels in the IL group compared 

with the I group (Figures 3 and 5). This response may be 

explained by the effect of LILT in the modulation of local 

inflammatory response through its systemic effect, such 

as increased superoxide dismutase activity  [25] ; increased 

lymphocytes and the regulation of reactive oxygen species 

 [37] . 

 According to the theory of photochemical LILT, the 

interaction of electromagnetic radiation with the chromo-

phores of the mitochondria and the subsequent biochemi-

cal cascade, photostimulation occurs mainly during the 

unstable redox state  [38]  and our study shows that the 

effect of LILT generates a better response in the elderly IL 

group compared to the young groups having analyzed the 

mRNA levels of MyoD and VEGF, as seen in the Figures 

6 and 7. We found that responses were important in the 

LILT treated elderly group and we believe that the ele-

vated levels of gene expression of MyoD and VEGF also 

influenced the increase in capillary blood vessels forma-

tion, which in turn prevented the expansion of the injury 

(injured area) and increased the total area of the muscle 

cross section in the elderly group IL. This indicates that 

lesion formation is activating the muscle gene program 

to start proliferation of the satellite cells, specifically 

forming muscle fibers and replacing the injured fibers 

(arising from the cryolesioning), as well as reversing 

muscle atrophy and intrinsic aging. 

 The L group, irradiated with the laser and serving as a 

control group for injury irradiation, was used to verify the 

action of photostimulation in biological tissues without 

metabolic changes in the young group and in the old 

group (with metabolic changes arising from the advance-

ment of age)  [39] . The results show that there is an eleva-

tion in the gene expression levels of MyoD and the total 

area of muscle cross section in the elderly; possibly due to 

a positive reply from upregulation of MRFs that are present 

in muscle fibers but are lost in the attempt to reverse the 

muscle atrophy because of intrinsic aging. Despite the 

positive responses to 5 days of irradiation, we believe that 

more days of treatment with LILT are needed for the aged 

muscle to have more pronounced and effective responses 

during the regeneration process and natural muscle 

atrophy. 

 In summary, the study indicates that LILT accelerated 

the process of muscle regeneration after cryolesioning in 

young and elderly rats because it activated the expres-

sion of genes MyoD and VEGF, probably by increasing the 

maturation of satellite cells into myoblasts and myotubes, 

and reducing muscle atrophy in irradiated elderly rats, as 

well as by the improvement of blood supply during this 

regene ration process.  

5    Conclusions 
 Our results clearly demonstrate that there are differ-

ences between the regenerative responses in young and 

old animals. These responses during the acute phase of 

inflammation (set in after induction of cryoinjury) show 

signs of body ’ s physiological response necessary to repair 

the injured tissue. The LILT apparently acts as a response 

modulating factor over the myogenic factors (MyoD) and 

the vasculature (VEGF); however, we suspect that there 

are many other implications that are signaled from these 

initial mechanisms. 

 Our research showed that in elderly individuals, 

because there is a greater oxidative stress and a lengthy 

natural regeneration process, it appears that the laser 

treatment has a greater and more pronounced overall 

effect. The LILT shows a great response in the young pop-

ulation as well, which is expected; but even there, the irra-

diation treatment improves the muscle regeneration when 

compared with untreated young subjects.   
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