
12

cLINIcAL TEST  energy for Health [07]

Key words: MlS laser therapy, cell differentiation, myoblasts, extracellular matrix

ABSTRAcT
laser is widely used in many medical fields 
and its effects are reported by several 
studies in literature. Very important 
are the applications in sports medicine, 
physical medicine and rehabilitation, 
based on the analgesic, anti-inflammatory 
and anti-oedema effects of laser therapy, 
as well as the stimulating action on tissue 
repair processes. in our study, we analyzed 
the effects of an advanced laser system, 
the Multiwave locked System (MlS), 
on myoblasts in order to evaluate the 
effectiveness of this laser in promoting 
recovery of damaged muscle tissue. The 
MlS device consists of two synchronized 
diodes emitting at 808 and 905 nm, 
respectively. c2c12 murine myoblasts cell 
line was used as experimental model since 
it is a widely accepted model in muscle 
cells behavior studies. 

Viability and proliferation was assessed 
after a single treatment as well as after 4 
consecutive  treatment (1 treatment/day). 
No significant changes were observed in 
viability, while proliferation decreased 
after 4 treatments. Moreover, we found 
an increased expression of MyoD, a key 
factor in myoblasts maturation. changes 
in cytoskeleton organization, in particular 

the networks of actin microfilaments 
and microtubules, were also observed. 
Decresed proliferation rate, increased 
MyoD expression and cytoskeleton 
rearrangement are consistent with 
myoblast differentiation.

finally the expression of molecules 
involved in the regulation of extracellular 
matrix (ecM) turnover (collagen i, 
MMP-2, MMP-9) was analyzed. after 4 
treatments, collagen i expression showed 
a  14% increase while MMP-2 and MMP-9 
decreased of 33% and 18%, respectively. 
These results suggest that MlS treatment 
could affect ecM turnover shifting the 
balance toward the production rather 
than to the degradation.

in conclusion, our findings demonstrate 
that MlS treatment induces in muscle 
cells a biological response that could 
favour muscle cell differentiation and 
the recovery of diseased muscle tissue. 
a deeper knowledge of the mechanisms 
underlying the effects described above and 
a greater understanding of the changes in 
the biological response to variations in 
instrumental parameters setting can lead 
to concrete improvements in treatment 
protocols. 

INTRODucTION
lasers are widely used in biomedicine. 
Sport medicine, physiatrics and 
rehabilitation are among the most 
important fields of application. Here the 
analgesic, antiinflammatory, anti-oedema 
and stimulating effects of laser therapy are 
used to favour tissue repair and function 
recovery.
according to the literature, many factors 
can contribute to the stimulating effect.
The moderate vasodilation increases the 
supply of nutrients and growth factors. for 
example, it has been demonstrated that 
low-level laser (lll) irradiation ( Ga-al-as 
laser) promotes expression of fibroblast 
growth factor (fGf) in rat gastrocnemius 
muscle recovering from disuse muscle 
atrophy [1]. fGf promotes angiogenesis 
and lead to fibroblasts activation [2,3] 
which determines an increase of collagen 
synthesis, essential for tissue repair and 
regeneration [4-6]. Neoangiogenesis is 
crucial for ensuring oxygen and nutritional 
substances to new tissues and has a very 
important role in muscle recovery [7,3]
effects that induce a local increase 
of nutrients, promote angiogenesis 
and influence the development of 
inflammation can strongly affect the 
healing process and functional recovery 
of the injured tissues.
another factor widely recognized as 
fundamental to the stimulating effect is 
the red/infrared (ir) laser-induced increase 
in aTP production in mitochondria [7-
9]. after treatment with He-Ne laser, 
an increase in membrane potential and 
consequent aTP production have been 
observed in isolated mitochondria [10]. 
Moreover, many authors found that red/
ir lasers may promote cell proliferation  
[4,11-13].

all these effects are consistent with the 
hypothesis that the recovery of injured 
tissues can be accelerated through the 
application of suitable laser therapy.
Studies on nerve fibers regeneration 
[14] showed that reconnection process 
of nerve cells is accelerated after laser 
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humidified atmosphere containing 95% 
air and 5% co2 in order to maintain a 
pH value between 7.3 and 7.5. when 
confluence has been reached, cells have 
been washed twice with PBS, then treated 
with a 0,05% trypsin solution and plated 
on 55 cm2 plates. all the reagents have 
been purchased from Sigma (chemical 
co St louis, Mo, USa).

mLS Treatment
The laser source was a Multiwave 
locked System (MlS) provided by aSa 
s.r.l. (arcugnano, Vicenza, italy). The 
instrument consists of two assembled 
laser diodes, with synchronized emissions 
at 808 and 905 nm, respectively.
The  diode with λ = 808nm  may emit in 
continuous mode, with a power P = 1.1w, 
or pulsed mode with an average power Pa 
= 0.55w and a maximum frequency of 
2000Hz.

The diode λ = 905 nm is characterized 
by a pulsed emission with a maximum 
frequency of 2000Hz and an average 
power Pa = 60mw.
Therefore, the  MlS emission can occur 
in different modes, according to the 
operator’s choice: 
continuous Mode (continuous Mode 
operation, cw): diode with λ = 808 nm, 
continuous emission and diode with λ = 
905 nm, pulsed emission. Pulsed mode 
(Pulsed Mode operation): diode with 
λ= 808nm, pulsed emission with pulses 
repetition frequency f808  (Max value 
2000Hz) and diode with λ = 905nm, 
pulsed emission with pulses repetition 
frequency f905 = f808. 

when frequency changes, the emission 
features allow the average power of  the 
905nm diode emission to change, while 
the average power of the 808nm diode 
emission does not change. in fact,  when 
the frequency changes the 808nm diode 
emission duration changes in proportion, 
in this way the average power remains the 
same. it is the temporal distribution of the 
released energy which changes. with the 

treatment, leading to the regeneration of 
insensitive areas [15-17]. other studies 
have demonstrated a faster recovery of 
wound healing [18] and bone fractures 
[19], as well as a marked reduction in 
infarct size and myocardial infarct [20].
Many studies report on effects of laser 
radiation on muscle homeostasis and 
repair mechanisms in this tissue. in a 
recent study, using mice as experimental 
model,  the anterior tibial muscle 
previously damaged by a cryolesion has 
been exposed to lllT (Gaalas laser, 660 
nm). although a significant reduction 
in recovery time was not recorded, an 
increase of collagen iV was found in the 
treated muscles [21]. 
another study on mice demonstrated 
that He-Ne laser irradiation (632.8 nm),  
associated with physical exercise, reduced 
skeletal muscle inflammation, improved 
the activity of superoxide dismutase and 
diminished the activity of creatine kinase 
[22].

Some authors found an increase in 
proliferation of muscle satellite cells [1, 23-
25]. These cells, usually quiescent, can be 
activated by factors released by cells of the 
injured muscle [26-28]. The satellite cells 
have the function of creating new fibers 
and replacing the necrotic ones [27]. 

in the frame of studies aimed at 
understanding the mechanisms by which 
laser therapy can promote the repair and 
functional recovery of skeletal muscle, 
here we report the results obtained 
investigating the effect of ir laser radiation 
on myoblasts.

as for any other radiation source, the 
main parameters for characterizing laser 
emission are: power, frequency and 
wavelength. These ones, together with 
the features of the irradiated tissues 
or samples, strongly affect the way the 
radiation propagates into the tissue/
sample and the consequent effects.
in our experiments, we chose as the laser 
source a Multiwave locked System (MlS) 

because we hypothesized that this laser 
system could be particularly suitable 
for the treatment of skeletal muscle. in 
fact the system is characterized by two 
synchronized emissions with wavelengths 
808 and 904, respectively. The two 
emissions are absorbed by different 
mitochondrial complexes, therefore the 
MlS treatment can affect cellular energy 
metabolism by acting on multiple sites in 
the respiratory chain at the same time. 
radiation with λ = 808nm is absorbed by 
the cytochrome oxidase (complex iV) which 
is considered as a principal photoacceptor 
in mammalian cells  [29,30]. it is know 
that the activation of this mitochondrial 
enzyme after absorbing a radiation in red/
near infrared (ir) promotes the production 
of aTP [31,32]. The radiation with λ= 905 
nm interacts with the complexes i, ii, iii, 
iV of the respiratory chain and succinate 
dehydrogenase [33].

considering the emission wavelengths 
and tissue type (muscular tissue) optical 
properties, it is possible to estimate MlS 
radiation which is expected to propagate 
within the tissue a penetration depth of 
about 10 mm in this kind of tissue; this 
means that still about 13% of initial power 
reaches a 20 mm depth. Therefore it is 
possible to affirm that MlS radiation can 
interact with deep-located muscle tissue.
Moreover, since our previous data (not 
yet published) demonstrated that MlS 
radiation is absorbed by collagen and 
polysaccharide biogels, which are models 
of extracellular matrix, we hypothesized 
that the MlS treatment could also affect 
cell behaviour by modification of the 
extracellular microenvironment.

mATERIAL AND mETHODS
cell cultures
Murine myoblasts have been cultured 
in Dulbecco’s Modified eagle’s Medium 
supplemented with 100 μg/ml streptomycin, 
100 U/ml penicillin, 2 mM glutamine and 
10% fetal bovine serum (fBS).
cells were incubated at 37°c in 
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same emission time (and spot sizes), the 
whole energy (808nm + 905nm) changes 
when the set frequency changes.
for our experiments, cells have been 
plated on slides Ø of 13mm (5000 cells 
per slide) previously sterilized and put in 
multiwell (plates of 24 wells) to carry out 
the treatment. each plate has been put in 
a holder which allowed an easy scanning 
of the samples. each scanning lasted 20s. 
The treatment was repeated once a day 
for 4 consecutive days in sterile conditions. 
The treated samples have been compared 
with controls maintained in the same 
conditions, except for the exposure to 
MlS laser device.
The following treatment parameters 
have been applied: 8 min exposure to 
1500Hz emission frequency. To calculate 
the energy given to each sample during a 
single treatment (e) it has been considered 
the following relation:

e = Pt · ( tt / n)  (1)

where n is the number of samples (8 in 
our experiment), tt is the treatment time, 
Pt is the average power, estimated on the 
slide surface (132 mm2), equal to the 
sum of the two laser sources contribution 
(Pt ~ 200mw). entering the data in the 
formula (1), we obtain e ~ 12.0 J.

cell viability 
cell viability after exposure to MlS was 
determined by a Trypan Blue assay. The 
dye is capable of selectively penetrate 
into dead cells. after treatment, cells 
are washed and detached with trypsin/
eDTa for a few minutes. Then cells are 
centrifuged and resuspended in a solution 
of PBS and Trypan Blue (dilution factor: 2) 
and counted, after 5 min of incubation, 
using Neubeuer emocytometer.  

Immunofluorescence 
after treatment the cells were fixed in 
cold acetone for 5 minutes and then 
washed with PBS without ca and Mg. 
after blocking unspecific binding with 
PBS containing 3% bovine serum albumin 
(BSa), cells were incubated overnight at 

4°c with the specific antibodies: anti-α 
actin, anti-collagen i, anti-α tubulin and 
anti-vimentin antibodies (chemicon int, 
Temecula, ca), anti-Myo D antibody 
(Santa cruz Biotechnology, Heidelberg, 
Germany), anti-MMP-2 and anti-MMP-9 
antibodies (abcam, cambridge, UK). The 
cells were then incubated with the fiTc 
(fluorescein isothiocyanate) conjugated 
specific secondary antibodies (specifically: 
anti-mouse igG for tubulin and Myo D 
antibodies, anti-rabbit igG for collagen 
i and MMP-2 antibodies, anti-mouse 
igM for vimentin antibody and anti-
goat for MMP-9 antibody) (chemicon 
int, Temecula, ca). cells  incubated 
with anti-α actin antibody did not need 
incubation with the secondary antibody 
since a mouse anti-actin alexa fluor® 488 
conjugated was used. Negative controls 
were obtained by omitting the primary 
antibodies. Samples were evaluated by 
an inverted epifluorescence microscope 
(eclipse Te2000-e, Nikon, italy) with oil 
immersion objective (cSi S fluor 100x, 
N.a. = 1.3) at 100x magnification and 
imaged by a Hires iV digital ccD camera 
(DTa, italy). fluorescence excitation has 
been achieved by selecting the 365nm 
emission line of a mercury vapor lamp 
(HBo 100w, osram). about 30 cells 
from different fields have been imaged 
for each slide. 

Image processing 
The image processing has been performed 
by using a specific program written 
in the labView language (National 
istruments). By first obtaining a binarized 
image, in which pixels corresponding 
to cells and those corresponding to the 
background have been given the value 
of 1 and 0 respectively, the program is 
able to distinguish the cell signal from the 
background; as a second step, it calculates 
the average cell intensity by applying the 
binarized images to the original gray-
scale ones. it is then possible to compare 
the average fluorescence intensity of a 
first images set (control samples) with 
the intensity of a second one (treated 
samples).

Data processing  
The experiment has been made three times 
to confirm the results. for each slide 30 
images have been acquired and selected in 
a random way. The fluorescence intensity 
of each field (analyzed with previously 
described method) has been expressed as 
the average pixel intensity corresponding 
to the visualized cells. intensities 
corresponding to the 30 acquired fields 
have been further mediated to give a final 
value, whose error has been calculated as 
Standard Deviation (SD). The statistical 
significance has been determined using 
the T-Student’s test (chosing p<0.05).

RESuLTS
The aim of this study was to evaluate 
the effects of MlS treatment on muscle 
cells and to identify mechanisms possibly 
involved in the stimulation of tissue repair. 
for our experiments, we used a murine 
myoblasts cell line (c2c12) widely accepted 
as a model in muscle cells behavior studies. 
in particular, the research focused on cell 
viability and proliferation, organization of 
cell cytoskeleton, expression of MyoD, an 
early marker of muscle differentiation, and  
proteins involved in the extracellular matrix 
turnover (collagen i, MMP2, MMP9). 

Viability and proliferation
in order to verify the effect of the exposure 
to MlS emission on cell viability and 
proliferation,  Trypan blue assays were 
carried out 24 h after the first treatment 
and 24 h after the fourth treatment.
as shown in fig.1, in both cases, no 
significant differences were observed 
between treated samples and controls as 
regards cell viability, which resulted higher 
than 97.5% in all the samples. 
cell proliferation did not change 
significantly after the first treatment, but 
showed a decrease of the 25% after four 
treatments (fig.2)

cytoskeleton
The cytoskeleton is an important 
structure for the cell since it allows both 
movement and shape modifications and 
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has an important role in intracellular 
transport and signalling. The cytoskeleton 
is mainly composed of three elements: 
actin microfilaments, microtubules and 
intermediate filaments made of tubulin 
and vimentin, respectively. 
The distribution of actin, tubulin 
and vimentin in myoblasts exposed 
to MlS treatments was studied by 
immunofluorescence microscopy and 
image processing. 
actin is modified by mechanical stimulation, 
in particular by physical stimulation. it can 
be used as a sensitivity marker of the cells 
when exposed to physical factors [34]. 
Moreover, it is considered an important 
marker for muscle cells differentiation 
[35].
as shown in fig.3 (a,b), after MlS 
treatments, actin expression decreased 
by about 13% and cleary changed 
the organization of the microfilament 
network. The microfilaments appeared 
more concentrated in perinuclear area. 
The treated samples showed also changes 

in the cell morphology, which resulted 
elongated, when compared with control 
samples. from a quantitative point of 
view, the expression of tubulin, which 
is the main constituent of microtubules, 
did not change following laser treatment. 
However, as observed in the case of actin, 
a different organization of the microtubule 
network has been observed: in fact, in 
control cells microtubules were organized 
radially while in treated cells appeared 
randomly distributed. See fig.3 (c,d).
we did not find any significant effect of 
the treatment on vimentin, the protein 
which form the intermediate filaments 
[fig.3 (e,f)].

Extracellular matrix
The extracellular matrix (ecM) is the non-
cellular component of a tissue. it has many 
functions depending on the composition. 
for example, it acts as support and 
anchorage for cells and is a reservoir of 
growth factors. cells bind to ecM via 
membrane proteins called integrins. 
Through these molecular “bridges”, ecM 

deformations can transmit mechanical 
stresses to the cells and affect cytoskeleton 
organization; in the same way cells can 
induce changes in  ecM [36,37]. 
The ecM turnover is a key factor in the 
repair process of traumatized muscle.
The main ecM protein is collagen, which 
forms very dense fibres. Different types of 
collagen are present in the various tissues. 
collagen i is the most abundant in the 
human body. it can be found in tendon, 
muscle, endomysial fibrils, the organic 
part of the bone tissue [38,39] and in 
the scar tissue. after exposure to MlS, 
myoblast cultures showed a moderate 
(14%) but significant increase (p< 0,025) 
in collagen i expression. fig.4 (a,b)
The homeostasis of the ecM is also 
regulated by proteins belonging to 
metalloprotease family (MMP), which are 
involved in ecM degradation and repair 
during normal physiological processes 
[40,41]. These proteins are also involved 
in pathological conditions like arthritis 
[42]. in myoblast cultures treated with 
MlS we analyzed the expression of 
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Fig.1. c2c12 cell viability assessed 24 h after mLS 
treatment and 24 h after the fourth mLS treatments. 
(control vs. MlS). Data were obtained by Trypan Blue 
assay.

Fig. 2. c2c12 cell proliferation assessed 24 h after 
mLS treatment and 24 h after the fourth mLS 
treatment. (control vs. MlS). Data were obtained by 
Trypan Blue assay.

Fig. 3. Expression of cytoskeleton components 
assessed by immunofluorescence microscopy. 
actin expression in control (a) and cells exposed to MlS 
treatment (b). Tubulin expression in control (c) and cells 
exposed to MlS treatment (d). Vimentin expression in 
control (e) and cells exposed to MlS treatment (f).

Fig. 4. Expression of extracellular matrix components 
assessed by immunofluorescence microscopy. 
collagen i expression in control (a) and cells exposed to 
MlS treatment (b). MMP-2 expression in control (c) and 
cells exposed to MlS treatment (d). MMP-9 expression in 
control (e) and cells exposed to MlS treatment (f).
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matrix metalproteinase-2 (MMP-2) 
and matrix metalproteinase-9 (MMP-
9), which degrade collagen iV, one of 
the most abundant types of collagen 
in skeletal muscle. in comparison with 
control samples we found a decrease of 
expression  of 33% and 18% respectively 
fig. 4 (c,d and e,f).

Differentiation markers
as above described, the data of our 
experiment revealed a decrease in 
proliferation but no significant changes in 
viability. Since this means that the MlS 
treatment does not induce cell damage, 
we hypothesized that the reduction in the 
growth rate could be due to the triggering 
of a differentiation process. Therefore, we 
analysed in the treated cells the expression 
of the differentiation marker MyoD. The 
differentiation markers are molecules 
which are expressed when cells pass from 
proliferation to maturation. each tissue has 
its own differentiation markers. MyoD, 
an early marker of myogenesis, belongs 
to a protein family known as myogenic 
regulatory factors (Mrfs). The main 
MyoD function is removing cells from 
cellular cycle and blocking proliferation. it 
is mainly expressed in muscle cells, where 
it has an important function in regulating 
muscle differentiation [43,44]. our 
results demonstrate that MlS treatment 
induced an increase of the 26% in MyoD 
expression (fig. 5).

DIScuSSION
The analysis of the data obtained by our 
experiments shows that the exposure 
to MlS treatment, even if repeated 
over time, did not produce significant 

changes in cells viability, which never fell 
below 97.5%. The proliferation decreased 
moderately, but significantly, after 4 
treatments.
in literature there are many studies 
concerning the effect of laser radiation 
on cell viability. The results are often 
controversial and depends on laser type 
and experimental models used. However 
our results are in accordance with those 
reported by ferreira et al. in a study on 
the effect of red/ir lasers on c2c12 cells, 
the same as our experimental model [45]. 
recent studies carried out on different cell 
types showed that proliferation increased 
after exposure to wavelengths ≤ 780 nm, 
while it decreased by irradiation at 810 nm 
[12,46].  
Since the unchanged cell viability 
demonstrated the absence of acute cell 
damage, the slower rate of growth induced 
us to hypothesize that MlS treatment could 
promote muscle cell differentiation. This 
hypothesis was indeed confirmed by the 
increase in MyoD that we found in treated 
myoblasts. as above explained, MyoD is 
an early marker of myoblast differentiation 
and plays a key role in the maturation of 
muscle cells [47].
The analysis of cytoskeleton organization, 
made through immunofluorescence 
microscopy, has shown that MlS treatment 
induced a considerable reshape both 
in microtubules distribution and in the 
network of actin microfilaments.
These data are in agreement with results we 
obtained previously in chondrocytes and 
fibroblasts exposed to ir laser treatment 
[48] and also with the studies of ricci et 
al [49], where changes in organization of 
actin filaments and stress fibers formation 
in endothelial cells of rabbit aorta (reac) 
subjected to lllT are described.
it is well know that important changes of 
the cytoskeleton can be inducted by physical 
stimulation and laser radiation is not an 
exception. These changes can determine 
important effects on cells behavior, since 
microtubules have a primary function in 
regulating distribution and positions of 
intracellular organelles and actin is involved 
in cell shape determination, and regulates 

the adherence/migration processes [50]. 
Moreover, in muscle cells, actin has a 
very important and significant function. 
finally, the transition from proliferation to 
differentiation, such as that observed after 
MlS treatments, involves changes in cell 
morphology and therefore in cytoskeleton 
organization.
indeed, it has been demonstrated that 
substances like phospholipase D induce 
myogenic differentiation through a 
remodeling of actin cytoskeleton [51].
MlS treated samples showed also changes 
in  expression of molecules which have 
important functions in reshaping the 
ecM. collagen i expression increased, in 
agreement with what other authors have 
found recently in tissues exposed to  Gaalas 
laser  (λ =  808nm) [52].
on the contrary, the expression of MMP-2 
and MMP-9, involved both in migration and  
myoblasts differentiation [53], diminished. 
The moderate increase in collagen and 
reduction in MMP-2 and MMP-9 could 
affect myoblasts migration and ecM 
formation.
in conclusion, the results we obtained on 
cell viability and proliferation, structural 
changes of the cytoskeleton, MyoD,  
collagen i, MMP-2 and MMP-9 expression 
demonstrate that MlS treatment does 
not affect myoblast viability but can affect 
migration, differentiation and production 
of ecM molecules.
These results indicate that MlS treatment 
is able to induce, in muscle cells, a 
biological response that can affect muscle 
function. This response is consistent with 
therapeutic effects observed at systemic 
level and suggest that MlS therapy could 
be effective in treating muscle diseases 
by direct action on myoblast behaviour. 
additional studies to further understand 
the molecular mechanisms underlying 
the observed effects are needed, since a 
better understanding of mechanisms and 
biological responses evoked by use of 
different instrumental parameters can lead 
to significant improvements in therapeutic 
protocols.

Fig. 5. myoD expression assessed by immunofluorescence 
microscopy. control (a) and cells exposed to MlS treatments 
(b).



17

effects of MlS laser system (multiwave locked system) on myoblast cell line (c2c12) energy for Health [07]

REFERENcES
1. Nakano J, Kataoka H, Sakamoto J, 

origuchi T, okita M, Yoshimura T. low-
level laser irradiation promoters the 
recovery of atrophied gastrocnemius 
skeletal muscle in rats. exp Physiol, 2009, 
94(9):1005-1015.

2. Hudlicka o, Brown M, egginton S. 
angiogenesis in skeletal and cardiac 
muscle. Physiol rev.,1992, 72(2):369-
417.

3. Deveci D, Marshall JM, egginton S. 
Muscle ischaemia in rats may be relieved 
by overload-induced  angiogenesis. exp 
Physiol, 2002, 87:479-488.

4. almeida-lopes l, rigau J, Zangaro ra, 
Guidugli-Neto J, Jaeger MM. comparison 
of the low lever laser therapy effects 
on cultured human gingival fibroblasts 
proliferation using different irradiance 
and same fluence. lasers Surg Med, 
2001, 29(2):179-84.

5. liu H, Dang Y, wang Z, chai X, ren 
Q. laser induced collagen remodeling: 
a comparative study in vivo on mouse 
model. laser Surg Med, 2008, 40(1):13-
9.

6. Kovács iB, Mester e, Görög P. Stimulation 
of wound healing with laser beam in the 
rat. experentia, 1974, 30:1275-1276.

7. Mochizuki-oda N, Kataoka Y, cui Y, 
Yamada H, Heya M, awazu K. effects 
of near-infrared laser on adenosine 
triphosphate and adenosine diphosphate 
contents of rat brain tissue. Neurosci lett, 
2002, 323(3):207-10.

8. Kujawa J, Zavodnik l, Zavodnik i, Buko V, 
lapshyna a, Bryszewska M. effect of low-
intensity (3.75-25 J/cm2) near-infrared 
(810 nm) laser radiation on red blood cell 
aTPase activites and membrane structure. 
J clin laser Med Surg, 2004, 22(2):111-
7.

9. oron U, ilic S, De Taboada l, Streeter J. 
Ga-as (808 nm) laser irradiation enhances 
aTP production in human neuronal cells 
in culture. Photomed laser Surg, 2007, 
25(3):180-2.

10. Passerella S, casamassima e, Molinari 
S, Pastore D, Quagliarello e, catalano 
iM, cingolani a. increase of proton 
electochimical potential and aTP synthesis 

in rat liver mitochondria irradiated in vitro 
by helium-neon laser. feBS lett, 1984, 
175:95-99. 

11. Karu Ti. low intensity laser light action 
upon fibroblasts and lymphocytes. in: 
ohshiro T, calderhead rG, eds. Progress 
in laser therapy. Selected papers from 
the october 1990 ilTa congress. wiley, 
west Sussex, england, 1991, 175-179.

12. Moore P, ridgway TD, Higbee rG, Howard 
ew, lucroy MD. effect of wavelength on 
low-intensity laser irradiation-stimulated 
cell proliferation in vitro. laser Surg Med, 
2005, 36(1):8-12.

13. chen cH, Hung HS, Hsu SH. low-energy 
laser irradiation increases endothelial cell 
proliferation, migration, and eNoS gene 
expression possibly via P13K pathway. 
lasers Sung Med, 2008, 40(1):46-54.

14. rochkind S, Nissan M, alon M, Shamir 
M, Salame K. effects of laser irradiation 
on the spina cord for the regeneration of 
crusched peripheral nerve in rats. laser 
Surg Med, 2001, 28(3):216-219.

15. rochkind S, ouaknine Ge. New trend in 
neuroscience: low-power laser effect on 
peripheral and central nervous system 
(basic science, preclinical studies). Neurol 
res, 1992, 14:2-11.

16. Gigo-Bennato D, Geuna S, castro 
rodrigues a, fornaro M, Boux e, 
Battiston B, Tos P. low power laser 
biostimulation enhances nerve repair 
after end-to-side neurorrhaphy: a double-
blind randomized study in the rat median 
nerve model. lasers in Medical Science, 
2004, 19(1):57-65

17. rochkind S, leider-trejo l, Nissan M, 
Shamir MH, Kharenko o, alon M. 
efficacy of 780 nm laser Phototherapy 
on Peripheral Nerve regeneration after 
Neurotube reconstruction Procedure 
(Double-Blind randomized Study). 
Photomed laser Surg, 2007, 25(3): 137-
143. Doi 10. 1089/pho.2007.2076.

18. conlan MJ, rapley Jw, cobb cM. 
Biostimulation of wound Healing by 
low-energy laser irradiation. a review. J 
clin Periodontol, 1996, 23:492-496.

19. Yaakobi T, Maltz l, oron U. Promotion 
of bone repair in the cortical bone of 
the tibia in rats by low energy laser (He-

Ne) irradiation.  calcif Tissue int., 1996, 
59(4):297-300.

20. oron U, Yaakobu T, oron a, Mordechovitz 
D, Shofti r, Hayam G, Dror U, Gepstein 
l, wolf T, Haudenschild c, Ben Haim 
S. low energy laser irradiation reduces 
formation of scar tissue following 
myocardial infraction in dogs. circulation, 
2001, 103

21. Baptista J, Martins MD, Pavesi Vc, 
Bussadori SK, fernandes KP, Júnior 
DD, ferrari ra. influence of laser 
Photobiomodulation on collagen iV 
During Skeletal Muscle Tissue remodeling 
after injury in rats. Photomed laser 
Surg., 2011, 29(1):11-17.

22. liu XG, Zhou YJ, liu TcY, Yuan JQ. 
effects of low-level laser irradiation 
on rat Skeletal Muscle injury after 
eccentric exercise. Photomed laser 
Surg, 2009, 27(6): 863–869 Doi: 
10.1089=pho.2008.2443.

23. weiss N, oron U. enhancement of muscle 
regeneration in the rat gastrocnemius 
muscle by low energy laser irradiation. 
anat embryol (Berl), 1992, 186:497-
503. 

24. Bibikova a, Belkin V, oron U. 
enhancement of angiogenesis in re gene 
rating gastrocnemius muscle of the 
toad (Bufo viridis) by low-energy laser 
irradiation. anat embryol (Berl), 1994, 
q90:597-602. 

25. amaral ac, Parizotto Na, Salvini Tf. 
Dose-dependecy of low-energy HeNe 
laser effectin regeneration of skeletal 
muscle in mice. laser Med Sci, 2001, 
16:44-451.

26. Bischoff r. a satellite cell mitogen from 
crushed adult muscle. Dev Biol, 1986, 
115:140-147.

27. Bischoff r, Heintz c. enhancement of 
skeletal muscle regeneration. Dev Dyn, 
1994, 201:41-54.

28. Kawiak J, Brzóska e, Grabowska i, Hoser 
G, Stremińska w, wasilewska D, Machaj 
eK, Pojda Z, Moraczewski J. contribution 
of stem cells to skeletal muscle 
regeneration. folia Histochem cytobiol., 
2006, 44(2):75-9.

29. Huang YY, chen ac, carroll JD, Hamblin 
Mr. Biphasic dose response in low level 



18

effects of MlS laser system (multiwave locked system) on myoblast cell line (c2c12) energy for Health [07]

light therapy. Dose response, 2009, 
7(4):358-83.

30. Karu Ti, Kolyakov Sf. exact action 
spectra for cellular responses relevant 
to phototherapy. Photomed. laser Surg, 
2005, 23:355-361.

31. wong-riley MT, liang Hl, eells JT, 
chance B, Henry MM, Buchmann e, 
Kane M,whelan HT. Photobiomodulation 
directly benefits primary neurons 
functionally inactivated by toxins: role of 
cytochrome c oxidase. J Biol chem.,2005, 
280(6):4761-71. epub 2004 Nov 22.

32. Beauvoit B, evans SM, Jenkins Tw, 
Miller ee, chance B. correlation 
between the light scattering and the 
mitochondrial content of normal tissues 
and transplantable rodent tumors. anal 
Biochem., 1995, 226(1):167-74.

33. Silveira Pc, Silva la, fraga DB, freitas 
TP, Streck el, Pinho r. evaluation of 
mitochondrial respiratory chain activity 
in muscle healing by low-level laser 
therapy. J Photochem Photobiol B, 2009, 
95(2):89-92. epub 2009 Jan 21.

34. Small J, rottner K, Hahne P, anderson 
Ki. Visualising the actin cytoskeleton. 
Microsc res Tech, 1999, 47(1):3-17.

35. Skall o, et al. alpha-smooth muscle actin, 
a differentiation marker of smooth muscle 
cells, is present in microfilamentous 
bundles of pericyte. The Histochemical 
Society, 1989, 37(3):315-321.

36. carson DD. extracellular matrix: forum 
introduction. reproductive Biology and 
endocrinology, 2004, Jan 7;2:1.

37. chiquet M, Sarasa-renedo a, Huber 
f, flück M. How do fibroblast translate 
mechanical signals into changes in 
extracellular matrix production ?  Matrix 
Biology, 2003, 22:73-80 

38. fraser rD, Macrae TP, Suzuki e. chain 
conformation in the collagen molecule. J 
Mol Biol.,1979, apr 15;129(3):463-81.

39. rossert J, Terraz c, Dupont S. regulation 
of type i collagen genes expression. 
Nephrol Dial Transplant.,2000, 15 Suppl 
6:66-8.

40. rutges JP, Nikkels PG, oner fc, ottink KD, 
Verbout aJ, castelein rJ, creemers lB, 
Dhert wJ. The presence of extracellular 
matrix degrading metalloproteinases 

during fetal development of the 
intervertebral disc. eur Spine J., 2010, 
aug;19(8):1340-6. epub 2010 apr 10.

41. löffek S, Schilling o, franzke cw. Biological 
role of matrix metalloproteinases: a 
critical balance. eur respir J., 2010, 22.

42. abeles aM, Pillinger MH.The role of the 
synovial fibroblast in rheumatoid arthritis: 
cartilage destruction and the regulation 
of matrix metalloproteinases. Bull NYU 
Hosp Jt Dis. 2006, 64(1-2):20-4.

43. Puri Pl, iezzi S, Stiegler P, chen TT, 
Schiltz rl, Muscat Ge, Giordano a, 
Kedes l, wang JY, Sartorelli V. class 
i histone deacetylases sequentially 
interact with MyoD and prb during 
skeletal myogenesis. Mol cell., 2001, 
oct;8(4):885-97.

44. Pessina P, conti V, Pacelli f, rosa 
f, Doglietto GB, Brunelli S, Bossola 
M. Skeletal muscle of gastric cancer 
patients expresses genes involved in 
muscle regeneration. oncol rep., 2010, 
Sep;24(3):741-5.

45. ferreira MP, ferrari ra, Gravalos eD, 
Martins MD, Bussadori SK, Gonzalez 
Da, fernandes KP. effect of low-
energy Gallium-aluminum-arsenide and 
aluminium Gallium indium Phosphide 
laser irradiation on the Viability of c2c12 
Myoblasts in a Muscle injury Model. 
Photomed laser Surg, 2009, 27(6):901–
906. Doi: 10.1089=pho.2008.2427.

46. Peplow PV, chung TY, Baxter GD. laser 
Photobiomodulation of Proliferation of 
cells in culture: a review of Human 
and animal Studies. Photomedicine and 
laser Surgery, 2010, 28(1):S3–S40 Doi: 
10.1089/pho.2010.2771.

47. Penn BH, Bergstrom Da, Dilworth fJ et 
al. a MyoD generated feed-forward cicuit 
temporally patterns gene expression 
during skeletal muscle differentiation. 
Genes Dev., 2004, 18:2348-2353.

48. Monici M, Basile V, cialdai f, romano 
G, fusi f, conti a. irradiation by pulsed 
Nd:YaG laser induces the production of 
extracellular matrix molecules by cells 
of the connective tissues. a tool for 
tissue repair. in: “Biophotonics: Photonic 
solutions for Better Health care”, J. 
Popp, w. Drexler, V.V. Turchin and 

D.l. Matthews eds., Proc. of SPie vol. 
6991, 69912K1-10, 2008 doi: 10.1117/ 
12.782865.

49. ricci r, Pazos Mc, eller Borges r, 
Pacheco-Soares c. Biomodulation with 
low-level laser radiation induces changes 
in endothelial cell actin filaments and 
cytoskeletal organization. Journal of 
Photochemistry and Photobiology B: 
Biology, 2009, 95:6–8.

50. Khaitlina SY. functional specificity of actin 
isoforms. int rev cytol, 2001, 202:35-
98. 

51. Komati H, Naro f, Mebarek S, De 
arcangelis V, adamo S, lagarde M, Prigent 
af, Némoz G. Phospholipase D is involved 
in Myogenic Differentiation through 
remodeling of actin cytoskeleton. Mol 
Biol cell, 2005,16(3): 1232–1244.

52. Yong-Deok K,  Seong-Sik K,  Seok-Jun 
K., Dae-woo K, eun-Suk J, woo-Sung 
S. low-level laser irradiation facilitates 
fibronectin and collagen type i turnover 
during tooth movement in rats. lasers 
Med Sci, 2010, 25:25–31. Doi 10.1007/
s10103-008-0585-8.

53.  lewis MP, Tippett Hl, Sinanan acM,  
Morgan MJ, Hunt NP. Gelatinase-B 
(Matrix Metalloproteinase-9; MMP-9) 
secretion is involved in the migratory 
phase of human and murine muscle cell 
cultures. Journal of Muscle research and 
cell Motility, 2000, (21)3: 223-233. 




