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Low Intensity Laser Irradiation Improve
the Mitochondrial Dysfunction of C2C12
Induced by Electrical Stimulation

BHFCRFRFTHAFER, M 516031

ABSTRACT

We investigated the effects of ES and LIL on the mitochondrial function of cultured
C2C12 myotubes in order to find the dosage which can be used to improve the function of
mitochondria and then rehabilitate exercise-induced fatigue or damage. Cultured C2C12
myotubes were subjected to ES or/and LIL irradiation at various intensity. ROS was detec-
ted with DCFH fluorescent probe and mitochondrial function was assessed with MTT. The
results showed that ES at 20ms, 5Hz and 45V intensity for 75 min can induce mitochon-
drial dysfunction of cultured C2C12 myotubes. ES-induced mitochondrial dysfunction were
improved and degenerated by LIL at 0.33 ~8.22J/cm’ and 11.22 ~ 14. 16)/cm’®, re-
spectively. The improvement was significantly higher with LIL at 0.33 and 1. 34)/cm’,
respectively. We conclude that treatment of the cells with proper dosage of LIL irradiation
significantly diminished ROS production and rehabilitate mitochondrial function which may
provides a foundation for PBM on exercise induced mitochondrial dysfunction or skeletal
muscular fatigue.

KEYWORDS: C2CI2 myotubes; electrical stimulation; low intensity laser; reac-
tive oxygen species; mitochondrial function

INTRODUCTION

Many research had shown that exercise stress can induce rapid increase of reactive
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oxygen species (ROS), and then the dysfunction of the cells and tissue, especially the
dysfunction of mitochondria. Fatigue are related with changes in muscle function and local
biochemical changes, which occur during high-intensity exercise or titanic stimulation.

Electrical stimulation (ES) can simulate the contraction of skeletal muscle. Much
work had been done in the field of the research on the function of C2C12 myotubes by
means of ES and ROS increasement and mitochondrial dysfunction, the resultant of ES,
can simulate muscular fatigue. In this trial, we used the cell model as usually used in the
world to deep study the mechanism of PBM .

Low intensity laser (LIL) as a novel therapy form has been widely used in clinical
trials in recent years, though its biological mechanisms remain unclear. Mitochondria is
very sensitive to monochromatic light or LIL., LIL has been found to modulate various bio-
logical processes, such as increasing mitochondrial respiration and ATP synthesis, modu-
lating the function of cell membrane, inducing various changes of mitochondrial enzyme,
eliminating O2-. and enhancing the activity of SOD.

Photobiomodulation (PBM) is the hot topic in the field of laser medicine. Reseach
had shown that PBM can modulate many kind of tissues and produce different cellular or
subcellular effects, including the healing effects of the decreased cell activity, so it can
be called a green sports medicine method. Recent study had found LIL could reduce mus-
cular fatigue during titanic contractions in rats and LIL had no effect on the recovery of
damage though it could alleviate pain induced by DOMS.

There are two key criteria to successfully invoking PBM effect: one is the appropriate
application of energy of which if excessive amounts are applied, tissue destruction occurs;
another is the wavelength of the laser and it is critical for the two primary reasons; It de-
termines determines the depth of photon penetration. Whereas muscle exist underneath
the skin, LIL should have a certain depth of penetration. 810nm laser had powerful depth
of penetration , so we anticipate it be an important therapy in vitro for exercise induced
muscular damage and fatigue. However, PBM of low level near infrared on myotubes and
their mitochondrial dysfunction was little studied.

In this paper, the effects of low intensity 810nm Ga-Al-As diode laser irradiation
(LIL) on ES-induced mitochondrial dysfunction of C2C12 myotubes will be studied, and
aims to investigate the effect of laser radiation (810 nm, radiant exposure at 0.33 ~

14. 16 J/cm®) on the mitochondrial function and metabolism of free radical so as to offer

.3.
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some theoretical basis of PBM on clinical application.

EXPERIMENTAL MATERIALS AND METHODS

Cell culture

C2C12 cells were bought from Institute of Basic Medical Sciences of China . Cells
were cultured in growth medium (GM; Dulbecco’s modified Eagle’s medium [ DMEM ]
containing 10% {fetal bovine serum (FBS), 100 IU/ml penicillin and 100 wg/ml strepto-
mycin) in a humidified incubator at 37°Cwith 5% CO,. To induce differentiation, nearly
confluent C2C12 cells were incubated in DMEM containing 2% heat-inactivated horse ser-
um ( differentiation medium; DM) for six days.

Electrical stimulation protocol

The design of the electrical stimulation apparatus was derived by modifying existing
methods. Myotubes after differentiated for six days were stimulated at a frequency of 5 Hz
and an intensity of 45 V using electrical stimulator (TY-C type). Stimulation were per-
formed acutely for 15, 30, 45, 60, 75, 90, 105, 120, 150 or 180 min separately in
experimental group. Cell exiracts obtained from each dishes were prepared immediately af-
ter stimulation.

LED Irradiation

Cultured myotubes are irradiaied continuously by a low intensity 810nm Ga-Al-As di-
ode laser (LIL). The doses varied from (0. 33 ~14. 16) J/cm’® over a period of
600s. Irradiation was performed through a fiber so that the homogeneous light spot totally
covered the bottom of the dishes (9. 6cm®). Intensity measurements were measured by
an optical power meter made in Advantest Company, model TQ8210. Irradiation was per-
formed at room temperature in the dark.

ROS Measurements

A fluorescent probe, 2’, 7’-dichlorofluorescin diacetate ( DCFH-DA), was used for
the assessment of intracellular ROS formation in cultured C2C12 myotubes. This assay is a
reliable method for the measurement of intracellular ROS such as hydrogen peroxide
(H,0,), hydroxyl radical (OH + ), and hydroperoxides ( ROOH). Myotubes were
loaded with the probe and incubated for 20min. After loading, the cells were washed for
electrically stimulation or/and LIL irradiation, and then the samples were collected imme-
diately and placed in the spectrofluorimeter to determine the ROS production at the excita-

tion and emission wavelength of 522nm and 488nm?. The peak value of the luminescence
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as a function of time was taken after subtracting the value of the blank signal (lumines-
cence of the illuminated medium).

Total mitochondrial function assays (MTT)

The total mitochondrial function of myotubes was assessed by the MTT (3- (4, 5-
dimethylthiazol-2-yl) -2, 5, -diphenyltetrazolium bromide; Sigma-Aldrich) assay. At
the indicated times, MTT was added to the cells at a final concentration of 0. 5 mg/ml
for 4 hours of incubation at 37°C, 5% CO, incubator. Absorbance values were determined
with enzyme micro-plate reader ( EL311S, Bio-Tek Instruments) with detection is fixed
at 570nm.

Statistical Analysis

All data are shown as mean + SD. Significance was determined with One-way ANO-
VA. A value of P <0. 05 was considered to be significant.

RESULTS

Experiments on C2C12 Myotubes Exposed to Electrical Stimulation

There was a “double-apex curve” peaking at 75min and 120min after six days stimu-
lation for the curve of ES-induced ROS in C2C12 myotubes vs stimulation periods, which
indicated that ES could induce a rapid increase of ROS, and its production varied with
stimulation periods. The curve of OD values of MTT vs stimulation periods showed that mi-
tochondrial function declined and then improved after being stimulated for 75min ‘and 90
min, respectively. The results as shown in Table. 1 and 2 indicated that ES75min at
45V, 20ms and 5Hz intensity can induce mitochondrial dysfunction of cultured C2C12
myotubes.

Effects of LIL on the ROS production of C2C12 myotubes

Different dosage of LIL has different effects on ROS production of the differentiated
C2C12 myotubes. ROS production increased when irradiated at the dosage of (5. 358 ~
14. 16) J/cm® in pure LIL Group, while there were no difference at the dosage below 5.
358]/cm® compared with the control Group (as shown in Figl, A). In ES + LIL Group
(Figl. B), ROS production was significantly inhibited and promoted by LIL after being
irradiated at 0. 33]/cm® and 14. 16 J/cm®, respectively (P <0.01) and had the same
tendence as shown in Figl. A.

Effects of LIL on the mitochondrial dysfunction of C2C12 myotubes

There were no changes of mitochondrial function when normal cells were irradiated at

.5.



