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Abstract—Deep tissue injury (DTI) is a severe kind of
pressure ulcers formed by sustained deformation of muscle
tissues over bony prominences. As a major clinical issue, DTI
affects people with physical disabilities, and is obviously
related to the load-bearing capacity of muscle cells in various
in vivo conditions. It has been hypothesized that oxidative
stress, either induced by reperfusion immediately following
tissue unloading or in chronic inflammatory conditions, may
affect the cellular capacity against subsequent mechanical
damages. In this study, we measured the compressive damage
threshold of C2C12 mouse myoblasts with or without pre-
treatment of hydrogen peroxide as an oxidative agent to
understand how changes in the oxidative environment may
contribute to the development of DTI. Spherical indentation
was applied onto a layer of agarose gel (3 mm thick) covering
a monolayer of C2C12 myoblasts. Cell damage was recog-
nized by using a cell membrane damage assay, propidium
iodide. The spatial profile of the measured percentage cell
damage was correlated with the radially varying stress field as
determined by finite element analysis to estimate the com-
pressive stress threshold for cell damage. Results supported
the hypothesis that chronic exposure to high-dosage oxida-
tive stress could compromise the capability of muscle cells to
withstand compressive damages, while short exposure to low-
dosage oxidative stress could enhance such capability.

Keywords—Oxidative stress, Damage mechanics, Myoblasts,

Deep tissue injury, Pressure ulcers.

INTRODUCTION

People with spinal cord injury (SCI) are likely to suffer
from pressure ulcers.4,5,8 Frail patients who are confined

to beds are similarly vulnerable.1,2 There are two forms of
pressure ulcers, superficial damage and deep tissue injury
(DTI).4,22 DTI is a particularly severe kind of pressure
ulcers originated in deep tissues around skeletal promi-
nences caused by excessive internal stresses and strains as
results of skeletal and epidermal loadings.25,33 As deep,
they are hard to be detected clinically at the beginning,
but can propagate to cause full-thickness tissue necrosis
under repetitive loadings.19,39 The intensity and duration
of the loading pressure as well as the tissue tolerance are
the main biomechanical factors of pressure ulcers.11

Ischemia, direct mechanical damage, reperfusion oxida-
tive damage, and repair are all coupled with each other
under repetitive loading and unloading.21

The mechanism of muscle cell damage and repair is
essential to the understanding of DTI.3,32,34,36 Cyto-
skeleton plays significant roles in the biostructural
behaviors of cells and their mechanotransduction
mechanisms.28,38 If cell damage is contained within a
certain threshold, the cell may be able to repair itself.
But if the damage exceeds that threshold, the cell may
go down the paths of apoptosis or necrosis,14,18,30

leading to cell death and tissue failure. Compressive
damage of cells has been studied on skeletal muscle in
the context of DTI.6,14,15,26 The compressive damage
stress threshold depends on the compression duration.
Such relationship could be described by an inverse
sigmoid curve, indicating a sharp decrease in the
loading threshold at about 2 h of loading duration.17

The relationship between strain threshold and toler-
ance duration also showed a similar inverse sigmoid
relationship in a tissue-engineered model.15

Oxidative stresses arise from many origins in vivo. It
has been reported that oxidative stress accompanies
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inflammation, aging, neurodegenerative and cardio-
vascular diseases.29 Oxidative stress can affect myo-
blast cytoskeleton and induce cell apoptosis.31,35 Both
mechanical trauma and prolonged ischemia could
increase the permeability of the plasma membrane for
Ca2+, and could lead to an increased production of
reactive oxygen species.16,23 Chronic inflammation
in vivo could also be associated with chronic oxidative
stress.13 It has been remarked that post-ischemic
reperfusion could lead to oxidative surges9 and thus
has also been cited as a factor in the formation of
pressure ulcers.27 There have been few literatures on
how oxidative stress may affect quantitatively the load-
carrying capacity of muscle cells. Different dosages
and exposure durations of oxidative stress may have
different effects on cells. We hypothesized that oxida-
tive stress might compromise the capability of muscle
cells to withstand compressive damages.

MATERIALS AND METHODS

Cell Culture and Oxidative Treatment

C2C12 mouse skeletal myoblast line (ATCC,
Manassas, USA) was grown in monolayer culture in
35 mm diameter tissue culture dishes (SPL Lifesci-
ences, Korea) with growth medium in a 37 �C, 5%
CO2 humidified incubator. The growth medium con-
sisted of high-glucose Dulbecco’s Modified Eagle
Medium (DMEM, Gibco, Life Technologies, USA),
10% fetal bovine serum (FBS, Gibco, Life Techolo-
gies, USA) and 1% Penicillin–Streptomycin (Gibco,
Life Technologies, USA). The myoblasts were tryp-
sinized by 0.25% Trypsin–EDTA (19, Gibco, Life
Technologies) for the cell passage process every 3 days
to maintain the continuous passage. The myoblasts in
this study were of passage 16–19. The monolayers were
almost confluent at the time of the experiments. H2O2

was prepared in concentrations of 0.1 and 0.5 mM in
cell culture medium.30,35 The myoblasts were respec-
tively immersed in 0.1 mM H2O2 for 1 h (short),
0.5 mM H2O2 for 1 h (short), 0.1 mM H2O2 for 20 h
(chronic), and 0.5 mM H2O2 for 20 h (chronic) as the
treated samples. After the treatment, Dulbecco’s
phosphate-buffered saline (PBS, 19, Gibco, Life
Technologies) was used to wash away the residual
H2O2 in the culture dishes for 3 times.

Agarose Hydrogel Fabrication

0.5% (w/v) agarose (Biosharp, Hefei, China) was
dissolved in PBS at 100 �C and then cooled in room
condition. When the temperature of the agarose solu-
tion almost reached 37 �C, it was dispensed into the
culture dish to form a 3 mm thick gel layer over a

monolayer of myoblasts. One milliliter culture medium
was added after the gel was formed.

Compression Device

The gel-covered myoblasts monolayer was loaded
with compressive stress in a Mach-1TM micromechan-
ical system (Biomomentum Inc). Indentation was
conducted right after the gel formation with a half-
spherical indenter of 6.38 mm diameter at a rate of
0.01 mm s21 until the overall deformation at the center
reached ~50% (Fig. 1). Such indentation provided a
radially varying compressive stress field at the bottom
of the gel layer—one that was highest at the center and
decreasing along the radius. The Mach-1TM system
was housed in an incubator at 37 �C with 5% CO2

throughout the indentation experiments. The half-
spherical indenter was connected to a 70 N load cell.
The constant strain was maintained for a period from
15 to 300 min as listed in Table 1. The effect of the
mere presence of the gel on cell damage was assessed
by comparing the percentage of cell damage among
three groups of samples: (I) samples not covered by gel
and without indentation, (II) samples covered by gel
but without indentation; (III) samples covered by gel
and with indentation.

FIGURE 1. Real loading apparatus of agarose gel indenta-
tion was conducted at 0.01 mm s21 speed with a 6.38 mm-
diameter stainless steel indenter. The final strain at the center
of the gel was about 50%. Myoblasts were attached on the
bottom of dish straightly under the agarose gel.
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Mechanical Property of Agarose Hydrogel

Uniaxial unconfined compression was conducted in
the Mach-1TM on the 0.5% agarose gel (3 mm thick
and 14.8 mm in diameter) with a flat platen of diam-
eter 25.4 mm to determine the mechanical property of
the gel. A 70 N load cell was connected to the indenter.
Nominal equilibrium stresses were recorded at points
of 10, 20, 30, 40, and 50% nominal strains. The equi-
librium stress–strain relationship was analyzed using
an Ogden hyperelastic model of the following form:

U ¼
XN

i¼1

2li

a2i
�kai
1 þ �kai

2 þ �kai
3 � 3

� �
þ
XN

i¼1

1

Di
ðJel � 1Þ2

ð1Þ

where U is the strain energy per unit of reference vol-
ume; �ki are the deviatoric principal stretches �ki ¼ J�

1
3ki;

ki are the principal stretches; J is the total volume ra-
tio; Jel is the elastic volume ratio; N is a material
parameter; li, ai and Di are temperature-dependent
material parameters.

The stress relaxation after 0.01 mm s21 ramp up to
30% strain was measured to assess the viscoelastic
property of the gel. The subsequent relaxation curve
was recorded for 10 min. The shear relaxation modu-
lus can be written in the dimensionless form:

gRðtÞ ¼ GRðtÞ=G0 ð2Þ

where GRðtÞ is the shear stress relaxation modulus,
G0 = GRð0Þ. Viscoelasticity of the gel was defined by a
Prony series expansion of the dimensionless relaxation
modulus:

gRðtÞ ¼ 1�
XN

i¼1
�gPi ð1� e�t=s

G
i Þ ð3Þ

where N, �gPi and sGi , i = 1, 2, …, N, are material
constants, where gRð0Þ ¼ 1 and gRð1Þ ¼ G1=G0. A
one-term Prony series was used to describe the visco-
elastic property of the hyper-viscoelastic agarose gel.
Poisson’s ratio was estimated by a photographic
method to measure the transverse strains at various
axial strains. Shear modulus was obtained from Pois-
son’s ratio and Young’s modulus assuming isotropic
elasticity.

Finite Element Method Simulation

ABAQUS 6.12 (Simulia, The Netherlands) was used
to estimate the profile of the compressive stress acting
on the monolayer of myoblasts at the bottom of the
agarose hydrogel. A first-order Ogden hyperelastic
model24 and a one-term Prony series were assumed
in this study. There are many other sophisti-
cated approaches for nonlinear viscoelasticity.10,12 to
account for large deformation. In ABAQUS, we have
used the visco analysis step with geometric nonlinearity
settings.

The elastic modulus and Poisson’s ratio of the in-
denter were assumed to be 200 GPa and 0.3, respec-
tively. The interface between the indenter and the gel
was assumed to be frictionless. The model was meshed
with 30,936 8-node linear brick, reduced integration,
hourglass control elements (C3D8R). A mesh conver-
gence analysis was performed to ascertain the ade-
quacy of the finite element mesh.

Assessment of Cell Damage

The spatial profiles of cell damage were assessed
after indentation for various durations. Propidium
iodide (PI) (Sigma, USA) was used as a biomarker for
cell damage assessment.7 PI is a fluorescence dye that
can penetrate through the cell membrane of damaged
cells and combine with DNA and RNA to show red
fluorescence. PI cannot stain healthy cells with intact
cell membrane. The fluorescence excitation maximum
of PI was at 535 nm with the emission maximum at
617 nm. After each specific period of indentation
shown in Table 1, 1 mL of PI (10 lg mL21) was added
into the culture dish (n = 3 with power 0.8 while
controlling type I error at 0.05). Fluorescence micros-
copy (Inverted Research Microscope ECLIPSE Ti,
Nikon) with G-2B filter was used to capture the red
fluorescence of PI. Pictures of the fluorescence field
were taken using a CCD camera (DS-Fi1c-L3, Nikon
Digital Sight) under a 49 microscope objective on a
motorized stage. The pictures were stitched to form
one full-field picture of the C2C12 monolayer. The
profile of the fluorescence dots and the radially varying
stress field under the indented gel were correlated to
determine the damage threshold of myoblasts. To
estimate the total number of cells in each dish, after
fixation with 4% paraformaldehyde solution for
20 min at 4 �C, 1 mL 0.1% Triton X-100 was added
for 10 min at the end of the experiment to permeabilize
all cell membrane so that all the cells in the dish could
be stained by fluorescent PI for counting. The per-
centage of cells damaged was determined by dividing
the number of cells damaged in the indention by the
total number of cells.

TABLE 1. The indentation durations of different H2O2 pre-
treatments.

H2O2 pretreatment Indentation durations (min)

Control 30, 70, 140, 160, 180, 300

0.1 mM 1 h 15, 30, 70, 140, 160, 180, 300

0.5 mM 1 h 30, 70, 140, 160, 180, 300

0.1 mM 20 h 30, 70, 140, 160, 180, 300

0.5 mM 20 h 15, 30, 50, 70, 100, 120, 140, 180
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Imaging Processing

The pictures with PI spots were processed in the
ImageJ 1.46r (NIH) into 8-bit pictures. A treated pic-
ture was read into Matlab R2010a (Mathworks) for
further processing, rendering the grey value of back-
ground as 0 and PI spots as 1 by setting a grey value
threshold. The grey value threshold was determined by
sampling ten randomly selected PI spots. To smooth
out the fluorescence image, a 150 9 150 kernel matrix
with all elements being one was applied to perform
convolution on the picture matrix. The resulted matrix
showing the density of the PI spots along with the total
cell density provided a spatial profile of percentage cell
damage.

Data Analysis

To determine the compression damage threshold for
a particular indentation duration, a damage threshold
circle was defined for that indentation duration using
the criteria that the percentage cell damage within the
circle was at least three times that in the peripheral
region where the compressive stress should be trivial.
The radius of the damage threshold circle at the par-
ticular indentation duration was correlated with the
radial stress profile obtained from the ABAQUS finite
element analysis. A relation between the compressive
damage threshold and indentation duration was
obtained by analyzing the damage threshold circles for
various indentation duration from 15 to 300 min.
Kruskal–Wallis test, a nonparametric analysis of var-
iance (ANOVA), with 0.05 level of significance was
used to test the effects of H2O2 treatment at different
indentation durations. The experimental data for
myoblasts with or without H2O2 pre-treatment were
both fitted with a decreasing Boltzmann-type sigmoid
function:17

rðtÞ ¼ K

1þ eaðt�t0Þ
þ C ð4Þ

where K, t0, a and C are empirically determined con-
stants by curve fitting; and rðtÞ is the compressive
stress threshold. The least square method was used in
the curve fitting.

RESULTS

Hyper-visoelastic Material Property

The hyperelastic property of the agarose gel was
determined under uniaxial unconfined compression.
The result was shown in Fig. 2. First-order Ogden
model was used to fit the experimental data. The fitting
result in Eq. (1) was as follow: l1 ¼ 1:0142E� 4,

a1 ¼ 1:76, D1 ¼ 3159. The mean Poisson’s ratio mea-
sured at ten equilibrium strains was 0.28.

The viscoelastic property of the agarose gel was
ascertained in the ramp-relaxation experiment under
uniaxial unconfined compression. The relaxation curve
was fitted with a one-term Prony series to obtain the
material constants in Eq. (3): �gP1 ¼ 0:996, sG1 ¼ 48:5.

The experimental measurement of the indentation
reaction force and the FEM prediction were shown in
Fig. 3 for the validation of the FEM indentation
model. While the average difference between the FEM
predications and the experimental measurements was
about 27%, the two agree extremely well in the
response after 10 min.

Indentation Simulation

The radial equilibrium stress field profile at the
bottom of the gel obtained from the ABAQUS finite
element analysis was shown in Fig. 4. It was noted that
the compressive stress at 13.4 mm from the center was
almost zero. The stress at distance larger than 13.4 mm
became slightly tensile due to the adhered condition
assumed in the analysis. Those tensile stresses were
three orders of magnitude below the magnitude of
compressive stresses. The compressive true strains in
the present FEM simulation were roughly about 25%
higher than the analytical results reported by Gefen
and coworkers for collagen Matrigel based on a
transversely isotropic elastic layer model.15

Damage Stress Threshold

The percentages of cell damage were obtained for
three groups of myoblasts monolayers: (I) not covered
by agarose gel, (II) covered by agarose gel but without
indentation, and (III) covered by agarose gel with 50%
indentation for 140 min at the center of the gel. PI
staining showed that percentages of cell damage in
group I and II were similar at about 3%, showing that
the presence of agarose gel had little effect on the
percentage of cell damage in the time period studied.
Group III showed a maximum of 25.3% cell damage at
the center area of the culture dish where stress was
highest at about 398 Pa. The percentage of cell damage
at the center of the field in Group III was about 8 times
of those in Group I and II. The percentage of cell
damage decreased radially to about 5.1% at the
periphery. It is clear that a 140 min exposure of such
indentation could cause a marked increase in the per-
centage of cell damage beneath the gel under the
indenter.

Studies on each group were repeated with n = 3.
Sample size of three satisfied the statistical power of
0.8 while controlling type I error at 0.05 for one-tailed
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test at most time points. The spatial profile of the
percentage cell damage of non-treated, 1-h H2O2 and
20-h H2O2 pretreated cells were shown in Fig. 5. With
the increase of the indentation duration, the extent of
cell damage expanded. Near the center of the indented
area, the percentage of cell damage of differently
treated cells increased with the increase of the loading
duration (Table 2).

Before indentation, the percentage cell damage for
the non-treated myoblasts, and the 0.1 and 0.5 mM
H2O2 pre-treated myoblasts for 1 h were all around
3%. The corresponding results were about 5 and
16.2% respectively for the 0.1 and 0.5 mM H2O2 pre-
treated myoblasts for 20 h. Thus chronic exposure to
higher oxidative stress caused more cell damage with-
out indentation, while short exposure to lower oxida-
tive stress made little difference in cell damage.

The relationship between the compressive stress
threshold and the tolerance duration of H2O2-treated
and non-treated cells were shown in Figs. 6 and 7.
Results indicated that the chronic oxidative stress at
higher-dosage could weaken the capability of myo-

blasts to resist compressive damage (Fig. 6), while
short exposure to lower oxidative stress could enhance
the capability (Fig. 7). For the indentation durations
of 30, 70, and 140 min, Kruskal–Wallis test showed
significant differences respectively between the non-
treated group and the pre-treated group with 0.5 mM
20-h H2O2 (p< 0.05) (Fig. 6). For the indentation
durations of 70, 160, and 180 min, Kruskal–Wallis test
showed significant differences between the non-treated
group and the pre-treated group with 0.1 mM 1-h
H2O2 (p< 0.05). The model parameters obtained from
curve-fitting the results of the untreated and the pre-
treated groups were shown in Table 3.

It was noted that the curve-fitting results for the
0.5 mM 20-h H2O2 treated myoblasts could be further
improved by using a double sigmoid curve (Fig. 6).
Equation (5) described mathematically the relationship
between the compressive damage threshold and the
tolerance duration of H2O2 pre-treated myoblasts with
R2 very close to 1.

rðtÞ ¼ K0

1þ ea0ðt�t0Þ
þ K1

1þ ea1ðt�t1Þ
þ C ð5Þ

Curve-fitting the H2O2 results led to K0 = 110.8 Pa,
K1 = 177.8 Pa, C = 6.9 Pa, t0 = 49.36 min, t1 =

124.1 min, a0 = 2.133 min21, a1 = 0.26 min21(R2 =

0.9999).

DISCUSSION

The percentage of cell damage changed sharply
along the radius. This apparently corresponded with
the profile of compressive stress acting on the cells
induced by the indentation on the agarose gel. Using
this approach, we have quantitatively measured the
damage threshold of myoblasts under compression in
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term of a threshold curve of stress intensity and load-
ing duration. This damage threshold at the cellular
level would underpin a multiscale understanding of
deep tissue injury due to tissue internal stresses.

Cell damage increased with the duration of inden-
tation (Table 2). The reason may be due to the gradual
breakdown of the cytoskeletal and membrane structure
of the cells. It was observed that the tolerance of
myoblasts to compressive stress decreased significantly
at around 160 min of loading. Similar trends have been
reported in term of strain-duration threshold for

TABLE 2. The peak percentage of cell damage for various
indentation durations in A: non-treated myoblasts; B: 0.1 mM
1-h H2O2 pretreatment; C: 0.5 mM 1-h H2O2 pretreatment; D:
0.1 mM 20-h H2O2 pretreatment; E: 0.5 mM 20-h H2O2 pre-

treatment.

Indentation

duration (min) 30 70 140 180

A (%) 14.5 19.4 26.2 73.4

B (%) 21.7 31.8 41.7 83.8

C (%) 20.1 34.2 50.2 86.2

D (%) 20.9 37.0 56.6 85.8

E (%) 51.1 69.4 94.4 98.8

FIGURE 6. The relationships between the compressive stress thresholds and the tolerance durations of myoblasts with 20 h of
0.1 and 0.5 mM H2O2 pretreatments as compared to the non-treatment group. Curve-fitted parameters could be found in Table 3
except the 0.5 mM 20-h H2O2 group. Double sigmoid curve could better fit the results for the 0.5 mM 20-h H2O2 group (R2 5 0.9999).
Orange solid diamonds showed the results from myoblasts being indented in the continued presence of H2O2 without replacing it
with fresh normal culture medium.

FIGURE 7. The relationships between the compressive stress thresholds and the tolerance durations of myoblasts with 1 h of 0.1
and 0.5 mM H2O2 pretreatments as compared to the non-treatment group. Curve-fitted parameters could be found in Table 3.
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tissue-engineered bio-artificial muscles (BAMs),15 and
in term of pressure-duration threshold in an animal
model.17 The myoblasts apparently could tolerate
compressive stress below 9 Pa in our current model for
at least 5 h which was similar to the corresponding
time point of 4.75 h in the BAMs model reported
by Gefen.15 The estimated sigmoid step time
(t0 ¼ 160:3 min) was about 38% larger than the step
time in the BAMs model.15 The significant decrease in
stress endurance lasted approximately for 40 min in
our experiments as compared to the decrease in strain
endurance that lasted for about 110 min in the BAMs
model. This difference might be due to a number of
factors, including the 2D vs. 3D configuration of the
experiments. A 2D model is understandably less rep-
resentative of the in vivo environment.

Chronic oxidative stress caused more cell damage
and also significantly weakened the capability of
myoblasts to resist compressive damage. H2O2 could
contribute to the depolymerization of actin filaments
due to the up-regulation of cofilin2 and the down-
regulation of thymosin-beta-4.37 As the actin filaments
are major components of the cytoskeletal structure,
depolymerization of actin filaments would decrease the
integrity of cytoskeleton, thus decrease the capability
of the cells to resist compressive damage. Short-term
oxidative stress caused little cell damage; and short-
term exposure to low oxidative stress like 0.1 mM
H2O2 could apparently enhance the capability of
myoblasts to resist compressive damage. Some evi-
dences show that sublethal exposure to oxidative stress
could results in oxidative stress resistance.20 Different
levels of oxidative stress may enhance or weaken cells.

In Fig. 6, the results shown as orange solid diamonds
were obtained from myoblasts not only pre-treated with
0.5 mM H2O2, but also with indentation conducted in
similar oxidative medium, i.e., without replacing the
oxidative medium with fresh normal culture medium as
originally described in the methodology. The double
sigmoid curve seemed to suggest that in about 1–2 h
after removing H2O2 from the culture environment,
myoblasts could apparently regain some capability to
resist compressive damage, although the extended
capability still could not reach their original status when
compared to the damage threshold curve obtained for

the control untreated cells. Such regain in capacity to
resist compressive damage was not apparent in the re-
sults when the oxidative medium was not removed, as
shown by the orange solid diamonds in Fig. 6. We are
planning to follow-up with a formal study to ascertain
the recovery of the damage threshold of muscle cells in
different environments.

From the examples presented in Fig. 5, 0.5 mM
H2O2 pre-treatment for 1 h could bring protection
against mechanical damage after 180 min of com-
pression, compared to the control. The same protec-
tion could not be claimed for long-term (20 h)
exposure to both 0.1 and 0.5 mM H2O2. Actually, such
chronic exposures could significantly weaken the cells
(Figs. 5 and 6). From Fig. 7, one could readily observe
that at the 180 min time point, the 0.5 mM 1-h group
and 0.1 mM 1-h group both showed a higher com-
pressive damage threshold when compared to the
control. At 300 min, the compressive damage thresh-
olds were quite similar among the two oxidative groups
and the control, indicating the earlier protections by
the short oxidative exposures failed to protect the
myoblasts from long-term compressive damages.

The results implied that chronic exposure to high
oxidative stress might compromise the capability of
muscle cells to withstand compressive damages, while
short exposure to mild oxidative stress might enhance
such capability. Thus the exact pattern of in vivo oxi-
dative stress environment might be important for DTI
development. There are however few literatures on
quantitative oxidative stress measurement in muscle
tissues in vivo during reperfusion and chronic inflam-
mation. Therefore, accurate in vivo measurement of the
intensity and duration of oxidative exposure would
help uncover the significances of oxidative stress on the
clinical development of DTI.

The limitations of the present study include the
following. A 2D monolayer of myoblasts in vitro is
certainly different from a 3D muscle tissues in vivo.
Cell morphology is highly coupled with cell–environ-
ment interactions. Future studies should include the
use of 3D models to mimic more closely to the in vivo
situations. Primary cells from living muscle tissues may
respond quite differently to oxidative and mechanical
challenges as compared to C2C12 genetically modified

TABLE 3. The model parameters obtained from curve-fitting the experimental results of the untreated and the pre-treated groups
using a single sigmoid function represented by Eq. (4).

K (Pa) a (min21) C (Pa) t0 (min) R2

Un-treated myoblasts 340 0.118 8.95 160.3 0.991

0.1 mM 1-h H2O2 pre-treated myoblasts 363.2 0.053 14.63 186.7 0.999

0.5 mM 1-h H2O2 pre-treated myoblasts 329.5 0.12 25.39 157.2 0.99

0.1 mM 20-h H2O2 pre-treated myoblasts 321.9 0.08 42.86 156.9 0.996

0.5 mM 20-h H2O2 pre-treated myoblasts 160 0.059 85.48 90.2 0.74
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myoblasts. Pilot studies should be conducted in the
future to ascertain whether the conclusions made on
the C2C12 myoblasts can indeed be confirmed on the
primary cells culture. In this paper, we have studied
only two exposure durations (1 and 20 h) and two
H2O2 concentrations (0.1 and 0.5 mM). More expo-
sure durations and oxidative stress intensities, partic-
ularly those obtained in the context of DTI, would
need to be studied further in the future.
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