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Abstract. Injury of skeletal muscle, and particularly mechan-
ically‑induced damage, including contusion injury, frequently 
occurs in contact sports as well as in sports with accidental 
contact. Although the mechanisms of skeletal muscle regenera-
tion are well understood, those involved in muscle contusion are 
not. A total of 40 male mice were randomly divided into control 
(n=8) and muscle contusion (n=32) groups. A muscle contusion 
model was established by weight‑drop injury. Subsequently, 
the gastrocnemius muscles in the two groups were harvested at 
different times (1, 3, 7 and 14 days) post‑injury. The changes in 
skeletal muscle morphology were assessed by hematoxylin and 
eosin (H&E) stains. Furthermore, quantitative polymerase chain 
reaction and western blotting were used to analyze inflamma-
tory cytokines, oxidative stress factors and the Akt/mechanistic 
target of rapamycin (mTOR) pathway. The results revealed 
that pro‑inflammatory cytokines [tumor necrosis factor‑α 
(TNF‑α), interleukin‑6 (IL‑6) and interferon‑γ (IFN‑γ)] 
increased significantly at day 1 and 3 and still exhibited high 
levels of expression at days 7 and 14 (except IL‑6) post‑injury. 
Additionally, the anti‑inflammatory cytokine IL‑10 increased 
significantly at 1, 3 and 7 days and reached its peak levels 
at 7 days post‑injury. It was revealed that gp91phox mRNA 
increased significantly at all time points and gp91phox protein 
increased significantly at day 3 post‑injury. Furthermore, it 
was observed that p‑Akt/Akt increased significantly at 1 day 
post‑injury. P‑mTOR/mTOR increased significantly at day 1 
and 7, and p‑p70s6k/p70s6k and P‑4EBP1/4EBP1 increased 
significantly at 1, 3, 7 and 14 days post‑injury. These results 

indicate that inflammatory and oxidative stress factors and the 
Akt/mTOR pathway may serve important roles in the regen-
eration of muscle contusion. In addition, certain inflammatory 
factors and oxidative stress factors maintained high levels of 
expression at 14 days after injury, indicating that the healing 
process of muscle was still not fully achieved at this time.

Introduction

Skeletal muscle injuries are common musculoskeletal problems 
encountered in sports medicine (1). In total, >90% of muscle 
injuries are caused by contusion or by excessive strain of the 
muscle (2). Pain and restricted range of motion, due to these 
injuries, can lead to decreased performance and limited ability 
to play sports (3). Furthermore, repair of skeletal muscle inju-
ries is regulated by multiple factors and can be divided into 
acute, repair and remodeling phases (4). The initial acute phase 
is characterized by concomitant hematoma formation, myofiber 
necrosis, degeneration and inflammatory response. The second 
phase, repair, consists of phagocytosis of the necrotized tissue 
and regeneration of the myofibers by activated and proliferating 
satellite cells. The final phase is characterized by the matura-
tion of regenerated myofiber and scar tissue formation (2,5,6).

Effective repair of injured muscle requires the coordi-
nated action of several molecular, cellular and cell‑signaling 
pathways  (5,6). Certain animal studies have revealed that 
the expression of inflammatory cytokines and oxidative 
stress factors were significantly increased following muscle 
injury and served an important role in the process of muscle 
regeneration (7,8). Furthermore, protein synthesis signaling 
pathways were activated and served important roles in muscle 
regeneration (9,10). As mentioned above, there is an appre-
ciable understanding of the mechanisms of skeletal muscle 
regeneration. However, the understanding of this process has 
been limited to the injury models of disuse muscle atrophy (7), 
toxicant injection  (11), freeze‑induced injury  (9) and mdx 
mice (12). The mechanisms of muscle regeneration involved 
in muscle contusion are still not fully understood. In addition, 
to the best of our knowledge, there is no systematic research 
on the inflammatory cytokines, oxidative stress factors 
and protein synthesis signaling pathways following muscle 
contusion.
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Therefore, in the present study, a skeletal muscle contu-
sion model was constructed with the objective of exploring 
the mechanisms involved in muscle regeneration. The mRNA 
levels of inflammatory cytokines [including tumor necrosis 
factor‑α (TNF‑α), interleukin‑6 (IL‑6), interferon‑γ (IFN‑γ) 
and IL‑10] and oxidative stress factors (gp91phox) were exam-
ined. Additionally, the protein levels of oxidative stress factors 
(gp91phox) were examined. The roles of the Akt/mTOR 
pathways were evaluated, which may be activated following 
muscle injury.

Materials and methods

Animals. In total, 40 C57BL/6 male mice (age, 8  weeks; 
weighing 18.2‑22.9 g) purchased from Shanghai Lab, Animal 
Research Center (Shanghai, China) were housed at a constant 
temperature of 25˚C and ~50% relative humidity, with a 
light‑dark cycle of 12:12 h, with free access to pellet food 
and water. A total of 8 mice were randomly selected for the 
uninjured control group (n=8), while the rest (n=32) were 
subjected to muscle contusion. Prior to contusion, the mice 
were anesthetized with 400 mg/kg chloral hydrate adminis-
tered intraperitoneally. The study was approved by the Ethics 
Review Committee for Animal Experimentation of Shanghai 
University of Sport (Shanghai, China).

Contusion model. An animal model of muscle contusion 
was based on previously described studies  (2,13,14). The 
hind limb of the mouse was positioned by extending the 
knee and plantarflexing the ankle by 90 .̊ A 16.8 g (diameter, 
15.9 mm) stainless steel ball was dropped from a height of 
125 cm through a tube (interior diameter of tube, 16 mm) onto 
an impactor (1), resting with a surface of 28.26 mm2 on the 
middle of the gastrocnemius muscle (GM) of the mice. The 
muscle contusion created by this method was a high‑energy 
blunt injury that created a large hematoma and was followed 
by massive muscle regeneration (13,15), a healing process that 
is very similar to those observed in humans (16,17). Animals 
(n=8 mice per time point) were sacrificed to harvest GMs at 
different time points (days 1, 3, 7 and 14) after injury.

Histology. At the time points of 1, 3, 7 and 14  days 
post‑injury, the right GMs were collected and fixed with 
4% paraformaldehyde for 15 min at room temperature and 
then embedded in paraffin. Muscle sections (8 µm thick) 
were cut from the mid‑belly region of GMs using a micro-
tome (Leica‑EG 1160, Leica Microsystems GmbH, Wetzlar, 
Germany). Sections were stained with hematoxylin for 5 min 
at room temperature and eosin for 3 min at room temperature 
(H&E) for morphological analysis. Using a 20‑lens objective, 
images were captured for each muscle section (Labophot 2, 
Nikon Corporation, Tokyo, Japan). Regenerating myofibers 
selected for analysis were centronucleated fibers (Labophot 
2, Nikon Corporation, Tokyo, Japan), not bordering a fiber 
that was not centronucleated. Similarly, uninjured myofibers 
selected for analysis were non‑centronucleated fibers that 
did not border a centronucleated fiber (Labophot 2, Nikon 
Corporation, Tokyo, Japan). The number of centronucleated 
and non‑centronucleated fibers were evaluated by Image J 
1.44 (National Institutes of Health, Bethesda, MD, USA). 

Results were expressed as the mean ± standard deviation 
(SD) with eight animals per group.

RNA extraction and cDNA synthesis. In total, ~60  mg of 
GMs were homogenized using an Ultra‑Turrax homogenizer 
(IKA Group, Staufen, Germany) in a solution of TRIzol reagent 
(cat no. 15596018; Invitrogen; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA). The total RNA was isolated using a modi-
fied guanidinium isothiocyanate‑CsCl method (18). Following 
standing for 10 min, 200 µl of chloroform (cat no. 10006818; 
China National Pharmaceutical Group Chemical Reagent Co., 
Ltd., Beijing, China) was added and mixed thoroughly upside 
down and then centrifuged at 12,000 x g for 15 min at 4˚C. 
A total of 500 µl supernatant was then pipetted into a new 
RNase‑free centrifuge tube. An equal volume of isopropanol (cat 
no. 40064360; China National Pharmaceutical Group Chemical 
Reagent Co., Ltd.) was then added to the centrifuge tube, which 
was inverted and mixed well and left to stand for 20 min. The 
sample was then centrifuged at 12,000 x g at 4˚C for 10 min 
and the white feather‑like precipitate was RNA. The precipitate 
was washed twice with 75% alcohol (cat no. 10009218; China 
National Pharmaceutical Group Chemical Reagent Co., Ltd.) 
and then dissolved in 30 µl DEPC water (cat no. B501005‑0500; 
Sangon Biotech Co., Ltd., Shanghai, China). The concentra-
tion and purity were determined by measuring the absorbance 
at 260 and 280  nm with a spectrophotometer (NanoDrop 
2000, Thermo Fisher Scientific, Inc., ). The total RNA was 
reverse‑transcribed into cDNA using the Revertaid First Strand 
cDNA Synthesis kit from Fermentas (cat. no. K1622; Thermo 
Fisher Scientific, Inc.). cDNA was synthesized using 2 µg total 
RNA, 0.2 µg random primers, 20 mM dNTP mix, 5X reaction 
buffer, 20 units RiboLock™ RNase inhibitor and 200 units 
Revertaid™ M‑MuLV reverse transcriptase in a total volume of 
20 µl. The reaction was performed at 25˚C for 5 min, followed 
by another 60 min at 42˚C, and terminated by the deactivation 
of the enzyme at 70˚C for 5 min. Control reactions lacking either 
reverse transcriptase or template were included to assess carry-
over of genomic DNA and non‑specific contamination (14).

Quantitative polymerase chain reaction (qPCR). Quantitative 
PCR was performed in triplicate in reactions consisting of 
12.5 µl 2X Maxima SYBR Green/ROX qPCR Master mix 
(Thermo Fisher Scientific, Inc.), 1 µl cDNA, nuclease‑free 
water and 300 nM of each primer. The primer sequences 
are listed in Table  I. Amplifications were performed on a 
StepOnePlus PCR‑Cycler (Thermo Fisher Scientific, Inc.) 
with the following parameters: Activation at 95˚C for 10 min, 
followed by 40 cycles of denaturation at 95˚C for 15 sec and 
annealing/extension at 60˚C for 1 min. The threshold cycle (the 
number of cycles to reach threshold of detection) was deter-
mined for each reaction, and the levels of the target mRNAs 
were quantified relative to the level of the housekeeping gene 
GAPDH using the 2‑ΔΔCq method (19).

Western blotting. In total, ~80 mg of tissue (from the middle 
of the left GM) was homogenized in cold radioimmunopre-
cipitation assay buffer (Beyotime Institute of Biotechnology, 
Haimen, China) by an ultrasonic vibrator and a mechanical 
homogenizer. The protein concentration was determined by 
the bicinchoninic acid (BCA) method (BCA Protein Assay kit, 
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P0010, Beyotime Institute of Biotechnology). For the protein 
assay, the protein samples that contained an equal amount of 
protein (30 µg) were electrophoresed on 8% SDS‑PAGE gels 
and transferred onto PVDF membranes (EMD Millipore, 
Billerica, MA, USA). The membranes were blocked with 5% 
non‑fat milk powder in Tris‑buffered saline Tween‑20 buffer 
for 60  min at room temperature. Following blocking, the 
immunoblots were incubated with primary antibodies against 
NOX2/gp91phox (cat no. ab80508; 1:1,000; Abcam, Cambridge, 
UK), Akt (cat no. 4685; 1:1,000; Cell Signaling Technology, 
Inc., Danvers, MA, USA), phospho‑Akt (cat no. 4060; 1:1,000; 
Cell Signaling Technology, Inc.), mTOR (cat no.  2983; 
1:1,000; Cell Signaling Technology, Inc.), phospho‑mTOR 
(cat no.  5536; 1:1,000; Cell Signaling Technology, Inc.), 
p70s6k (cat no. 2708; 1:1,000; Cell Signaling Technology, 
Inc.), phospho‑p70s6k (cat no. 9234; 1:1,000; Cell Signaling 
Technology, Inc.), 4E‑binding protein 1 (cat no. 9644; 4EBP1; 
1:1,000; Cell Signaling Technology, Inc.), phospho‑4EBP1 
(cat no. 2855; 1:1,000; Cell Signaling Technology, Inc.) and 
GAPDH (cat no. 2118; 1:1,000; Cell Signaling Technology, 

Inc.) at 4˚C overnight, followed by incubation with a secondary 
horseradish peroxidase‑conjugated IgG (cat no. sc‑516087; 
1:5,000; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) 
for 1 h at room temperature. The results were visualized with 
the enhanced chemiluminescence method and were evaluated 
using Image J 1.44 (NIH, Bethesda, MD, USA).

Statistical analysis. Data are expressed as the mean ± SD and 
were analyzed by one‑way analysis of variance with the least 
significant difference method as a post‑hoc test (SPSS 20.0; 
IBM Corp., Armonk, NY, USA). P<0.05 was considered to 
indicate a statistically significant difference.

Results

Muscle morphology. The H&E results revealed that there was 
substantial fiber damage, edema and inflammatory cell infil-
tration 1 day after muscle injury. On day 3 post‑injury, there 
were still a large number of inflammatory cells and necrotic 
muscle fibers. However, a small number of centronucleated 

Table I. Primer sequences for the quantitative polymerase chain reaction.

Target gene	 Forward 	 Reverse

TNF‑α	 5'‑CTTCTGTCTACTGAACTTCGGG‑3'	 5'‑CACTTGGTGGTTTGCTACGAC‑3'
IFN‑γ	 5'‑GCTTTGCAGCTCTTCCTCAT ‑3'	 5'‑GTC ACC ATCCTTTTGCCAGT ‑3'
IL‑6	 5'‑GAACAACGATGATGCACTTGC‑3'	 5'‑CTTCATGTACTCCAGGTAGCTATGGT‑3'
IL‑10	 5'‑CAAGGAGCATTTGAATTCCC‑3'	 5'‑GGCCTTGTAGACACCTTGGTC‑3'
gp91phox	 5'‑CCAGTGAAGATGTGTTCAGCT‑3'	 5'‑GCACAGCCAGTAGAAGTAGAT‑3'
GAPDH	 5'‑ACTCCACTCACGGCAAATTC‑3'	 5'‑TCTCCATGGTGGTGAAGACA‑3' 

TNF‑α, tumor necrosis factor‑α; IFN‑γ, interferon‑γ; IL‑6, interleukin‑6; IL‑10, interleukin‑10. 

Figure 1. Histological evaluation of muscle regeneration following contusion injury by hematoxylin and eosin staining. Scale bars, 100 µm. White arrows 
indicate inflammatory cells; black arrows indicate centralized nuclei. Data are presented as the mean ± standard deviation, n=8; *P<0.05 and **P<0.01 vs. the 
3 day group.
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myofibers were observed 3 days post‑injury. At 7 days after 
injury, the damaged muscle area had been replaced mostly 
by centronucleated muscle fibers. At 14  days post‑injury, 
there was still a small number of centronucleated muscle 
fibers. Morphometric analysis, using quantitative stereology, 
confirmed that at 7 (P<0.01) and 14 days (P<0.01) after injury, 
the percentage of the centronucleated myofibers had increased 
significantly compared with 3 days post‑injury (Fig. 1).

Inflammatory cytokine levels. The expression of inflamma-
tory cytokines (TNF‑α, IFN‑γ, IL‑6 and IL‑10) was studied. 
TNF‑α mRNA increased significantly at 1 (12.05‑fold), 
3 (11.75‑fold), 7 (5.24‑fold) and 14 days (7.41‑fold) in skeletal 
muscle post‑injury compared with the control (all P<0.01; 
Fig. 2A). IFN‑γ mRNA increased significantly at all‑time 
points 1, 3, 7 and 14  days post‑injury compared with the 
control (all P<0.01; Fig. 2B). In addition, it was observed 
that IL‑6 mRNA expression increased significantly at 1 
(2.97‑fold) and 3 days (4.14‑fold) post‑injury compared with 
the control (P<0.01; Fig. 2C). The mRNA expression of IL‑10 
(anti‑inflammatory cytokine) significantly increased at 1 and 
3 days (P<0.01), peaked at 7 days (5.33‑fold; P<0.01) compared 
with the control (Fig. 2D).

Nicotinamide adenine dinucleotide phosphate (NADPH) 
oxidase levels. The mRNA levels of gp91phox, which is the 
key subunit of NADPH oxidases, were evaluated. The results 
of the present study demonstrated that gp91phox mRNA 
levels significantly increased at the time points of 1, 3, 7 and 
14 days, and peaked 3 days after injury compared with the 
control (P<0.01; Fig. 3). In addition, the protein levels of the 
gp91phox were examined using western blotting. The protein 
levels of gp91phox also increased significantly compared with 
the control at 3 days post‑injury (P<0.01; Fig. 4).

Akt/mTOR pathway. The Akt/mTOR pathway, which is 
involved in skeletal muscle regeneration post‑injury, was 
evaluated (Fig.  5). Western blot analysis revealed that 
p‑Akt/Akt increased significantly at 1  day post‑injury 
compared with the control (P<0.01; Fig. 5A). p‑mTOR/mTOR 
increased significantly at 1 (P<0.01) and 7 days (P<0.05) 
post‑injury compared with the control (Fig. 5B). However, 
p‑p70s6k/p70s6k expression increased significantly 
compared with the control group at all time points post‑injury 
(P<0.01 at day 1, P<0.05 at days 3, 7 and 14; Fig.  5C). 
Similarly, P‑4EBP1/4EBP1 increased significantly at all time 
points post‑injury compared with the control group (P<0.01; 
Fig. 5D).

Discussion

Inflammatory responses are integral components of the host's 
reaction to muscle injury, and the inflammatory cytokines serve 

Figure 3. mRNA levels of gp91phox in skeletal muscle post‑injury. Data are 
presented as the mean ± standard deviation, n=8; **P<0.01 vs. the group.

Figure 2. mRNA levels of inflammatory cytokines in skeletal muscle post‑injury. (A) TNF‑α, (B) IFN‑γ, (C) IL‑6 and (D) IL‑10. Data are presented as the 
mean ± standard deviation, n=8; **P<0.01 vs. the control group. TNF‑α, tumor necrosis factor‑α; IFN‑γ, interferon‑γ; IL‑6, interleukin‑6; IL‑10, interleukin‑10.
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crucial roles in subsequent muscle regeneration (20). TNF‑α 
serves an essential role in the cytokine cascade by stimulating 
IL‑6 secretion. This has pro‑ and anti‑inflammatory effects and 
is frequently used as a marker of systemic pro‑inflammatory 
activation  (21). Experimental evidence has also indicated 
that TNF‑α can influence muscle repair and regeneration 
by modulating the proliferation and differentiation of satel-
lite cells in injured tissue (6). In addition, Warren et al (22) 
revealed that TNF‑α mRNA was increased to the maximum at 
24 h and returned to the control levels by day 13 after injury. 
The expression of IL‑6 mRNA was similar to TNF‑α (22). 
Furthermore, the results of the present study were similar to 
the study by Warren et al (22). It was revealed that the level of 
TNF‑α mRNA peaked 1 day post‑injury. On the other hand, 
there were some differences between the two studies. It was 
demonstrated that there was still high expression of TNF‑α 
mRNA at 7 and 14 days post‑injury. Additionally, it was iden-
tified that IL‑6 mRNA significantly increased at 1 day and 
peaked at 3 days post‑injury. The reason for the disparity may 
be associated with the different models of muscle injury and 
the different muscles in the two studies.

IFN‑γ, another inflammatory cytokine, is a powerful acti-
vator of neutrophils and the M1 macrophage (23). Furthermore, 
IFN‑γ stimulation can enhance the responsiveness of neutro-
phils to chemotactic cytokines, thereby potentially increasing 
their invasion into injury sites. Thus, the elevated levels of 
IFN‑γ expression that accompany acute muscle injuries possess 
the potential to amplify the innate immune response, and 
potentially exacerbate muscle damage that occurs during the 
early inflammatory response (6). In addition, Cheng et al (24) 
revealed that IFN‑γ mRNA expression was barely evident in 
uninjured control muscle but increased substantially following 
injury, peaking at 5 days post‑injury. The results of the present 
study were similar to the study by Cheng et al (24), however, in 

the present study IFN‑γ mRNA still exhibited high expression 
compared with the control group at 14 days post‑injury.

Additionally, the anti‑inflammatory cytokine IL‑10 
was studied, which serves a central role in regulating the 
switch of macrophages from an M1 to an M2 phenotype in 
injured muscle (5,7). Ablation of IL‑10 expression in mdx 
mice increased muscle damage in vivo and reduced muscle 
strength  (25). Furthermore, IL‑10 was predominantly 
expressed in the later stage of regeneration, limiting inflam-
mation and promoting muscle regeneration (26). Similar to 
other studies, the present study revealed that pro‑inflammatory 
cytokines (TNF‑α, IFN‑γ and IL‑6) increased significantly at 
an early stage of muscle regeneration (1‑3 days), and decreased 
progressively (except IFN‑γ) in the later stage (7‑14 days), with 
IL‑10 being predominantly expressed at 7 days post‑injury 
compared with the control group. This result was consistent 
with the study by Deng et al (7), which revealed that injured 
muscle is characterized by high levels of expression of TNF‑α, 
CC‑chemokine ligand 2 and IL‑6 at 1 day post‑injury. During 
the later stage of muscle regeneration, expression of those 
transcripts declined while the IL‑10 and IL‑10 receptor‑1 
increased (7). On the other hand, the current study indicated 
that there were still high levels of expression of TNF‑α and 
IFN‑γ mRNA in the later stages of muscle regeneration (7 
and 14 days) compared with the control group. However, our 
previous study demonstrated that TNF‑α and IFN‑γ mRNA 
increased significantly at an early stage and returned to normal 
in the later stage of muscle regeneration (5). One of the possible 
reasons is that the muscle injury model in the present study 
was more severely damaged than the previous one (stainless 
steel ball was dropped from a height of 125 vs. 100 cm).

NADPH oxidase is a major source of reactive oxygen 
species, which may be involved in the oxidative stress of 
skeletal muscle  (27). Furthermore, NADPH oxidase of 
phagocytes is a multi‑subunit complex consisting of three 
cytosolic subunits (p47phox, p67phox and p40phox), a G 
protein (Rac1 or Rac2) and two membrane‑bound subunits 
p22phox and Nox2 (also known as gp91phox)  (28,29). In 
addition, gp91phox is the key subunit of NADPH oxidases, 
typically known as a marker of NADPH oxidases (8,29‑31). A 
null mutation of gp91phox reduces the expression of NADPH 
oxidase and muscle membrane lysis during muscle inflamma-
tion in mice (32). Previous evidence indicates that gp91phox is 
increased significantly in tibilais anterior muscles from mdx 
mice compared with wild type, and enhanced NADPH oxidase 
activity contributes to muscle damage and functional impair-
ment (33). In addition, Ghaly and Marsh (8) revealed that the 
gp91phox protein increased significantly at the time points 
of 8 h and 3 days post‑injury. In the present study the results 
were similar to the study by Ghaly and Marsh (8), since the 
gp91phox protein increased significantly at 3 days post‑injury.

The mRNA levels of gp91phox were examined by 
RT‑qPCR. The data revealed that the gp91phox mRNA 
increased significantly at the time points of 1, 3, 7 and 14 days 
post‑injury. These results indicate that the oxidative stress 
accompanied with muscle contusion may contribute to muscle 
injury (33,34).

Several reports have demonstrated that the Akt/mTOR 
pathway is associated with muscle growth, hypertrophy and 
regeneration (35‑37). Furthermore, activation of the Akt/mTOR 

Figure 4. Protein levels of gp91phox in skeletal muscle post‑injury. Data are 
presented as the mean ± standard deviation, n=8; **P<0.01 vs. the uninjured 
control group.
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pathway and its downstream targets, p70S6K and 4EBP1, is 
involved in regulating skeletal muscle fibre size, and activa-
tion of the Akt/mTOR pathway can oppose muscle atrophy 
induced by disuse (38). Upon tissue injury, the cues released by 
the inflammatory component of the regenerative environment 
instruct somatic stem cells to repair the damaged area (6). In 
addition, a large amount of protein synthesis is required in the 
process of muscle regeneration, and the Akt/mTOR pathway 
may be involved in this (39).

It was previously reported that the ratio of phosphorylated to 
native mTOR increased significantly at 10 days post‑injury (10). 
Also, the ratio of phosphorylated to native p70s6k was 
reported to increase significantly 1 day post‑cryolesion (9). 
Furthermore, the current study investigated the activation of 
the Akt/mTOR pathway and its downstream targets, p70S6K 
and 4EBP1, following muscle contusion. The results were 
similar with those of the studies mentioned above; the ratio 
of phosphorylated to native mTOR increased significantly 
at 7 days, and the ratio of phosphorylated to native p70s6k 
increased significantly at 1 day after muscle contusion. On the 

other hand, the data of the present study revealed that the ratio 
of phosphorylated to native Akt, mTOR, p70s6k and 4EBP1 
increased significantly 1 day after muscle contusion compared 
to the control group. These results indicate that the activation 
of the Akt/mTOR pathway occurred on the first day following 
muscle contusion, and it may serve an important role in the 
process of muscle regeneration.

In conclusion, the upregulated expression of inflammatory 
and oxidative stress factors, and the Akt/mTOR pathway were 
activated in skeletal muscle following injury, and they may 
serve important roles in the regeneration of muscle contusion. 
Additionally, certain inflammatory and oxidative stress factors 
maintained high levels of expression 14 days after injury, indi-
cating that the healing process of the injured muscle was still 
not fully completed at that time.
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