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Abstract: Skeletal muscle injuries repair typically is an overlapping event between inflammation and tissue repair.
Our previous study has demonstrated that activation of cannabinoid receptor type 2 (CB2R) by JWH-133 alleviates
fibrosis in the repair of rat skeletal muscle contusion. Meanwhile, accumulated data show that CB2R stimulation
exerts anti-inflammatory property in sepsis and cystitis. However, the effects of CB2R on inflammatory cytokines in
response to the repair of skeletal muscle contusion are still unknown. In this study, we used selective agonist or an-
tagonist of CB2R to observe the role of CB2R on inflammation and fibrogenesis during the repair of contused skele-
tal muscles in rats. Our results revealed that treatment with Gpla, a selective CB2R agonist, significantly decreased
the infiltration of neutrophils and macrophages, the expression of pro-inflammatory cytokines MCP-1, TNF-«, IL-1
and IL-6, the expression of pro-fibrotic cytokines IL-4, IL-13, TGF- and P-Smad3 while increased anti-fibrotic cytokine
IL-10 production as compared with Vehicle. The opposite results were observed in the CB2R inhibition group with
AMG630. Our study demonstrated that CB2R orchestrates fibrogenesis through regulation of inflammatory response

during the repair of skeletal muscle contusion.
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Introduction

Repair of skeletal muscle injuries is a multi-
factor regulated healing process and can be
divided into acute phase, repair phase and
remodeling phase [1]. Within each phase, a
myriad of orchestrated reactions and interac-
tions between cells and chemicals are put into
action. The whole process includes necrosis of
the damaged muscle fibers, recruitment of
inflammatory cells, activation of myogenic cells
to differentiate and fuse into new myofibers as
well as appearance of myofibroblasts to form
fibrotic lesion [2]. It was reported that the
extent of the early inflammatory response after
skeletal injuries may be excessive and causes
edema with resultant anoxia and further cell
death [3]. Furthermore, excessive inflammation
and repair can trigger an excessive accumula-
tion of extracellular matrix (ECM) components,

providing inappropriate signals for cell differen-
tiation, which leads to the formation of a perma-
nent fibrotic scar [4].

The endogenous cannabinoid system is com-
posed of cannabinoid receptor types 1 and 2
(CB1R and CBZ2R), their endogenous ligands
(endocannabinoids) and enzymes that synthe-
size and degrade endocannabinoids. CB1R is
expressed in high abundance in central ner-
vous system [5], while CB2R is predominantly
expressed in peripheral tissues and cells includ-
ing liver, lymphocytes and neutrophils [6, 7].
Furthermore, our previous study has found that
CB2R is also expressed in skeletal muscles,
macrophages and myofibroblasts during the
repair of skeletal muscle contusion [8, 9]. CB2R
stimulation dampens LPS-induced pro-inflam-
matory cytokine production in the model of
acute experimental sepsis in mice [10], reduces
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the inflammatory cells infiltration and attenu-
ates fibrosis in cirrhotic rats [6], and prevents
the development of skin and lung fibrosis in a
mouse model of systemic sclerosis [11].
Conversely, CB2R knockouts developed en-
hanced inflammation and tissue injury [12],
and inhibition of CB2R signaling augments
bleomycin-induced dermal fibrosis in mice [13].
These evidences demonstrate that CB2R is
closely involved in inflammatory response and
tissue repair.

Fibrosis is closely related to inflammatory
response in wound healing [14]. Our previously
study has demonstrated that treatment with
selective CB2R agonist JWH-133 decreased
fibrogenesis in rat contusion model [9], we
speculated that the anti-fibrotic effect of CB2R
stimulation on the repair of skeletal muscle
contusion may be due to its anti-inflammatory
effect. In this study, we used a highly selective
CB2R agonist Gpla and CB2R antagonist
AMG30 to verify the hypothesis.

Materials and methods
Animal model of skeletal muscle contusion

All animal protocols were conformed to the
‘Principles of Laboratory Animal Care’ (National
Institutes of Health publication no. 85-23,
revised 1985) which seeks to minimize both
the number of animals used in a procedure and
any suffering that they might experience, and
were performed according to the Guidelines for
the Care and Use of Laboratory Animals of
China Medical University. A reproducible mus-
cle contusion model in rats was established
previously in our laboratory [8]. Briefly, 90
healthy adult Sprague-Dawley male rats, weigh-
ing between 280 and 300 g were anesthetized
by intraperitoneal injection with 2% sodium
pentobarbital (30 mg/kg). The right hindlimb
was fixed on a board in a prone position by
extending the knee and dorsiflexing the ankle
to 90°. A single impact at velocity of 3 m/s was
delivered to the gastrocnemius and soleus
muscles of the right posterior limb. The size of
impact interface of the counterpoise (weighing
500 g) was 1.127 cm?. Each rat was individu-
ally housed in a cage and fed regular laboratory
chow with water supplied ad libitum. A 12-hour
day and night cycle was maintained. Rats were
sacrificed by intraperitoneal injection of an
overdose of sodium pentobarbital (350 mg/kg)
at 1, 3,5, 7,9, and 14 days after contusion (5
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rats in each time point). Each muscle specimen
was taken from wound site and equally divided
into two blocks. One block was used for mor-
phological evaluation, and another was used
for molecular biological detection. No bone
fracture was detected at dissection. Besides, 1
healthy adult Sprague-Dawley male rat without
contusion was used as control for normaliza-
tion in Western-blotting.

Treatments with CB2R agonist and antagonist

90 rats were randomly divided into 3 groups
(30 rats/group) according to treatments with
Gpla (highly selective CB2 agonist, Ki: 0.037
nM and 353 nM for CB2 and CB1 receptors,
respectively; Tocris Bioscience, Ellisville, MO,
USA), AM630 (CB2 antagonist/inverse agonist,
Ki = 31.2 nM, displays 165-fold selectivity over
CB1 receptors; Tocris Bioscience, Ellisville, MO,
USA), or the Vehicle alone. Gpla and AM630
were dissolved in a Vehicle containing saline:
DMSO: Tween-80 in an 18:1:1 ratio. Gpla,
AMG630 and Vehicle were injected at 30 min-
utes after contusion and once a day for 13 days
post-injury by intraperitoneal injection (Gpla,
10 mg/kg; AM630, 5 mg/kg). Rats injected
with equal volume of Vehicle (2 mil/kg) were
used as controls. At 1, 3, 5, 7, 9 and 14 days
after contusion, 5 animals of each group were
sacrificed. The doses and treatments were
based on previous studies and preliminary
experiment (Figure S1) [15-17].

Immunohistochemical staining and morpho-
metric analysis

Fixed muscle specimens were embedded in
paraffin. 5 pum-thick sections were prepared
from paraffin-embedded tissue. Immunos-
taining was performed using the streptavidin-
peroxidase method. The sections were depar-
affinized in xylene, hydrated with a series of
graded alcohol, and then heated in 0.01 mol/L
sodium citrate buffer (pH 6.0) in a medical
microwave oven for antigen retrieval. Sub-
sequently, 3% hydrogen peroxide was app-
lied for suppressing endogenous peroxidase
activity. The sections were blocked with 10%
non-immune goat serum to reduce non-specific
binding. Then tissue sections were incubated
with primary antibody, including rabbit anti-
myeloperoxidase (MPO) polyclonal antibody
(dilution 1:500; Ab65871, Abcam, Cambridge,
UK), mouse anti-CD68 monoclonal antibody
(dilution 1:100; ab31630, Abcam, Cambridge,
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UK), and mouse anti-alpha-smooth muscle
actin (a-SMA) monoclonal antibody (dilution
1:200; Ab7817, Abcam, Cambridge, UK) over-
night at 4°C, followed by incubation with
Histostain-Plus kit according to the manufac-
turer’s instructions (Zymed Laboratories, South
San Francisco, CA, USA). The sections were rou-
tinely counterstained with hematoxylin. As
immunohistochemical controls for immunos-
taining procedures, some sections were incu-
bated with normal rabbit or mouse IgG, or phos-
phate buffered saline (PBS) in place of the pri-
mary antibodies. In addition, hematoxylin-eosin
(H&E) staining and Masson'’s trichrome staining
were conventionally conducted.

Sections containing the largest contusion area
were analyzed. MPO, CD68 and a«-SMA positive
cells were calculated under the 400-fold mag-
nification in the contusion zones. Five fields in
the contusion zones were randomly chosen for
the calculations or evaluations in each section.
All measurements and data analysis were per-
formed independently by two pathologists in a
blind manner. Morphometrical analysis was
performed using Image-Pro Plus 6.0 (Media
Cybernetics, Rockville, USA).

Protein extraction and immunoblotting assay

The skeletal muscle samples were ground into
powder with liquid nitrogen using a grinder and
homogenized with a sonicator in RIPA buffer
(KGP9100, KeyGEN BioTECH, Nanjing, China)
containing protease inhibitors and phospha-
tase inhibitors at 4°C. Homogenates were cen-
trifuged at 12,000x g for 10 min three times at
4°C, and the resulting supernatants were col-
lected. Protein concentrations were determined
using the bicinchoninic acid method. Aliquots
of the supernatants were diluted in an equal
volume of 6x electrophoresis sample buffer
and boiled for 5min. Protein lysates (30 ug)
were separated on a 12% sodium dodecyl sul-
fate-poly-acrylamide electrophoresis gel and
transferred onto polyvinylidene fluoride mem-
branes (Millipore, Billerica, MA, USA). After
being blocked with 5% BSA in Tris-buffered
saline with Tween-20 at room temperature for 2
h, the blots were incubated with rabbit anti-
transforming growth factor-p (TGF-B) polyclonal
antibody (dilution 1:400; 3711S, CST, Cam-
bridge, UK), rabbit anti-phospho-small mother
against decapentaplegic-3 (P-Smad3) (dilution
1:10000; PAB11304, Abnova, Taipei, Taiwan)
or rabbit anti-GAPDH polyclonal antibody (dilu-
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tion 1:2500; ab9485, Abcam, Cambridge, UK)
at 4°C overnight and horseradish peroxidase
conjugated goat anti-rabbit IgG (sc-2004, Santa
Cruz Biotechnology, CA, USA) at 1:2,000 dilu-
tion at room temperature for 2 h. The blotting
was visualized with Western blotting luminol
reagent (sc-2048, Santa Cruz Biotechnology,
CA, USA) and by the Electrophoresis Gel Imaging
Analysis System (MF-ChemiBIS 3.2, DNR Bio-
Imaging Systems, ISR). Subsequently, densito-
metric analyses of the bands were semi-quanti-
tatively conducted using Scion Image software
(Scion Corporation, MD, USA).

Cytokines and chemokines analysis

A Quantibody Rat Inflammation Array 1 (QAR-
INF-1-4, RayBiotech, Inc, Norcross, GA, USA)
and skeletal muscle protein lysate were used to
simultaneously determine the expression of 10
cytokines: interleukin (IL) -1a, IL-1B3, IL-2, IL-4,
IL-6, IL-10, IL-13, monocyte chemoattractant
protein 1 (MCP-1), interferon-y (IFN-y), and
tumor necrosis factor-a (TNF-a). Each cytokine
was arrayed in quadruplicate, together with
positive and negative controls. Cytokine stan-
dards at predetermined concentrations were
used to generate a 5-point standard curve.
Before addition of standard or sample cyto-
kines, the glass chip was blocked by incubation
with 100 yL sample diluent for 30 mins. The
cytokine standards or samples (100 uL) were
added and incubated at room temperature for
1 h. After a washing step, 80 pL of detection
antibody was added (1 h at room temperature)
followed by a further washing step before the
addition of 80 uL of Cy3-conjugated streptavi-
din for 1 h. Fluorescent signals were visualized
with a laser scanner (Axon GenePix; Molecular
Devices, Sunnyvale, CA) set at 532-nm excita-
tion. Data were extracted with RayBio Q
Analyzer software (RayBiotech, Inc). The back-
ground intensity was subtracted prior to analy-
sis. After subtracting background signals and
normalization to positive controls, comparison
of signal intensities for antigen-specific anti-
body spots between groups were utilized to
determine relative differences in expression
levels of each sample.

Total RNA extraction and quantitative real-time
PCR

Total RNA was isolated from the skeletal mus-

cle specimens with RNAiso Plus (9108, Takara
Biotechnology, Shiga, Japan) according to the
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Table 1. Quantitative real-time PCR primer sequences

Gene Primer

GenBank ID

Gapdh Forward

5’-CATCTCCCTCACAATTCCATCC-3° NM_017008.4

the early stages of inflammatory
response in all three groups. A
large number of inflammatory

Reverse 5’-GAGGGTGCAGCGAACTTTAT-3’

Collal Forward 5-GCTTGAAGACCTATGTGGGTATAA-3' NM_053304.1

Reverse 5-GGGTGGAGAAAGGAACAGAAA-3’
Col3al Forward 5-CAGGCCAATGGCAATGTAAAG-3’
Reverse 5’-GCCATCCTCTAGAACTGTGTAAG-3’

cells infiltrated into the contu-
sion zones at 1 and 3 days post-
injury in H&E-stained sections
(Figure 1).

NM_032085.1

Neutrophils or macrophages

manufacturer’s instructions. OD values of each
RNA sample were measured by ultraviolet spec-
trophotometer. A260/A280 ranged from 1.8 to
2.0. Then, the RNA (250 ng) was reverse-tran-
scribed into cDNA using the PrimeScript™ RT
reagent Kit (RRO37A, Takara Biotechnology,
Shiga, Japan). The resulting cDNA was used for
quantitative real-time PCR with the sequence-
specific primer pairs for Collal, Col3al and
Gapdh (Table 1; Takara Biotechnology, Shiga,
Japan). Quantitative real-time PCR amplifica-
tion was performed by ABI 7500 Real-Time PCR
System (Applied Biosystems, Foster City, CA)
using SYBR® PrimeScriptt™ RT-PCR Kit
(RRO81A, Takara Biotechnology, Shiga, Japan)
followed by the parameters: 2 yL cDNA was
loaded to each quantitative real-time PCR reac-
tion. A denaturing step was at 95°C for 30 s
followed by 15 s at 95°C, 34 s at 60°C, 15 s at
95°C, 60 s at 60°C, 15 s at 95°C for 40 cycles.
PCR-generated fragments for Collal, Col3al
and Gapdh primer sets were 89, 108 and 100
bp, respectively. Dissociation curve analysis of
PCR products revealed single peaks, indicating
specific amplification products. The relative
expression levels of Collal and Col3al were
normalized by subtracting the corresponding
Gapdh threshold cycle (C,) values using the
AAC, comparative method [18].

Statistical analysis

Results were expressed as mean + standard
deviation (SD), and statistical significance was
determined by two-way analysis of variance
using PRISM 6.0 software (GraphPad Software,
Inc.). Data were considered significantly differ-
ent for P < 0.05.

Results

Effects of CB2R on inflammatory cell infiltra-
tion

Hemorrhage, edema and necrosis were micro-
scopically detected in the contusion zones at
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were identified by immunostain-
ing of MPO or CD68, respectively
(Figure 2A-F). Compared to rats in the Vehicle
group, significant decrease of neutrophils in
number was observed in the Gpla group at 1
day post-injury (P < 0.05; Figure 2G), and mac-
rophages at 1, 3 and 5 days post-injury (P <
0.01; Figure 2H), while infiltrated neutrophils
increased in the AM630 group at 1 day post-
injury (P < 0.05; Figure 2G), and macrophages
at 1 and 3 days post-injury (P < 0.05; Figure
2H).

Effects of CB2R on the expression of cytokines
and chemokines

Rat Inflammation Array 1 and Western-blotting
were employed to detect the expression of
cytokines and chemokines in different groups.
The tendency of decreases in the MCP-1 and
TNF-a expression and increases in the IL-15,
IL-4 and IL-10 expression were found in all eval-
uated periods. It was noted that the expression
of IL.-6 peaked at 3 days, TGF- and P-Smad3 at
5 days, and IFN-y at 3 and 14 days post-injury,
respectively (Figures 3, 4).

Compared to the Vehicle group, Rat Inflam-
mation Array 1 showed significantly falls in the
MCP-1 and IL-6 expression in the Gpla group at
1, 3 and 5 days post-injury (P < 0.04; Figure 3A,
3D), as well as TNF-a at 1 and 3 days (P < 0.01;
Figure 3B); IL-13 at 3 and 5 days (P < 0.05;
Figure 3C); IL-13 at 5, 7 and 9 days (P < 0.01;
Figure 3G) and IFN-y expression at 3 days (P <
0.01; Figure 3H) post-injury, respectively, and
increases in the IL-10 expression at 5, 9, 14
days (P < 0.01) and 7 days (P < 0.05; Figure
3F); IFN-y expression at 9 and 14 days (P <
0.01; Figure 3H) post-injury. In the AM630
group, the assays showed increases in the
MCP-1 expression at 1 and 3 days post-injury (P
< 0.01; Figure 3A), as well as TNF-a at 1, 3 and
5 days (P < 0.05; Figure 3B); IL-1B at 7 and 9
days (P < 0.05; Figure 3C); IL-4 at 7 and 9 days
(P < 0.01; Figure 3E); IL-6 at 1 and 3 days (P <
0.05; Figure 3D); IL-13 at 5 (P < 0.01) and 7
days (P < 0.05; Figure 3G) and IFN-y expression
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Involvement of CB2R in the regulation of fibrogenesis of skeletal muscle injury

Figure 1. The dynamic histopathological changes of injured skeletal muscles by H&E staining. A-C represent find-
ings at 1 day post-injury in Gpla, Vehicle and AM630 group, respectively. Hemorrhage, edema, and necrosis are
observed in contused skeletal muscles, and a few of round-shaped mononuclear cells (MNCs) and polymorpho-
nuclear cells (PMNs) are seen in the contusion zone. D-F represent changes at 3 days after injury. Spindle-shaped
fibroblasts (FBCs) are present in the injured tissue, and damaged muscle fibers are mostly eliminated. G-I represent
findings at 5 days post-injury. Centronucleated regenerating myofibers are present in the injured tissue in all the
three groups. J-L represent changes at 14 days post-injury. A large number of FBCs, concomitantly with centronucle-
ated regenerating myofibers, accumulate in the contusion zone (original magnification, x200).

at 3 days (P < 0.01; Figure 3H). There was no
significant difference in IL-1a or IL-2 level in all
evaluated periods among the three groups
(data not shown).

Western-blotting showed significantly decreas-
es of TGF-B expression in the Gpla group at 3
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days (P < 0.05) and 7 days (P < 0.01) post-inju-
ry (Figure 4B), as well as P-Smad3 expression
at 3, 5 days (P < 0.01) and 7 days (P < 0.05)
post-injury (Figure 4C). Conversely, significantly
increases inthe TGF-f3 expression was observed
in the AM630 group at 3, 5 days (P < 0.01) and
7 days (P < 0.05; Figure 4B), as well as P-Smad3

Int J Clin Exp Pathol 2015;8(4):3491-3502
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Figure 2. The infiltrated neutrophils and macrophages were identified in the contusion zone by immunohistochemi-
cal staining. A-C represent neutrophil infiltration in the GpZla, Vehicle and AM630 group at 1 day post-injury, re-
spectively. D-F represent macrophage infiltration at 3 days post-injury (original magnification, x200). The number
of neutrophils and macrophages are shown in G and H (under the 400-fold magnification). Data are presented as
mean + SD. *P < 0.05, **P < 0.01 (Gpla or AM630 vs. Vehicle).

expression at 3, 5 and 7 days post-injury (P <
0.01; Figure 4C).

Effects of CB2R on fibrosis

Masson’s trichrome staining was used to
observe and compare the formation of fibrous
tissue after injury in the different groups. The
results were comparable with those observed
after H&E staining. At 9 and 14 days post-inju-
ry, the Gpla-treated group exhibited better
recovery and contained less fibrous tissue than
the Vehicle-treated groups (P < 0.05; Figure
BA, 5B, 5G). In sharp contrast, muscles from
the AM630-treated group contained more
fibrous tissue than muscles in the Vehicle-
treated group at 9 and 14 days post-injury (P <
0.01; Figure 5B, 5C, 5G).
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a-SMA* cells (myofibroblasts) were observed at
5 days post-injury in all three groups as detect-
ed by immunohistochemical staining. The num-
ber of myofibroblasts gradually increased with
extension of posttraumatic interval. Compared
to Vehicle group, myofibroblasts were reduced
remarkably in number in the Gpla group at 7, 9
and 14 days post-injury (P < 0.01; Figure 5D,
BE, 5H), whereas they were significantly
increased in the AM630 group at 5 (P < 0.05),
7, 9 and 14 days post-injury (P < 0.01; Figure
5E, 5F, 5H).

Quantitative real-time PCR was used to detect
and compare the mRNA levels of Collagen | and
Collagen Ill in different groups. Compared to
the Vehicle group, a significantly decrease of
Collal level was observed in the Gpla group at

Int J Clin Exp Pathol 2015;8(4):3491-3502
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Figure 3. Quantibody Rat Inflammation Array 1 (RayBiotech, Inc, Norcross, GA, USA) was employed to simultane-
ously determine the expression of MCP-1 (A), TNF-a (B), IL-1 (C), IL-6 (D), IL-4 (E), IL-10 (F), IL-13 (G) and IFN-y (H).
Data are presented as mean + SD. *P < 0.05, **P < 0.01 (Gpla or AM630 vs. Vehicle).

3 and 5 days post-injury (P < 0.01; Figure 6A),
and Col3al level at 3, 5, 7 and 9 days post-
injury (P < 0.01; Figure 6B). Conversely, Collal
and Col3al levels were increased in the AM630
group at 3 and 5 days post-injury (P < 0.01;
Figure 6A), and at 3, 5 and 7 days post-injury (P
< 0.01; Figure 6B), respectively.

Discussion

Skeletal muscle injuries are the most common
injuries as caused by strains, contusions, isch-
emia and neurological dysfunction, all of which
present a challenge in primary care and sports
medicine [19]. In this study, we used Gpla and
AMG30 to evaluate the effects of CB2R on
inflammatory process of muscle healing and
found that activation of CB2R with Gpla atten-
uated both inflammatory response and pro-
fibrotic cytokines production during repair of
injured skeletal muscles. Conversely, AM630
aggravated inflammatory response and up-reg-
ulated the expression of pro-fibrotic cytokines.
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When muscles are injured, tissue debris and
necrotic cells contribute to the recruitment and
activation of inflammatory cells as well as the
release of pro-inflammatory cytokines. Inflam-
mation is crucial to the highly orchestrated
response to tissue injury. The latest under-
standing indicates that inflammation persists
throughout all wound healing phases, stimulat-
ing and coordinating the essential functions of
wound repair [20]. As the pro-inflammatory
cytokines accumulate, the nearby blood vessel
vasodilator are elaborated to increase the cel-
lular traffic in order that neutrophils are drawn
by IL-1, TNF-a and other cytokines into the
injured area in the early stage of inflammatory
response [21, 22]. Following the onset of neu-
trophil invasion, monocytes begin to invade
into the injured area and transform into macro-
phages by chemokine MCP-1 [23]. Fibroblasts
release IFN-y, which causes monocytes to
transform into macrophages [24]. Both neutro-
phils and macrophages participate in the pro-
cess of lysing muscle cells, neutrophils may

Int J Clin Exp Pathol 2015;8(4):3491-3502
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Figure 4. Western blotting was employed to analyze the expression of TGF-, P-Smad3 and GAPDH. A represents
the bands of TGF-B, P-Smad3 and GAPDH in Gpla, Vehicle and AM630 group, respectively. B and C represent the
relative intensities of TGF-f and P-Smad3 to GAPDH. Ctrl were used for normalization. Data are presented as mean
+ SD. *P < 0.05, **P < 0.01 (Gpla or AM630 vs. Vehicle).

also promote macrophages-mediated cytolysis
in a nitric oxide-dependent process in vitro
[25]. Besides, TNF-a also plays important roles
in activation inflammatory cells which promotes
muscle damage and the secretion of the other
pro-inflammatory cytokines in injured muscles
[26, 27]. MCP-1 is a chemokine that attracts
monocytes to the inflammatory site [28] and
blockage of MCP-1 leads to a remarkable de-
crease of macrophage infiltration and TNF-a
and IL-6 expression [29, 30]. IL-6 is considered
as a cytokine which strongly activates the
immune system and enhances inflammatory
response [31]. Although inflammatory response
process is essential for normal muscle repair, it
leads to further damage to uninjured muscles
and may be excessive [3]. Excessive and pro-
longed inflammatory response can delay the
regeneration, damage the normal muscle fi-
bers, and even lead to muscle fibrosis, or
chronic myoinjury [32].
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Since the anti-inflammatory effect of CB2R
stimulation has been reported in other inflam-
mation related models, we investigated wheth-
er it plays a similar role in our model. MPO and
CD68 positive cells were counted for evaluating
the neutrophil and macrophage infiltration in
the contusion zones. Fewer neutrophils and
macrophages appeared in the Gpla group, but
more appeared in the AM630 group. Also, we
detected the expression of inflammatory cyto-
kines and found that CB2R stimulation de-
creased MCP-1, TNF-a, IL-1B, IL-6 and IFN-y
expression in the early stage of inflammation,
while CB2R inhibition increased these cyto-
kines expression. The results indicated that
CB2R stimulation alleviates inflammatory res-
ponse by down-regulating the expression of
these mediators and reducing the infiltrated
inflammatory cells, while CB2R inhibition aggra-
vates the process.

Int J Clin Exp Pathol 2015;8(4):3491-3502
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Figure 5. Masson’s trichrome staining was applied to observe fibrosis after injury. A-C represent the deposition of
collagen in the Gpla, Vehicle and AM630 group at 14 days post-injury, respectively (original magnification, x200).
The infiltrated myofibroblasts were identified in the contusion zone by immunohistochemical staining. G represents
the percentages of fibrosis areas at 9, 14 days post-injury (under the 200-fold magnification). D, E and F represent
myofibroblasts infiltration in the Gpla, Vehicle and AMB30 group at 14 day post-injury, respectively (original magni-
fication, x200). H represents the number of myofibroblasts (under the 400-fold magnification). Data are presented
as mean + SD. *P < 0.05, **P < 0.01 (Gpla or AM630 vs. Vehicle).

Fibrosis is an inevitable consequence of wound
repair in many organs and tissues. Repair of
skeletal muscle injuries is typically an overlap-
ping event between inflammation and tissue
repair. Fibrosis is closely related to inflamma-
tory response in wound healing. Macrophages
promote fibroblast activation and proliferation
by stimulating IL-13, TGF-B and other cytokines
[33]. Meanwhile, fibroblasts summon and stim-
ulate macrophages by producing MCP-1 and
other chemokines [34, 35]. In addition, IL-4 and
IL-13 are able to activate macrophages, which
aggravates inflammation, and they also induce
collagen production by fibroblasts [33, 36].
Conversely, IL-10 suppresses immune respons-
es in diverse and independent ways and shut
down TGF-B-induced collagen synthesis by
fibroblasts [33]. Furthermore, IFN-y has down-
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regulatory effects on cell proliferation and col-
lagen production in fibroblasts [37]. In this
study, we found that CB2R stimulation by Gpla
is able to decrease the expression of pro-fibrot-
ic cytokines MCP-1, IL-1B, IL-4, IL-6, IL-13, and
TGF-B with its downstream product P-Smad3,
and increasing the expression of anti-fibrotic
cytokines IL-10 and IFN-y. Furthermore, less
collagen deposition, myofibroblasts infiltration
and Collal/Col3al expression were observed
in Gpla-treated group. Converse results were
observed in CB2R antagonism group. Therefore,
CB2R stimulation might contribute to inhibit the
activation and proliferation of fibroblasts by
regulating the expression of these pro/anti-
fibrotic cytokines, which results in reducing the
deposition of collagen.
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Figure 6. Quantitative real-time PCR was used to analyze the expression of the levels of Col1al and Col3al. Aand B
represent the dynamic changes of Collal and Col3al, respectively. Data are presented as mean + SD. *P < 0.05,

**P < 0.01 (Gpla or AM6B30 vs. Vehicle).

It is noteworthy that intraperitoneal injection of
the more potent selective CB2R agonist Gpla
also decreased muscle fibrosis during injured
muscles repair, which is consistent with the
observation induced by intramuscular injection
of JWH-133 in our previous study [9]. The
results further demonstrated that CB2R is a
potent target to the regulation of fibrogenesis
after skeletal muscles injuries.

In summary, our study demonstrates that CB2R
is involved in the regulation of inflammatory
response in the repair of rat skeletal muscle
injuries, and the anti-fibrosis property of CB2R
stimulation may be due to the suppression of
inflammation and the activation and prolifera-
tion of fibroblasts.
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Figure S1. Western-blotting was employed to com-
pare the expressions of TNF-o (dilution 1:500;
ab9755, Abcam, Cambridge, UK), IL-1B (dilution
1:500; PAB16928, Abnova, Taipei, Taiwan), P-
Smad3 and GAPDH between saline and Vehicle
group, and the effects of Gpla at 3, 5, 10 mg/kg. No
significant differences were observed in the expres-
sion of TNF-a, IL-13 or P-Smad3 between saline and
Vehicle group. Treatment with Gpla at 10 mg/kg
significantly decreased these cytokines production.



