
ORIGINAL ARTICLE

The cannabinoid receptor type 2 is time-dependently expressed
during skeletal muscle wound healing in rats

Tian-Shui Yu & Zi-Hui Cheng & Li-Qiang Li & Rui Zhao &

Yan-Yan Fan & Yu Du & Wen-Xiang Ma & Da-Wei Guan

Received: 3 February 2010 /Accepted: 29 April 2010 /Published online: 11 June 2010
# Springer-Verlag 2010

Abstract The expression of the cannabinoid receptor type
2 (CB2R) was investigated by immunohistochemistry,
Western blotting, and RT-PCR during wound healing of
contused skeletal muscle in rats with attempt of its
applicability to skeletal muscle wound age estimation.
Furthermore, Macrophage Marker (MAC387) was utilized
to identify macrophages recruited into injured skeletal
muscle tissue. Co-localization of CB2R with Macrophage
Marker was detected by confocal laser scanning microscopy.
A total of 50 Sprague–Dawley male rats were divided into
control and contusion groups (3 h, 6 h, 12 h, 1 day, 3 days,
5 days, 7 days, 10 days, and 14 days post-injury). In the
uninjured controls, immunoreactivity of CB2R was detected
in the sarcolemma and sarcoplasm of normal myofibers. In
the contusion groups, a few polymorphonulcear cells, a large
number of macrophages, and spindle-shaped fibroblastic
cells showed a positive staining for CB2R in wounded zones.
By Western blotting analysis, the average of CB2R to
GAPDH ratios in 5–7 days post-injury groups was highest,
and all the samples had ratios of >2.60. In the other groups,
no samples showed ratios of >2.60 and the CB2R to GAPDH
ratios ranged from 1.19 to 2.59. The expression tendency
was also confirmed by RT-PCR. From the viewpoint of
forensic pathology, these observations suggested that the
ratio markedly exceeding 2.60 strongly indicated a wound
age of 5–7 days. In conclusion, dynamic distribution and

expression of CB2R suggest that CB2R be involved in
modulating macrophages in response to inflammatory event
in rat skeletal muscle wound healing and CB2R be available
as a marker for wound age determination.
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Introduction

The endogenous cannabinoid system consists of the
cannabinoid receptor type 1 and 2 (CB1R and CB2R), the
endogenous ligands (endocannabinoids), and enzymes that
synthesize and degrade endocannabinoids. CB2R is first
identified in macrophages in the marginal zone of spleen
[1]. It is currently accepted that CB2R is found mainly on
the surface of immune cells including neutrophils, mono-
cytes, natural killer cells, eosinophils, mast cells, dendritic
cells, and subtypes of B and T cells in vitro [2–9]. Recently,
CB2R is also detected on macrophages in the colonic
lamina propria [10].

When skeletal muscle is damaged, the tissue repair process
starts immediately and is a complicated but well-organized
biological phenomenon concomitant with polymorphonulcear
cells (PMNs) and round-shaped mononuclear cells (MNCs)
infiltration-macrophages, spindle-shaped fibroblastic cells
(FBCs) proliferation, composed of three different phases,
destruction, repair, and remodeling. Although the physiolog-
ical roles of CB2R, mainly expressed in kinds of inflamma-
tory cells, have not yet been elucidated during skeletal muscle
wound healing, recent researches have shown that CB2R is
closely involved in several types of tissue injury repair. CB2R
activation reduces the PMN-dependent myocardial I/R dam-
age with a reduction of oxidative stress and neutrophil
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infiltration in the infarcted myocardium [11]. Activating
CB2R with its selective agonist JWH-133 protects against
hepatic I/R damage by decreasing histological damage and
neutrophil infiltration 24 h following ischemia [12]. Further-
more, macrophages, deriving from resident microglia and/or
invading monocytes, appear CB2R positive on the lesioned
side of the brain at day 3 after hypoxic–ischemia and middle
cerebral artery occlusion [13]. Besides, the effect of
activating CB2R with JWH-133 significantly decreases
hepatic fibrosis as compared with cirrhotic rats treated with
vehicle [14]. In addition, it has been universally acknowl-
edged that CB2R regulates mRNA expression of key genes
involved in nutrient oxidation and energy metabolism in both
human and rodent skeletal muscle [15]. Based on all of
studies mentioned above, tenable hypotheses are that CB2R
may participate in inflammatory and fibrous repair process
after skeletal muscle contusion in rats.

In the present study, we have immunohistochemically
investigated occurrence and distribution of CB2R during
skeletal muscle wound healing, with special emphasis on the
immunolocalization of CB2R in macrophage. Moreover,
time-dependent expression of CB2R was examined by
Western blotting and RT-PCR using an established model
to discuss its practical suitability as a parameter for wound
age determination.

Materials and methods

Animal model of skeletal muscle contusion

We established a standardized animal model of skeletal
muscle contusion in rats, which was controllable and
reproducible well using a self-designed mechanical
weight-drop device. Since instant impact velocity (V) and
elastic deformation (DF) at the time of impact are key
parameters for impact intensity [16], V and DF were
monitored and recorded during the present experimentation,
which might make severity of contusion identical as far as
possible. Briefly, a total of 50 healthy, adult Sprague–
Dawley male rats, weighing between 280 and 320 g, were
divided into contusion group and control group. Of 50 rats,
45 were anesthetized by intraperitoneal injection with 2%
sodium pentobarbital (30 mg/kg). Subsequently, the rats
were placed on experimental table in a prone position, and
a single impact at velocity of 3 m/s was delivered to the site
of the right posterior limb 2.5 cm away from calcaneus with
7.5 mm for DF. The size of impact interface of the
counterpoise (weighing 500 g) was 1.127 cm2. The energy
transmitted to the right posterior limb was calculated to be
2.25 J as calculated by the equation: E=1/2mv2. After
wounding, each rat was individually housed in a cage and
fed with commercial rat chow and tap water ad libitum. All

animals were kept under a 12 h light–dark cycle with
specific pathogen-free conditions. After the animals were
killed by intraperitoneal injection of an overdose of sodium
pentobarbital (350 mg/kg) at 3 h, 6 h, 12 h, 1 day, 3 days,
5 days, 7 days, 10 days, and 14 days after impact (five rats
each time interval), muscle specimen was taken from
wound site and equally divided into two blocks. One block
was used for immunohistochemical procedure, and another
was used for Western blotting and RT-PCR, respectively.
The remaining five rats were used as control, and samples
were dissected from the same site after anesthetization with
over dose of pentobarbital. No bone fracture was detected
at dissection.

Experiments were conformed to the “Principles of
Laboratory Animal Care” (National Institutes of Health
published no 85-23, revised 1985) that sought to minimize
both the number of animals used 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.

Tissue preparation and immunohistochemical staining

The skeletal muscle specimens were immediately fixed in
4% paraformaldehyde in phosphate-buffered saline
(pH 7.4) and embedded in paraffin. Five-micrometer-thick
sections were prepared. Immunostaining was performed
using the streptavidin–peroxidase method. Briefly, tissue
sections were mounted on the APES-coated glass slides.
The sections were deparaffinized in xylene, rehydrated with
a series of graded alcohol, and then heated in 0.01 mol/L
sodium citrate buffer (pH 6.0) with a medical microwave
oven for antigen retrieve. Subsequently, hydrogen peroxide
(3%) was applied for quenching endogenous peroxidase
activity. The sections were blocked with 10% non-immune
goat serum to reduce non-specific binding. Then tissue
sections were incubated with rabbit anti-CB2 polyclonal
antibody (dilution 1:400; sc-25494, Santa Cruz Biotechnol-
ogy, CA, USA) overnight at 4°C, followed by incubation
with Histostain-Plus Kit according to the manufacturer's
instructions (Zymed Laboratories, South San Francisco,
CA, USA). The sections were routinely counterstained with
hematoxylin. As immunohistochemical controls for immu-
nostaining procedures, some sections were incubated with
normal rabbit IgG or PBS in place of the primary antibody.
Hematoxylin–eosin (H-E) staining was conventionally
conducted.

Double indirect immunofluorescence and multichannel
confocal microscopy analysis

Briefly, deparaffinized sections were blocked with 5% BSA
and incubated with rabbit anti-CB2R polyclonal antibody
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(dilution 1:50; sc-25494, Santa Cruz Biotechnology) at
room temperature for 2 h. Thereafter, the sections were
further incubated with biotinylated donkey anti-rabbit IgG
(dilution 1:200; ab6801, Abcam, Cambridge, UK) and
streptavidin, Alexa Fluor® 555 conjugate (dilution 1:200;
S-21381, Invitrogen, CA, USA). Then, tissue sections were
incubated with mouse anti-Macrophage Marker (MAC387)
monoclonal antibody (dilution 1:50; sc-66204, Santa Cruz
Biotechnology) overnight at 4°C. After incubation with
Alexa Fluor® 488 donkey anti-mouse IgG (dilution 1:200;
A21202, Invitrogen) at room temperature for 2 h, the nuclei
were routinely counterstained with Hoechst 33258. Normal
rabbit or mouse IgG was used instead of primary antibodies
as negative control. The sections were observed by
confocal microscopy with parameters as follows.

A laser confocal scanning microscope system (FV1000S,
Olympus, Japan), mounted on an inverted optical micro-
scope (IX81, Olympus, Japan), was used. The observation
and image acquisition, using a ×60 oil immersion objective
lens (numerical aperture 1.4), were performed by 405-nm
excitation/460-nm emission for Hoechst 33258, 488-nm
excitation/519-nm emission for Alexa Fluor® 488 and
559-nm excitation/565-nm emission for Alexa Fluor®
555. In order to test for co-localization, a single section at
the same focus plane was scanned at 0.62 μm thickness in
z-axle, and the three channels were merged into a 12-bit
RGB tif-file by using FV1000 Viewer (Ver.1.6b) software.
After recording by confocal laser scanning microscopy, no
alternations of image files were performed by additional
image processing.

Protein preparation and immunoblotting assay

The skeletal muscle samples were diced into very small pieces
using a clean razor blade and homogenized with a sonicator in
RIPA buffer (sc-24948, Santa Cruz Biotechnology) contain-
ing protease inhibitors at 4°C. Homogenates were centri-
fuged at 12,000×g for 30 min at 4°C three times, and the
resulting supernatants were collected. The protein concen-
trations were determined by Lowry method. Aliquots of
the supernatants were diluted in an equal volume of 5×
electrophoresis sample buffer and boiled for 5 min.
Protein lysates (40 μg) were separated on a 12% sodium
dodecyl sulfate–polyacrylamide electrophoresis gel and
transferred onto polyvinylidene fluoride membranes
(Millipore, Billerica, MA, USA). After being blocked
with 5% non-fat dry milk in Tris-buffered saline-
Tween#20 at room temperature for 2 h, the membranes
were incubated with rabbit anti-CB2R polyclonal antibody
(dilution 1:600; sc-25494, Santa Cruz Biotechnology) at
4°C overnight and horseradish peroxidase conjugated goat
anti-rabbit IgG (sc-2004, Santa Cruz Biotechnology) at
1:8,000 dilution at room temperature for 2 h. The blotting

was visualized with Western blotting luminol reagent (sc-
2048, Santa Cruz Biotechnology) by Electrophoresis Gel
Imaging Analysis System (MF-ChemiBIS 3.2, DNR Bio-
Imaging Systems, ISR). Subsequently, densitometric anal-
yses of the bands were semi-quantitatively conducted
using Scion Image Software (Scion Corporation, MD,
USA). The relative protein levels were calculated by
comparison with the amount of GAPDH (#G13-61M,
signalchem, Canada) as a loading control.

Total RNA extraction and reverse transcription PCR

Total RNA was extracted from the skeletal muscle speci-
mens with RNAiso Plus (9108, Takara Biotechnology,
Shiga, Japan) according to the manufacturer’s instructions.
The RNA pellet was air-dried for 10 min and resuspended
in 15 μl diethylpyrocarbonate-treated dH2O. Using 1 μl
RNA samples, cDNA synthesis was performed in a 9-μl
reaction mixture containing 2 μl MgCl2, 1 μl 10× RT
buffer, 3.75 μl RNase-free dH2O, 1 μl dNTP mixture,
0.25 μl RNase inhibitor, 0.5 μl Avian Myeloblastosis Virus
Reverse Transcriptase (AMV-RT), and 0.5 μl Random 9
mers provided by TaKaRa RNA PCR Kit (AMV) Ver.3.0
(RR019, Takara Biotechnology, Shiga, Japan). The reaction
mixture was incubated at 30°C for 10 min twice, 42°C for
30 min, 99°C for 1 min, followed by 5 min at 5°C. The
resulting cDNA was used for PCR with the sequence-
specific primer pairs for CB2R and GAPDH. PCR
amplification was performed in a 60-μl reaction mixture
which contained 12.5 μl 5× PCR buffer, 36 μl sterile H2O,
0.5 μl TaKaRa Ex Taq, 0.5 μl forward primer, 0.5 μl
reverse primer, and 10 μl cDNA. After initial denaturation at
94°C for 2 min, amplification consisting of denaturation
at 94°C for 40 s, annealing at 60°C for 40 s, and extension at
72°C for 1 min was performed for 35 cycles for GAPDH and
36 cycles for CB2R. The amplified PCR products were
identified using electrophoresis of 6 μl aliquots on a 2%
agarose gel and were stained with Genefinder (204001, Bio-
V, Xiamen, China). To exclude any potential genomic DNA
contamination, each PCRwas also performed without the RT
step. No DNA amplification product was detected. All PCRs
were repeated at least three times for each cDNA. For
normalization of the amount of different cDNAs, GAPDH
was used as an internal standard. The specific primers of
CB2R and GAPDH were shown in Table 1.

The products were visualized with Electrophoresis Gel
Imaging Analysis System (ChemiImager 5500, Alpha
Innotech, USA). Labworks Image Acquisition and Analysis
Software (UVP Inc., Upland, CA, USA) were employed
for the semi-quantitative digital image analysis of the
band of the PCR product. The ratio of CB2R to GAPDH
band intensity was calculated to normalize the determined
value.
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Statistical analysis

Data were expressed as means±standard deviation and
analyzed using SPSS for Windows 11.0. The one-way
ANOVA was used for data analysis between two groups.
Difference associated with P<0.05 was considered statisti-
cally significant.

Results

Histological examination and immunostaining with CB2R
and Macrophage Marker

In sections stained with hematoxylin and eosin, hemor-
rhage, edema, and degeneration were present in contused
skeletal muscle, and a few PMNs appeared at wound zones
at 3 and 6 h post-wounding. A large number of PMNs and

MNCs accumulated in the wounds and necrotized skeletal
muscle fibers were phagocytosed gradually at 12 h and
1 day post-injury. MNCs remained abundant from 3 to
7 days after wounding. From 3 days post-injury onward,
FBCs were present in the wound zones, and multinucleated
myotubes augmented remarkably at 5–7 days (Fig. 1a–d).

In the uninjured skeletal muscle specimens, weakly
positive immunoreactivity for CB2R was detected in the
sarcolemma, sarcoplasm (Fig. 2a), and vascular smooth
muscle cells. In the injured skeletal muscle samples, various
staining patterns were present. No false positive staining
was detected in the sections used as immunohistochemical
controls. CB2R was positive in a few of PMNs. Afterwards,
CB2R positive staining was observed in round-shaped
MNCs and spindle-shaped FBCs (Fig. 2b, d) in contusion
zones. Immunostaining for CB2R were also detected in the
contused skeletal muscle fibers near wound site and
regenerated multinucleated myotubes (Fig. 2c) in areas of

Table 1 Primer sequences used for reverse transcription polymerase chain reaction

Gene Species Primer Position Product size (bp)

CB2 Rodent Forward: 5′-TTC CCC CTG ATC CCC AAC GAC TA-3′ 547–569 369
Reverse: 5′-CTC TCC ACT CCG CAG GGC ATA AAT-3′ 892–915

GAPDH Rodent Forward: 5′-CAG CAA TGC ATC CTG CAC-3′ 506–523 416
Reverse: 5′-GAG TTG CTG TTG AAG TCA CAG G-3′ 900–921

Numbers (NM_) of the genes are NCBI accession numbers obtained from the NIH Database for rodent (R): CB2, (R) NM_020543; GAPDH, (R)
NM_X02231

CB2 cannabinoid receptor type 2, GAPDH glyceraldehyde-3-phosphate dehydrogenase

Fig. 1 Histological analysis in
rat skeletal muscle contusion. a
The morphology of normal
skeletal muscle is confirmed
with the H-E stain in the control.
b FBCs are present in the
injured tissue, and damaged
muscle fibers are mostly phago-
cytosed at 3 days post-injury. c,
d The wound healing becomes
more prominent with extension
of posttraumatic interval. A
large number of spindle-shaped
FBCs, concomitant with
regenerated multinucleated
myotubes, accumulate in the
area of contusion at 5 and
14 days post-wounding
(original magnification, ×400)
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skeletal muscle wound healing. Moreover, vascular smooth
muscle cells of new vessels showed positive staining for
CB2R.

For identification of MNCs, co-localization of CB2R
and Macrophage Marker were conducted by double indirect
immunofluorescent method. In control group, a few of

CB2R+/Macrophage Marker+ positive cells were observed
in the perimysium and epimysium of normal skeletal
muscle, indicating that resident tissue macrophages were
CB2R positive. In 1 day post-injury group, a great quantity
of MNCs infiltrated into injured site showed wide CB2R+/
Macrophage Marker+ positive (Fig. 3). With extension of

Fig. 2 Immunohistochemical
staining of CB2R in rat skeletal
muscle contusion. a CB2R
immunoreactivity is found in the
sarcolemma and sarcoplasm of
normal myofibers in the
uninjured control. b CB2R-
positive spindle-shaped FBCs
(arrows) are detected in the area
of contusion at 3 days post-
injury. c, d Multinucleated
myotubes (arrows) and spindle-
shaped FBCs (arrows) are
positively immunostained with
antibody against CB2R in the
area of contusion at 5 and
14 days after injury (original
magnification, ×400)

Fig. 3 Double immunofluores-
cence analysis was performed to
determine CB2R-expressing
macrophages at 1 day
post-injury. The samples were
immunostained with anti-
Macrophage Marker (a, green)
and anti-CB2R (b, red). Image
(d, yellow) of Macrophage
Marker and CB2R co-
localization was digitally
merged within injured area.
Nuclei were counterstained with
Hoechst 33258 (c, blue).
Representative results from at
least three individual
experiments are shown here.
Scale bars=10 μm
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posttraumatic interval, the less double-positive MNCs were
detectable at the wound sites.

Western blotting and RT-PCR

The blots against CB2R antibody were showed under the
experimental conditions and CB2R protein expression was
increased nearly twofold as early as 1 day and remained
elevated until 14 days after skeletal muscle contusion
(Fig. 4a). Peak values in the average ratios of CB2R to
GAPDH were 2.70±0.08 and 2.69±0.07 at 5 and 7 days
post-injury, respectively. In the other groups, the CB2R to
GAPDH ratios were shown in Table 2. Significant differ-
ences in the relative expression levels of CB2R protein
were found between control group and each posttraumatic
interval. There were significant differences in the relative
intensity of CB2R to GAPDH between 3 h, 6 h, 12 h,
5 days, 10 days, and, 14 days injury groups and their
preceding groups as shown in Fig. 4b.

CB2R mRNA could be detected in all skeletal muscle
samples, and mRNA expression of CB2R in contusion
groups was significantly augmented as compared with
control groups (Fig. 5a). Similar to Western blotting results,
the mean ratios of CB2R to GAPDH reached its climaxes at
5 and 7 days after injury. There was significant difference
in the relative intensity of CB2R to GAPDH between
control group and each posttraumatic interval, between 3 h,
6 h, 12 h, 5 days, 7 days, 10 days, and 14 days injury
groups and their preceding groups as shown in Fig. 5b.

Discussion

To forensic pathologists, wound age estimation is a critical
issue in routine forensic autopsies which provides indis-
pensable information for the reconstruction of crime scenes
and judges the relationship between wounds and cause of
death [17–20]. Most researches on forensic wound age
determination have been focused on human and murine
skin wound healing process in which a variety of biological
substances are involved [21–26]. However, forensic wound
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Fig. 4 a Analysis of CB2R and GAPDH protein from skeletal muscle
specimens by Western blotting. Lane C indicates the result of the
control skeletal muscle. Representative results from five individual
animals are shown. b Relative intensity of CB2R to GAPDH. All
values are expressed as the means±SEM (n=5). **p<0.01 (vs each
posttraumatic group); *p<0.05 (vs preceding posttraumatic group)

Table 2 The average ratios of CB2R to GAPDH in each group (n=5)

Group Mean±SEM (range)

Control 1.28±0.07 (1.19–1.33)a

3 h 1.75±0.13 (1.57–1.90)b

6 h 2.11±0.15 (1.94–2.31)b

12 h 2.33±0.14 (2.14–2.54)b

1 day 2.42±0.11 (2.30–2.59)

3 days 2.29±0.12 (2.17–2.47)

5 days 2.70±0.08 (2.62–2.81)b

7 days 2.69±0.07 (2.60–2.76)

10 days 2.28±0.11 (2.11–2.38)b

14 days 1.78±0.17 (1.54–1.92)b

a p<0.01 (vs each posttraumatic interval)
b p<0.05 (vs preceding posttraumatic interval)
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Fig. 5 a Analysis of CB2R and GAPDH mRNA expressions from
skeletal muscle specimens by RT-PCR. Lane C indicates the result of
the control skeletal muscle. Representative results from five individual
animals are shown. b Relative intensity of CB2R to GAPDH. All
values represent the means±SEM (n=5). **p<0.01 (vs each posttrau-
matic group); *p<0.05 (vs preceding posttraumatic group)
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age estimation for mammalian skeletal muscle has not been
given enough attention yet.

To the best of our knowledge, it was the first report
describing immunofluorescent localization of CB2R in
macrophages of skeletal muscle contusion zones. It is
generally acknowledged that muscle damage induces massive
macrophages infiltration into injured zones [27, 28], and by
24 h, macrophages are the predominant cell type [29]. In
vitro, studies have shown that factors produced by injured
skeletal muscle such as fibroblast growth factor and platelet-
derived growth factor are highly chemoattractant for both
neutrophils and macrophages, and this activity is apparent
within muscle tissue 3 h post injury and is enhanced by 24 h
[30]. Recent studies confirmed that myogenic precursor cells
are also chemotactic for macrophages [31, 32]. There is
interesting evidence that CB2R can accommodate the
chemotactic response of human macrophages to chemokines
CCL2-3 [33], and peritoneal macrophage response to the
chemokine RANTES/CCL5 is significantly inhibited by
CB2R ligands THC and CP55,940 and by the CB2R-
specific agonist O-2137. Meanwhile, the inhibition by THC
is reversed by the CB2 receptor-specific antagonist
SR144528. THC treatment has a minimal effect on the
chemotactic response of CB2R−/− peritoneal macrophages
[34]. These findings implicate that CB2R has an effect on the
modulation of macrophages in response to chemoattractants.
Therefore, we speculate that CB2R is involved in the
inflammatory response of macrophages during skeletal
muscle contusion.

According to previous study, the expression of troponin I
mRNA could give significant information about the age
determination of skeletal muscle contusion and rat samples
with known post-infliction intervals were employed [35].
There are many studies on the ultrastructure and patho-
physiological development of skeletal muscle contusion
healing using a mechanical blunt trauma model in rodents
[36–38], and it is considered that the experimental model
mimicked the damage–repair process in human skeletal
muscle with a high degree of accuracy and objectivity.
Thus, the results obtained from this model are seemingly
applicable to the age determination of skeletal muscle
contusion in forensic practices.

Considering the viewpoint of forensic pathological
application, the present study demonstrated that the average
ratios of CB2R to GAPDH were presumed to be useful for
skeletal muscle wound age determination. In Western
blotting results, all samples in 5 and 7 days post-injury
groups showed ratios of >2.60. After 7 or within 5 days, no
samples showed ratios of >2.60. Thus, ratios markedly
exceeding 2.60 may strongly indicate a wound age at 5–
7 days. It was interesting to note that there was significant
difference in the CB2R to GAPDH ratios between 3 and 6 h
post-injury as detected by Western blotting and RT-PCR in

our study. However, in the previous investigation, immu-
nohistochemical staining was restricted in practical appli-
cation, especially for the estimation of wound age less than
8 h, because it was not accurate and stable in semi-
quantitative analysis, and the results may be influenced by
investigators [35]. Thus, in the present study, detection of
protein and mRNA by Western blotting and RT-PCR was
more suitable for wound age estimation, which was usually
more stable and sensitive than immunohistochemical
assays. Moreover, up-regulation of cytokine or enzyme
mRNA is usually earlier than the one of their protein, it was
more appropriate to detect mRNA by RT-PCR in early
wound age estimation [39]. The more exact expression
tendency for wound age estimation might be described by
Western blotting and RT-PCR. Based on our results, if
Western blotting and RT-PCR were used in combination
with morphological analysis, the ranges of wound age
estimation would be narrowed further.

In conclusion, we investigated dynamic distribution and
expression of CB2R, indicating that CB2R might be
involved in modulating macrophages in response to
inflammatory event in rat skeletal muscle wound healing.
CB2R is available as a marker for wound age determina-
tion, which would provide a new perspective on wound age
estimation.
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