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Abstract
In this study, we demonstrate that the direct application of moxibustion significantly
enhances muscle regeneration in mice with collagen-induced arthritis (CIA). Twelve
Dilute Brown Non-Agouti (DBA)/1 J male mice were randomly divided into the following
groups: intact control (nZ 4), CIA (nZ 4), and CIA with moxibustion treatment
(CIAþmoxi, nZ 4). Mice in the CIA and CIAþmoxi groups were immunized twice via
intradermal injections of bovine type II collagen (C II) at 3-week intervals. After the
second injection, moxibustion was applied to the mouse equivalent of the BL24 and
ST36 acupoints with a moxa cone five times/day, every other day (except Sundays), for
3 weeks (a total of 9 treatments were administered). Phospho-Erk1/2, myostatin, TFG-
B1, and IGF-1 were analyzed using ELISA. Protein levels in skeletal muscle tissues of
the hind limb were analyzed by Western blotting and immunofluorescent staining.
Treatmentwithdirectmoxibustion led toamarked improvement inCIAandatrophyof indi-

vidual muscle fibers. Collagen protein signaling in the muscle of the CIA group was stronger
than the control and CIAþmoxi groups. Myostatin protein expression, as determined by
Western blotting and immunofluorescent staining, were stronger in the CIA group compared
with the control and CIAþmoxi groups. Immunofluorescent staining confirmed that the CIA
group had the strongest TGF-B1 protein signals among the three groups. However, in serum
analysis the intact control group showedthestrongest TGF-B1protein signaling.RT-PCRanal-
ysis of themuscle tissues of the CIAþmoxi group showed significant IGF-1mRNA expression,
and themost intense phospho-Erk1/2 protein signaling was detected in themuscle tissues of
the CIA group via Western blotting and immunofluorescent staining. These results confirm
that the direct administration of moxibustion at Shenshu (BL 23) and Zusanli (ST 36) influ-
ences muscle regeneration in the CIA mouse model. Our results suggest that the establish-
ment of the moxibustion mechanism will encourage the clinical application of moxi.
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1. Introduction

mice were placed in a room at constant temperature

�

Moxibustion is a traditional oriental medicine that is
obtained from the mugwort herb. Moxibustion plays an
important role in oriental medical therapies for the treat-
ment and prevention of diseases. During moxibustion
therapy, practitioners burn the herb fluff and stick at
certain acupuncture points at the lesion sites of the patient.
Moxibustion is known for its beneficial effects, specifically
pain relief and the restoration of chi flow. Also, it supplies
beneficial chi and removes harmful chi by providing warm
heat and other pharmacological effects [1,2].

According to a 2007 study, moxibustion therapy is one of
the most widely used basic oriental medical techniques in
Korea [3]. About 67% of Korean oriental medical doctors
have applied this technique for musculoskeletal, digestive,
and gynecological diseases. However, the number of studies
published on moxibustion is only 7% of all acupuncture
studies, based on 2010 statistics [4]. Moreover, most papers
were clinical studies or reviews of other research papers
[4,5]. Until now, basic experimental studies mostly focused
on the effects of moxibustion on immune cells such as B-
lymphocytes [6,7], T-lymphocytes [6,7], and NK cells [8].
The clinical application of moxibustion has profound effect
on musculoskeletal diseases [5]. However, there is an
apparent lack of basic medical studies.

Moxibustion therapy is frequently applied to treat chronic
arthritis and musculoskeletal diseases in oriental medical
clinics [3,5]. Studies on moxibustion have reported external
changes to joints, body weight increases, and decreases in
protein levels in arthritis-induced rats [9e11].However, basic
medical studies on moxibustion’s direct effects on quality of
life are unavailable. Arthritic patients typically suffer from
join pain and dysfunction. In addition to these symptoms,
arthritis also results in muscle weakness and the complete
atrophy of muscles. These factors accelerate declines in
activities and the ability to work. Arthritis is a disease that
carries a significant threat to quality of life. Along with the
increasing age of the population in Organization for Economic
Cooperation and Development (OECD) countries, the signifi-
cance and risk of arthritis are increasing as well. Because of
these reasons, further research is required.

In this study, we focused on the effects of the direct
application of moxibustion to the Shenshu (BL 23) and
Zusanli (ST 36) acupuncture points in order to determine
the regenerative effects of moxibustion on muscles in
collagen-induced arthritis (CIA) mouse models, which
demonstrate muscle degeneration including decreased
muscle content and decreased strength of muscle
contractions [12e14]. We analyzed myostatin, TGF-B1, and
IGF-1, both histologically and biochemically, as the major
indicators of muscle regeneration.

2. Materials and methods

2.1. Experimental animals

All experimental and animal maintenance procedures were
performed with approval of the ethics committee on animal
experimentation at Daejeon University (Daejeon, Korea).
DBA/1 J male mice (6 weeks old; Jackson Laboratory, Bar
Harbar, ME, USA) were used in this experiment. All DBA/1 J

(25� 1 C) and humidity (55� 10%) and a 12-h light/dark
cycle. They were allowed to eat commercial rat chow (no
were antibiotics added; Samyang Co., Seoul, Korea) and
drink water ad libitum. Experiments were commenced at
least 1 week after the animals arrived at the laboratory.

2.2. CIA animal model

To induce the CIA mouse model, we measured, separated,
and melted bovine type II collagen (2 mg/mL; Chondrex,
USA) at 4�C overnight. Freund’s complete adjuvant (4 mg/
mL; Chondrex, Washington, USA) was added to bovine type
II collagen and emulsified. We injected 50 mL of the emul-
sion into the skin at the base of the tail. Three weeks after
the first injection, collagen and Freund’s incomplete
adjuvant (Chondrex, Washington, USA) were mixed at a 1:1
ratio and injected as just described. Successful induction of
CIA was determined via crude observation.

2.3. Experimental groups and treatment

DBA/1 J mice were divided into three different groups
(nZ 4). The groups for our experiments included the non-
collagen injection group (intact control group), collagen-
injected/ arthritis-induced group (CIA group), and the
group that received moxibustion after collagen-injection/
arthritis-induction (CIAþmoxi group).

The moxibustion procedure started on the 22nd day after
the secondary injection of collagen. All groups of animals
were anesthetized using a mixture of ketamine (80 mg/kg)
and xylazine (5 mg/kg) before the administration of mox-
ibustion. Kangwha moxibustion was used (Samhwasangjae-
buso Company, Kangwha, Korea). Moxibustion (0.025 g) was
applied five times to each Shenshu (BL 23) and Zusanli (ST
36) point on both sides [15]. Moxibustion was ignited by first
lighting an incense and then transferring the flame. The
treatment was performed three times per week for 3
weeks.

2.4. Enzyme-linked immunosorbent assay

Blood sample were collected from all animals, and the
serum was separated by centrifugation. The serum TGF-B
level was quantified using the Ready-set-go human/mouse
TGF-B1 kit (eBioscience, San Diego, CA, USA). The capture
antibody with the coating buffer (100 mL) was placed in
a well and incubated overnight at 4�C. After overnight
incubation, the plate was washed five times with the wash
buffer (1xPBS, 0.05% Tween-20). Nonspecific binding was
blocked by incubation with an assay diluent for 1 hour, then
washed with the wash buffer. The diluted standard solution
and serum samples were loaded into each well, incubated
for 2 hours at room temperature, and washed with the wash
buffer. The detection antibody was mixed with the assay
diluent, loaded into each well, incubated for an additional 1
hour at room temperature, and washed with the wash
buffer. The avidin-HRP complex was then added and incu-
bated for 30 minutes. A substrate solution was added and
allowed 15 minutes for the color reaction to occur, then the
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stop solution (1M H3PO4) was added to terminate the reac-
tion. The absorbance was measured by spectroscopy at
450 nm.

2.5. Separation of the muscles and ligament tissue

All animals were sacrificed after 3 weeks of moxibustion
treatment. Tibialis muscles and the collateral ligament from
the knee of the hind limb were collected. The collected
samples were frozen using dry ice and stored in �70�C.

2.6. RNA extraction and reverse-transcription
polymerase chain reaction

To observe the expression of mRNA, 1 mL of the easy-BLUE
reagent (Intron Biotechnology, Seoul, Korea) was mixed
with muscle tissue and solubilized muscle tissue at room
temperature. Chloroform (200 mL) was added and centri-
fuged for 10 minutes at 13,000 rpm. The same amount of 2-
propanol was added to 400 mL of the supernatant and incu-
bated for 10 minutes at room temperature. After 5 minutes
of centrifugation at 13,000 rpm, 1 mL of 75% ethanol was
added to the separated RNA. Then, the separated RNA was
centrifuged again for 5 minutes at 10,000 rpm. After
removing the ethanol, the sample was added to dieth-
ylpyrocarbonate (DEPC) that contained tertiary distilled
water and analyzed by spectroscopy at 260 nm. cDNA was
synthesized by using 1 mg of oligo-dT and reverse transcrip-
tase (MMLV-RT; Promega, Madison, WI, USA). Polymerase
chain reaction (PCR) was performed by using Taq poly-
merase (Promega, Madison, WI, USA) and specific primers.
The PCR conditions were as follow: the initial denaturation
procedure was 2 minutes at 94�C, followed by denaturation
for 20 seconds at 94�C, annealing for 10 seconds at 55�C, and
extension for 1 minute at 72�C. PCR was performed for 30
cycles. The experimental primer for the IGF-1 sequence
(forward: CTGGACCAGAGACCC TTTGC; reverse:
AGAGCGGGCTGCTTTTGTAG) was then synthesized.

2.7. Immunofluorescent staining

To perform double-immunofluorescent staining, glass slides
were washed with ethanol, coated with poly-L-lysine solu-
tion (100 mg/mL; Sigma, St. Louis, Missouri, USA) at room
temperature, and dried overnight. After freezing the
muscle tissues at -20�C, the tissues were sectioned to 20-
mm-thick slices. Each section was separately attached to
the glass slides. The samples were separated and marked as
follows: (i) intact control group, (ii) CIA group, (iii)
CIAþmoxi group. The tissues were attached to the slides
and fixed for 45 minutes in a mixed solution of 4% para-
formaldehyde and 4% sucrose in phosphate-buffered saline
at room temperature. To avoid nonspecific antigen-
antibody reactions, the slides were incubated for 16 hours
in a BSA (bovine serum albumin, Sigma, St. Louis, Missouri,
USA)-blocking buffer at 4�C. The primary antibodies were
diluted in the blocking buffer with 2.5% BSA and 2.5%
horse serum, and the sample tissues were incubated for 4
hours at room temperature. After incubation with the
primary antibodies, the sections were washed with PBST
(PBS plus 0.1% triton X-100). The secondary-antibody
solution was prepared by adding fluorescein goat anti-
mouse antibody (green; 1:400, Invitrogen, Carlsbad, Cal-
ifornia, USA) and rhodamine goat anti-rabbit antibody
(red; 1:400, Invitrogen, Carlsbad, California, USA) to the
blocking buffer that contained 2.5% BSA and 2.5% horse
serum. Then, the tissue sections were incubated with the
secondary antibody in a dark room for 90 minutes. After
incubation with the secondary antibody, the slides were
washed three times with PBST. Then, the Hoechst nuclear
stain was applied at second washing step, and the samples
were washed with PBST, including 0.25% Hoechst 33258
fluorescent dye (Sigma, USA). The sections were observed
using a Nikon fluorescent microscope (E-600; Nikon, Japan),
and images were captured using a Nikon camera (DXM 1200F;
Nikon, Tokyo, Japan). The merged images were produced by
using the layer-blending options of Adobe Photoshop (version
7.0). The primary antibodies used in this experiment
included monoclonal anti-myostatin (1:400; USBiological,
Swampscott, MA, USA), monoclonal anti-TGF-B1 (1:400;
ebioscience, San Diego, CA, USA), polyclonal anti-phospho-
Erk (1:400; Cell Signaling, Beverly, MA, USA), monoclonal
anti-collagen (1:400; Sigma, St. Louis, Missouri, USA), and
monoclonal anti-neurofilament 200 (1:400; Sigma, St. Louis,
Missouri, USA).
2.8. Western blot analysis

The muscle tissues were washed with ice-cold PBS that
included 137 mM NaCl, 10.0 mM Na2PO4, 2.0 mM KH2PO4

(pH 7.4), and melted with 50e200 ml of triton lysis buffer
(20 mM Tris [pH 7.4], 137 mM NaCl, 25.0 mM b-glycer-
ophosphate [pH 7.14], 2.0 mM sodium pyrophosphate,
2.0 mM EDTA, 1.0 mM Na3VO4, 1% (v/v) triton X-100, 10%
(v/v) glycerol, 5.0 mg/mL leupeptin, 5.0 mg/mL aprotinin,
3.0 mM benzamidine, 0.5 mM DTT, and 1.0 mM PMSF).
Then, the protein concentration of each muscle tissues
was quantified at 15.0 mg. Proteins (15.0 mg) were
resolved in 12% (v/v) SDS polyacrylamide gel (1.5 M Trizma
base, 10% g/v sodium dodecyl sulfate, 30% g/v acrylamide,
10% g/v ammonium sulfate, and TEMED) and transferred to
Immobilon polyvinylidenedifluoride (PVDF) membranes
(Pall Corporation, MI, USA). Each blot was blocked with 3%
bovine serum albumin (Sigma, St. Louis, Missouri, USA)
blocking buffer in TBST (17 mM KH2PO4, 50 mM Na2HPO4,
1.5 mM NaCl [pH 7.4], and 0.05% tween-20) for 60 minutes
at room temperature, then incubated overnight at 4�C in
0.1% tween-20 in TBS plus 3% bovine serum albumin. The
PVDF membranes were incubated with the primary anti-
bodies in the blocking buffer after washing three times
with TBST. HRP-conjugated goat anti-rabbit IgG (Santa
Cruz Biotechnology, Santa Cruz, CA, USA) or HRP-
conjugated goat anti-mouse IgG (Santa Cruz Biotech-
nology, Santa Cruz, CA, USA) were diluted to 1:2000, dis-
solved in TBST, and incubated with the membranes for 90
minutes after washing three times. The protein bands on
the membranes were detected using the Amersham ECL
kit/Western blot detection system (Amersham Pharmacia
Biotech, USA). Scientific imaging film (Eastman Kodak Co.,
Rochester, NY, USA) was used to detect the protein bands.
The primary antibodies used in the present study included
anti-myostatin (1:2000; USBiological, Swampscott,
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Massachusetts, USA), phospho-p44/42 Erk 1/2 kinase
antibody (1:4000; Cell Signaling, Beverly, MA, USA), and
anti-actin antibody (1:15,000; MP Biomedicals, Irvine, CA,
USA).

2.9. Hematoxylin and eosin staining

Muscle tissues were collected and frozen at -20�C. The
muscle tissues were sliced using a cryosection machine
(cryostat; Leica Co., Heidelberg, Germany) to 20-mm-thick
sections and attached to the slides. The slides were
stained with a hematoxylin (Sigma, St. Louis, Missouri,
USA) solution for 1 minute, washed with tap water,
stained with an eosin (Sigma, St. Louis, Missouri, USA)
solution for 30 seconds, and then washed again with the
eosin stain. Then, the slides were subjected to series of
ethanol (50% / 70% / 95%) and xylene dehydrations for 1
minute. Then, the cover glasses were mounted using the
mounting medium (Fisher Scientific co, Kalamazoo, MI)
and the samples were observed using a light microscope
(Nikon, Tokyo, Japan).

2.10. Microscopic analysis of the tissue samples

The tissue sample slides with the immunofluorescent or
hematoxylin and eosin (H&E) stains were analyzed using
a Nikon fluorescence microscope and light microscope
(Nikon, Tokyo, Japan), and the images were captured using
a digital camera (DXM1200F; Nikon, Tokyo, Japan) that was
connected to the microscope. The captured images were
analyzed using ACT-1 software (Nikon, Tokyo, Japan). The
images were merged using the layer-screen mode of the
photoshop software program (version 7.0, Adobe Inc., San
Jose, CA).
Figure 1 Morphological changes in the skeletal muscle. (A) Photog
muscle size (nZ 3; error barZ standard error of mean; * p< 0.05
2.11. Statistical analysis

Continuous variables were summarized as the mean-
s� standard deviations. Comparisons of the averages
between the experimental groups were analyzed by using
the two-sample independent t test or ANOVA test. All
statistical analyses were carried out using SPSS 14.0 (SPSS
Inc, Chicago, Illinois, USA), and p values < 0.05 were
considered statistically significant.

3. Results

3.1. Morphological changes to the skeletal muscle

3.1.1. External changes to the skeletal muscle
The external features of the hind limbs of the intact and
DBA mice were compared. The ankles and toes of the
animals in the CIA group were significantly swollen. In the
animals in the CIAþmoxi group, the ankles and toes were
more swollen than those of the intact group (Fig. 1A).

3.1.2. Cross-sectional changes in the muscle tissue
Cross-sectional changes in the muscle fibers of the experi-
mental group were analyzed by H&E staining. The muscle
fibers of CIA group showed more atrophy compared with
other groups (Fig. 1B). The cross-sectional area of intact
group was 3940 mm2 and that of the CIA group was
2190 mm2. This difference indicates significant changes in
terms of the cross-sectional area (p< 0.05). On the other
hand, the cross-sectional area of the CIAþmoxi group was
2890 mm2, significantly larger than that of the CIA group.
The area of the CIAþmoxi group was just 70% of that of the
intact control group (p< 0.05) (Fig. 1C).
raphic images of the hind limb. (B) Quantitative comparisons of
). (C) Comparison of muscle sections H & E staining.



Figure 2 Histological changes in the muscle fibers. (A) Comparison of the cytoplasm by H & E staining. (B) Comparison of the
nuclei of individual cells in the muscle tissues by Hoechst 33258 nuclear staining. (C) Immunofluorescent views of collagen protein
signals in the muscle tissues.
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3.2. Histological changes in the muscle fibers

3.2.1. Comparison of the cytoplasm and nucleus
We compared the H&E staining results of each group’s
cross-sectional area. The muscle fibers of the intact group
showed dense structures without any empty space in the
cells. However, several empty spaces in cells, presumably
due to atrophy, were observed in the CIA group. Less
cellular space and less atrophy were observed in the cells of
the CIAþmoxi group (Fig. 2A).

Morphological analysis was performed to determine cell
viability and cell distribution. This was performed by
analyzing high-magnification images of the H&E-stained
cells. Hoechst stained-cells demonstrated intact nuclei
with linear forms near the muscle cells. The staining
intensity in the peripheral regions of the muscle fibers was
less intense in the CIA group, whereas the nuclear intensity
was higher within the cells. Nuclear staining of the
CIAþmoxi group showed linear patterns and was similar to
that of the intact control group (Fig. 2B).

3.2.2. Level of collagen synthesis
Less-intense collagen staining was observed near the
muscle fibers in the intact control group. Collagen staining
was prominently higher near the muscle fibers and inside
the cells of the CIA group. Overall, collagen synthesis was
lower in the CIAþmoxi group and showed similar patterns
to that observed near the muscle fibers of the intact control
group (Fig. 2C).

3.3. Analysis of muscle fiber degeneration and
regenerate-related proteins

3.3.1. Analysis of phospho-Erk1/2 protein changes
The phospho-Erk1/2 protein level in the muscle fibers was
analyzed using Western blotting. Protein extracts (15 mg)
from muscle tissues obtained from the intact, CIA, and
CIAþmoxi groups (lanes 1e3, respectively) were used for
SDS-polyacrylamide gel electrophoresis and further
analyzed to detect the phospho-Erk1/2 protein. The same
blot was used for actin protein analysis, which was used as
an internal loading control. The phospho-Erk1/2 protein
level was very high in the intact and CIA groups and rela-
tively low in the CIAþmoxi group. The phospho-Erk1/2
protein signal in the intact control group was observed as
a long, fibrous shape, and it was observed as a packed,
tangled shape in the CIA group. The phospho-Erk1/2 protein
signal was only observed in a limited area in the CIAþmoxi



Figure 3 Analysis of muscle fiber degeneration and regeneration-related proteins. (A) Western blot analysis (left) and immu-
nofluorescent views (right) of phospho-Erk1/2 protein signals. (B) Western blot analysis (left) and immunofluorescent views (right)
of myostatin protein levels. (C) Immunofluorescent views of TGF-B1 protein signals (left). Measurement of serum TGF-b1 protein
levels by ELISA (right). (D) Comparison of IGF-1 mRNA expression levels.

Direct moxibustion in a collagen-induced arthritic mouse model 131
group. This change is consistent with the results of the
Western blot analysis of phospho-Erk1/2 (Fig. 3A).

3.3.2. Changes in myostatin protein levels
Western blotting analysis of the myostatin protein demon-
strated a consistent myostatin protein level in the intact
control group. The CIA group demonstrated the highest
level of the myostatin protein, and myostatin protein level
in the CIAþmoxi group decreased to less than that of the
intact control group. In the myostatin immunofluorescent
staining results, a prominent linear shape and low protein
level were observed. However, a high level of myostatin
protein synthesis was observed in the CIA group, and
myostatin synthesis decreased in the CIAþmoxi group
(Fig. 3B).

3.3.3. Changes in TGF-B1 protein levels
The TGF-B1 protein concentration was measured using
ELISA. The TGF-B1 protein synthesis levels were decreased
in the CIA and CIAþmoxi groups compared with that of the
intact control group, however these differences were not
significant (intact control: 705� 75 pg/mL; CIA:
505� 99 pg/mL; CIAþmoxi: 380� 74 pg/mL). On TGF-B1
protein immunofluorescent staining, a low-level, linear,
protein signal was observed. On the other hand, in the CIA
group, a belt-shaped increase in the TGF-B1 protein level
was observed. The protein level in the CIAþmoxi group
was lower than that of the CIA group, but it was higher than
the protein level of the intact control group (Fig. 3C).

3.3.4. Changes in IGF-1 protein levels
Reverse-transcriptase (RT)-PCR was performed to analyze
the expression level of IGF-1. Comparisons between
amplified DNA and IGF-1 DNA show that the expression of
IGF-1 mRNA was higher in the CIA group than the intact
control group. In the CIAþmoxi group, the IGF-1 mRNA
level was higher compared with the other groups (Fig. 3D).

4. Discussion

The therapeutic mechanism of moxibustion lies in the
activation of the drug and the generation of warm heat.
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Artemisa argyi Lev. Et. Vant. is a herbaceous perennial
plant that contains rhizomes, and the leaves are commonly
collected and dried during the spring. The leaves contain
0.02% essential oils, the main component of which is cineol
that constitutes 50% of the total volume of oils that can be
extracted. Other components include, but are not limited
to, thujone C13H16O, sesquiterpene, sesquiterpene
alcohol, adenine (0.02%), choline (0.11%), and vitamins A,
B, C, and D [16]. A argyi Lev. Et. Vant. is used in mox-
ibustion, usually to provide consistent, warm heat stimu-
lation that can directly reach deeper parts of the skin and
muscle. Hence, A argyi Lev. Et. Vant. is used as the main
constituent of moxibustion.

The moxibustion procedure was applied at the Shenshu
(BL 23) and Zusanli (ST 36) acupoints of both sides of the
hind limbs five times per session, every other day (except
Sundays) for 3 weeks (a total of 9 treatments were
applied).

Heat stimulated by burning A argyi Lev. Et. Vant. is
transferred to skin, which is recognized by the thermal
sensory receptors as invasive stimulation. This stimulation
activates the nerve fibers, which produce the therapeutic
effects [17]. The thermal receptors are activated at
temperatures above 30�C, and this activation process stops
at 49�C. Nociceptors are activated by extreme heat and
respond to warm stimulation around 45�C [18]. Generally,
the temperature of indirect moxibustion is between
35�e45�C, and about 120e160�C for direct moxibustion
[19,20]. Direct moxibustion activates both thermal sensory
receptors and nociceptors in the skin. It improves the
constitution of the body because of the sterile pyopoiesis
that is produced in the local tissues of pustules. Thus,
resistive power against diseases increases, helping
to treatment and prevention diseases [1].

Moxibustion can also stimulate acupuncture. Mox-
ibustion also has polymodal-afferent, nociceptor-stimula-
tion effects and afferent nerve-stimulation effects, like
acupuncture. However, thick afferent nerve fibers (e.g.,
group 1a and 1b afferent fibers) have lower rates of reac-
tivity to heat, and the effect of moxibustion is lower than
that of acupuncture [21]. Zusanli (ST 36) is a shu acupoint
of the stomach channel of the Foot Yang Ming meridian and
it strengthens the spleen and stomach [22]. The Zusanli
acupoint is a crucial point that connects eight important
acupoints in the lower leg. Stimulating Zusanli is known to
improve diseases of the leg such as knee joint ache,
paralysis or numbness of the lower legs, dermatophytosis of
the lower legs, and colic of skin on the knee [23]. Shenshu
(BL 23) is a shu acupoint in the bladder channel of the Foot
Tai Yin meridian and affects nourishment of the kidney,
strengthening of the lumbar vertebrae, and clearing of
suseup (The pathological substance caused by the mal-
function of water metabolism or an excessive water
Gi(energy) in the body). Thus, Shenshu (BL 23) is clinically
used for treating weak kidneys, lumbar pain, spermator-
rhea, colic, fatigue, aches of the waist and knees, and small
cramps in the knees and feet [22]. The Zusanli acupoint has
been used in various studies, including electro-acupuncture
in arthritis-induced animal models [23] and pharmaco-
acupuncture stimulation [24e26]. Shenshu (BL 23) has
been applied for pharmaco-acupuncture studies on
arthritis-induced animal models along with Zusanli (ST 36)
[26]. Zusanli (ST 36) and Shenshu (BL 23) are frequently
used together in China. It has been reported that Zusanli
(ST 36) and Shenshu (BL 23) have significant effects on most
moxibustion applications used to treat arthritis [27e29].

In the present study, moxibustion was applied to a CIA
animal model to investigate the effects of direct mox-
ibustion on muscle regeneration-related factors. The
results were observed both histologically and serologically.
The CIA mouse model resembles diseases such as chronic
degenerative arthritis and rheumatoid arthritis in terms of
histology, serology, and muscle degeneration. Therefore,
the CIA mouse model was suitable for this experiment.

The moxibustion procedure was applied at the Shenshu
(BL 23) and Zusanli (ST 36) acupoints on both side of the
hind limbs five times each per session, every other day
(except Sundays) for 3 weeks (a total of 9 treatments were
applied). The acupuncture points were carefully selected
and followed the research guidelines that match mouse
acupuncture points and human acupuncture points based
on bone locations [15]. We followed previous studies in
terms of the amount of moxibustion that was applied
[27e29]. However, excess heat stimulation may pose
a limitation by inducing traumatic stress factors in the
muscle tissues. Since there are no reports on the adequate
amount of heat stimulus, efforts were taken to maintain
a consistent range of moxibustion stimulation.

Changes and distributions of the collagen protein were
analyzed by immunofluorescent staining to investigate
changes to the muscle fiber tissue. Due to inflammation
caused by tissue damage, fibroblasts in the extracellular
matrix were activated. This caused cell proliferation, cell
division, and an increase in collagen synthesis. Continued
inflammation causes fibrillization [30]. If muscle fiber tissue
has regenerative capabilities, fibrilized tissue will be
eliminated to a proper level by the action of collagenase in
the chronic inflammatory process. Therefore, the collagen
protein level after the inflammatory reaction is an indicator
of tissue degeneration and is a reflection of regenerative
responses. In the present study, collagen was observed near
the periphery tissues of the muscle fibers in the intact
group. This change might be due to collagen synthesis in
the fibroblasts and satellite cells present in the nearby
tissues. In addition to the periphery tissues of the muscle
fibers, a low level of collagen protein was observed even
inside the muscle fibers of the CIA group. The collagen-
synthesis level near the periphery muscle tissues was
decreased in the CIAþmoxi group. The decrease in the
collagen protein level was substantial, especially inside
muscle fibroblast cells. Therefore, it is hypothesized that
these changes are related to the regenerative response of
the tissues that were induced moxibustion. This also
suggests that moxibustion had an effect on the increase in
matrix metalloproteinase (MMP) [31], a breakdown enzyme
that disassembles various fibrous proteins in the extracel-
lular matrix such as collagen (Fig. 2C).

The factors involved in the degradation and regenera-
tion of damaged muscle fibers are TGF-B1, myostatin, IGF-
1, and others [32,33]. TGF-B1 is an inhibitory factor that
differentiates muscle cells and activates muscle fiber
formation. TGF-B1 induces activation in the muscle fibro-
blasts of damaged skeletal muscles. Early muscle fibrilli-
zation hinders muscle regeneration and results in the



Direct moxibustion in a collagen-induced arthritic mouse model 133
incomplete recovery of muscles [34]. It is known that
treatment with interferon-gamma (IFN-[) and suramin
facilitates recovery from muscle damage through the inhi-
bition of TGF-B1 activities [35,36]. However, TGF-b1 is
common in various organs like the liver, lung, kidney, and
heart and is a mediator of fibrillization in various organs. It
also plays a role in immunosupressive, anti-inflammatory,
and antitumor activities [37e39]. Thus, there is a possi-
bility that the interruption of TGF-B1 synthesis might cause
unexpected reactions in the future. On the other hand,
myostatin is expressed at a low level in the heart and fat
tissues and is expressed at a high level in the skeletal
muscles. Previous studies have also shown that myostatin is
a better selective target than TGF-B1 for skeletal muscle
fibrillization-inhibition therapy [40]. Unlike myostatin and
TGF-B1, IGF-1 is a growth hormone that induces the growth
of the skeletal muscle cells. IGF-1 also inhibits muscle
degeneration, facilitates inflammation, limits fibrillization,
and induces the growth of satellite cells. Overall, IGF-1 is
involved in all stages of muscle regeneration [41]. There is
a report that concludes that minimal expression of IGF-1 in
laboratory animals is involved in the muscle atrophy of
aging animals [42]. IGF-1 has recently been studied and is
believed to be a potential treatment option and an anti-
aging substance [43].

The Western blot and immunofluorescent analyses of the
myostatin protein described in this study show that the
myostatin level was higher in the CIA group than the intact
control group. On the other hand, the myostatin level of the
CIAþmoxi group was similar to that of the intact control
group (Fig. 3B). This shows that moxibustion can inhibit
myostatin and induce muscle regeneration. The results of
the immunofluorescent staining of TGF-B1 also demonstrate
that there were no TGF-b1 protein signals in the intact
control group. In the CIA group, the TGF-B1 protein signal
was prominent in the periphery of the muscle fibers. The
TGF-B1 protein signal was lower in the CIAþmoxi group
compared with the CIA group. However, measurement of
the TGF-B1 synthesis level in the serum shows that the TGF-
b1 protein level in the CIA and CIAþmoxi groups were
detected at lower levels compared with that of intact
control group, unlike the histological test results (Fig. 3C). It
is believed that the difference between the serum and
histological tests is due to differences in the systematic and
local responses. Because TGF-B1 is synthesized and dis-
charged from various organs, such as the skeletal muscles,
heart, lungs, kidneys, etc. [37e39], its level in the serum is
systemic. However, histological analysis of the muscle fibers
is a measure of the local response in the muscle cells. The
results of the serum TGF-B1 protein levels in the CIA and
CIAþmoxi group suggest that the serum TGF-b1 inhibition
mechanism is due to the fact that CIA or moxibustion stimuli
act as a stress factor that inhibits various tissues or cell
responses. Further research at the cellular level is needed to
elucidate how these systematic changes induce regenerative
responses in damaged muscle tissue. Also, studies on cell
surface-receptor proteins may allow better understanding
of the results by analyzing the activities of the receptors.

IGF-1 protein levels were undetectable in serum samples
and muscle tissues by Western blot analysis. Thus, we could
not directly compare the IGF-1 protein results. Such results
may be interpreted as a lack of cross-reactivity between
antibodies or insignificant IGF-1 levels. This does not mean,
however, that there was no IGF-1 activity. Therefore, we
investigated the response of IGF-1 in the muscle tissue to
determine the mRNA synthesis level of IGF-1 receptor
proteins by RT-PCR. As a result, low-level IGF-1 mRNA
expression was confirmed, and the CIA group’s mRNA
expression was determined to be a little higher than that of
the intact control group (Fig. 3D). These results show that
moxibustion can activate IGF-1 mRNA expression and
contribute to muscle cell regeneration in the muscle tissues
of the CIA animals.

This study also investigated the phosphorylated Erk1/2
protein level as one of the other regenerative biological
markers responsible for the atrophy of muscle fiber tissue.
Erk1/2 is a mitogen-activated protein kinase (MAP kinase)
system protein that play a role in cell response to growth
stimulation or harmful stimulation [44]. It has been repor-
ted that the Erk1/2 protein is synthesized during various
stimulations, including stress and growth factors in muscle
cells [45e47]. Activation of the Erk1/2 protein promotes
the phosphorylation of c-Jun, which is a substrate protein
of the JNK protein [48]. And Erk1/2 could activate the
apoptosis pathway. The phospho-Erk1/2 protein level was
detected at a significantly high level by the Western blot
and immunofluorescent analyses. These results suggest that
the phospho-Erk1/2 protein might be involved in the acti-
vation of muscles, similar to the actin-myosin cross-bridge
cycle under normal conditions. Activation of the apoptotic
pathway might be related to the increase in phospho-Erk1/
2 observed the CIA group, unlike normal muscle. Another
possibility includes the activation of phospho-Erk1/2 in
atrophic muscles for survival. In the CIAþmoxi group,
phospho-Erk1/2 was decreased. This is probably the result
of heat stimulation and not cell survival-related activities.
The histological staining pattern of phospho-Erk1/2 showed
that the phospho-Erk1/2 protein signal was observed in
both the cell nucleus and cytoplasm. Activation of different
substrate proteins in the muscle fiber cell might have
different physiological effects.

In conclusion, the direct application of moxibustion at
Senshu (BL 23) and Zhusanli (ST 36) of the CIA animal model
contributed to TGF-B1 and myostatin inhibition, IGF-1
activation, and an increase in the nerve fiber distribution.
Thus, direct moxibustion at these acupoints seems to have
positive effects on muscle regeneration. Based on these
results, further research on target cell activation in muscles
and satellite cell activation using FoxK1 [49] and Pax-7 [50]
is needed. This will further define the mechanisms of
muscle regeneration that are affected by moxibustion.
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