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Acupuncture combined with moxibustion
promote the recovery of spinal cord injury in
correlation with Shh/Gli-1 signaling pathway
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Objective: Acupuncture combined with moxibustion (AM) therapy has been applied to treat spinal cord injury
(SCI), but the underlying mechanism is unclear. The present study aimed to confirm the effect and
mechanism of AM treatment on the recovery of SCI.

Design: Male Sprague-Dawley rats were used to establish the SCI model by impact method. SCI rat models
were subjected to AM treatment at Dazhui (GV14) and Jiaji points (T7-T12), Yaoyangguan (GV3), Zusanli
(ST36) and Ciliao (BL32).

Outcome measures: Motor function and cell apoptosis in rats after SCI. The mRNA and protein expression levels
of Shh and Gli-1 were determined by real-time quantitative polymerase chain reaction, western blot and
immunohistochemistry.

Results: After AM treatment, the hindlimb motor function of SCI rats was significantly increased than the SCI
group at 7, 9, 11, 14 days (P < 0.05). AM treatment 7 d and 14 d significantly preserved the nissl-stained
positive neurons and significantly decreased number of apoptotic cells, compared to that of SCI 7 and 14 d
groups (P < 0.05). AM treatment improved the mRNA protein levels of Shh and Gli-1 after 7 and 14 days
treatment compared to the SCI group (P < 0.05).

Conclusion: AM could improve the expression of Shh and Gli-1 in injured spinal cord of rats. That could be part of
underlying mechanisms of AM treatment including recover motor function and preserve the neuron cells and
alleviate the apoptosis of nerve cells in rats after SCI.
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Introduction

Spinal cord injury (SCI) results in the loss of volun-
tary sensory and motor function, leads to severe dis-
ability. The loss of nerve function is mainly caused

by two pathological factors, the directly mechanical
damage on the spinal cord and the secondary injury
caused by pathophysiological changes after SCL.! At
present, there still is no effective treatment for the
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Previous work revealed that the regeneration of nerve
cells depends on their surrounding microenviron-
ment.” The surrounding environment is critical for
the regeneration progress of CNS and various signal
pathways could regulate the nerve growth and regen-
eration. Those secondary injuries caused by SCI,
such as hemorrhage, ischemia, inflammation and
apoptosis break the balance of microenvironment,
which could not support the regeneration of CNS.
Johansson et al. found that various signal pathways
can be observed in microenvironment where neural
stem cells congregate in embryo, those signal path-
ways might participate the proliferation and differen-
tiation of neural stem cells.’

The Hedgehog (Hh) signaling pathway regulates an
enormous variety of developmental events in
embryo.* The vertebrate Hh family is represented by
at least three members: Desert Hedgehog (Dhh),
Indian Hedgehog (Ihh) and Sonic Hedgehog (Shh).
As one of three Hh signaling pathway members, Shh
is the most extensively characterized homolog, and
has been identified within a variety of species. Shh is
expressed in the notochord, the floor plate of the
neural tube in the human embryo.’ Shh ligand interacts
with the transmembrane receptor Patched-1 (Ptcl) or
Patched-2 (Ptc2) then relieves the signal transducer
smoothened (Smo), which activating the zinc finger
protein glioma-associated oncogene homolog-1 (Gli-
1) and leads to Gli-1 protein entering the nucleus and
acting as a transcriptional activator for downstream
genes.® Recent studies revealed that Shh signaling
pathway could be abnormally activated in various
tissues derived from endoderm, which lead to the con-
tinuous damage repair and regeneration of cells in
tissue, in some cases inducing tumor formation ulti-
mately.”® The Shh/Gli-1 signaling pathway has been
recognized as key mediator of many fundamental pro-
cesses in embryonic development, including the
growth, patterning, and morphogenesis of CNS.’
Previous research has revealed that the Shh pathway
could contribute to nerve regeneration and may ulti-
mately promote SCI recovery.'’

Acupuncture combined with moxibustion (AM)
therapy has been used to treat SCI clinically, but the
underlying mechanism is unclear. Previous studies
have indicated electroacupuncture or moxibustion
could promote the cell proliferation and be beneficial
for the recovery of SCI.'"'> However, the relationship
between Shh/Gli-1 signaling pathway and AM has
been less studied in SCI. Therefore, this study was con-
ducted to investigate the effect and mechanism of AM
on the recovery of SCI.

Methods

Animals

Age-matched male Sprague-Dawley rats weighing 150—
200 g were obtained from Beijing Vital River
Laboratory Animal Technology Co., Ltd. (Beijing,
China). Rats were housed in a standard polypropylene
cage containing sterile bedding under a controlled con-
dition of temperature, humidity, and light (12 h light/
dark cycles) and were allowed free access to food and
water ad libitum. This study was carried out in accord-
ance with the recommendations of the NIH Guide for
the Care and Use of Laboratory Animals. The protocol
was approved by the Institutional Animal Care and Use
Committee at Jiangxi University of Traditional Chinese
Medicine.

Spinal cord injury model

After being anesthetized with ketamine (100 mg/kg
body weight) combined with xylazine (25 mg/kg body
weight), the rats were fixed on the operating table in a
prone position. The skin and muscle of the spinal cord
area (T8-T12 vertebral body) were incised and the
spinous process and neural plate were exposed. The
T10 spinous process and neural plate were removed by
micro-rongeur forceps to expose the spinal cord. The
spinal cord was set at the bottom of a stainless steel
impact rod (diameter, 1.8 mm). A 10 g weight was
released 8 cm vertically away from impact rod, the
impact rod hit into spinal cord for about 1.5 mm.
Then the incision was sutured. A successful SCI model
was defined as a spinal cord with hemorrhage and
edema, followed by contractions of the lower extremity,
acutely swung tail, and flaccid paralysis. Rats of sham
surgery group only removed spinous process and
neural plate without spinal cord damaged. All SCI rats
received assisted urination the bladder was gently
pressed three times daily until the rat recovered the spon-
taneous urination.

Treatments and groups

Acupuncture (AP), moxibustion (MX) and acupuncture
combined with moxibustion (AM) therapy were per-
formed on the SCI rats. Dazhui (GV14) and Jiaji
points (T7-T12), Yaoyangguan (GV3), Zusanli (ST36),
Ciliao (BL32) of both sides were selected.
Acupuncture stainless 0.18-mm-diameter needles were
inserted approximately 5 mm deep into those acupoints.
Meanwhile Dazhui (GV14) Yaoyangguan (GV3) and
Zusanli (ST36) were treated by moxibustion (Made by
Affiliated Hospital of Jiangxi University of Traditional
Chinese Medicine, Nanchang, China). AP was acupunc-
ture alone without MX, MX was moxibustion alone
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without AP. Each treatment was performed for 30 min
once per day. The SCI rats were randomly divided into
nine groups: 7 days or 14 days model control group
(SCI, n = 12/each group), 7 days or 14 days AP treat-
ment group (SCI + AP, n = 12/each group), 7 days or
14 days MX treatment group (SCI + MX, n =12/
each group), 7 days or 14 days AM treatment group
(SCI + AM, n = 12/each group) and sham surgery
rats were set as sham group (Sham, n = 12). Rats of
treatment groups were received treatments 24 h after
SCI for 7 days or 14 days.

Measurement of rat behavior

The hindlimb motor function of SCI rats was assessed at
1,3,5,7,9, 11 and 14 days after SCI according to BBB
score. Rats were placed on the open flat space. Then
motor functions were observed for 5 min and scored
by two experienced individuals who were not involved
in treatment. The BBB scores were recorded as the
average values of two independent BBB scores by differ-
ent persons.

Histology and Nissl staining

Spinal cord tissues were fixed in 4% paraformaldehyde
for 24 h and then transferred to ethanol for dehydration.
Embedded in paraffin and sliced into sections. For Nissl
staining, sections were deparaffinized in xylene and
rehydrated with ethanol and double distilled water,
then staining in 1% Cresyl violet for 10 min. Finally
dehydrated in ethanol and mounted with Permount
(Thermo Fisher Scientific). The slides were observed
and imaged using an optical microscope. Five randomly
selected fields were measured for each section.

TUNEL assay

Apoptosis was assessed by TUNEL staining. The sec-
tions were firstly deparaffinized and rehydrated, and
then were incubated with proteinase K for 20 min at
37°C. After washing three times with TBS buffer, the
sections were incubated with a 20 uL labeling buffer
containing 1 pL DIG-d-UTP and 1pL TdT Enzyme
for 2 h at 37°C in the dark. After washing the slides
were incubated with 50 pL blocking buffer for 30 min.
The specimen was covered in Streptavidin-HRP for
30 min and washed in TBS three times. The slides
were visualized by diaminobenzidine (DAB) (AR1022,
Boster Biological Technology, Wuhan, China) substrate
and observed by microscope. Brown cells were con-
sidered positive and were counted as apoptotic cells,
the apoptotic index was calculated as a ratio of apopto-
tic cells and total cells in each field.
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Immunohistochemistry

The SABC Immunohistochemistry Kit (SA1055, Boster
Biological Technology, Wuhan, China) was used in this
experiment. The sections of spinal cord tissues were
firstly deparaffinized in xylene and rehydrated with gra-
dient ethanol. After incubation with 3% H,O, for
10 min, the sections were heated and cooled in citrate
buffer for 30 min to retrieve antigen. After incubated
with blocking buffer for 30 min at 37°C, three randomly
selected sections in each group were incubated with the
rabbit polyclonal anti-Gli-1 antibody (1:200) (Abcam,
Cambridge, UK) or mouse monoclonal anti-Shh anti-
body (1:100) (Santa Cruz Biotechnology, Santa Cruz,
USA) at 4°C overnight. The sections were incubated
with biotinylated rabbit anti-goat/ rabbit anti-mouse
IgG (Boster Biological Technology, Wuhan, China)
for 20 min at 37°C. After washing with PBS, sections
were incubated with SABC reagent for 20 min at 37°
C, visualized with DAB (AR1022, Boster Biological
Technology, Wuhan, China) for 5-10 min, dyed with
hematoxylin and mounted. The slides were finally
observed and imaged under a light microscope. Five
randomly selected fields were measured for each
section. The positive rate was calculated as a ratio of
positive cells and total cells in each field.

RT-gPCR

RT-qPCR was performed using SYBR Green system.
Total RNA was isolated from the spinal cords of rats
in each group using TRIzol solution (Invitrogen,
Carlsbad, CA, USA). The mRNA expression levels of
Shh and Gli-1 were measured using a RT-qPCR
system with SYBR Green (Thermo Fisher Scientific,
Waltham, MA, USA). cDNA was amplified by PCR
using primers for each target gene. RT-qPCR conditions
are as follows: 94°C for 5 min, followed by 40 cycles of
95°C for 15s, 60°C for 45s and 72°C for 30s. The
amplification efficiency was compared between the
target and reference control GAPDH (glyceraldehyde
3-phosphate dehydrogenase) using the 27**<" method.
Shh forward primer: 5-AAA AGC TGA CCC CTT
TAG CC-3 and reverse primer: 5-GAT GTC GGG
GTT GTA ATT GC-3; Gli forward primer: 5-CAG
CTC AAA GCT CAG CTC CT-3 and reverse
primer: 5-CTT GGG GCT CTG ATA TGG AA-3;
GAPDH forward primer: 5- CCG GTG CTG AGT
ATG TCG TG-3' and reverse primer: 5- CCT TTT
GGC TCC ACC CTT C-3..

Western blot analysis
Spinal cord tissues obtained at 7and 14 days in each
group were mixed in lysis buffer to collect total
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protein. Protein concentration was determined by
bicinchoninic acid (BCA). The protein samples were
mixed with SDS loading buffer and boiled at 94°C for
10 min. Equal amounts of proteins were separated by
SDS-PAGE, and then the resolved proteins were trans-
ferred to  polyvinylidene fluoride membranes
(Millipore, Bedford, MA, USA). After blocking by 5%
skimmed milk, the membranes were incubated with
primary antibodies overnight at 4°C. Antibodies used
for western blot including the rabbit polyclonal anti-
Gli-1 antibody (1:1000, Abcam, Cambridge, UK),
mouse monoclonal anti-Shh antibody (1:500, Santa
Cruz Biotechnology, Santa Cruz, USA), anti-beta-
Actin antibody (1:1000, Santa Cruz Biotechnology,
Santa Cruz, USA), goat anti-rabbit IgG-HRP (1:1000,
Boster Biological Technology, Wuhan, China) and
goat anti-mouse IgG-HRP (1:1000, Boster Biological
Technology, Wuhan, China). Subsequently, the mem-
branes were incubated with secondary antibody at
room temperature for 2h. The membranes were
immersed in an enhanced chemiluminescence reagent
(ECL, Thermo Fisher Scientific, Waltham, USA). The
gray values of bands were quantified using Image J soft-
ware (Fujifilm, Tokyo, Japan). The relative expression
of protein was calculated based on the gray value ratio
of target to loading control.

Statistical analysis

All data are presented as mean + SD. Statistical analysis
was performed with SPSS 21.0 software (IBM, Armonk,
USA). Data were analyzed by a one-way or two-way
analysis of variance (ANOVA) test followed by a post
hoc Student—-Newman—Keuls (SNK) test or Dunnett’s
post hoc test to compare the difference between
groups. A value of P < 0.05 is considered statistically
significant.

Results

AM improved the motor function of SCI rats

BBB scores were used to evaluate the motor function of
hindlimbs in each group. As shown in Fig. 1, BBB scores
of SCI rats were significantly reduced than that of the
sham control rats (P < 0.05). After AM treatment, the
hindlimb motor function of SCI rats were improved,
BBB scores were significantly increased than SCI
group at 7, 9, 11, 14 days (P < 0.05). However, in AP
and MX treatment groups, the BBB scores were only
significantly raised at 11 and 14 days (P < 0.05). AM
treatment group BBB scores were higher than the both
of AP and MX alone treatment groups at 7, 9, 11, 14
days (P < 0.05). These results indicated that AM treat-
ment gradually recovered the hindlimb motor function
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Figure 1 BBB scores indicated AM improved the motor

function of SCI rats. Motor function assessment of rat
hindlimbs at 1, 3, 5, 7, 9, 11 and 14 days after SCI surgery
according to BBB scores. Data are expressed as the mean +
SD (n = 12). * Compared to that from SCI group, P < 0.05. BBB:
Basso, Beattie, and Bresnahan; SCI: spinal cord injury; AP:
acupuncture; MX: moxibustion; AM: acupuncture combined
with moxibustion

in SCI rats, and AM had a better effect than AP or
MX alone at early recovery of SCI, providing exper-
iment evidence supporting the treatment effect of AM
under SCIL.

AM alleviated the apoptosis of neural cells after
Scl

Nissl stain was used to evaluate the numbers of neurons
and the apoptosis after SCI was detected by TUNEL.
As shown in Fig. 2, the nissl-stained neuron cells were
reduced in SCI 7 d and 14 d groups compared to the
sham group (P < 0.05). AM treatment 7 d and 14 d sig-
nificantly preserved the nissl-stained positive neurons,
compared to that of SCI 7 d and 14 d groups (P <
0.05). AP and MX alone treatments had no significant
change at 7 days compared to SCI group, but AP and
MX both preserved the neurons in 14 days (P < 0.05).
As shown in Fig. 3, the percentage of TUNEL positive
cells was calculated, apoptosis was obvious increased
after SCI (P < 0.05). SCI + AM 7 d and 14 d groups
exhibited a significantly decreased number of apoptotic
cells than in the SCI 7 d and 14 d groups (P < 0.05). AP
and MX alone treatments could protect the apoptosis at
14 days but not 7 days.

AM increased the expression of Shh and Gli-1 in
spinal cord after SCI

To investigate the AM treatment effect on the Shh/Glil
signaling pathway, mRNA expression of Shh and Gli-1
were detected by qRT-PCR and protein levels were evalu-
ated by western blot and immunohistochemistry in spinal
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Figure2 AM preserved the nissl-stained neuron cells after SCI. Spinal cord tissues were prepared and assessed by nissl-staining at
7 and 14 days after SCI. Nissl-stained neurons were pointed by white arrows in the field of vision. The count number of positive cells
in the field of vision was divided by the number of fields. Data are expressed as the mean + SD (n = 4). * Compared to that from SCI 7d
group, P < 0.05; # Compared to that from SCI 7d group, P < 0.05. SCI: spinal cord injury; AP: acupuncture; MX: moxibustion; AM:
acupuncture combined with moxibustion
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Figure 3 AM alleviated the apoptosis of neural cells after SCI. Spinal cord tissues were prepared and assessed by TUNEL at 7 and
14 days after SCI. The brown positive cells were apoptotic cells and pointed by red arrows. Ratio of apoptotic cells to total cells was
counted. Data are expressed as the mean + SD (n = 4). * Compared to that from SCI 7d group, P < 0.05; # Compared to that from SCI
7d group, P < 0.05. SCI: spinal cord injury; AP: acupuncture; MX: moxibustion; AM: acupuncture combined with moxibustion
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Figure 4 AM increased the mRNA expression of Shh and Gli-1
in spinal cord of SCI rats. (A) The mRNA expression of Shh in
spinal cord tissues of the sham group, SCI, SCI + AP, SCI + MX
and SCI + AM groups at 7 and 14 days after SCI surgery,
determined by qRT-PCR. (B) The mRNA expression of Gli-1 in
spinal cord tissues of the sham group, SCI, SCI + AP, SCI + MX
and SCI + AM groups at 7 and 14 days after SCI surgery,
determined by gRT-PCR. Data are expressed as the mean + SD
(n = 4). & Compared to that from Sham group, P < 0.05; *
Compared to that from SCI 7d group, P < 0.05; # Compared to
that from SCI 7d group, P < 0.05. SCI: spinal cord injury; AP:
acupuncture; MX: moxibustion; AM: acupuncture combined
with moxibustion

cord tissues. As shown in Fig. 4, mRNA expression of Shh
and Gli-1 were significantly increased at 7 and 14 days
after SCI compared to the sham group (P < 0.05). After
AM treatment, the mRNA levels of Shh and Gli-1 were
higher in SCI + AM 7 d group than that in SCI 7d
group (P < 0.05), Shh and Gli-lmRNA levels of SCI +
AM 14 d group were also increased than that of SCI
14d group (P < 0.05). In AP and MX alone treatment
groups, the mRNA levels of Shh and Gli-1were signifi-
cantly raised at 14 days rather than 7 days.

As shown in Fig. 5, the protein levels of Shh and Gli-1
exhibited the similar results to mRNA changes. Shh and
Gli-1 protein in the spinal cord were significantly up-
regulated at 7 and 14 days SCI compared to that of
the sham group (P < 0.05). AM improved the protein
levels of Shh and Gli-1 after 7 and 14 days treatment
compared to the SCI group (P < 0.05). In AP and MX
alone treatment groups, the protein levels of Shh
and Gli-1were significantly raised at 14 days rather than
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Figure 5 Western blot analysis showed that AM increased the
protein levels of Shh and Gli-1 in spinal cord of SCI rats. (A)
Representative western blot bands of Shh and Gli-1 in sham,
SCI, SCI + AP, SCI + MX and SCI + AM groups. (B) The protein
level of Shh in spinal cord tissues of the sham group, SCI, SCI +
AP, SCI + MX and SCI + AM groups at 7 and 14 days after SCI
surgery. (C) The protein level of Gli-1 in spinal cord tissues of
the sham group, SCI, SCI + AP, SCI + MX and SCI + AM groups
at 7 and 14 days after SCI surgery. Data are expressed as the
mean + SD (n = 4). & Compared to that from Sham group, P <
0.05; * Compared to that from SCI 7d group, P < 0.05; #
Compared to that from SCI 7d group, P < 0.05. SCI: spinal cord
injury; AP: acupuncture; MX: moxibustion; AM: acupuncture
combined with moxibustion

7 days. As shown in Figs. 6 and 7, Immunohistochemistry
detected the Shh and Gli-1 protein among the sham,
SCI, SCI + AP, SCI + MX and SCI + AM groups. The
results were consistent with western blot results; Shh and
Gli-1 positive staining of SCI 7d and 14d groups were
increased than that of the sham group, AP and MX
increased the positive staining cells at 14 days rather than
7 days compare to SCI groups. AM obviously increased
the Shh and Gli-1 than that of SCI group at 7 and
14 days after SCI.

Discussion
Acupuncture and moxibustion have been widely used in
clinical practice as an alternative complementary
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Figure 6 Immunohistochemistry indicated that AM increased the protein levels of Shh in spinal cord. Spinal cord tissues were
prepared and Shh protein was assessed by immunohistochemistry. The brown positive cells were pointed by black arrows.
Representative positive staining of Shh protein in sham, SCI, SCI + AP, SCI + MX and SCI + AM groups at 7 and 14 days after SCI
surgery. Ratio of positive cells to total cells was counted. Data are expressed as the mean + SD (n = 4). & Compared to that from
Sham group, P < 0.05; * Compared to that from SCI 7d group, P < 0.05; # Compared to that from SCI 7d group, P < 0.05. SCI: spinal
cord injury; AP: acupuncture; MX: moxibustion; AM: acupuncture combined with moxibustion
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Figure 7 Immunohistochemistry indicated that AM increased the protein levels of Gli-1 in spinal cord. Spinal cord tissues were
prepared and Gli-1 protein was assessed by immunohistochemistry. The brown positive cells were pointed by black arrows.
Representative positive staining of Gli-1 protein in sham, SCI, SCI + AP, SCI + MX and SCI + AM groups at 7 and 14 days after SCI
surgery. Ratio of positive cells to total cells was counted. Data are expressed as the mean + SD (n = 4). & Compared to that from
Sham group, P < 0.05; * Compared to that from SCI 7d group, P < 0.05; # Compared to that from SCI 7d group, P < 0.05. SCI: spinal
cord injury; AP: acupuncture; MX: moxibustion; AM: acupuncture combined with moxibustion
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medicine. According to the traditional Chinese medicine
theory of Zang-fu organs and meridians, the pathologi-
cal change of SCI could be explained by “Governor
Vessel” injury.'? “Governor Vessel” is a circulation mer-
idian in the back that position is coincides with spinal
cord. Therefore we chose the acupoints located in
“Governor Vessel” such as Dazhui (GV14) and Jiaji
points (T7-T12) and Yaoyangguan (GV3) to promote
the recovery of meridian function. Zusanli (ST36) and
Ciliao (BL32) could promote the blood circulation and
muscle function recovery. Acupuncture is the use of
needle stab into skin to stimulate the acupoints, while
moxibustion is the use of infrared light and heat gener-
ated by combustion of folium artemisiae argyi to stimu-
late the acupoints. Acupuncture and moxibustion can
enhance the stimulation effect of each other. Generally,
acupuncture and moxibustion are used together in
clinic to obtain better curative effect.

The current study demonstrates that AM treatment
improved hindlimb motor function of SCI rats.
According to the BBB scores results, AM significantly
increased the BBB scores at 7, 9, 11, 14 days after SCI.
However, AP and MX treatment alone were only signifi-
cantly improved motor function at 11 and 14 days. AM
had better treatment effect than AP or MX alone from
7 to 14 days after SCI, which indicated that the combi-
nation of AP and MX promote the recovery of SCI in
the perspective of behaviors. Nissl-staining resulted
revealed that AM preserved the nissl-stained neuron cells
which were significantly reduced after SCI. Meanwhile
TUNEL staining showed that AM also alleviated the
apoptosis after SCI. And the combination of AP and
MX was better than alone. Those results indicated the
protective effect of AM to the impaired nerve cells could
participate in the recovery of SCIL.

The Hh pathway has been shown to be activated in
nerve damage, and may serve as a potential approach
for treating neurodegenerative diseases and dysfunction
such as SCI.'? In terms of nerve injury and regeneration,
the Shh signaling pathway has a protective role in patho-
logical injury after SCL.'* Studies showed that SCI
caused the differentiation of nearby progenitors to
scar-producing astrocytes > inhibiting the elongation
and myelination of axons, finally prevented the re-estab-
lish the neural circuitry required for regeneration.'®
However the expression of Shh reduced that progress
after SCI, those researchers considered Shh signaling
pathway as a potential therapy for enhancing regener-
ation following spinal cord injury.!” Shh is produced
in reactive astrocytes after the cerebral cortex injury
and participated in regulating the remyelination of
injured axons after brain injury.'® Gli-1 is one of three

homologs of cytoplasmic zinc finger protein. Shh
releases the associated signaling transducer Smo, result-
ing in upregulation and nuclear translocation of Gli
transcription factors.'® Gli is translocated to the
nucleus leading to transcriptional activation of Hh
target genes, including Gli itself and Patched (Ptc),
and take part in the process of promoting regeneration
of Hh pathway.

In our study the expression of Shh and Gli-1were up-
regulated at both gene and protein levels after SCI.
Results revealed that compared to the sham group,
Shh and Gli-1 were significantly increased at 7 and 14
days after SCI, and the immunohistochemistry detect
coincided with those results. Shh/Gli-1 signaling
pathway is activated after SCI as a protective reaction
for the injury. Study showed that Shh protein was
increased in the hippocampus after brain ischemia and
participated promoted in the proliferation of neural pro-
genitor cells (NPCs) which might participate the injury
remodeling.”® The elevated Shh and Gli-1 might con-
tribute to preserve the neuron cells and alleviated the
apoptosis after SCI. AM treatment improved the
mRNA and protein levels of Shh and Gli-1 in injured
spinal cord after 7 and 14 days treatment than the SCI
groups. The promotion effect of AM at the expression
of Shh and Gli-1 in injured spinal cord could accelerate
the proliferation of NPCs and the regeneration of axons.
AP of MX alone only significantly increased the levels
of Shh and GIli-1 at the 14 days, which indicated the
combination of AP and MX could improve the
expression of Shh and Gli-1 at early stage of SCI treat-
ment and had a better effect than use alone.

The underlying mechanisms of acupuncture and mox-
ibustion have not been thoroughly studied. Various
studies have proved the effect of acupuncture in SCI in
terms of different mechanisms. Electroacupuncture
could inhibit the expression of PTEN and p53, which
possibly promote the recovery of mouse SCI motor
functions.'” The p53 has been proved that exist the
cross-talk with Shh pathway, inhibiting the p53 facili-
tates the activation of Shh pathway.?' Acupuncture
could reduce apoptosis of granulosa cells in rats via
up-regulating PI3K/Akt signaling pathway.”?> The
PI3K/Akt pathway has been considered to mediate
Shh pathway in rat astrocytes under oxidative stress.”’
Previous study showed that a Shh agonist, purmorpha-
mine, promotes recovery of neurological function and
inhibits neuronal apoptosis in intracerebral hemorrhage
rat models, and Baihui-penetrating-Qubin acupuncture
could produce a series of effects similar to that Shh
agonist.>* That study is coincide with our results that
AM treatment promotes the recovery of motor function
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and inhibits apoptosis. Shh/Gli-1 signaling pathway has
cross-talk with various critical signaling pathways and
molecules, such as the p53 or PI3K/Akt. Acupuncture
or electroacupuncture might mediate Shh/Gli-1 signal-
ing pathway by acting those pathways and molecules.
Nevertheless, the direct effect of acupuncture and mox-
bustion on the Shh/Gli-1 signaling pathway required
more completely researches in the future.

Conclusion

Acupuncture and moxibustion could improve the
expression of Shh and Gli-1 in injured spinal cord.
That could be part of underlying mechanisms of AM
treatment including recover motor function and preserve
the neuron cells and alleviate the apoptosis of nerve cells
after SCI. And the combination of AP and MX had a
better effect than use alone. This study provides evidence
to support the clinical application of AM in SCI and
augment our understanding for treatment effects of
AM in the SCI and repair. Meanwhile, this study has
limitations and further studies are required to thoroughly
interpret specific mechanisms of AM in the Shh/Gli-1
signaling pathway in SCI treatment.
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