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Abstract
Defects in autophagy-mediated clearance of α-synuclein may be one of the key factors leading to progressive loss of dopaminergic neurons 
in the substantia nigra. Moxibustion therapy for Parkinson’s disease has been shown to have a positive effect, but the underlying mecha-
nism remains unknown. Based on this, we explored whether moxibustion could protect dopaminergic neurons by promoting autophagy 
mediated by mammalian target of rapamycin (mTOR), with subsequent elimination of α-syn. A Parkinson’s disease model was induced in 
rats by subcutaneous injection of rotenone at the back of their necks, and they received moxibustion at Zusanli (ST36), Guanyuan (CV4) 
and Fengfu (GV16), for 10 minutes at every point, once per day, for 14 consecutive days. Model rats without any treatment were used as 
a sham control. Compared with the Parkinson’s disease group, the moxibustion group showed significantly greater tyrosine hydroxylase 
immunoreactivity and expression of light chain 3-II protein in the substantia nigra, and their behavioral score, α-synuclein immunoreac-
tivity, the expression of phosphorylated mTOR and phosphorylated ribosomal protein S6 kinase (p-p70S6K) in the substantia nigra were 
significantly lower. These results suggest that moxibustion can promote the autophagic clearance of α-syn and improve behavioral perfor-
mance in Parkinson’s disease model rats. The protective mechanism may be associated with suppression of the mTOR/p70S6K pathway.
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Graphical Abstract

Moxibustion inhibits the activation of mTOR/p70S6K pathway to enhance autophagy in rotenone-induced 
model rats with Parkinson’s disease (PD)  

Introduction
Parkinson’s disease (PD) is one of the most common neuro-
degenerative diseases, and it is widely believed that the ab-
normal aggregation of alpha-synuclein (α-syn) in substantia 
nigra pars compacta (SNpc) is strongly associated with the 
pathophysiology of PD (Ross et al., 2004; Dehay et al., 2010; 
Bové et al., 2011). There is a positive correlation between the 
degree of aggregation of proteins and toxicity to neurons, 
and the disease symptoms tend to be relieved after the ag-

gregates are eliminated (Neumann et al., 2006). Therefore, 
promoting the clearance of α-syn aggregates may be the key 
to preventing the degeneration and death of dopaminergic 
neurons in PD patients. Autophagy plays a key role in the 
degradation of aggregation-prone proteins, and it has been 
suggested that defects in autophagy-mediated clearance of 
α-syn contribute to the loss of nigral dopaminergic neurons 
(Decressac, 2013). Hence, promoting the clearance of aggre-
gation-prone proteins through enhancing autophagy shows 

PD models were established by injecting rotenone (2 mg/mL) at the back of rat neck for 28 consecutive days

Our findings indicate that moxibustion at ST36, CV4 and GV16 acupoints enhances mTOR-mediated 
autophagic clearance of α-syn and the underlying mechanism may be associated with the inhibition of the 
activity of mTOR/p70S6K pathway in substantia nigra pars compacta of rotenone-induced model rats with PD 
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great promise in the treatment of PD and other neurodegen-
erative diseases (Wong et al., 2010). 

Mammalian target of rapamycin (mTOR) kinase is a key 
regulator of autophagy in cells, and inhibition of mTOR 
activity can positively regulate autophagy (Wu et al., 2011). 
Excessive activation of mTOR may lead to dyskinesia in pa-
tients with PD (Guo et al., 2015). Crews et al. (2010) found 
that inhibiting the activation of mTOR enhanced autophagy 
in PD mouse models, and degraded toxic synuclein aggre-
gates and proteins that had been denatured. Rapamycin has 
proven to be a potent inducer of autophagy and is used for 
the treatment of certain diseases in experimental models, 
including Alzheimer’s disease, PD, Huntington’s disease 
and spinocerebellar ataxia type 3 (Bové et al., 2011; Li et al., 
2014). However, rapamycin is known to have many severe 
side effects. Therefore, there is a pressing need to find a safer 
treatment to inhibit the excessive activation of mTOR to 
enhance autophagy and promote the removal of aggrega-
tion-prone proteins.

Moxibustion is a treatment of traditional Chinese medi-
cine that stimulates certain acupoints with heat arising from 
burning and the pharmacological action of Ay Tsao (Yi et 
al., 2016; Li et al., 2017). A recent clinical meta-analysis has 
shown that moxibustion therapy has a beneficial effect in 
the improvement of motor function and myotonia in PD 
patients (Deng, 2010). Wen et al. (2008) applied abdominal 
acupuncture combined with moxibustion to treat PD and 
found that the symptoms were improved and the progress 
of the disease was delayed. However, little is known about 
the underlying mechanism. Zhao et al. (2010) found that the 
effect of electroacupuncture combined with moxibustion in 
PD model rats was better than that of electroacupuncture 
alone and suggested that the mechanism may be related to 
the inhibition of apoptosis in the SNpc . Based on this, we 
explored whether moxibustion intervention could play a 
role in the protection of dopaminergic neurons by improv-
ing mTOR-mediated autophagy to promote the elimination 
of α-syn.

Materials and Methods
Animals
Sixty healthy male Sprague-Dawley rats, weighing 180–220 
g, were provided by Hubei Laboratory Animal Research 
Center (Wuhan, Hubei Province, China; license number: 
SCXK (E) 2015-0018). All rats were raised in cages in a cli-
mate-controlled room with a 12 hour light-dark cycle. Envi-
ronmental temperature and humidity were maintained at 25 
± 2°C and 55 ± 5%, respectively. The rats were allowed free 
access to regular standard rat chow and water. The study was 
approved by the Ethics Committee of the Hubei University 
of Chinese Medicine of China (approval No. 00138319). 

The 60 rats were randomly allocated to four groups (n = 
15 each): a normal group, a sham model group (injection 
of sunflower oil that did not include rotenone), a PD group 
(injection of rotenone dissolved in sunflower oil at the back 
of the neck) and a moxibustion group (stimulation with 

moxibustion on the acupoints Zusanli (ST36), Guanyuan 
(CV4) and Fengfu (GV16) after the PD rat model had been 
established).

Establishment of the PD model
To induce the PD model, rats received a subcutaneous in-
jection of 2 mg/mL rotenone (Sigma, St. Louis, MO, USA) 
dissolved in sunflower oil (2 mg/kg body weight) at the back 
of the neck (Betarbet et al., 2000; Chen et al., 2008a, b, 2009; 
Drolet et al., 2009). The sham group received an injection of 
sunflower oil (1 mL/kg body weight) that did not include ro-
tenone. The injections were repeated daily, once per day, for 
28 consecutive days. In the rotenone-treated groups, rat fur 
became yellow and dirty; the rats showed reduced and slow 
movement, rigor, tremor, and an unstable gait, which were 
identified as PD-like symptoms (Chang et al., 2011).  

Moxibustion 
Rats in the moxibustion group were given improvised cloth-
ing for fixation and were treated with a mild moxibustion at 
the acupoints with moxa sticks in hand after model estab-
lishment. The location of acupoints was chosen according to 
the Experimental Guidance of Experimental Acupuncture 
Science (Guo et al., 2012). 

The current study selected three acupoints. ST36 is a point 
that is posterolateral to the knees and approximately 5 mm 
below the fibular head. CV4 is located approximately 25 mm 
under the navel. GV16 is located at the depression of the 
dorsal atlanto-occipital joint behind the occipital tuberosity. 
A moxa stick that was 10 cm long and 0.7 cm in diameter 
(Nanyang Bo Xi Trading Co., Ltd., Henan, China) was 
placed 2–3 cm above each point for 10 minutes, once per 
day, for 7 days as a course of treatment, with two courses. 
The other groups wore the improvised clothing for fixation 
but were not given any treatment. 

Behavioral observations
The day after the rats in the moxibustion group received the 
last moxibustion, rats in all groups were scored using evalu-
ation criteria created by Chen et al. (2008). They carried out 
detailed observation over the whole course of neurotoxicity 
induced by chronic long-term administration of rotenone. 
Their behavioral scoring system measures the close relation-
ship between behavioral changes and pathological damage 
of the SNpc in rats administered rotenone; an increase of 
the behavioral score correlates with increased injury to the 
SNpc, such that the behavioral score reflects the extent of 
dopaminergic neuron damage. At the same time, the eval-
uation system includes assessment of appearance and mor-
phological changes. Thus, we selected the behavioral scoring 
criteria formulated by Chen et al. (2008a, b) to observe 
the changes in appearance and behavior of the rats in each 
group. The criteria were as follows: Score 1: the ability of the 
rats to resist restraint was weakened, the rats were hunched, 
with piloerection, their fur turned yellow and dirty and ac-
tive mobility decreased. Score 2: apart from the above indi-
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cations, active mobility was reduced more obviously and was 
accompanied with tremor, slow motion and gait instability. 
Score 4: apart from the above indications, gait instability 
worsened and the rats could not walk straight, rotating to-
wards one side. Score 6: apart from the above performance, 
they lay obliquely towards one side or showed unilateral 
forelimb or hindlimb paralysis and difficultly in walking and 
eating. Score 8: complete unilateral limb (forelimb or hind-
limb) paralysis, limb spasms, rapid weight loss and inability 
to eat. Score 10: agonal stage or death. Rats with evaluation 
scores 2–8 were included in the study. Behavioral scoring in 
the moxibustion group was conducted after treatment and 
compared with the other groups.

Specimen collection
Twelve rats in each group were included in the final analyses 
after rats that had died or that scored less than 2 or greater 
than 8 were excluded. Six rats from each group were ran-
domly selected for immunohistochemistry and the remain-
ing six rats were used for western blot assay.

Immunohistochemical staining 
The day after the behavioral scoring was completed, rats 
were intraperitoneally anesthetized with 10 % chloral hy-
drate (0.4 mL/100 g) then fixed with paraformaldehyde via 
the left ventricle. The substantia nigra was dissected from 
the brain and placed in 4% paraformaldehyde overnight. 
After paraffin embedding, samples were sectioned. These 
sections were dewaxed, treated twice with xylene, twice with 
absolute alcohol, 95%, 90%, 80%, and 70% alcohol, and then 
immersed in distilled water for 2 minutes. Antigen retrieval 
was performed using a microwave. Afterwards, 3% H2O2 
was added to block endogenous peroxidase. The sections 
were incubated with rabbit anti-tyrosine hydroxylase (TH) 
antibody and rabbit anti-α-syn antibody (TH, 1:100, α-syn, 
1:100; Wuhan Sanying Biotechnology) overnight at 4°C. The 
sections were then incubated with biotinylated anti-rabbit 
IgG (Immunostain SP Kit, PV-9000; Beijing Zhongshan Bio-
technology, Beijing, China) marked with horseradish per-
oxidase for 30 minutes at 37°C. The sections were incubated 
with 3,3′-diaminobenzidine (DAB) (Beijing Solarbio Science 
& Technology, Beijing, China) for 3 minutes. The sections 
were stained with Harris hematoxylin, generally for 30 sec-
onds to 1 minute. Finally, the sections were dehydrated, 
coverslipped, and imaged using a bright-field microscope. 
Sections were selected at the same anatomical position from 
each sample and cut in series of five, and three high-power 
lens fields were selected for analysis. IPP 6.0 software (Media 
Cybernetics, Maryland, USA) was used to analyze the opti-
cal densities of immunohistochemical images. Five different 
visual fields of the positive expression area of each section 
were randomly selected. The integrated optical density of 
each image was measured by IPP 6.0 image analysis. The 
average integrated optical density of five images represented 
the mean integrated optical density value of a specimen.

Western blot assay 
The day after the behavioral scoring was completed, rats 
were sacrificed. Rats were decapitated, the brain tissues 
were removed and the SNpc was quickly dissected on the 
ice. The substantia nigra was separated, wrapped in alumi-
num foil, frozen in liquid nitrogen, and placed in a freezer 
at −80°C. A small amount of tissue was cut into pieces and 
homogenized with 400 μL of single detergent lysate con-
taining phenylmethyl sulfonylfluoride and then placed on 
ice. After a few minutes, the tissue was stroked and placed 
on ice again. After repeating several times, the samples were 
ground extensively, lysed in buffer containing phenylmeth-
ylsulfonylfluoride for 30 minutes, and then centrifuged in a 
1.5 mL centrifuge tube at 12,000 r/min for 5 minutes at 4°C. 
The supernatant was placed in a 0.5 mL centrifuge tube and 
stored at −20°C. Protein concentrations were detected with 
a bicinchoninic acid protein assay kit (Beyotime, Wuhan, 
China). The extracted protein supernatant was mixed with 
5 × protein sample buffer at 4:1 and boiled at 100°C for 
10 minutes, then 40 μg total protein samples were electro-
phoresed in 10% sodium dodecyl sulfate polyacrylamide 
gels to separate proteins. Proteins were then transferred to 
polyvinylidene fluoride membranes using the wet transfer 
method. For phosphorylated mTOR (p-mTOR), the condi-
tions were 200 mA, 120 minutes, 300 mA, 60 minutes; for 
phosphorylated ribosomal protein S6 kinase (p-p70S6k), 
200 mA, 120 minutes; for light chain 3 (LC3) I/II, 200 mA, 
50 minutes and for β-actin, 200 mA, 90 minutes. Mem-
branes were first blocked for 2 hours in Tris buffered saline 
(TBS) with Tween 20 (TBS/Tween 20) containing 5% non-
fat milk at room temperature then incubated overnight at 
4°C with a primary antibody (rabbit anti-p-mTOR, 1:800, 
Bioworld, MN, USA; rabbit anti-p-p70S6K, 1:2,000, Wuhan 
Sanying Biotechnology Co., Ltd., Wuhan, China; rabbit 
anti-LC3-II, 1:800, CST, Boston, USA; rabbit anti-β-actin, 
1:200, Wuhan Boster Bioengineering, Wuhan, China). The 
next day, membranes were washed with TBS/Tween 20 
five to six times, 5 minutes each time, and then incubated 
with a horseradish peroxidase-conjugated anti-rabbit an-
tibody (1:50,000, Wuhan Boster Bioengineering) at 37°C 
for 2 hours. After thorough washing in TBS/Tween 20, the 
membranes were incubated with an enhanced chemilumi-
nescence reagent (Thermo, MA, USA) for several minutes. 
The internal control was β-actin. BandScan 4.50 software 
(Glyko, Canada) was used to analyze the gray level of the 
target bands and the ratios of p-mTOR/β-actin, p-p70S6K/
β-actin and LC3-II/β-actin were obtained.

Statistical analysis
All statistical analyses were performed using SPSS 17.0 soft-
ware (SPSS, Chicago, IL, USA). Data are presented as the 
mean ± SD. Measurement data between groups were com-
pared using one-way analysis of variance followed by the 
Student-Newman-Keuls test. A value of P < 0.05 was consid-
ered statistically significant. 
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Results
Moxibustion treatment improved behavioral performance 
of PD model rats 
In the PD group, rats presented the following symptoms at 
7–10 days after rotenone injection: their fur became rough 
and dirty, they trembled slightly and moved slowly and their 
ability to resist restraint was weakened. Compared with 
the normal and sham model groups, rats in the PD group 
had obvious abnormal behaviors (P < 0.01), indicating that 
subcutaneous injection of rotenone caused obvious PD-like 
behavioral changes. Rats in the moxibustion group showed 
significantly better behaviors after moxibustion and had 
lower behavior scores compared with the PD group (P < 
0.01). There was no behavioral change in the sham model 
group or the normal group (P > 0.05; Figure 1).

Moxibustion increased the expression of TH and reduced 
the level of α-syn in the SNpc of PD model rats
As shown in Figure 2, TH immunohistochemical staining of 
the SNpc was obvious. The numbers of TH-immunoreactive 
neurons in the SNpc of rats in the normal and sham model 
groups were greater than in the PD group (P < 0.01) and 
the cells were more intensely stained than in the PD group. 
After moxibustion, the number of TH-immunoreactive neu-
rons was significantly greater compared with the PD group 
(P < 0.01), but remained lower than in the normal group. No 
significant difference was observed between the normal and 
sham model groups. Figure 2 shows α-syn immunohisto-
chemical staining of SNpc. In the normal and sham model 
groups, no obvious α-syn-positive aggregates were observed 
but there were obvious α-syn-positive aggregates in the SNpc 
of rats in the PD group. After moxibustion, the number of 
α-syn-positive aggregates was significantly smaller in the 
moxibustion group compared with the PD group (P < 0.01). 

Moxibustion decreased the levels of p-mTOR and 
p-p70S6K and increased the level of LC3-II in the SNpc of 
PD model rats
As shown in Figure 3, levels of p-mTOR and p-p70S6K in 
the PD group were significantly higher than in the normal 
and sham model groups (P < 0.01). Moxibustion significant-
ly reduced the levels of p-mTOR and p-p70S6K (P < 0.01) 
and no significant difference was observed between the nor-
mal and sham model groups. The level of LC3-II in the PD 
group increased compared with the normal and sham model 
groups (P < 0.05) and moxibustion treatment significantly 
enhanced LC3-II protein expression compared with the PD 
group (P < 0.01). No significant difference was observed be-
tween the normal and sham model groups.

Discussion
In this study, we induced a model of PD by subcutaneous 
injection of rotenone over a long period of time. Rotenone 
has been widely used as an insecticide and epidemiological 
evidence suggests that long-term exposure to pesticides may 

increase the risk of PD (Deng et al., 2006). Rotenone was 
used to establish the PD rat model because this model causes 
selective degeneration and death of dopaminergic neurons 
in the SNpc, compared with 1-methyl-4-phenyl-1,2,3,6-tet-
rahydropyridine and other models. Further, the behavioral 
and pathological characteristics of PD are also better sim-
ulated (Betarbet et al., 2000; Sherer et al., 2003; Alam et al., 
2004; Saravanan et al., 2005). 

Previous studies demonstrated positive effects of moxi-
bustion on PD, especially in improving the symptoms and 
reducing the side effects of drugs in PD patients (Nian, 2007; 
Niu, 2007; Zhang 2010, 2012, 2016). However, the under-
lying molecular mechanism remains poorly understood. In 
this study, a link between moxibustion and autophagy was 
established. The results showed that moxibustion improved 
the behavioral performance of the PD model rats, decreased 
the levels of p-mTOR, p-p70S6K and α-syn, and increased 
the levels of TH and LC3-II in the SNpc of PD model rats.

At present, strong evidence exists suggesting neuronal 
toxicity caused by the increased expression and aggrega-
tion of α-syn in vivo, and the function of neurons may be 
disturbed through multiple pathways and targets (Uversky, 
2008; Roberts et al., 2015). Autophagy is essential for re-
moving toxic α-syn-aggregates and plays a central role in 
maintaining cellular homeostasis (Ebrahimifakhari et al., 
2011), while mTOR is a sensor for cell nutritional status, 
stress and growth factor signaling that plays an important 
role in autophagy (Chang et al., 2010). When mTOR is ac-
tivated, it stimulates the activation of downstream p70S6K 
and 4E binding protein 1 (4E-BP1) to form p-p70S6K 
and phosphorylated 4E-BP1, which then promote protein 
synthesis, proliferation and growth, accelerate cell metabo-
lism, and inhibit cell autophagy (Ding et al., 2015). Related 
studies showed that the mTOR inhibitor rapamycin could 
reduce the toxicity of 6-hydroxydopamine in PC12 cells and 
increase the survival of dopaminergic neurons in the SNpc 
of PD mice induced by 1-methyl-4-phenyl-1,2,3,6-tetrahy-
dropyridine (Hsuan et al., 2006; Malagelada et al., 2010). In 
this study, the levels of p-mTOR, p-p70S6K and α-syn were 
increased in the SNpc of PD model rats compared with nor-
mal rats, demonstrating that the mTOR/p70S6K pathway 
was excessively activated and autophagy was suppressed 
after injection of rotenone. When the upstream signal of the 
autophagy pathway, which is dependent on mTOR, is acti-
vated, activity of mTOR is inhibited and it loses its inhibi-
tory effect on the serine/threonine kinase ULK1 complex, 
which is conducive to the formation of autophagic mem-
branes (Li et al., 2015). Subsequently, with the Atg5/Atg12 
complex, the autophagic membrane formed at the previous 
stage combines with LC3-II, which is the cleavage product 
of LC3-I/Atg8, to complete the extension of the autophagic 
membrane under the action of Atg9 and ULK, finally form-
ing the autophagosome (Ghavami et al., 2012). LC3 and its 
family of proteins play an important role in the extension 
and closure of the isolation membrane, and these proteins, 
which bind to the surface of autophagic membranes, are im-
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Figure 1 Effect of moxibustion on the behavioral performance of Parkinson’s 
disease (PD) model rats according to behavioral scoring criteria. 
Higher scores indicate greater impairment. Data are presented as the mean ± SD 
(n = 12 per group, one-way analysis of variance followed by the Student-New-
man-Keuls test; **P < 0.01, vs. the normal or sham group; ##P < 0.01, vs. the PD 
group). The normal group did not receive any treatment. The sham model group 
(sham group) was injected with sunflower oil that did not include rotenone. The 
PD group was injected with rotenone dissolved in sunflower oil (2 mg/mL). The 
moxibustion group (moxa) was stimulated with moxibustion on the acupoints 
Zusanli (ST36), Guanyuan (CV4) and Fengfu (GV16) after establishment of the 
PD model. 

Figure 3 Moxibustion effects on p-mTOR, p-p70S6K and LC3-II protein expression in the substantia nigra of rotenone-induced Parkinson’s 
disease (PD)  rats.  
(A) Representative western blot bands of p-mTOR, p-p70S6K and LC3-II protein expression in the SNpc. The LC3 protein has two bands: the 
upper band is LC3-I and the lower band is LC3-II. (B) Quantitation of p-mTOR, p-p70S6K and LC3-II protein expression in the SNpc of rats in 
each group. The vertical axis represents the ratio of protein to β-actin gray levels. Data are presented as the mean ± SD (n = 6 per group; one-way 
analysis of variance followed by the Student-Newman-Keuls test; *P < 0.05, **P < 0.01, vs. the normal and sham groups; ##P < 0.01, vs. the PD 
group). The normal group did not receive any treatment. The sham model group (sham group) was injected with sunflower oil that did not include 
rotenone. The PD group was injected with rotenone dissolved in sunflower oil (2 mg/mL). The moxibustion group (moxa) was stimulated with 
moxibustion on the acupoints Zusanli (ST36), Guanyuan (CV4) and Fengfu (GV16) after establishment of the PD model. 

Figure 2 Moxibustion effects on alpha-synuclein (α-syn) and tyrosine hydroxylase (TH) levels in the substantia nigra of rotenone-induced 
Parkinson’s disease (PD) model rats.
(A) Representative immunohistochemical staining images of TH in the substantia nigra pars compacta (SNpc) of rats (original magnification, 400 
×). TH immunohistochemical staining of SNpc was chocolate-brown. The numbers of TH-immunoreactive neurons in the SNpc of rats in the 
normal and sham groups were greater and they were more darkly stained than those in the PD group. After treatment, the number of TH-immu-
noreactive neurons was greater in the moxibustion group compared with the PD group but remained lower than that in the normal group. (B) 
Representative immunohistochemical staining images of α-syn in the SNpc (original magnification, 100 ×). The α-syn staining in SNpc was tan. 
In normal and sham groups, there were no obvious α-syn-positive aggregates in the SNpc. There were α-syn-positive aggregates in the SNpc of 
rats in the PD group. After treatment, the number of α-syn-positive aggregates was lower in the moxibustion group compared with the PD group. 
(C) The mean optical density of TH-immunoreactive neurons and α-syn-positive aggregates in the SNpc of rats in each group is shown. Data are 
presented as the mean ± SD (n = 6 per group; one-way analysis of variance followed by the Student-Newman-Keuls test; **P < 0.01, vs. the normal 
group and the sham group; ##P < 0.01, vs. the PD group). The normal group did not receive any treatment. The sham model group (sham group) 
was injected with sunflower oil that did not include rotenone. The PD group was injected with rotenone dissolved in sunflower oil (2 mg/mL). The 
moxibustion group (moxa) was stimulated with moxibustion on the acupoints Zusanli (ST36), Guanyuan (CV4) and Fengfu (GV16) after estab-
lishment of the PD model. 
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portant markers of autophagosomes in the cell (Schmeisser 
et al., 2014). At present, it is the only reliable marker pro-
tein related to complete autophagy; it exists in the inner and 
outer membranes at various stages of the formation of the 
autophagosome. The LC3-II/β-actin ratio can reflect chang-
es in autophagy (Martinez-Vicente et al., 2010). TH is a 
rate-limiting enzyme in the process of dopamine synthesis. 
It is strongly associated with the dopaminergic neurons in 
the nigrostriatal system, so TH levels can reflect the activity 
of dopaminergic neurons (Zhang et al., 2016). After moxi-
bustion, the levels of LC3-II and TH increased significantly 
and the levels of p-mTOR, p-p70S6K and α-syn decreased 
compared with the PD group, suggesting that the activity 
of autophagy was enhanced and promoted the clearance of 
α-syn, thereby exerting a neuroprotective effect.  

PD is also known as a type of paralysis. Based on the 
clinical manifestations and the population at high risk of 
PD, traditional Chinese medicine believes that PD belongs 
to the “tremor syndrome, spasm syndrome” category. The 
lesion site is in the brain; kidney and spleen deficiencies, 
the blockage of phlegm congestion and blood stasis of brain 
collaterals are standard pathological properties (Xie et al., 
2011; Wang et al., 2012, 2015; Chen et al., 2016). Based on 
the above-mentioned pathogenesis, this study selected acu-
points ST36, CV4 and GV16. ST36 is the “He-sea” point 
and the “Lower He-sea” point of the Stomach Channel 
of Foot-Yangmin; it can regulate the spleen and stomach, 
nurse the root of after-birth and is the source of qi and 
blood. CV4 is the Conception Vessel point and the meeting 
point of the Spleen Channel of Foot-Taiyin, the Kidney 
Channel of Foot-Shaoyin, the Liver Channel of Foot-Jue-
yin and Conception Vessel; it can nourish the qi essence 
to help the congenital foundation. A key point was added 
to treat endogenous wind—GV16, which is the Governing 
Vessel point, and the three points work together to tone 
the kidney and spleen, regulate the collaterals of the brain, 
extinguish wind and stop tremors. Previous studies found 
that electroacupuncture at the four acupoints GV16, CV4, 
ST36, and Taichong (LR3) after PD model establishment 
increased the number of dopaminergic neurons, inhibited 
the number of activated microglia in substantia nigra and 
the levels of TNF-α and IL-1β in PD rats, which reduced the 
toxicity to neurons, regulated immune function, improved 
Bcl-2 mRNA expression and decrease the rate of apoptosis 
in the SNpc of PD rats (Wang et al., 2005; Gan, 2007). 

In summary, moxibustion at ST36, CV4 and GV16 pro-
moted the clearance of α-syn in the SNpc and improved 
the behavioral performance in PD model rats. The protec-
tive mechanism may be associated with suppression of the 
mTOR/p70S6K pathway, thereby enhancing the autophagic 
clearance of α-syn. However, the activity of mTOR depends 
on the input of various upstream signals, and it is not clear 
how moxibustion affects the upstream molecular mecha-
nisms to regulate mTOR activity. Our results provide an 
experimental basis for the treatment of PD through clinical 

application of moxibustion. 
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