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Abstract 

OBJECTIVE: To investigate the effect of moxibustion on 
synovitis and the autophagy of synoviocytes in 
rheumatoid arthritis (RA). 

METHODS: Forty Sprague-Dawley rats were randomly 
divided into a normal group, model group, moxibustion 
group, cigarette moxibustion group, and medicine group, 
with eight rats included in each group. The RA model was 
established by subcutaneous injection of complete 
Freund's adjuvant into the left posterior toe. Rats in the 

model group were not interfered with. In the moxibustion 
group, rats were treated by moxibustion, where a 1-cm 
diameter moxa stick was applied at the left Zusanli (ST 
36) point. The distance of the moxa stick to the skin was 
2 cm and moxibustion was completed for 20 min daily for 
15 d total. In the cigarette moxibustion group, the moxa 
stick was replaced by a common cigarette. In the 
medicine group, rats were treated with a tripterygium 
glycoside suspension (8 mg/kg) once a day for 15 d total. 
In each group, the left hind limb toe volume was 
measured with a toe volume meter; the synovial cells 
were observed by hematoxylin and eosin staining; the 
interleukin (IL)-4, IL-6, IL-10, IL-1β, IL-23, IL-17, and 
tumor necrosis factor (TNF)-α levels in serum were 
measured by enzyme-linked immunosorbent assay; the 
erythrocyte sedimentation rate (ESR) were detected by 
Westergren sedimentation rate testing; the C-reactive 
protein (CRP) and rheumatoid factor (RF) levels in serum 
were detected by rate nephelometry; the expression 
levels of ULK1, autophagy-associated protein (Atg)3, 
Atg5, and Atg12 messenger RNA (mRNA) in synovium 
were detected by real time-quantitative polymerase chain 
reaction (RT-qPCR); and the protein expression levels of 
phosphatidylinositol-3-kinase (PI3K), protein kinase B 
(Akt), mammalian target of rapamycin (mTOR), LC3-Ⅱ, 
beclin-1, phosphorylated-PI3K (p-PI3K), p-Akt, p-mTOR 
in synovium were detected by Western blotting. 

RESULTS: Among the RA model rats, joint swelling, an 
inflammatory reaction, and the proliferation of synovial 
tissue were obvious and the signal of the PI3K/Akt/mTOR 
pathway was active, while autophagy was inhibited. 
Moxibustion at Zusanli (ST36) or intragastric 
administration of Tripterygium wilfordii glycosides could 
alleviate the inflammatory reaction of RA rats; relieve the 
swelling of the toes; downregulate the levels of ESR, CRF, 
RF; lower the levels of IL-6, IL-1β, TNF-α, and IL-17; and 
increase the IL-4 and IL-10. At the same time, the mRNA 
expression levels of ULK1, Atg3, Atg5, and Atg12 and 
those of LC3-Ⅱ and beclin-1 were increased, while the 
PI3K, Akt, mTOR, p-PI3K, p-Akt, p-mTOR were 
decreased. Cigarette moxibustion did not significantly 
reduce the swelling of the toe joint in RA rats, and was 
not as good as that of moxibustion or Tripterygium 
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wilfordii polyglycosides in the effects of inflammation relief 
and the influences of the levels of ESR, CRF, RF. While 
cigarette moxibustion has a weak effect to affect the 
expression of corresponding molecules in autophages 
and the expression level of the autophagy biomaker in 
synovial tissue. Moxibustion and tripterygium glycosides 
can significantly reduce the joint swelling, relieve 
synovitis and synovial hyperplasia, and inhibit the PI3K/ 
Akt/mTOR signaling pathway to increase autophagy in a 
manner superior to cigarette moxibustion. 

CONCLUSION: Moxibustion can limit the proliferation of 
synoviocytes in RA rats by inhibiting the PI3K/Akt/mTOR 
signaling pathway, promoting autophagy, effectively 
reducing synovitis, and alleviating joint swelling. 

© 2022 JTCM. All rights reserved. 

Keywords：moxibustion; arthritis, rheumatoid; synovitis; 
autophagy 

1. INTRODUCTION 

Rheumatoid arthritis (RA) is a chronic autoimmune 
disease that is often accompanied by joint deformities, 
joint pain, and dysfunction.1 To date, the pathogenesis of 
RA remains complicated and unclear. At present, it is 
considered that cellular and humoral immunity 
dysfunction, synovial inflammation, and pannus 
hyperplasia are closely related with the development of 
RA. Long-term use of common clinical medications such 
as nonsteroidal anti-inflammatory drugs, may lead to 
gastrointestinal tract stimulation, bone cortical thinning, 
and other adverse reactions. Moxibustion, as one of the 
commonly adopted techniques in traditional Chinese 
medicine, is effective and widely used for treating RA as 
it is able to repair inflammatory injury, relieve pain, and 
significantly improve the symptoms and signs of 
patients.2, 3 
Recent studies suggest that the abnormal proliferation of 
synoviocytes plays an important role in the pathogenesis 
of RA, a process that is closely related to changes in the 
autophagy pathway of synoviocytes.4 Some studies 
found that the autophagic phosphatidylinositol-3-kinase 
(PI3K) PI3K/Akt/mammalian target of rapamycin 
(mTOR) pathway of synoviocytes is closely related with 
RA,5,6 while other research indicates there are complex 
feedback mechanisms present between the PI3K/Akt/ 
mTOR signaling pathway and inflammatory cytokines.7 
Moxibustion can effectively promote the apoptosis 
process of synoviocytes, inhibit the abnormal 
proliferation of synoviocytes, and repair the mor-
phological structure of synoviocytes.8 Therefore, 
regulating the autophagy of synoviocytes may be one of 
the key mechanisms in moxibustion therapy for RA. At 
present, however, few studies on the autophagy of 
moxibustion treatment of RA exist. In this study, an RA 
rat model was established and moxibustion of the left 
Zhusanli (ST36) point was used to treat the animals, with 
a comparison made against the effects of cigarette 

moxibustion and intragastric administration of 
tripterygium glycosides. Herein, we sought to discuss the 
effect of moxibustion, explore the mechanism of 
moxibustion in treating RA, and provide experimental 
support for clinical application. 

2. MATERIALS AND METHODS 

2.1. Animal grouping and model replication and 
evaluation 

Forty male healthy Sprague-Dawley rats with a body 
weight of (180 ± 20) g were purchased from Shandong 
Experimental Animal Center in Jinan, China [permit no. 
SCXK (Lu) 20190003]. After one week of adaptive 
feeding, the rats were randomly divided into a normal 
group, model group, moxibustion group, cigarette 
moxibustion group, and medicine group, 8 in each group. 
The temperature in the laboratory was (27.0 ± 0.5) ℃, 
the humidity was 55.5%, and the environment alternated 
between light and dark every 12 h. All experimental 
procedures were conducted in strict accordance with the 
relevant provisions of the guidelines for the good 
treatment of experimental animals issued by the Ministry 
of Science and Technology of the People's Republic of 
China in 2006, making every effort to alleviate the 
suffering of the animal test subjects. 
Our previous study had proven that cold wind and a 
humid environment combined with the subcutaneous 
injection of complete Freund's adjuvant (CFA) could 
successfully establish an RA model.9–11 In this study, we 
adopted the same methods. Except in the normal group, 
all rats were placed into a self-manufactured box in 
which the humidity was controlled to 80% to 90% by an 
ultrasonic atomizer, ice was placed to keep the 
temperature at (6 ± 2) ℃, and an electrical fan was used 
at the highest level to 12 h a day (20: 00-8: 00) for 20 d 
total. On the 21st day, the rats were disinfected with 75% 
alcohol (0180521, Shanghai Suyi Chemical Reagent Co., 
Ltd., Shanghai, China) on the left hind metatarsus, and 
0.15 mL/rat of CFA was injected (SLBW7430; Sigma-
Aldrich, St. Louis, MO, USA). During continuous 
observation for three days, acute inflammation and 
swelling of the ankle appeared at 24 h and secondary 
systemic polyarthritis appeared at 48 h relative to the 
forelimb or contralateral limb, which indicated that the 
model was established successfully. 

2.2. RA intervention 

The rats in the normal and model group were captured 
and fixed on the special hanging wooden frame without 
any other intervention for 20 min daily for 15 d. In the 
moxibustion group, the rats were treated with a 1-cm 
diameter moxa stick (20180704, Nanyang Hanyi AI 
Rong Co., Ltd., Nanyang, China) at 2 cm away from the 
acupoint of Zhusanli (ST36). In the cigarette 
moxibustion group, the moxa stick was replaced by a 
common cigarette (Anhui Zhongyan Industry Co., Ltd., 
Hefei, China), the distance and acupoint of moxibustion 
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are the same as those of moxibustion group. Select 
acupoints according to the Acupoint Atlas of Rats in 
experimental moxibustion.12 In the medicine group, the 
rats were given a tripterygium glycoside suspension 
(8 mg/kg) (190302; Shanghai Fudan Forward Company, 
Shanghai, China) and fixed on the special wooden frame 
for 20 min after gavage daily for 15 d. 

2.3. Westergren assay of ESR 

Rats were anesthetized with 20% urethane solution 
(3 mL/kg) (20190213, Shanpu Chemical Co., Ltd., 
Shanghai, China) intraperitoneally on the next day after 
the last intervention. Take out the blood and keep in an 
anticoagulant tube, then transfer the blood into standard 
Westergren tube. Adjust scale to “0”. The Westergren 
tube was placed strictly vertically at room temperature 
and avoid sunlight, vibration and blood overflow. One 
hour later, the distance (mm), which was read out by the 
automatic ESR instrument (DIESSE, Ves-Matic® 20, 
Italy), between the bottom of the plasma concave surface 
and the top of the settling erythrocyte column is the value 
of ESR. 

2.4. Rate nephelometry assay of CRP, RF 

Rats in each group were anesthetized with 20% urethane 
solution (3 mL/kg) (20190213, Shanpu Chemical Co., 
Ltd., Shanghai, China) intraperitoneally on the next day 
after the last intervention. We collected abdominal aortic 
blood and isolated serum by centrifuge (4 ℃, 3000 r/min, 
10 min). Then extracted 200 μL serum, and added 50 μL 
test solution into it as a sample. We transferred the 
sample to the double light diameter automatic protein 
analyzer (Beckman Coulter, Immage®, CA, USA). After 
the detection period (30 s), the contents of CRP and RF 
were read out. 

2.5. RNA and protein analyses 

Take 100 mg of synovial tissue from the left hind limb of 
the toe joint of the rat, and grind it with liquid nitrogen. 
Total RNA was isolated using Trizol reagent (204403; 
Life Technologies, Carlsbad, CA, USA). We used the 
RevertAidTM first Strand cDNA Synthesis Kit (00691399; 
Thermo Fisher Scientific, Waltham, MA, USA) to 
execute reverse transcription. RNA concentrations were 
determined by a Qubit bioanalyzer (QUBIT 2.0, Q32866; 
Invitrogen, Carlsbad, CA, USA) prior to real-time 
polymerase chain reaction (PCR) for gene expression. 
Real-time PCR was accomplished using Novostart® 
SYBR qPCR SuperMix Plus (novoprotein, 0512841). 
The reaction conditions were: 95 ℃ for 1 min; 95 ℃ for 
20 s, 40 cycles; 60 ℃ for 1 min, 40 cycles. The primers 

for each detection index were listed in Table 1. The 
primers of each target gene were provided by Anhui Xin 
Le Biotechnology Company (Hefei, China). The relative 
messenger RNA (mRNA) expression was calculated by 
2−ΔΔCt. 
Synovium was taken from the left hind limb joints of the 
rats and 100 mg was cut up in a homogenizer; in addition, 
a cracking solution containing Phenyl methyl sulfonyl 
fluoride (PMSF) (20190315, Solarbio Science & 
Technology Co., Ltd., Beijing, China) was added to the 
homogenate, with subsequent placement on ice, and the 
composition was repeatedly ground several times to 
ensure the tissues were as crushed as possible. After 
30 min of pyrolysis, we performed 13 000 × g of 
centrifugation at 4 ℃ for 10 min, extract supernatant, 
added the buffer solution of the upper sample in a 3∶1 
volume, and followed the Western blotting protocol step 
by step. The antibodies what were used contain: Anti-
phosphatidylinositol-3-kinase (PI3K) antibody 
(GR199664-6, abcam, Cambridge, UK), anti-
phosphorylated phosphatidylinositol-3-kinase (p-PI3K) 
antibody (GR305773-2, abcam, Cambridge, UK), anti-
protein kinase B (AKT) antibody (28, Cell Signaling 
Technology, MA, USA), anti-phosphorylated protein 
kinase B (p-AKT) antibody (25, Cell Signaling 
Technology, MA, USA), anti-mammalian target of 
rapamycin (mTOR) antibody (13J03119451, BIOSS, 
Beijing, China), anti-phosphorylated mammalian target 
of rapamycin (p-mTOR) antibody (2, Cell Signaling 
Technology, MA, USA), anti-microtubule-associated 
protein light chain 3-II (LC3-II) antibody (13, Cell 
Signaling Technology, MA, USA), anti-Beclin-1 
antibody (GR13053-7, abcam, Cambridge, UK), goat 
anti-mouse IgG (140193, Zsbio, Beijing, China), goat 
anti-rabbit IgG (202700514, Zsbio, Beijing, China). 

2.6. Hematoxylin and eosin staining 

After the last intervention, the rats were anesthetized 
with 3 mL/kg of 20% urethane solution (20190213, 
Shanghai Shanpu Chemical Co., Ltd, Shanghai, China) 
intraperitoneally the next day. Several pieces of joint 
tissue measuring about 0.5 cm in the left hind limb were 
obtained and fixed in 4% paraformaldehyde for 12 h, 
paraffin-embedded (EG1150; Leica Camera AG, 
Wetzlar, Germany), paraffin-sectioned (RM2245; Leica 
Camera AG, Wetzlar, Germany), and subjected to a 40 
to 45 ℃  water bath. After deparaffination and 
rehydration, the slices were put into hematoxylin (BA-
4097) and dyed for about 2 min. After water washing, 
differentiation, rinsing, and gradient dehydration, the 
slices were dyed with 0.5% eosin (BA-4099) ethanol 

Table 1 Primers of each target gene 

Gene Amplicon Forward primer Reverse primer 

β-actin 150 CCCATCTATGAGGGTTACGC TTTAATGTCACGCACGATTTC 

Atg12 111 GCCTCGGAGCAGTTGTTTA ATGTAGGACCAGTTTACCATCAC 

Atg5 104 TCCAACGTGCTTTACTCTCTATC TGTCAGTTACCAGCGTCAAATA 

ULk1 126 ACAGCCTGCGCTTCACACTA TCTGGTCAGCCACCACACTT 

Atg3 138 GTGGCAGCTGGAGATCACTT ACACCGCTTGTAGCATGGAA 

Notes: Atg: autophagy-associated protein; ULK1: autophagy-initiating protein kinase. 
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solution for one to 3 min. After further dehydration, the 
slices were washed with 95% ethanol to remove the 
excess red color, then treated with dimethylbenzene for 
three to five minutes and sealed with neutral gum. At this 
point, the morphology of the synovium was observed 
under a microscope (Nikon Ti; Nikon Corp., Tokyo, 
Japan). 

2.7. Enzyme-linked immunosorbent assay (ELISA) of 
inflammatory factors in serum 

The serum was taken from the refrigerator at －20 ℃, 
melted, and balanced at room temperature for 20 min. 
Then, to detect the inflammatory factors (Table 3) 
according to the steps in the kit’s instructions (Cusabio, 
G22018349). The optical density (OD) value of each 
hole was detected at a wavelength of 450 nm by an 
enzyme-labeled instrument (SpectraMax® M2e, 
Molecular Devices, San Jose, CA, USA) after the 
termination solution was added. ELISA kits what were 
used contain: rat interleukin-17 ELISA kit (TSB-
ZC7CH3T, Elabscience, Houston, USA), rat interleukin-
23 ELISA kit (P7LWW28BF6, Elabscience, Houston, 
USA), rat tumor necrosis factor-α ELISA kit 
(G22018349, Cusabio, Houston, USA), rat interleukin-
1β ELISA kit (I05018350, Cusabio, Houston, USA), rat 
interleukin-6 ELISA kit (I11018351, Cusabio, Houston, 
USA), rat interleukin-4 ELISA kit (H30018353, Cusabio, 
Houston, USA), rat interleukin-10 ELISA kit 
(I11018354, Cusabio, Houston, USA). 

2.8. Statistical analysis 

Data were presented as mean ± standard deviation (  ± 
s). Statistical analysis was performed using SPSS 18.0 
(IBM Corp., Armonk, NY, USA). A one-way analysis of 
variance followed by Tukey’s honest significant 
difference test was used for multiple group comparisons. 
The statistical significance was considered at P < 0.05. 

3. RESULTS 

3.1. Comparison of swelling of the left hind limbs of 
rats in each group 

Relative to the normal group, left hind limb swelling in 

the model group was significantly higher (1.88 ± 0.19 vs 
3.23 ± 0.18, P < 0.01). Compare with the model group, 
the degrees of toe swelling in the moxibustion group and 
the medicine group were significantly reduced (2.46 ± 
0.14 vs 3.23 ± 0.18, P < 0.01; 2.73 ± 0.16 vs 3.23 ± 0.18, 
P < 0.01), while that in the cigarette moxibustion group 
was not significantly decreased (3.01 ± 0.16 vs 3.23 ± 
0.18, P > 0.05). These results suggest that both 
moxibustion and Tripterygium wilfordii polyglycosides 
can significantly reduce the swelling degree of the joints 
in RA model rats, with the effect of moxibustion on 
detumescence being stronger than those of tripterygium 
glycosides and cigarette moxibustion. 

3.2. Comparison of the morphology of the synovium of 
the left hind limb joints of rats in each group 

In the normal group, the lining cells of the synovial 
membrane were regularly arranged in a single layer, and 
the surface of the synovial membrane was smooth and 
orderly without inflammatory infiltration. In the model 
group, there was significant inflammatory infiltration 
observed in the synovium, the surface of the synovium 
was irregular, and the synovium was proliferated and 
thickened. Inflammatory infiltration and thickening of 
the synovium in the moxibustion group, cigarette 
moxibustion group, and medicine group were relieved to 
different degrees. Improvements in the moxibustion 
group and medicine group were better than that in the 
cigarette moxibustion group (Figure 1). 

3.3. Comparison of the ESR, CRP, RF levels in serum 
of rats in each group 

When compared with in the normal group, the levels of 
ESR, CRP, RF of the model group were significantly 
increased (P < 0.01). When compared with in the model 
group, the ESR, CRP, RF levels in the moxibustion 
group and medicine group were significantly decreased 
(P < 0.01), and the level of CRP in the cigarette 
moxibustion group were significantly decreased (P < 
0.01). When compared with in the moxibustion group, 
the levels of ESR, CRP, RF in the cigarette moxibustion 
group were increased significantly (P < 0.05, < 0.01). 
These results indicated that both moxibustion and 

x

Figure 1 Hematoxylin and eosin staining of the morphology of the synovium of the left hind limb joints of rats 
A: normal group; B: model group; C: moxibustion group; D: cigarette moxibustion group; E: medicine group. Normal group were not established 
of any model or treated with any intervention. Model group were established of rheumatoid arthritis model and treated without any intervention. 
Moxibustion group were established of rheumatoid arthritis model and treated with moxibustion for 15 d. Cigarette moxibustion group were 
established of rheumatoid arthritis model and treated with cigarette moxibustion for 15 d. Medicine group were established of rheumatoid arthritis 
model and treated with tripterygium glycoside (8 mg/kg per day) for 15 d. Black arrow heads synovium. Scale bar = 50 μm. 
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Tripterygium wilfordii polyglycosides can significantly 
alleviate RA in rats via the influences on specific 
indicators. And the effects of moxibustion is stronger 
than those of cigarette moxibustion (Table 2). 

3.4. Comparison of the mRNA expression levels of 
ULK1, autophagy-associated protein (Atg)3, Atg5, and 
Atg12 in the synovium of the left hind limb joints of rats 
in each group 

When compared with in the normal group, the 
expression levels of ULK1, Atg3, Atg5, and Atg12 
mRNA in the synovium of the left hind limb joints of 
the model group were significantly decreased (P < 0.01), 
while in the moxibustion group and medicine group 
were significantly increased (P < 0.01). Finally, the 
relative expression levels of Atg3 and Atg12 mRNA in 
the cigarette moxibustion group were significantly 
increased (P < 0.05) and the Atg5 and ULK1 mRNA 
were much significantly increased (P < 0.01). When 
compared with in the moxibustion group, the 
expression levels of ULK1, Atg3, Atg5, and Atg12 
mRNA in the cigarette moxibustion group were 
decreased significantly (P < 0.05), while the ULK1 and 
Atg3 mRNA in the medicine group were increased 
significantly (P < 0.01); this difference was statistically 
significant (P < 0.01), while the change of Atg5 and 
Atg12 mRNA was not significant (P < 0.05). These 
results showed that the autophagy of synovium was 
inhibited in RA model rats and supported that 
moxibustion and tripterygium glycosides could 
improve the level of autophagy with an effect that was 
better than that of cigarette moxibustion (Table 3). 

3.5. Expression levels of PI3K, Akt, mTOR, LC3-Ⅱ, 
and beclin-1 in the synovium of the left hind limb joints 
of each group 

Relative to normal group, the model group increased in 
the expression levels of PI3K, Akt, mTOR (P < 0.01), 
while the model group decreased in the expression levels 
of LC3-Ⅱ and beclin-1 (P < 0.01). Here, the expression 
levels of PI3K, Akt, mTOR in the moxibustion group, 
cigarette group, medicine group decreased (P < 0.01), 
while the expression levels of LC3-Ⅱ  and beclin-1 
were significantly higher than those of the model 
group (P < 0.01). Meanwhile, the expression levels of 
PI3K, Akt, and mTOR were lower and the expression 
levels of LC3-II and beclin-1 were higher in the moxi-
bustion group and medicine group when compared with 
those in the cigarette group (P < 0.01). These results 
suggest that the PI3K/Akt/mTOR signaling pathway in 
the synovium of RA rats is active and the autophagy level 
is decreased. Both moxibustion and tripterygium 
glycosides can inhibit the PI3K/Akt/mTOR signaling 
pathway and increase the autophagy level, while the 
treatment of cigarette moxibustion shows weaker effects 
(Figure 2). 

3.6. Expression levels of p-PI3K, p-Akt, p-mTOR in the 
synovium of the left hind limb joints of each group 

Compare with the normal group, the model group were 
higher in the expression levels of p-PI3K, p-Akt, p-
mTOR (P < 0.01). The expression levels of p-PI3K, p-
Akt, p-mTOR in the moxibustion group, cigarette group, 
medicine group decreased than those in the model group 
(P < 0.01). In addition, the expression levels of p-PI3K, 

Table 2 Level of ESR, CRP, RF (  ± s) 
Group n ESR (mm/h) CRP (mg/L) RF (ng/L) 
Normal 8  3.3±1.0 4.3±1.6  26.2±6.8 
Model 8 10.8±2.7a 19.0±2.1a     84.1±11.1a 
Moxibustion 8   7.1±1.9b 12.1±2.6b    52.5±6.7b 
Cigarette 8  10.2± 1.7c   16.9±2.8bd    73.6±8.9d 
Medicine 8    7.4±1.8be   10.5±2.0bf     44.1±5.3bf 
Notes: normal group (Normal) were not established of any model or treated with any intervention. Model group (Model) were established of 
rheumatoid arthritis model and treated without any intervention. Moxibustion group (Moxibustion) were established of rheumatoid arthritis 
model and treated with moxibustion for 15 d. Cigarette moxibustion group (Cigarette) were established of rheumatoid arthritis model and treated 
with cigarette moxibustion for 15 d. Medicine group (Medicine) were established of rheumatoid arthritis model and treated with tripterygium 
glycoside (8 mg/kg per day) for 15 d. ESR: sedimentation rate; CRP: C-reactive protein; RF: rheumatoid factor. aP < 0.01, vs normal group; bP 
< 0.01, vs model group; cP < 0.05 and dP < 0.01, vs moxibustion group; eP < 0.05 and fP < 0.01, vs cigarette moxibustion group. 

x

Table 3 Gene expression of autophagy process (  ± s) 

Group n Atg3 mRNA Atg5 mRNA Atg12 mRNA ULK1 mRNA 
Normal 6 1.00±0.03 1.00±0.12 1.00±0.13 1.00±0.05 
Model 6 0.35±0.03a 0.42±0.04a 0.49±0.04a 0.32±0.04a 

Moxibustion 6 0.57±0.05b 0.63±0.03b 0.72±0.01b 0.66±0.04b 

Cigarette 6  0.42±0.02bd 0.52±0.02c 0.61±0.03cb  0.46±0.03bd 

Medicine 6  0.79±0.06bde 0.73±0.02be  0.78±0.02be  0.77±0.05bde 

Notes: normal group (Normal) were not established of any model or treated with any intervention. Model group (Model) were established of 
rheumatoid arthritis model and treated without any intervention. Moxibustion group (Moxibustion) were established of rheumatoid arthritis 
model and treated with moxibustion for 15 d. Cigarette moxibustion group (Cigarette) were established of rheumatoid arthritis model and treated 
with cigarette moxibustion for 15 d. Medicine group (Medicine) were established of rheumatoid arthritis model and treated with tripterygium 
glycoside (8 mg/kg per day) for 15 d. Atg: autophagy-associated protein; ULK: autophagy-initiating protein kinase; mRNA: messenger 
ribonucleic acid. aP < 0.01, vs normal group; bP < 0.01, vs model group; cP < 0.05 and dP < 0.01, vs moxibustion group; eP < 0.01, vs cigarette 
moxibustion group. 

x
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p-Akt, and p-mTOR were lower in the moxibustion 
group and medicine group when compared with those in 
the cigarette group (P < 0.01). These results suggest that 
the treatments of moxibustion and tripterygium 
glycosides are able to inhibit the expression of p-PI3K, 
p-Akt, p-mTOR and increase the autophagy level, while 
cigarette moxibustion is less effective (Figure 3). 

3.7. Comparison of the serum levels of interleukin (IL)-
4, IL-6, IL-10, IL-1β, tumor necrosis factor (TNF)-α, 
IL-23, and IL-17 in the rats of each group 

When compared with the normal group, the levels of IL-
6, IL-1β, TNF-α, IL-17, and IL-23 in the model group 
were significantly increased (P < 0.01) and the levels of 
IL-4 and IL-10 were significantly decreased (P < 0.01), 
which indicated that the RA model rats were in an 
inflammatory reaction state. Compared with in the model 
group, the levels of IL-6, IL-1β, TNF-α, in the 
moxibustion group and medicine group were 
significantly lower (P < 0.01) and the levels of IL-4 and 
IL-10 were significantly higher (P < 0.01), IL-17 and 

Groups 
Groups 

Groups 

Figure 2 Key protein expression in the autophagy process 
A: images of Western blot; B1-B5: relative expression quantity of PI3K, Akt, mTOR, LC3-Ⅱ, Beclin-1. Normal group (Normal) were not established 
of any model or treated with any intervention. Model group (Model) were established of rheumatoid arthritis model and treated without any 
intervention. Moxibustion group (Moxibustion) were established of rheumatoid arthritis model and treated with moxibustion for 15 d. Cigarette 
moxibustion group (Cigarette) were established of rheumatoid arthritis model and treated with cigarette moxibustion for 15 d. Medicine group 
(Medicine) were established of rheumatoid arthritis model and treated with tripterygium glycoside (8 mg/kg per day) for 15 d. All values are 
mean  standard deviation (n = 6). PI3K: phosphatidylinositol-3-kinase; Akt: protein kinase B; mTOR: mammalian target of rapamycin; LC3-
Ⅱ: microtubule-associated protein light chain 3-Ⅱ. aP < 0.01, vs normal group; bP < 0.01, vs model group; cP < 0.01, vs moxibustion group; dP 
< 0.01, vs cigarette moxibustion group. 
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IL-23 in the moxibustion group were significantly 
lower (P < 0.01), while the levels of IL-17 and IL-23 in 
the medicine group were not significantly lower (P > 
0.05). IL-6 in the cigarette moxibustion group was higher 
than in the moxibustion group (P < 0.01), IL-1β and IL-
23 in the medicine group were higher than in the 
moxibustion group (P < 0.05 or < 0.01), while TNF-α 
and IL-17 showed no significant difference (P > 0.05). 
IL-6, IL-4, and IL-10 in the medicine group were lower 
than in the moxibustion group (P < 0.01). The levels of 
IL-6, IL-1β, TNF-α, and IL-23 in the cigarette 
moxibustion group were higher than those in the 

moxibustion group (P < 0.01), and IL-4, and IL-10 were 
lower than in the moxibustion group (P < 0.01). These 
results suggest that both moxibustion and medicine 
treatment can reduce the content of proinflammatory 
factors and increase the content of anti-inflammatory 
factors in the serum of experimental RA model rats, 
although the anti-inflammatory effect of moxibustion is 
better than that of cigarette moxibustion (Table 4). 

4. DISCUSSION 

Autophagy is a unique life phenomenon in eukaryotic 

Figure 3 Expression levels of p-PI3K, p-Akt, p-mTOR 
A: images of Western blot; B1-B5: relative expression quantity of p-PI3K, p-Akt, p-mTOR. Normal group (Normal) were not established of any 
model or treated with any intervention. Model group (Model) were established of rheumatoid arthritis model and treated without any intervention. 
Moxibustion group (Moxibustion) were established of rheumatoid arthritis model and treated with moxibustion for 15 d. Cigarette moxibustion 
group (Cigarette) were established of rheumatoid arthritis model and treated with cigarette moxibustion for 15 d. Medicine group (Medicine) 
were established of rheumatoid arthritis model and treated with tripterygium glycoside (8 mg/kg per day) for 15 d. All values are mean  standard 
deviation (n = 6). p-PI3K: phosphorylated phosphatidylinositol-3-kinase; p-Akt: phosphorylated protein kinase B; p-mTOR: phosphorylated 
mammalian target of rapamycin. aP < 0.01, vs normal group; bP < 0.01, vs model group; cP < 0.01, vs moxibustion group; dP < 0.01, vs cigarette 
moxibustion group. 

Groups Groups Groups 

Table 4 Serum levels of IL-4, IL-6, IL-10, IL-1β, TNF-α, IL-23, and IL-17 in rats (pg/mL, x ± s) 

Group n IL-1β IL-6 TNF-α IL-10 IL-4 IL-17 IL-23 

Normal 8 39.4±6.5   4.5±1.0   7.7±1.1 19.6±2.4 55.7±4.5 48.7±5.3 53.4±5.7 

Model 8 69.5±7.5 12.9±1.6 14.0±2.4   5.9±1.1 28.5±3.0 68.2±5.8 68.3±4.1 

Moxibustion 8 44.0±7.7   7.6±0.9  8.8±1.5 13.3±2.0  45.9±2.7 57.1±8.2 57.1±5.0 

Cigarette 8 61.6±6.6 10.8±1.0 12.9±2.2   6.1±1.4  30.0±2.1 62.6±7.5 67.1±3.9 

Medicine 8 53.0±6.2 5.8±1.0   8.6±1.2   9.9±1.2  38.7±2.3 63.3±8.7 66.5±4.3 

Notes: normal group (Normal) were not established of any model or treated with any intervention. Model group (Model) were established of 
rheumatoid arthritis model and treated without any intervention. Moxibustion group (Moxibustion) were established of rheumatoid arthritis model 
and treated with moxibustion for 15 d. Cigarette moxibustion group (Cigarette) were established of rheumatoid arthritis model and treated with 
cigarette moxibustion for 15 d. Medicine group (Medicine) were established of rheumatoid arthritis model and treated with tripterygium glycoside 
(8 mg/kg per day) for 15 d. IL: interleukin; TNF: tumor necrosis factor. aP < 0.01, vs normal group; bP < 0.01, vs model group; cP < 0.01, and dP < 
0.05 vs moxibustion group; eP < 0.01, vs cigarette moxibustion group. 
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cells. The normal process of autophagy is of great 
significance to the stability of the intracellular 
environment and the normal progress of cell life 
activities. It can not only remove abnormal aggregates 
and damaged organelles in cells but also promote cell 
senescence and the presentation of cell surface antigens; 
protect the stability of genomes; and prevent cell necrosis, 
for which it plays important in waste removal, structural 
reconstruction, growth and differentiation of cells.13,14  
During the occurrence and development of RA, there are 
abnormal gene expressions of autophagy and proteins 
in osteoclasts and synovial fibroblasts.15,16 Autophagy 
has two-way regulatory function, which can not only 
promote cell death under endoplasmic reticulum stress, 
but also protect synovial cells from apoptosis when 
proteasome is inhibited.17,18 On the one hand, autophagy 
can inhibit the apoptosis of RA synovial cells and protect 
the cells, but on the other hand, the continuous 
stimulation of autophagy pathway and the down-
regulation of apoptosis will lead to the excessive 
activation and differentiation of synovial cells, promote 
the proliferation of synovial cells and aggravate the 
course of RA.19, 20  
The process of autophagy is mainly regulated by a series 
of complexes formed by autophagy-associated 
protein (Atg), which play an important role in 
autophagy initiation, the formation of autophagy vesicles, 
extension, maturation, and degradation. As a 
homologous protein of Atg1 in mammals, ULK1 has the 
same function as Atg1.21, 22 Beclin-1 and microtubule-
associated protein light chain 3 (LC3) are homologous 
genes of Atg6 and Atg8, respectively. They maintain the 
stability of the internal environment by positively 
regulating cell autophagy. The levels of beclin-1 and 
LC3-Ⅱ can monitor the occurrence of autophagy and 
identify the strength of its activity.23,24 Atg5 is a key 
protein involved in the membrane extension of 
autophagy vesicles that binds Atg12 through a ubiquitin-
like reaction; forms a polymer through noncovalent 
bonds with Atg16; and activates Atg3 enzyme to 
promote the transformation of LC3 from 
phosphatidylethanolamine to LC3- Ⅱ -PE, which is 
closely bound to the surface of autophagy vesicles, and 
participates in the expansion of preautophagosomes.25,26 
The PI3K/Akt/mTOR signaling pathway is involved in 
the regulation of autophagy, where PI3K is a heterodimer:27 
here, the subunit p110 binds to Ras and activates PI3K, 
producing PiP3 and activating the phosphorylated Akt.28 
The activation of PI3K/Akt can further produce mTOR 
and finally reduce autophagy activity by inhibiting the 
formation of phagocytic membrane.29 Studies have 
shown that the PI3K/Akt/mTOR pathway in the local 
tissue of an RA joint is activated, which reduces the 
ability of cells to maintain homeostasis, increases 
apoptosis, and destroys structure and function; on the 
contrary, the inhibition of the PI3K/Akt/mTOR pathway 
can effectively improve the symptoms of RA30 and can 
reduce the proliferation of chondrocytes in RA rats, 
promoting apoptosis and autophagy.4 

At the early stage of RA, immunocytes are activated to 
release cytokines such as the IL family and TNF-α.31,32 
TNF-α can provoke the overexpression of bseclin-1; 
induce the activation of autophagy-related motifs; and 
promote the monocytes to differentiate into mature 
osteoclasts and enhance their ability of resorption, 
resulting in bone resorption at the joint.33,34 IL-1 
maintains chronic inflammation in RA.33 IL-6 can 
enhance the proinflammatory effect of cytokines such as 
IL-1 and TNF- α, induce the production of IL1 and IL-
17,35 and increase the destruction of the joint in patients 
with RA.36 IL-23 mediates the production of IL-17 
through the STAT3 signal pathway and can enhance and 
maintain the release of IL-17.37 IL-17 can mediate the 
expression of proinflammatory factors such as IL-6, IL-
1β, and TNF-α to aggravate the inflammatory reaction; 
cause edema in joint; promote synovium proliferation; 
increase the number of osteoclasts; and destroy the bone 
in the later stage of RA.38,39 It was found that the 
production of IL-17 also depended on the PI3K/Akt 
pathway40 and the expression levels of IL-23 and IL-17 
were positively correlated with the activity of the 
PI3K/Akt pathway. In RA, the activation of the 
PI3K/Akt pathway can increase the levels of IL-23 and 
IL-17 and further aggravate the inflammatory reaction. 
The inhibition of PI3K/Akt activity can reduce the levels 
of IL-17 and IL-23, slowing down the inflammatory 
response.41, 42 On the contrary, IL-4 and IL-10 can inhibit 
inflammation. The clinical observation showed that the 
symptoms of joint pain and swelling in patients with RA 
were positively correlated with the levels of related 
proinflammatory cytokines.43 Increasing the levels of IL-
4 and IL-10 in patients with RA and inhibiting the 
expression levels of IL-1β, IL-6, TNF-α, and other 
cytokines can reduce the inflammatory reaction and 
alleviate joint destruction.44–48 
Moxibustion is available for the treatment of RA and is 
effective and safe.49 Recent studies have indicated that 
the effects of moxibustion mainly include heat, light, and 
smoke, of which heat is the most important, for activating 
the heat-sensitive TRPV pathway to produce a series of 
biological effects.50 Moxibustion has the effects of anti-
inflammation, analgesia, and immunological regulation, 
which can significantly reduce the inflammatory 
swelling, increase the threshold of pain, and improve the 
symptoms of RA.51,52 This study found that moxibustion 
at Zusanli (ST36) on the affected side could improve the 
swelling of the toe joint and inflammatory proliferation 
of synovial cells in RA model rats; downregulate the 
levels of ESR, CRF, RF, and pro-inflammatory factors 
such as IL-1β, IL-6, IL-23, IL-17, and TNF-α; increase 
the levels of anti-inflammatory factors IL-4 and IL-10. In 
addition, after moxibustion, the expression levels of 
ULK1 mRNA, Atg3 mRNA, Atg5 mRNA, Atg12 
mRNA, LC3-II, and beclin-1 in the synovium of RA 
model rats increased significantly, while the expression 
levels of PI3K, Akt, and mTOR decreased, suggesting 
that moxibustion can inhibit the PI3K/Akt/mTOR 
pathway and enhance the level of autophagy of 
synoviocytes in RA model rats. 
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In conclusion, in this study, we speculated that 
moxibustion may enhance the autophagy of synovial 
cells, inhibit the proliferation of synovial cells, and 
improve the local inflammatory reaction by reducing the 
activity of the PI3K/Akt/mTOR pathway such that the 
disorder of local inflammatory reaction and autophagy of 
joint can be corrected to a certain extent, alleviating the 
local symptoms of RA. Our findings help to provide new 
evidence for the efficacy and mechanism of moxibustion 
in the treatment of RA. However, due to limited time and 
financial support, we only discussed the regulatory effect 
of moxibustion on synovitis and autophagy in RA rats 
through the PI3K/Akt/mTOR pathway. More research 
needs to be conducted involving other signaling 
pathways to further confirm our results. 
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