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Original Article
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Background: Based on the ASIC1a/NLRP3 signaling pathway, we explored the specific molecular 
mechanism of the pyroptosis of rheumatoid arthritis (RA) chondrocytes by the method of nourishing qi, 
nourishing yin, and dredging collaterals to provide new ideas for the treatment of this disease.
Methods: A total of 50 rats were divided into a normal group, model group, methotrexate group, Yiqi 
Yangyin Tongluo group, and combined group. Except for the normal control group, the other groups used 
Freund's complete adjuvant (FCA) to make RA rat model. The arthritis index and ankle joint swelling of rats 
in each group were recorded. HE staining and ELISA were used to assess the pathology of the ankle joint of 
each group of rats and the content of IL-1β and IL-18 in rat serum. Furthermore, immunofluorescence and 
qPCR methods were used to detect the protein and mRNA expression levels of NLRP3, caspase 1, ACS, and 
ASIC1a in the cartilage tissue of each group of rats.
Results: Compared with the normal group, the right hind foot joint of the model group was significantly 
swollen, the levels of IL-18 and IL-1β in the serum of rats increased significantly, and the mRNA and protein 
levels of NLRP3, caspase 1, ACS, and ASIC1a in the chondrocytes also increased significantly. Compared 
with the model group, the degree of ankle joint swelling and IL-18 and IL-1β content in rat serum in 
each medication group was significantly reduced, and the combined group showed the greatest reduction 
compared with the other groups. After 8 weeks of treatment, compared with the model group, the mRNA 
and protein levels of NLRP3, caspase 1, ACS, and ASIC1a in the chondrocytes of each medication group 
were down-regulated. HE staining found that there were large numbers of infiltrating inflammatory cells and 
pannus in the joint tissue of the model group, while only a small amount of inflammatory cell infiltration and 
pannus was seen in the joint tissue of the rats in each treatment group.
Conclusions: The method of Yiqi Yangyin Tongluo can attenuate the pyroptosis of RA chondrocytes 
through the ASIC1a/NLRP3 signaling pathway.
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Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease 
with multiple joint involvements as the predominant 
manifestation. Its main characteristics are chronic synovial 
inflammation, cartilage degeneration, and joint destruction. 
The prevalence in China is about 0.32–0.36% (1). The 
disability rate of RA patients 1 year after its onset is 
as high as 20% (2-4). The disease activity and clinical 
remission rate of RA patients in China are far lower than 
expected. At present, the therapeutic drugs mainly include 
hormone drugs, non-steroidal anti-inflammatory drugs, 
and biological agents. The efficacy of traditional Chinese 
medicine for the treatment of RA has been affirmed. It can 
cooperate with western medicine to relieve the condition, 
improve the clinical remission rate, reduce the adverse 
reactions of western medicine interventions, and improve 
the quality of life of patients. Current studies suggest 
that if the course of RA is more than 5 years or after 
glucocorticoid treatment (5), it is prone to manifestations 
of deficiency of both qi and yin (6,7). These findings cannot 
be explained by the previous classification of syndrome 
types. Based on the theory of the method of Yiqi Yangyin 
and many years of clinical evidence, the final established 
treatment is the prescription of Yiqi Yangyin Tongluo, 
and relieving pain—Sishenjian. Sishenjian was described 
in Bao Xiang’s New Compilation of Prescriptions in the Qing 
Dynasty. New Compilation of Prescriptions states: “When the 
disease lies in the tendons, it cannot be flexed, while in the bones, 
it is difficult to move. After a long period, it will be thick and 
swollen every day, and the thighs will become thin every day. Pain 
without pus, unchanged color, success, or failure. Sishenjian was  
established.” (8). The prescription has the effects of 
replenishing qi, nourishing yin, dredging collaterals, and 
relieving pain, and can improve the symptoms of RA 
patients such as joint pain, morning stiffness, fatigue, and 
secondary dry mouth and eyes. The curative effect has 
shown to be significant across a large number of clinical 
applications. It can not only improve the symptoms of 
patients and increase the clinical remission rate, but it can 

also improve the quality of life of patients. 
In recent years, a type of programmed cell necrosis in RA 

bone destruction has been found, namely pyroptosis (9-12). 
Pyrolysis belongs to programmed necrosis and is related to 
inflammation. The deficiency of qi and yin belongs to the 
syndrome of the original deficiency and the superficiality, 
and the deficiency of qi and yin can produce pathological 
products and cause inflammation over time. Deficiency 
of both qi and yin is actually the proof of the deficiency 
of the original body and the correctness of the essence. 
Long-term deficiency of Qi and Yin can cause pathological 
products such as deficiency heat, water dampness, phlegm 
and blood stasis. These pathological products can lead to 
chronic inflammation, which is consistent with programmed 
necrosis of pyrolysis. The procedural necrosis here is 
chronic and continuous, which is also an important reason 
why RA is not easy to control. The classical activation 
pathway of pyroptosis is mainly mediated by the NLRP3 
inflammasome. By activating cysteine aspartate proteolytic 
enzyme 1 (caspase 1), it leads to the release of inflammatory 
factors, thereby inducing a cascade of inflammatory 
responses. It has an important regulatory effect on the 
body's immune response (13). The NLRP3 inflammasome, 
composed of the NLR family, is one of the most widely 
studied inflammasomes. It is involved in the pathogenesis of 
inflammation and tumors, and also plays an important role 
in the maintenance of normal physiological homeostasis. 
The NLRP3 inflammasome can also be activated by various 
types of stimuli, making it one of the most widely studied 
inflammasomes (14,15). After the NLRP3 inflammasome 
is stimulated by the external environment, the C-terminus 
of the receptor protein NLRP3 binds to the ligand, and the 
N-terminus recruits the downstream linker molecule ASC 
and the precursor of the effector molecule caspase 1. After 
the 3 are assembled, they can promote the shearing and 
activation of the precursor of caspase 1. At the same time, 
studies have shown that (16) caspase 1 can cut the common 
substrate gasdermin D (GSDMD) of inflammatory caspases 
to release the active N-terminal (GSDMD-N), induce 
cell membrane perforation, promote the maturation and 
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secretion of IL-1β and IL-18, and also cause the cell 
pyroptosis. In the joints of RA patients, IL-1β rapidly 
attenuates proteoglycan by inducing the production of 
matrix metalloproteinases and proteoglycanase to degrade 
cartilage and inhibit the repair of bone and cartilage. It 
plays a key role in the destruction of bone and cartilage in 
RA patients. IL-18 can induce macrophages to produce 
GM-CSF, NO, TNF-α, and other substances, which 
participate in the inflammatory activity of RA, and TNF-α 
and IL-1β can also significantly increase the expression of 
IL-18 (17,18). 

Acid-sensing ion channels (ASICs) belong to the 
ENaC/DEG channel family (19). The characteristics 
of ASICs and other members of the family are encoded 
by 4 functional genes, including ASIC1, ASIC2, ASIC3, 
and ASIC4. So far, 7 subunits have been cloned (ASIC1a, 
ASIC1b, ASIC1b2, ASIC2a, ASIC2b, ASIC3, ASIC4) (20). 
The subunits of ASICs are distributed in different tissues. 
ASIC1a and ASIC2a are widely distributed in the central 
and peripheral nervous systems. In recent years, research 
on ASICs has progressed rapidly. ASIC1a has a wide range 
of biological functions and participates in the pathological 
processes of many diseases, and has therefore become 
a research focus. It is mainly distributed in the central 
cerebral cortex, cerebellum, hypothalamus, hippocampus, 
spinal cord, and peripheral neurons, and is also expressed 
in cartilage and bone tissues. ASIC1a plays an important 
role in many pathological processes associated with tissue 
acidification diseases, such as cerebral hypoxia-ischemia, 
epilepsy, inflammation, and tumors, among others, and one 
of the important pathological features of RA is local tissue 
acidification. Reactive oxygen species (ROS) are important 
second messenger molecules in cells. ROS have extremely 
important biological activities and functions, and play 
an important role in the occurrence and development of 
various diseases (21). The production of ROS, the outflow 
of potassium ions, changes in cell volume, calcium signaling, 
and lysosomal interference are all considered to be the key 
upstream signals which activate NLRP3 (22-25). 

At present, there is still a lack of research on the 
underlying mechanism of Yiqi Yangyin Tongluo method 
as an intervention for RA chondrocyte pyroptosis. Some 
studies have found that ASIC1a is expressed in articular 
chondrocytes of RA rats. Furthermore, ASIC1a was 
shown to regulate extracellular Ca2+ influx, causing joint 
Ca2+ overload in chondrocytes and the up-regulation 
of ROS expression in articular chondrocytes, which 
increases the expression of NLRP3, and finally induces 

pyroptosis of articular chondrocytes (26,27). To this end, 
this study conducted in vivo animal experiments to clarify 
the therapeutic mechanism of the Yiqi Yangyin Tongluo 
method through the ASIC1a/NLRP3 signaling pathway to 
improve chondrocyte pyroptosis. This work provides a basis 
for the treatment of RA with the method of nourishing qi, 
nourishing yin, and dredging collaterals, and also provides 
more ideas for improving the clinical remission rate of RA 
using traditional Chinese medicine.

We present the following article in accordance with 
the ARRIVE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-21-6822/rc).

Methods

Experimental animals

A total of 50 male specific-pathogen free (SPF) Sprague 
Dawley (SD) rats (6 months old, female, weighing 
180–220 g) were purchased from Beijing Weitong Lihua 
Biotechnology Co., Ltd. The rats were raised in the SPF 
laboratory of the Experimental Animal Center of Liaoning 
University of Traditional Chinese Medicine. The laboratory 
temperature was controlled at 22±2 ℃, the laboratory 
humidity was controlled at 45%±5%, and the natural 
light cycle was used. Experiments were performed under 
a project license (No. SCXK  2019-0008) granted by the 
Experimental Animals Ethics Committee of the Affiliated 
Hospital of Liaoning University of Traditional Chinese 
Medicine, in compliance with national and the Affiliated 
Hospital of Liaoning University of Traditional Chinese 
Medicine guidelines for the care and use of animals.

Main reagents

The Chinese medicine decoction components were all 
purchased at one time from the Pharmacy Bureau of the 
Affiliated Hospital of Liaoning University of Traditional 
Chinese Medicine and were identified as genuine products 
by the Department of Traditional Chinese Medicine of 
Liaoning University of Traditional Chinese Medicine. The 
composition and dosage of the compound of Yiqi Yangyin 
Tongluo medicine used in the experiment were as follows: 
30 g of raw astragalus, 15 g of dendrobium, 15 g of polygala, 
25 g of achyranthes, 15 g of honeysuckle. Aspirin enteric-
coated tablets (25 mg ×100 tablets) were purchased from 
Nanjing Baijingyu Pharmaceutical Co. Ltd. Methotrexate 
were made by grinding aspirin enteric-coated tablets into a 

https://atm.amegroups.com/article/view/10.21037/atm-21-6822/rc
https://atm.amegroups.com/article/view/10.21037/atm-21-6822/rc


Zhao et al. Yiqi Yangyin Tongluo reduces chondrocyte pyroptosis in RAPage 4 of 11

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(3):145 | https://dx.doi.org/10.21037/atm-21-6822

fine powder, adding to distilled water, and stirring. 
Freund’s complete adjuvant (FCA; 7024) was purchased 

from Chondrex, USA. Dimethyl sulfoxide (DMSO) was 
purchased from Sigma (USA). The fluorescent secondary 
antibody was purchased from abcam (USA). Rat IL-1β and 
IL-18 enzyme-linked immuno-absorbent assay (ELISA) 
kits were purchased from Wuhan Elab science company. 
Trypsin, penicillin-streptomycin double-antibody, RIPA 
protein lysate, BCA protein concentration determination 
kit, Lipofectamine 2000, and Trizol were purchased from 
Invitrogen. The reverse transcription kit was provided 
by Dalian Bao Biological Company. RNA primers were 
synthesized by Dalian Bao Biological Company. TBS buffer 
was provided by Boster company. ASIC1a antibody was 
purchased from Alomone Labs. Cleaved caspase-1p10, ASC, 
and NLRP3 antibodies were purchased from Abcam, USA.

Main instruments

The precision PH meter PHS3C was purchased from 
Shanghai Leici Instrument Factory. The FA2004 electronic 
analytical balance is the product of Shanghai Jingtian 
Balance Instrument Factory. Microtome is the product 
of German Leica Company. The toe volume measuring 
instrument YLSTA is the product of the equipment station 
of Shandong Academy of Medical Sciences. The Millipore 
water purifier was purchased from Pall, USA. The clean 
workbench SW CJ 1F was from Sujing Group Suzhou Antai 
Air Technology Co., Ltd. The real-time PCR amplification 
instrument was purchased from Shanghai Thermo 
Company. The reverse transcription PCR amplification 
instrument was purchased from Eppendorf, Germany. The 
5415R high-speed refrigerated centrifuge was purchased 
from Eppendorf, Germany. The BX50 optical microscope 
was purchased from Olympus.

Experimental method

Model preparation and animal grouping
SD rats were injected intracutaneously with 100 μL of FCA 
(20 mg/mL) in the right hind toe, and the control group was 
injected with the same amount of normal saline. Swelling of 
the feet on the primary side and the secondary side of the 
rat were observed. From the first day of adjuvant injection, 
the swelling of the limbs of SD rats was observed daily. The 
sum of the scores of the limbs was the arthritis index (AI), 
and the higher the AI, the more severe the arthritis damage. 
One week after injection, the AI score was calculated, and 

if AI ≥4, the modeling was considered successful, while rats 
with insufficient AI scores were not used. 

A total of 50 SD rats were randomly divided into a normal 
group, model group, compound of Yiqi Yangyin Tongluo 
group (Yiqi Yangyin Tongluo group), positive control 
methotrexate group, and combined group (Yiqi Yangyin 
Tongluo combined with methotrexate).  In the third week 
(d14–21) after modeling, rats in the methotrexate group 
were given methotrexate 1.89 mg/kg/week by gavage. Rats 
in the Yiqi Yangyin Tongluo group were given compound 
of Yiqi Yangyin Tongluo soup and the dosage for rats was 
3 mL/day. The liquid was decocted and concentrated to a 
crude drug concentration of 0.6 g/mL once a day by gavage. 
The rats in the model group were given the same amount of 
normal saline. The swelling degree of the secondary paws of 
the rats in each group were measured on the 0th, 10th, 14th, 
21st, and 28th days after the model was established, and 
pictures were taken. All rats were sacrificed at the 8th week 
after administration, and the plasma, spleen, and ankle joints 
of rats in each group were collected.

Dosing schedule
According to the ratio between human and rat body 
surface area, the equivalent dose was calculated (1), and 
the conversion factor for adults and rats is 6.3. The total 
weight of compound of Yiqi Yangyin Tongluo medicinal 
materials was 100 g. Methotrexate was calculated according 
to the instructions. Rats in methotrexate group were given  
1.89 mg/kg/week by gavage, and the average weight of the 
rats was 200 g. The dosage calculations were as follows:
	 Normal group: 10 mL/kg/d of sterile water for 

injection daily, gavage once a day; Model group:  
10 mL/kg/d of sterile water for injection daily, 
gavage once a day;

	 Yiqi Yangyin Tongluo group: Due to the large dosage 
of the original prescription, through the clinical 
practice and research of this research group, the drug 
dosage of the original prescription of Sishen Jian was 
re-approved, and finally the “Yiqi Yangyin Tongluo” 
was formed. The dosage of the prescription is: raw 
astragalus 30 g, dendrobium 15 g, polygala 15 g, 
achyranthes bidentata 25 g, honeysuckle 15 g. The 
total weight of compound of Yiqi Yangyin Tongluo 
medicinal materials was 100 g. The dosage for adults 
was 100 g/70 kg/d, and the conversion coefficient 
between adults and rats is 6.3. The average body 
weight of rats is 200 g, so the dosage of the compound 
of Yiqi Yangyin Tongluo low-dose group was  
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4.5 g/kg/d,  the dosage of the compound of 
Yiqi Yangyin Tongluo middle-dose group was  
9 g/kg/d, and the dosage of the compound of Yiqi 
Yangyin high-dose group was 18 g/kg/d;

	 Methotrexate group: According to the conversion 
coefficient between adults and rats (6.3), rats in the 
methotrexate group were given 1.89 mg/kg/week of 
methotrexate by intragastric administration;

	 Combined group (Yiq i  Yangyin  Tongluo + 
methotrexate group): same as above.

Main indexes and detection methods

Observation of general biological signs and the body 
weight, activity level, reaction, spirit, fur, stool, death, and 
other symptoms and signs of rats were observed every day.

The AI score evaluates joint inflammation
The rats were scored after the injection of drugs to induce 
inflammation. The evaluation standard is a 5-level scoring 
method to record the occurrence and severity of arthritis 
lesions in the extremities of rats: Grade 0: no arthritis, 0 
points; Grade 1: individual feet with redness and swelling 
of the small toe joints, 1 point; Grade 2: most toes and feet 
are red and swollen, 2 points; Grade 3: ankle redness and 
swelling below the joints, 3 points; Grade 4: redness and 
swelling below the ankle joints and above the ankle joints, 4 
points. The scores of each joint of the limbs of the rats were 
recorded and totaled, which was the AI, with a minimum 
score of 0 and a maximum score of 16.

Measurement and calculation of the swelling degree of 
the right foot
In the experiment, a toe volume measuring instrument was 
used to determine the right posterior ankle joint of the rat 
as the baseline, and a marker was used to mark the position. 
The volume of the right hind foot of each rat was measured 
before modeling and recorded as V0. After the injection-
induced inflammation and drug intervention started, the 
volume of the rat’s foot was measured at day 24, 52, and 
80, and recorded as Vt. The degree of joint swelling (%) = 
(Vt–V0)/V0×100% was calculated, each rat was measured  
3 times each time, and the average value was calculated.

Hematoxylin and eosin (HE) staining of the rat ankle joint
For pathological examination of the rat ankle joint, the 
excess fur and muscle tissue around the rat ankle joint 
was removed, and the joint was rinsed with normal saline 

to remove the debris on the joint surface. After fixing all 
joints with 4% neutral paraformaldehyde solution for 48 h, 
they were decalcified with 10% neutral EDTA solution for  
2 months, during which they were replaced with fresh 
EDTA solution twice a week. After dehydration with 
different concentrations of ethanol solution, paraffin 
embedding, sectioning (7 μm), and xylene dewaxing, 
the tissues were soaked with hematoxylin solution/
eosin solution and finally sealed with neutral gum. The 
pathological changes of the ankle joints of rats in each 
group were observed under a microscope.

Immunofluorescence (IF) 
Rat ankle joint sections were stained with the above 
HE staining procedure. After the tissue sections were 
deparaffinized with xylene, the effect of endogenous 
peroxidase was eliminated with 3% H2O2. The tissue 
antigens were retrieved using antigen retrieval solution, 
and then blocked with goat serum. Subsequently, ASIC1a, 
NLRP3, caspase 1, and ASC specific antibodies were added 
and incubated at 4 ℃ for 12 h (PBS buffer replaced the 
primary antibody as a negative control). Then, a fluorescent 
secondary antibody (Invitrogen, USA) was used at room 
temperature. The cells were washed three times with PBS, 
15 min each. The expression of ASIC1a, NLRP3, caspase 1, 
and ASC in the articular cartilage of the ankle joint of each 
group was observed under a microscope.

Cytokine detection
Serum IL-1β and IL-18 were detected by the enzyme-linked 
immunosorbent assay (ELISA method. Rat IL-1β and IL-
18 ELISA kits were purchased from Wuhan Elab science 
company, and the kit instructions were followed for testing.

Real-time quantitative PCR
Rat knee cartilage tissues were collected from different 
administration groups, model groups, and normal groups, 
and Trizol (Invitrogen) was used to extract total RNA 
from the tissues. A total of 2 μg RNA was used for reverse 
transcription to synthesize the first strand of cDNA, and the 
reaction system of qPCR (20 μL) contained the following: 
SYBR-Green mix 10 μL, upstream and downstream primers 
(10 μmol/L) each 1 μL, 10 times diluted cDNA template 
2 μL, ultrapure water 6 μL. The qPCR experiment was 
performed on the LightCycle93 (Roche, Switzerland) 
fluorescence quantitative PCR instrument. The human 
β-actin gene was used as an internal reference, and 3 
technical replicates and 3 biological replicates were used. 
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Table 1 shows the fluorescent quantitative PCR primers used 
for ASIC1a, NLRP3, caspase 1, ASC, and β-actin.

Statistical analysis

SPSS 11.5 statistical software was used for data processing 
and statistical analysis, which was conducted using the t-test.

Results

The effect of Yiqi Yangyin Tongluo on the inflammation of 
the feet of RA rats

To detect the effect of the method of Yiqi Yangyin Tongluo 
on the paw joints of RA rats, the RA rat model was 
established using FCA. RA rats were given daily intragastric 
administration of methotrexate (group c), compound of 
Yiqi Yangyin (group d), or compound of Yiqi Yangyin + 
methotrexate (group e). At the same time, for the normal 
control group (group a) and the RA model group (group 
b), sterilized water was administered daily. After 6 weeks of 

treatment, the rats in group a were in good mental state, 
normal eating and drinking, shiny coat color, active behavior 
and increased body weight; rats in group b were lethargic, 
increased food and water intake, decreased hair gloss, 
decreased behavioral activity, and decreased body weight 
compared with the normal group. Compared with group b, 
the rats in groups c, d, and e increased their body weight, 
improved their spirit, hair gloss, and behavioral activity, and 
drank less water than the model group. The results showed 
that compared with the model group, the swelling of the 
ankle joints of rats in the different administration groups 
recovered significantly (Figure 1A). By calculating the AI of 
rats, it was found that methotrexate (group c), compound 
of Yiqi Yangyin (group d), and compound of Yiqi Yangyin 
+ methotrexate (group e) all had a significant rescue effect 
(P<0.001) on the ankle joints of RA rats, and there was no 
significant difference between methotrexate (group c) and 
compound of Yiqi Yangyin  (group d, P>0.05, Figure 1B). 
Therefore, compound of Yiqi Yangyin does have a certain 
therapeutic effect on RA.

Table 1 RT-PCR primer list

Gene Forward primer (5'-3') Reverse primer (5'-3')

ASIC1a GGCCAACTTCCGTAGCTTCA ATGCCCTGCTCTGTCGTAGAA

NLRP3 CAGACCTCCAAGACCACGACTG CATCCGCAGCCAATGAACAGAG

Caspase 1 TGCCTGGTCTTGTGACTTGGAG ATGTCCTGGGAAGAGGTAGAAACG

ASC TTATGGAAGAGTCTGGAGCTGTGG AATGAGTGCTTGCCTGTGTTGG

β-actin GGAGATTACTGCCCTGGCTCCTA GACTCATCGTACTCCTG CTTGCTG
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Figure 1 The method of Yiqi Yangyin Tongluo can attenuate the degree of inflammation in the ankle and paw in RA rats. a is the normal 
group, b is the model group, c is the methotrexate group, d is the Yiqi Yangyin Tongluo group, e is the combined group. ***P<0.001 (t-test); n.s, 
P>0.05 (t-test).
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The effect of Yiqi Yangyin Tongluo on inflammatory 
factors in RA rats

According to observations of pathological sections under 
light microscopy, there was no infiltration of inflammatory 
cells and hyperplasia of pannus in the joint subcutaneous 
soft tissue and synovial membrane of the normal control 
group (Figure 2A), but the rats in the model group showed 
obvious infiltration of inflammatory cells and proliferation 
of synovial cells (Figure 2A,2B). Compared with the model 
group, the infiltration of inflammatory cells and synovial 
hyperplasia in the soft tissues under the skin of the joints 
in RA rats treated with compound of Yiqi Yangyin was 

significantly reduced (Figure 2A,2B). At the same time, 
we also analyzed the inflammatory factors IL-18 and IL-
1β in chondrocytes and found that compared with the 
normal group, the inflammatory factors IL-18 and IL-1β 
in chondrocytes in the model group were significantly up-
regulated. However, the inflammatory factors in RA rats 
after administration treatment were down-regulated to 
varying degrees. Compared with the model group, the level 
of IL-18 in rats of the Yiqi Yangyin Tongluo group was 
significantly reduced (P<0.01), along with IL-1β (P<0.05). 
Compared with the model group, the Yiqi Yangyin Tongluo 
group, and the methotrexate group, the combined group 
had the most significant reduction in the levels of IL-18 
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and IL-1β (Figure 2B), which showed that after treatment 
with compound of Yiqi Yangyin, the inflammation level in 
RA rats was greatly relieved. Therefore, compound of Yiqi 
Yangyin has an excellent therapeutic effect on inflammation.

The influence of the method of Yiqi Yangyin Tongluo on 
the ASIC1a/NLRP3 pathway

To verify that compound of Yiqi Yangyin can regulate the 
inflammation level in RA rats through the ASIC1a/NLRP3 
pathway, the knee joint tissues of the normal control group, 
model group, methotrexate group, Yiqi Yangyin Tongluo 
group, and combination group were used to detect the 
protein levels in RA rats. Immunofluorescence showed 
that the ACS and ASIC1a protein levels in RA rats in the 
methotrexate group, Yiqi Yangyin Tongluo group, and 
combination group were significantly lower than those in 
the model group (Figure 3A). NLRP3 and caspase 1 were 
also significantly down-regulated compared with the normal 
control group (Figure 3B). Furthermore, the mRNA levels 
of NLRP3, caspase 1, ACS, and ASIC1a were detected. The 
qPCR results showed that compared with the model group, 
the transcription levels of NLRP3, caspase 1, ACS, and 
ASIC1a in the methotrexate group, Yiqi Yangyin Tongluo 
group, and combination group RA rats were significantly 
down-regulated (P<0.01, Figure 3C). Compared with 
the methotrexate group and the Yiqi Yangyin Tongluo 
group, the combination group had the most significant 
down-regulation of NLRP3, caspase 1, ACS, and ASIC1a 
(Figure 3C). Also, we verified that the protein levels of 
NLRP3, caspase 1, ACS, and ASIC1a in the RA rats in the 
methotrexate group, the Yiqi Yangyin Tongluo group, and 
the combination group were also reduced compared with 
the normal control group. The above results demonstrated 
that the relieving effect of nourishing qi, nourishing yin, 
and dredging collaterals on inflammatory factors in RA rats 
was mediated by the ASIC1a/NLRP3 pathway. 

Discussion

RA is a common and frequently occurring disease at present. 
Given its rapid progression, low compliance rate, high 
disability rate, and many other characteristics, it can seriously 
affect people’s normal work and life. The incidence of RA 
with deficiency of both qi and yin is increasing year by year 
(28,29). Previous studies have shown that the expression of 
inflammatory factors IL-18, IL-1β, and TNF-α in articular 
cartilage cells of patients with RA due to deficiency of both 

qi and yin sharply increase (30). The ASIC1a/NLRP3 
signaling pathway is a well-known inflammatory signaling 
transduction pathway (31,32). Therefore, we speculated 
that the compound of Yiqi Yangyin, a traditional Chinese 
medicine for Yiqi Yangyin Tongluo, can regulate the level 
of inflammation in RA patients through the ASIC1a/
NLRP3 signaling pathway. Our results showed that the 
diseased tissues of the knee joint and the inflammation 
level in the body of RA rats treated with compound of Yiqi 
Yangyin showed greater improvement. At the same time, the 
transcription levels and protein levels of transcription factors 
NLRP3, ACS, ASIC1a, and pyroptosis factor caspase 1 in 
the ASIC1a/NLRP3 signaling pathway were significantly 
down-regulated. Therefore, compound of Yiqi Yangyin has a 
certain effect on RA with deficiency of both qi and yin. 

As an anti-rheumatic drug, methotrexate is widely 
used in clinics (33). Studies have found that it has a 
certain regulatory effect on the apoptosis factors Bcl-2  
and caspase 3 and the inflammatory factor TNF-α  
(34-36). In this study, we found through in vivo experiments 
that compound of Yiqi Yangyin can effectively reduce the 
knee joint inflammation of RA rats, and its combination 
with the western medicine methotrexate has significantly 
higher efficacy than methotrexate alone. This suggests 
that compound of Yiqi Yangyin and methotrexate have 
complementary effects. From the pathological tissue 
slices, we also clearly observed that the number of pannus 
in the cartilage tissue of the knee joint of RA rats in the 
combination group was less than that of the methotrexate 
and compound of Yiqi Yangyin groups alone. The results 
of qPCR also showed that the transcription levels of the 
transcription factors NLRP3, ACS, and ASIC1a of the 
ASIC1a/NLRP3 signaling pathway in the combination 
group were lower than those of the methotrexate and 
compound of Yiqi Yangyin groups alone. These results 
reveal the efficacy of compound of Yiqi Yangyin  and 
compound of Yiqi Yangyin  combined with anti-rheumatic 
western medicine in the treatment of RA patients. However, 
our study also has certain limitations. Although the study 
found that compound of Yiqi Yangyin has an inhibitory 
effect on the expression of ASIC1a/NLRP3 signaling 
pathway, the potential mechanism of the compound of Yiqi 
Yangyin improving chondrocyte pyroptosis in adjuvant 
arthritis rats still needs further research to verify.

In summary, our research confirms that the compound 
of Yiqi Yangyin Tongluo can effectively treat RA, and this 
treatment is mediated by the ASIC1a/NLRP3 signaling 
pathway. The results of this study show that compound 
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of Yiqi Yangyin, a traditional Chinese medicine for Yiqi 
Yangyin Tongluo, inhibits the activity of the ASIC1a/
NLRP3 signaling pathway, thereby reducing the secretion 
of inflammatory factors IL-18 and IL-1β and ultimately 
reducing the symptoms of RA rats.  These results 
demonstrated that the ASIC1a/NLRP3 signaling pathway 
may be the underlying mechanism of the Chinese herbal 
method of Yiqi Yangyin Tongluo, and improves chondrocyte 
pyroptosis in rats with RA. These findings provide an 
effective basis for the clinical use of traditional Chinese 
medicine to treat RA.
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