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Electroacupuncture, which is the most widely used alternative medicine

treatment, has been gradually recognized for its effectiveness; however, its

mechanism of action is not fully understood. The NLR family pyrin domain

containing 3 (NLRP3) inflammasome is a thoroughly studied inflammasome

that is closely associated with Alzheimer’s disease, spinal cord injury, and

other diseases and plays an important role in the diagnosis and treatment

of human immune system diseases. In recent years, some scholars have

found that the NLRP3 inflammasome is a part of the mechanism of action

of electroacupuncture, which has attracted further attention. In the current

review, using “electroacupuncture” and “NLRP3 inflammasome” as keywords

and based on the existing randomized controlled trials or clinical trials,

we summarize the mechanisms of electroacupuncture targeting NLRP3

inflammasome in the treatment of different diseases and discuss how to

optimize the electroacupuncture protocol to obtain thorough mechanisms

of NLRP3 inflammasome in electroacupuncture and improve the level

of evidence.
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Introduction

Electroacupuncture is a kind of therapy that prevents and treats diseases by passing
a trace current close to human bioelectricity through a needle after acquiring qi at the
acupuncture point. Electroacupuncture, which is a recognized alternative medicine, has
been widely used to treat various diseases by reducing inflammation (Zhu et al., 2015;
Meng et al., 2018; Shi et al., 2020; Xie et al., 2021). For example, electroacupuncture
relieves pain in patients with knee osteoarthritis, partly by reducing pro-inflammatory
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factors tumor necrosis factor-alpha (TNF-α) and Interleukin
1 beta (IL-1β) (Shi et al., 2020). And electroacupuncture has
a protective effect on intestinal function by inhibiting the
progression of inflammatory reactions through the reduction of
procalcitonin (PCT) and TNF-α in patients with sepsis (Meng
et al., 2018). Scholars have conducted various studies to identify
its internal mechanism (Lee et al., 2017; Zhang et al., 2017,
2020a); however, a widely recognized unified theory has not yet
been formed. In recent years, many scholars have focused on
exploring the mechanism of electroacupuncture by targeting the
NLRP3 inflammasome.

The definition of inflammasome was first proposed in
2002 (Martinon et al., 2002), and the NLR family pyrin
domain containing 3 (NLRP3) inflammasome is one of the
most thoroughly studied. NLRP3 inflammasome is a protein
complex that mainly exists in the cytoplasm and is formed
by the sensor protein NLRP3, the adaptor protein apoptosis-
associated speck-like protein containing a CARD (ASC), and
the effector protein caspase-1 (Swanson et al., 2019). NLRP3 is
inactive in its resting state and can only form an inflammasome
when activated. Specific activators are pathogen-associated
molecular patterns (PAMPs), host-derived risk signals (danger-
associated molecular patterns, DAMPs), and environmental
stimuli (Schroder and Tschopp, 2010). When PAMPs or
DAMPs are recognized by Toll-like receptors (the first signal),
they activate the transcription factor nuclear factor-kappa
B (NF-κB) and initiate the transcription of NLRP3, pro-
interleukin (IL)-1β, and pro-IL-18, upregulating the expression
level of the inflammasome (Zhao and Zhao, 2020). The
second signal [adenosine triphosphate (ATP), some bacterial
toxins or particulate matter] mediates NLRP3 oligomerization,
assembling NLRP3, ASC, and caspase-1 precursor proteins into
a complex that induces caspase-1 activation and the secretion of
IL-1β and IL-18 (Wu et al., 2018), which promotes the release
of inflammatory factors and exacerbates the inflammatory
response. To date, the NLRP3 inflammasome, which is an
important component of innate immunity, plays an important
role in the immune response and disease occurrence (Kelley
et al., 2019). It has been reported that NLRP3 inflammasome
activation may play an important role in the pathogenesis of
inflammatory bowel disease (Zhen and Zhang, 2019), stroke
(Alishahi et al., 2019; Sun et al., 2019), Alzheimer’s disease
(Bai and Zhang, 2021), and cardiovascular disease (Olsen et al.,
2022).

Increasing evidence primarily from animal studies suggests
that the NLRP3 signaling pathway may be part of the
mechanism by which electroacupuncture can treat various
diseases, such as inflammatory bowel disease (Zeng et al., 2018;
Song et al., 2019), stroke (Deng et al., 2021), Alzheimer’s disease
(He et al., 2020), ischemic heart disease (Zhang et al., 2020c), and
inflammatory pain (Yu et al., 2020). However, the underlying
mechanism is not fully clear, and the evidence needs to be
confirmed through more high-quality studies.

In this study, we have summarized the existing evidence
that electroacupuncture inhibits NLRP3 inflammasome
from different pathways such as ionic flux, mitochondrial
dysfunction, the production of reactive oxygen species, and
lysosomal damage, to treat different inflammatory-related
diseases, including digestive system disease, neurological
disease, circulatory system disease, reproductive system disease,
rheumatic immune system disease, and other diseases. In
addition, we briefly discuss the protocol quality problems and
several factors that would help optimize the electroacupuncture
protocols to improve treatment outcomes when applied in
future clinical situations.

Methods

To identify all studies that explored electroacupuncture
mechanisms targeting the NLRP3 inflammasome, we performed
an electronic literature search in four databases, including
Google Scholar, PubMed, the China National Knowledge
Infrastructure (CNKI), and WanFang Data Information
Site. Search terms were “electroacupuncture” or “EA” or
“acupuncture” and “NLRP3” or “NLRP3 inflammasome.”
The search was restricted to English or Chinese language
articles and included both randomized controlled trials and
clinical trials. Relevant literature was searched from 1 January
2011 to 31 March 2022. Eligibility evaluation was done by
title and abstract reviews and when abstracts did not provide
enough information, the full text of the paper was retrieved
for evaluation. If data were duplicated and had been published
more than once, the comprehensive study was chosen for
inclusion in the review.

Mechanism of electroacupuncture
targeting NLR family pyrin domain
containing 3 inflammasome in the
treatment of different diseases

Currently, some studies have shown that electroacupuncture
can alleviate diseases by targeting the NLRP3 inflammasome
(Zeng et al., 2018; Song et al., 2019; He et al., 2020; Deng
et al., 2021). Therefore, in this article, we have summarized the
reported mechanisms of electroacupuncture targeting NLRP3
inflammasome in different diseases.

Digestive system diseases

Inflammatory bowel disease (IBD) is a group of chronic
non-specific inflammatory intestinal diseases, including
ulcerative colitis (UC) and Crohn’s disease (CD). The
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pathogenesis of UC is not completely understood, but we
know that immune factors play an important role in the
pathogenesis of UC (Cui and Sun, 2019). As an important part
of innate immunity, NLRP3 plays dual roles by promoting
inflammation and maintaining intestinal homeostasis (Gorfu
et al., 2014). It has been reported that electroacupuncture can
reduce the inflammatory development of UC and the symptoms
of abdominal pain and diarrhea (Wu and Liang, 2018; Liu H.
et al., 2021). In dextran sulfate sodium (DSS)-induced UC,
electroacupuncture stimulation at Zusanli (ST36) controlled
the balance of proinflammatory and anti-inflammatory factors
by inhibiting M1 macrophages and promoting the polarization
of M2 macrophages, inhibited NLRP3 inflammation activation,
and promoted the protein expression of nuclear factor erythroid
2-related factor (Nrf2) and heme oxygenase 1 (HO-1), thus
ameliorating UC (Song et al., 2019). Additionally, reactive
oxygen species (ROS) production may be a critical upstream
event for the activation of the NLRP3 inflammasome (Zhen
and Zhang, 2019). Zeng and colleagues reported that in UC,
electroacupuncture stimulation at Qihai (RN6) and bilateral
Tianshu (ST25) could treat UC by inhibiting the activation
of nicotinamide adenine dinucleotide phosphate oxidase
(NOX), reducing the production of ROS, down-regulating the
expression of the NLRP3 inflammasome, and reducing the
release of pro-inflammatory factors (Zeng et al., 2018).

Non-alcoholic fatty liver disease (NAFLD) is the most
common cause of chronic liver disease in Europe. The
pathogenesis of NAFLD is complex. In recent years, it is believed
that IL-18 and other cytokines can induce insulin resistance
by affecting insulin signaling, leading to the occurrence and
development of NAFLD (Zhou and Wei, 2018). Currently,
there are no drugs to treat this disease clinically, and
the main treatment is lifestyle change and symptomatic
treatment (Weiß et al., 2014). Electroacupuncture can regulate
blood lipid and liver function and has a certain benign
regulatory effect on fatty liver, and its mechanism is related
to the downregulation of toll-like receptor 4 (TLR4) and
Nuclear factor-kappa B (NF-κB) in liver tissue (Chen et al.,
2014). Ma and colleagues indicated that electroacupuncture
stimulation at Fenglong (ST40), Yinlingquan (SP9), and
Sanyinjiao (SP6) decreased the levels of p-NF-κB p65, p-IκBα,
p-IKKα, and p-IKKβ by increasing the expression of Sirt1
and inhibiting the NLRP3/NF-κB signaling pathway and
inflammation levels, thereby alleviating liver injury (Ma et al.,
2020). The detailed experimental protocols are listed in
Table 1.

Neurological diseases

The research on acupuncture in the treatment of
neurological diseases mainly focused on stroke, Alzheimer’s
disease (AD), and spinal cord injury.

Stroke is a sudden disorder of cerebral blood circulation
that is divided into ischemic stroke and hemorrhagic stroke. In
ischemic stroke, NLRP3 expression and activation in microglia
can be rapidly induced by DAMPs to accelerate neurotoxin
production and rapidly change neuronal activity and synaptic
function, thereby exacerbating the condition (Ma and Wang,
2019). A previous study has proved that neuronal a7 nicotinic
acetylcholine receptor (α7nAChR) plays a role in the reduction
of post-ischemic neuroinflammation by electroacupuncture
(Wang et al., 2012), and Jiang and colleagues further revealed
the underlying mechanism that electroacupuncture can inhibit
the expression of NLRP3 inflammasome and reduce post-
ischemic neuroinflammation by upregulation of α7nAChR
(Jiang et al., 2019). In addition, electroacupuncture stimulation
of Waiguan (TE5) and Zusanli (ST36) regulated the miR-
223/NLRP3 pathway (Sha et al., 2019) and improved the
inflammatory response in rats with ischemic stroke. In stroke
rat models, electroacupuncture stimulation at Yanglingquan
(GB34), Guanyuan (RN4), and Zhaohai (KI6) + Shenmai (BL62)
may inhibit the protein expression of NLRP3, caspase-1, and
procaspase-1, further inhibit microglia and the number of
TUNEL-positive cells (decrease neuronal apoptosis), reduce
NLRP3/caspase-1-mediated damage to microglia and neurons
(Deng et al., 2021) and improve neurological functional defects
associated with stroke. Based on research in a hemorrhagic
stroke model in rats, the nerve inflammatory reaction
induced by hemorrhagic stroke can induce the release of a
variety of inflammatory cytokines, activate NLRP3-mediated
inflammation, and accelerate inflammatory cell apoptosis.
However, acupuncture stimulation of Baihui (GV20) through
Qubin (GB7) can inhibit the expression of NLRP3, inhibit
inflammatory reactions, and promote neuronal functional
recovery in rats (Liu H. et al., 2020).

Alzheimer’s disease is a neurodegenerative disease with
a complex pathogenesis. However, studies have shown that
the neuroinflammatory response generated by aging is an
important factor in the pathogenesis of AD (Hane et al.,
2017; Li et al., 2021), and this neuroinflammatory response
activates microglia and releases inflammatory mediators
through the NLRP3 inflammasome, such as IL-1β and IL-18,
exacerbating the inflammatory response and leading to nerve
cell necrosis and cognitive dysfunction (Fu et al., 2017).
Therefore, various studies have demonstrated that inhibiting
NLRP3 inflammasome-mediated inflammation may be a
potential strategy for the treatment of AD. The results of
electroacupuncture stimulation at Baihui (GV20) and Zusanli
(ST36) showed that electroacupuncture might prevent and
treat AD by reducing the protein expression of NLRP3,
caspase-1, and IL-1β and the number of activated microglia
in the brains of AD model rats (He et al., 2020). Jiang and
colleagues reported a consistent effect of electroacupuncture
stimulation of AD model rats at Baihui (GV20), Yintang
(EX-HN3), and Shuigou (DU26) (Jiang et al., 2018). Consistent
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TABLE 1 Mechanism of electroacupuncture targeting NLRP3 inflammasome in the treatment of ulcerative colitis and non-alcoholic
fatty liver disease.

Disease Authors Research
object

Acupoint Time Frequency Evaluation Mechanism

Ulcerative colitis Song et al.,
2019

64 mice ST36 Qd,
30 min/time,
continuous
for 6 days

2 groups: low: 10 Hz;
high: 100 Hz

Calculate daily body
weight, stool
consistency, and
rectal bleeding.
Evaluation of DAI.
TNF-α, IL-6, IL-10,
IL-12, and IL-1β.
Macrophage
subgroup.

EA inhibits the
expression levels of
NLRP3 and IL-1β.
High-frequency EA
can upregulate
Nrf2/HO-1 pathway

Zeng et al.,
2018

40 mice ST25, and
RN6

Qd,
20 min/time,
continuous
for 14 days

Rarefaction-dense
wave

General condition of
mice: weight, mental
state, diet, and water.
Evaluation of DAI.
Evaluation of CMDI.
The pathological
tissue of colon.
NLRP3, NOX, ROS,
and IL-1β in blood
and NLRP3 mRNA
and IL-1β mRNA in
colon tissue.

EA inhibits the
NOX/ROS/NLRP3
pathway (oxidative
stress)

Non-alcoholic
fatty liver disease

Ma et al.,
2020

30 mice ST40, SP9,
and SP6

Treatment
for 2 weeks

Not indicated Measure the levels of
ALT, AST, TC, and
TG.
Measure the levels of
serum and liver
inflammatory
cytokines IL-1β,
TNF-α, and IL-6.

EA enhances the
expression of Sirt1,
and inhibits the
NF-κB/NLRP3
pathway

ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; CMDI, Colon mucosa damage index; DAI, Disease activity index; EA, Electroacupuncture; IL, Interleukin; NLRP3,
NLR family pyrin domain containing 3; TNF-α, Tumor necrosis factor alpha; NF-κB, Nuclear factor-kappa B; NOX, nicotinamide adenine dinucleotide phosphate oxidase; ROS, Reactive
oxygen species; Nrf2/HO-1, Nuclear factor erythroid 2-related factor/Hem oxygenase 1; TC, Total plasma cholesterol; TG, Triglyceride.

with this result, electroacupuncture stimulation at Dazhui
(DU-14), Baihui (GV20), Shenshu (BL23), and Zusanli (ST36)
improved the cognitive function of AD rats by inhibiting the
NLRP3/ASC/Caspase-1 signaling pathway (Zhao et al., 2020).
Electroacupuncture stimulation at Baihui (GV20) and Shenting
(DU24) inhibited the activation of the NLRP3 inflammasome,
thus improving the cognitive deficits associated with AD
(Hou et al., 2020). Electroacupuncture stimulation at Baihui
(GV20) and Zusanli (ST36) at different frequencies inhibited
NLRP3-induced pyroptosis, and compared with 2 Hz, 10 Hz
electroacupuncture significantly reduced the expression levels
of inflammatory factors, such as IL-1β, IL-6, IL-18, and tumor
necrosis factor alpha (TNF-α), thereby improving cognitive
function (Tian et al., 2021).

Spinal cord injury (SCI) refers to the partial or complete
loss of motor, sensory, autonomic and reflex functions
below the injury stage after SCI. Electroacupuncture is
effective in the treatment of SCI, which may be related to
the inhibition of inflammatory response, the inhibition of
apoptosis-related factors and the promotion of neuronal

axon regeneration (Li et al., 2019). It is noteworthy that the
inflammasome plays an important role in the process of
pyroptosis by interacting with upstream signaling molecules
in the pyroptosis signaling pathway and then transmitting
signals to downstream proteins through activated caspase-1,
resulting in cell rupture and the release of IL-1β and IL-18 (Liu
L. et al., 2021). It has been suggested that electroacupuncture
stimulation at Jiaji (EX-B2) may inhibit upstream P2X7
receptor (P2X7R) expression of the NLRP3 inflammasome,
thereby blocking NLRP3 activation and reducing the release
of inflammatory factors (Guo et al., 2021; Mei et al., 2021).
Another study showed that electroacupuncture stimulation at
Dumai (DU), Zhiyang (DU9), and Jizhong (DU6) upregulated
the expression of the upstream factor calcitonin gene-
related peptide (CGRP), which located in the anterior
horn of the spinal cord, inhibited activation of the NLRP3
inflammasome and inhibited the protein expression of
NLRP3/ASC/caspase-1, thus playing a role in the treatment
of SCI (Wenger et al., 2010). Therefore, P2X7R/NLRP3
and CGRP/NLRP3 may be new therapeutic targets for SCI
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treatment. The detailed experimental protocols are listed in
Table 2.

Circulatory system diseases

Ischemic heart disease (IHD), which is also known as
coronary heart disease (CHD), is caused by narrowing of the
coronary arteries that supply blood to the heart muscle (Wenger
et al., 2010). Myocardial ischemia leads to the stimulation of
macrophages by a large number of necrotic cardiomyocytes,
which in turn activates high expression of NLRP3 and
promotes an excessive inflammatory response (Gomez et al.,
2018), exacerbating myocardial ischemic injury. On the one
hand, acupuncture preconditioning can protect cardiovascular
function in the early stage of myocardial ischemia (Li
et al., 2013). Research has shown that electroacupuncture
stimulation at bilateral Neiguan (PC6) protects the myocardium
from ischemic injury, possibly by reducing the number of
macrophages in the spleen and heart and inhibiting the
expression of NLRP3, thus inhibiting the inflammatory response
in the myocardium (Zhang et al., 2020b,c). On the other
hand, a previous study has demonstrated that NF-κB, as
an upstream signal, participated in the regulation of NLRP3
inflammasome expression in the treatment of IHD, thereby
improving cardiac function in rats with myocardial ischemia-
reperfusion injury and reducing the extent of myocardial
infarction (Wang et al., 2021). Meanwhile, Cai and colleagues
reported that electroacupuncture postconditioning stimulation
at Neiguan (PC6) and Xinshu (BL15) decreased the expression
of IL-1β by inhibiting NF-κB signal pathway and decreased the
ischemic area and infarct size of rat myocardium (Cai et al.,
2014). This mechanism may be related to the downregulation
of NLRP3 inflammasome expression by inhibiting NF-κB signal
pathway and then decreasing the expression of IL-1β and other
inflammatory factors. The detailed experimental protocols are
listed in Table 3.

Reproductive system diseases

Primary dysmenorrhea (PD) is a painful menstrual spasm
without any apparent pathology that occurs in up to 50%
of women during menstruation, and increased secretion of
vasoactive prostaglandin (PG) is the cause of PD (Dawood,
2006). Clinical experiments have shown that electroacupuncture
can exert analgesic effect on PD patients (Song et al., 2015),
but the research on the mechanism is still incomplete. Animal
experiment showed that electroacupuncture stimulation at
Guanyuan (RN4) and Sanyinjiao (SP6) can improve the
pain symptoms and uterine pathological damage in PD rats,
and the mechanism was related to the inhibition of the
protein expression of NLRP3 and caspase-1, possibly because

electroacupuncture inhibited the activation of NF-κB p65
and phospho-NF-κB p65, which are upstream of the NLRP3
inflammasome (Liu et al., 2019). The detailed experimental
protocols are listed in Table 4.

Rheumatic immune system diseases

Gout is the most common cause of inflammatory arthritis
worldwide (Hui et al., 2017). During the onset of acute
gouty arthritis, monosodium urate crystals are formed by
supersaturated uric acid concentrations in the joints, which
act as foreign bodies and trigger the innate immune response,
causing the immune system to overreact and leading to acute
inflammatory reactions in the joints and surrounding tissues
(Shi et al., 2013). Activation of the NLRP3 inflammasome
and the release of IL-1β play key roles in the initiation of
acute gout (Dalbeth et al., 2016). In animal experiments, Yu
and colleagues reported that electroacupuncture stimulation
of Neixiyan (EX-LE4) and Dubi (ST35) can reduce the
inflammatory response of synovial tissue in the knee joint
of rats, which may be related to the downregulation of
NLRP3, ASC, caspase-1, IL-1β, and IL-18 expression, and
reduce the occurrence of pyroptosis in synovial tissue (Yu
et al., 2022). Similarly, in clinical trials, electroacupuncture
alleviated the symptoms of joint pain, swelling and dysfunction
by alleviating local inflammatory congestion and edema of the
knee joint, and its mechanism was related to the inhibition of
NLRP3/ASC/caspase-1 pathway, the downregulation of NLRP3
expression and inflammatory response transmitters, like TNF-
α, 1L-1β (Zhang et al., 2020d). On the contrary, there are
also clinical studies showing inconsistent conclusions that
electroacupuncture may effectively upregulate the expression
level of NLRP3 gene mRNA in patients and reduce serum levels
of inflammatory factors to improve the clinical symptoms of
gouty knee arthritis (Gao and Fu, 2019; Zhang Z. et al., 2019).
However, the reason for this result is not clear, it may be
related to the specific treatment of patients and may also be
related to the NLRP3 gene polymorphism, the mechanism still
needs to be further explored. Additionally, electroacupuncture
stimulation of Sanyinjiao (SP6) and Zusanli (ST36) may inhibit
NLRP3 inflammasome activation by reducing the activity of
cathepsin B in the knee joint, thus treating acute gouty arthritis
(Qiao et al., 2021). Consistently, it has been shown that
NLRP3 inflammasome is inhibited in macrophages treated with
cathepsin B chemical inhibitor (Hornung et al., 2008). The
detailed experimental protocols are listed in Table 5.

Other diseases

Depression is a common disease, affecting
approximately 280 million people worldwide
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TABLE 2 Mechanism of electroacupuncture targeting NLRP3 inflammasome in the treatment of stroke, Alzheimer’s disease and spinal cord injury.

Disease Authors Research object Acupoints Time Frequency Evaluation Mechanism

Stroke Jiang et al.,
2019

Adult male
Sprague-Dawley rats
(quantity not
indicated)

GV20 Qd, 30 min/time,
continuous for
5 days

2/15 Hz, 1 mA Evaluate
neurobehavioral
score and measure
infarct volume.
Evaluate apoptotic
neuronal death.
Measure the levels of
IL-18, TNF-α,
TGF-β1, IL-10, and
NLRP3.

EA stimuli induces
the
a7nAChR-dependent
regulation of NLRP3
inflammasome

Sha et al.,
2019

25 mice TE5 and ST36 Qd, 30 min/time,
continuous for
7 days

Continuous wave
(20 Hz, 1 mA)

Evaluate the
neurological severity
score.
Infarct volume and
brain water content
measurements.
Evaluate apoptotic
neuronal death.
Measure the levels of
miR-223, NLRP3,
caspase-1, IL-18, and
IL-1β.

EA alleviates
neuroinflammation
by inhibiting the
miR-223/LRP3
pathway

Deng et al.,
2021

48 mice Group 1:
GB34 + adjunct
acupuncture points
Group 2: RN4
Group 3: KI6 + BL62

Qd, 30 min/time,
continuous for
14 days

Rarefaction wave,
2/100 Hz

Longa score.
Detect the Microglia,
neuronal
morphology, and
apoptosis.
Measure the
expression of
NLRP3, caspase-1,
and pro-caspase-1.

EA inhibits the
expression of
NLRP3, caspase-1,
and pro-caspase-1 in
brain tissue

Alzheimer’s
disease

He et al.,
2020

36 mice GV20 and ST36 Qd, 20 min/time,
continuous for
8 weeks

Continuous wave
(50 Hz, 1 mA)

Morris water maze
experiment.
Measure the
expression of
NLRP3, Caspase-1,
IL-1β.
Measure the number
of microglia.

EA inhibits the
activation of NLRP3
inflammasome, and
down-regulates the
expression of
caspase-1 and IL-1β

Zhao et al.,
2020

46 mice DU-14, GV20, BL23,
and ST36

Qd, 20 min/time, 2
subgroups: 7 and
21 days

Rarefaction-dense
wave (2/15 Hz,
2 mA)

Water maze, new
object recognition
and platform
jumping experiment
Measure the
expression of
NLRP3, ASC, and
caspase-1.

EA inhibits the
expression of
NLRP3, ASC, and
caspase-1

Spinal cord
injury

Li et al.,
2019

36 mice Two pairs of EX-B2,
T9, and T11

Qd, 30 min/time, 2
subgroups: 3 and
7 days

Current ranges from
0.4 to 0.6 mA

Evaluate the BBB.
Measure the
expression of
NLRP3, ASC,
cleaved-caspase-1.

EA inhibits NLRP3
inflammasome
overactivation and
reduces caspase-1
expression

Liu L. et al.,
2021

120 mice Two pairs of EX-B2,
T9, and T11

Qd, 30 min/time, 4
subgroups: 1, 3, 7,
and 21 days

100 Hz, 1–2 mA Evaluate the BBB.
Measure the
expression of NLRP3
mRNA.
Measure the
expression of
NLRP3, P2X7R, and
OX42.

EA inhibits the
ATP-P2X7R-NLRP3
pathway

(Continued)
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TABLE 2 (Continued)

Disease Authors Research object Acupoints Time Frequency Evaluation Mechanism

Mei et al.,
2021

72 mice Two pairs of EX-B2,
T9, and T11

Qd, 30 min/time, 4
subgroups: 1, 3, 7,
and 21 days

100 Hz Evaluate the BBB.
Measure the
expression of NLRP3
and P2X7R mRNA.

EA inhibits the
expression of P2X7R,
thus reducing the
expression NLRP3

Guo et al.,
2021

36 mice DU9 and DU6 Qd, 30 min/time Continuous wave,
2 Hz, the intensity of
current was
measured by the
slight tremor of the
hind limb

Evaluate the BBB.
Measure the
expression of CGRP,
NLRP3, ASC and
caspase-1.

EA upregulates the
expression of CGRP
and down-regulates
the expression of
NLRP3, ASC, and
caspase-1

ASC, Apoptosis-associated speck-like protein; ATP, adenosine triphosphate; a7nAChR, a7 nicotinic acetylcholine receptor; BBB, Basso-Beattie-Bresnahan; EA, Electroacupuncture; TGF-
β1, Transforming growth factor-β1; CGRP, Calcitonin Gene-related Peptide; IL, Interleukin; NLRP3, NLR family pyrin domain containing 3; P2X7R, P2X7 receptor; TNF-α, Tumor
Necrosis Factor Alpha.

TABLE 3 Mechanism of electroacupuncture targeting NLRP3 inflammasome in the treatment of ischemic heart disease.

Disease Authors Research
object

Acupoints Time Frequency Evaluation Mechanism

Ischemic heart
disease

Zhang et al.,
2020b,c

30 mice Bilateral PC6 Qd,
20 min/time,
pretreatment for
3 days

Rarefaction-
dense wave,
2 Hz/15 Hz,
2 mA

Left ventricular ejection
fraction of mice.
The number of
macrophages in spleen
and heart of mice.
Expression of NLRP3
and IL-1β in mouse
myocardium.

EA pretreatment inhibits
the activation of NLRP3
inflammasome

Cai et al., 2014 60 mice PC6 and BL15 Qd, 20 min/time,
postconditioning
for 3 days

2 Hz, 1 mA Measurement of
myocardial infarct size
and ischemic area.
Measure the expression
of IL-10, IL-1β.
Detect the protein
expression of NF-κB p65.

EA postconditioning
inhibits the NF-κB
pathway.

EA, Electroacupuncture; IL, Interleukin; NF-κB, Nuclear factor-kappa B; NLRP3, NLR family pyrin domain containing 3.

TABLE 4 Mechanism of electroacupuncture targeting NLRP3 inflammasome in the treatment of primary dysmenorrhea.

Disease Authors Research
object

Acupoints Time Frequency Evaluation Mechanism

Primary
dysmenorrhea

Liu et al., 2019 50 mice RN4, and SP6 Qd,
20 min/time,
continuous for
10 days

Continuous
wave, 50 Hz

Amount of body twisting
in mice
Pathological morphology
and damage score of
mice uterus
NF-κB, phosphorylates
NF-κB, NLRP3,
caspase-1, IL-1β, and
IL-18 in uterine tissue

EA inhibits the
phosphorylation of
NF-κB and activation of
NLRP3 and caspase-1 in
uterine tissues

EA, Electroacupuncture; IL, Interleukin; NLRP3, NLR family pyrin domain containing 3; NF-κB, Nuclear Factor-Kappa.

(World Health Organization [WHO], and Depression, 2021).
At its worst, depression can lead to suicide, with more than
700,000 people dying from suicide each year. The pathogenesis
of depression is complex, and current studies have shown
that it is closely related to inflammatory reaction, monoamine
neurotransmitters and HPA endocrine axis (Gao et al., 2021).

NLRP3 has been shown to play an important role in the
pathogenesis of depression, acting as a key molecule regulating
the activation of the immune inflammatory response and
depression (Feng et al., 2019). Acupuncture stimulation
at Baihui (GV20) and Yintang (EX-HN3) may inhibit the
expression of NLRP3, ASC and caspase-1, which are the key
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TABLE 5 Mechanism of electroacupuncture targeting NLRP3 inflammasome in the treatment of gouty knee arthritis.

Disease Authors Research
object

Acupoints Time Frequency Evaluation Mechanism

Gouty knee
arthritis

Zhang et al.,
2020d

106 patients
with gouty knee
arthritis

SP6, SP9, GB34,
ST40, Gongsun
(SP4), ST36,
Ququan (LR8)

Qd,
40 min/time,
continuous
treatment for
1 week

Low frequency,
rarefaction-
dense
wave

Measure the levels of
TNF-α, IL-1β, IL-10,
IL-4, CRP, ESR, UA.
The expression of
NLRP3, Caspase-1, ASC
ET-1, MPO, sICAM-1,
NO
SF-36 scale

EA reduces
inflammatory response
transmitters by inhibiting
NLRP3/ASC/Caspase-1
pathway.

Qiao et al., 2021 60 mice SP6 and ST36 Qd,
10 min/time,
continuous for
1 week

rarefaction-
dense wave,
2/100 Hz, 1 mA

Score the gait of rats.
Observe the pathological
morphology of synovial
tissue.
Measure the levels of
cathepsin- B protein,
NLRP3, ASC, caspase-1,
IL-1β, and IL-18.

EA may inhibit the
cathepsin-B/NLRP3
pathway

ASC, Apoptosis-associated speck-like protein; CRP, C-reactive protein; EA, Electroacupuncture; ESR, Erythrocyte Sedimentation Rate; ET-1, Endothelin-1; IL, Interleukin; NLRP3, NLR
family pyrin domain containing 3; TNF-α, Tumor Necrosis Factor Alpha; UA, Uric acid; MPO, Myeloperoxidase; NO, Nitric Oxide; sICAM-1, Soluble intercellular adhesion molecule-1.

NLRP3 inflammasome molecules in the prefrontal cortex, thus
reducing the inflammatory response and thereby improving
depression (Wang et al., 2020). Yue and colleagues reported
consistent responses to electroacupuncture stimulation at
Baihui (GV20) and Yanglingquan (GB34) (Yue et al., 2018).
In addition, electroacupuncture stimulation at the auricular
concha can improve depression, possibly by inhibiting the
activation of NF-κB, an upstream factor of NLRP3 in the
prefrontal cortex, and thus inhibiting inflammation in the
central nervous system (Liu Y. et al., 2020).

Inflammatory pain is nerve stimulation caused by injury-
related chemicals. Electroacupuncture has a good analgesic
effect, and its analgesic mechanism is a variety of bioactive
molecules in the process of pain, but the peripheral and
central analgesic mechanisms mediated by acupuncture are
still under constant study (Li et al., 2018). Previous studies
have shown that electroacupuncture regulated inflammatory
response by inhibiting the activation of NLRP3 inflammasome
and the expression of inflammatory factors. Electroacupuncture
stimulation at Huantiao (GB30) and Yanglingquan (GB34)
could inhibit NLRP3 inflammasome activation and delay the
maturation of IL-1β by activating the peripheral cannabinoid
(CB2) receptor and improving inflammatory pain (Gao et al.,
2018). In addition, electroacupuncture promotes Treg cells,
induces the production of the anti-inflammatory cytokine IL-
10, inhibits macrophages and neutrophils, reduces NLRP3
expression, and relieves inflammatory pain (Yu et al., 2020).

Dry eye is a common ophthalmic disease, and its occurrence
and development are related to various factors. Inflammation
is considered to be the main cause. Clinical research showed
that the effective rate of acupuncture in the treatment of dry
eye was 38.3% higher than that of sodium hyaluronate eye
drops (Zhu et al., 2019). Acupuncture can promote lacrimal

gland secretion and stabilize tear film, but its underlying
mechanism has not been revealed. Yang and colleagues reported
that electroacupuncture increased tear production, prolonged
break-up time (BUT), and enhanced tear film stability, mainly
by inhibiting the expression of ROS, thioredoxin-interacting
protein (TXNIP), and NLRP3 inflammatory to improve dry
eye syndrome (Yang et al., 2022). The detailed experimental
protocols are listed in Table 6.

Discussion

Although there are various ways to treat diseases in clinic,
such as drug therapy and surgical treatment, acupuncture
is widely concerned because of its simple, convenient, safe
and effective characteristics when drug intervention has large
adverse reactions or single treatment effect is not significant, or
the disease or symptoms need to be combined with adjuvant
therapy. At present, more and more clinical studies have
reported acupuncture in the treatment of various diseases. It has
been pointed out that acupuncture can effectively regulate the
spasm of bladder detrusor and urethral sphincter and promote
the excretion of urine for urinary retention after spinal cord
injury (Zhang C. et al., 2019). However, electroacupuncture
uses electrical stimulation with different frequencies and
intensities, which can stimulate acupoints more than twisting
needles or other manual manipulation techniques. It makes
up for the shortcomings of acupuncture with insufficient
stimulation intensity and shows better efficacy in clinical
studies. Studies have shown that, compared with acupuncture,
electroacupuncture has better effects in alleviating local pain
(Aranha et al., 2015), regulating lipid metabolism in patients
with non-alcoholic fatty liver disease, reducing inflammatory
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TABLE 6 Mechanism of electroacupuncture targeting NLRP3 inflammasome in the treatment of depression, inflammatory pain, and
dry eye syndrome.

Disease Authors Research
object

Acupoint Time Frequency Evaluation Mechanism

Depression Yue et al., 2018 33 mice GV20 and GB34
(the right side)

Qod,
30 min/time,
continuous for
4 weeks

2/100 Hz, 0.3 mA Open field test and
forced swimming test.
Measure the levels of
NLRP3, ASC, caspase-1,
IL-1β.

EA inhibits the
expression of NLRP3
inflammasome

Liu Y. et al., 2020 24 mice Auricular
concha

Qd,
30 min/time,
continuous for
3 weeks

Rarefaction-dense wave,
2/15 Hz

Open field test and sugar
water preference
experiment.
Measure the levels of
NLRP3, NF-κB, and
IL-1β.

EA inhibits the
NF-κB/NLRP3 pathway

Inflammatory
pain

Gao et al., 2018 96 mice GB30 and GB34 Qod,
30 min/time, 3
times in total

2 Hz Activity of caspase-1.
Macrophages, T cells,
keratinocytes, and
NLRP3.

EA inhibits the activation
of NLRP3
inflammasomes by
stimulating CB2 receptor

Yu et al., 2020 CFA-induced
mice (quantity
not indicated)

ST36 and SP6 Qd,
20 min/time,
continuous
5 days

2/100 Hz, 2 mA Dynamic Plantar
Aesthesiometer and
Plantar test.
Measure the expression
of IL-10, IL-1β, NLRP3,
and TNF-α.
Measure the levels of
macrophages,
neutrophil, and Treg
cells in spleen tissue.

EA inhibits the
expression of NLRP3,
IL-1β, and TNF-α

Dry eye
syndrome

Yang et al., 2022 50 mice Bilateral TE23,
GB20, and GB37

Qd,
20 min/time,
continuous
7 days

Continuous waveform,
2 Hz, 1–2 mA

Measure the ROS
activity.
Examine the mRNA
expression of TXNIP,
NLRP3, ASC and
caspase-1.
Detect the protein
expression of TXNIP,
NLRP3, IL-18, IL-1β.
Observe the tear
secretion and tear film
break-up time.

EA inhibits the
ROS/TXNIP/NLRP3
signaling pathway

ASC, Apoptosis-associated speck-like protein; CFA, Complete Freund’s adjuvant; EA, Electroacupuncture; IL, Interleukin; NLRP3, NLR family pyrin domain containing 3; NF-κB, Nuclear
Factor-Kappa B; ROS, Reactive Oxygen Species; TXNIP, Thioredoxin-interacting Protein.

reaction (Yu et al., 2018), promoting lacrimal gland secretion
and stabilizing tear film (Zhang et al., 2020a). However, the
research on the internal mechanism of electroacupuncture is
not comprehensive. This article reviews the mechanism of
NLRP3 inflammasome in electroacupuncture, which provides
convenience and direction for researchers to conduct double-
blind randomized controlled experiments and obtain good
clinical evidence. It provides certain evidence support for the
future use of electroacupuncture as a treatment in a wide range
of clinical practice.

According to a literature review, the conclusion of all studies
is almost the same, namely, electroacupuncture can inhibit the
activation or expression of NLRP3 inflammasome through a
variety of different pathways, thus achieving therapeutic effects

in various diseases (Figure 1). It is not difficult to find that
almost all mechanisms in the reviewed articles have common
points, suggesting that electroacupuncture targets NLRP3 to
treat diseases mainly by reducing the inflammatory response.
Electroacupuncture reduces inflammation and symptoms by
inhibiting NLRP3 inflammasome activation and the secretion
of proinflammatory factors, such as IL-1β. These mechanisms
include upstream signaling pathways that inhibit NLRP3
regulation, such as the NF-κB/NLRP3, ATP/P2X7R/NLRP3,
and ROS/TXNIP/NLRP3 signaling pathways. NLRP3 activation
is also reduced by inhibiting NLRP3, ASC, and Caspase-
1 protein expression. Therefore, the mechanism by which
electroacupuncture targets the NLRP3 inflammasome in the
treatment of diseases may involve the downregulation of NLRP3
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FIGURE 1

Summary of mechanisms of electroacupuncture targeting NLRP3 inflammasome in treatment of various diseases. The common point is that
electroacupuncture can treat diseases by inhibiting the expression of NLRP3, thereby down-regulating the expression of pro-inflammatory
factors IL-18 and IL-1β (Shi et al., 2020). Digestive system: electroacupuncture inhibits NOX/ROS/NLRP3 pathway; electroacupuncture inhibits
NF-κB/NLRP3 pathway by enhancing the expression of Sirt1 (Xie et al., 2021). Neurological system: electroacupuncture inhibits
ATP/P2X7R/NLRP3 and miR-223/NLRP3 pathway; electroacupuncture inhibits NLRP3 inflammasome by enhancing the expression of a7nAChR
(Meng et al., 2018). Circulatory system: electroacupuncture inhibits the activation of NLRP3 inflammasome by down-regulating the expression
of NLRP3, ASC, and pro-caspase-1; electroacupuncture inhibits NF-κB/NLRP3 pathway (Zhu et al., 2015). Reproductive system:
electroacupuncture inhibits NF-κB/NLRP3 pathway (Zhang et al., 2017). Immune system: electroacupuncture inhibits NLRP3 inflammasome by
down-regulating the expression of Cathepsin-B (Zhang et al., 2020a). Others: electroacupuncture inhibits ROS/TXNIP/NLRP3 pathway;
electroacupuncture inhibits NLRP3 inflammasome by up-regulating CB2 expression.

inflammasome expression and inhibition of the inflammatory
response.

Existing studies were all carried out in vivo, and the
experimental subjects were mainly rat models. Only two studies
were conducted on humans (Gao and Fu, 2019; Zhang et al.,
2020d), both of which focused on gouty knee arthritis. Most
of the studies concluded that electroacupuncture inhibited
NLRP3 inflammasome activation; however, the level of evidence
differed, and two studies (Liu et al., 2019; Liu L. et al., 2021) used
drug therapy as a control group, while one study used receptor
CB2 knockdown rats (Qiao et al., 2021) to enhance the level of
evidence. The other studies used a blank group, sham operation
group and/or sham acupuncture group as control groups, and
the level of evidence needs to be strengthened.

Studies based on rat models used different intervention
protocols, such as the electroacupuncture points, frequency,
duration of retention, and duration of the electroacupuncture
course. It is not clear whether the efficacy of electroacupuncture
at different points, currents and frequencies is consistent.
According to the literature, the acupoints of Baihui (GV20),

Zusanli (ST36), and Sanyinjiao (SP6) were selected with
relatively high frequency. Moreover, two studies (Song
et al., 2019; Hou et al., 2020) showed that high-frequency
electroacupuncture was more effective than low-frequency
electroacupuncture, triggering different signaling pathways and
enhancing the inhibitory effect on the NLRP3 inflammasome.
Relatively consistently, the needle retention time mentioned
in different experimental protocols was mostly 20 or
30 min/time. The duration of electroacupuncture varied
from 3 to 56 days, and the fluctuation range was wide. It is
not clear whether the treatment effect was significant over
time. A handful of studies (Guo et al., 2021; Liu L. et al.,
2021; Mei et al., 2021) comparing the effects of different
treatment durations showed that 7 and 21 days of treatment
were better than 1 and 3 days of treatment, and there was
reduced expression of NLRP3, ASC, and caspase-1 and
reduced secretion levels of IL-1β. However, the results did not
indicate whether the effects of 7 and 21 days of treatment
on NLRP3 inflammasome expression were statistically
significant.
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Conclusion

In summary, the authors found that the NLRP3
inflammasome plays an important role in the treatment of
some diseases by electroacupuncture. The main mechanism
is that electroacupuncture reduces the inflammatory response
through the NLRP3 inflammasome. However, the existing
studies focus on animal experiments, and we should
also pay attention to clinical trials in the future. The
protocol of effective electroacupuncture treatment for gouty
knee arthritis can be applied to the treatment of other
diseases. Advanced technologies such as high-throughput
sequencing and single-cell sequencing can be used to
extract clinical samples for further mechanism research.
Second, researchers can enhance the level of evidence
by using NLRP3 inhibitors or agonists in experiments.
For example, MCC950 can block ASC accumulation and
inhibit both typical and atypical NLRP3 inflammasomes
(Shao et al., 2015) as well as NLRP3 gene knockout mice.
Furthermore, in the future, electroacupuncture treatment
protocols should be unified, such as the electroacupuncture
point, frequency, duration of needle retention and duration
of treatment course, to observe whether there is a difference
in the effects of different experimental protocols on the
expression of the NLRP3 inflammasome. Finally, current
studies mostly focus on electroacupuncture rather than the
NLRP3 inflammasome, which inhibits neuroinflammation.
The internal mechanism of action by which pathway to
inhibit NLRP3 inflammasome activation or expression
is not complete, and further research is needed. If we
can use randomized double-blind control to verify the
effectiveness of electroacupuncture in the treatment of
diseases, it will promote the development of human
health.

Author contributions

HL conceived and supervised the study. JY drew the figure.
DW and MY wrote the manuscript. All authors reviewed the
results and approved the final version of the manuscript.

Funding

This study was funded by the Technology Department in
Sichuan province (Grant No. 2022YFS0403), Affiliated Hospital
of Chengdu University (CDFYCX202211), the Scientific
Research Project of Sichuan Province Health Commission
(Grant No. 20PJ186), and the Scientific Research Project
of Sichuan Administration of Traditional Chinese Medicine
(Grant No. 2020JC003).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

References

Alishahi, M., Farzaneh, M., Ghaedrahmati, F., Nejabatdoust, A., Sarkaki, A., and
Khoshnam, S. E. (2019). NLRP3 inflammasome in ischemic stroke: As possible
therapeutic target. Int. J. Stroke 14, 574–591. doi: 10.1177/1747493019841242

Aranha, M. F., Müller, C. E., and Gavião, M. B. (2015). Pain intensity and
cervical range of motion in women with myofascial pain treated with acupuncture
and electroacupuncture: A double-blinded, randomized clinical trial. Braz. J. Phys.
Ther. 19, 34–43. doi: 10.1590/bjpt-rbf.2014.0066

Bai, H., and Zhang, Q. (2021). Activation of NLRP3 inflammasome and onset of
Alzheimer’s disease. Front. Immunol. 12:701282. doi: 10.3389/fimmu.2021.701282

Cai, R., Hu, L., Yu, Q., Liu, L., ZHang, T., and Lei, Y. (2014). Effects of
electroacupuncture neiguan and xinshu on serum interleukin-1β and interleukin-
10 levels and myocardial NF-κB p65 protein expression in rats with acute
myocardial ischemia-reperfusion injury. J. Yunnan Univ. Tradit. Chin. Med. 37,
6–9.

Chen, X., Tang, C., Xie, H., Tang, N., Gao, J., and Liu, R. (2014). Effect of electro-
acupuncture on hepatic Toll-like receptor 4 and nuclear factor κB expressions in
rats with non-alcoholic fatty liver disease. J. South. Med. Univ. 34, 1584–1588.

Cui, C., and Sun, Z. (2019). Advances in the pathogenesis of ulcerative colitis.
Curr. Immunol. 39, 77–81.

Dalbeth, N., Merriman, T. R., and Stamp, L. K. (2016). Gout. Lancet 388,
2039–2052. doi: 10.1016/S0140-6736(16)00346-9

Dawood, M. Y. (2006). Primary dysmenorrhea: Advances in pathogenesis and
management. Obstet. Gynecol. 108, 428–441. doi: 10.1097/01.AOG.0000230214.
26638.0c

Deng, H., Li, C., Zhang, C., and Jin, Z. (2021). Electroacupuncture stimulation
regulates the morphological transformation and neuronal apoptosis of microglia
in rats following stroke via NLRP3/caspase-1 signaling. Chin. J. Comp. Med. 31,
51–57.

Feng, X., Zhao, Y., Yang, T., Song, M., Wang, C., Yao, Y., et al.
(2019). Glucocorticoid-driven NLRP3 inflammasome activation in hippocampal
microglia mediates chronic stress-induced depressive-like behaviors. Front. Mol.
Neurosci. 12:210. doi: 10.3389/fnmol.2019.00210

Fu, W., Vukojevic, V., Patel, A., Soudy, R., MacTavish, D., Westaway, D.,
et al. (2017). Role of microglial amylin receptors in mediating beta amyloid

Frontiers in Aging Neuroscience 11 frontiersin.org

https://doi.org/10.3389/fnagi.2022.913881
https://doi.org/10.1177/1747493019841242
https://doi.org/10.1590/bjpt-rbf.2014.0066
https://doi.org/10.3389/fimmu.2021.701282
https://doi.org/10.1016/S0140-6736(16)00346-9
https://doi.org/10.1097/01.AOG.0000230214.26638.0c
https://doi.org/10.1097/01.AOG.0000230214.26638.0c
https://doi.org/10.3389/fnmol.2019.00210
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/


fnagi-14-913881 October 13, 2022 Time: 16:51 # 12

Yuan et al. 10.3389/fnagi.2022.913881

(Aβ)-induced inflammation. J. Neuroinflamm. 14:199. doi: 10.1186/s12974-017-0
972-9

Gao, F., Xiang, H.-C., Li, H.-P., Jia, M., Pan, X.-L., Pan, H.-L., et al.
(2018). Electroacupuncture inhibits NLRP3 inflammasome activation through
CB2 receptors in inflammatory pain. Brain Behav. Immun. 67, 91–100. doi:
10.1016/j.bbi.2017.08.004

Gao, G., Huang, J., Liu, D., Zhang, F., Zhang, C., Zhang, G., et al. (2021). The
pathogenesis of depression and the research progress of antidepressants. China
Med. Herald 18, 52–57.

Gao, L., and Fu, C.-A. (2019). Yuan Y. effects of electroacupuncture on nlrp3
inflammatory body of gouty arthritis with damp heat accumulation syndrome.
World Chin. Med. 14, 3045–3049.

Gomez, I., Duval, V., and Silvestre, J. S. (2018). Cardiomyocytes and
macrophages discourse on the method to govern cardiac repair. Front. Cardiovasc.
Med. 5:134. doi: 10.3389/fcvm.2018.00134

Gorfu, G., Cirelli, K. M., Melo, M. B., Mayer-Barber, K., Crown, D., Koller, B. H.,
et al. (2014). Dual role for inflammasome sensors NLRP1 and NLRP3 in murine
resistance to Toxoplasma gondii. mBio 5:e01117–13. doi: 10.1128/mBio.01117-13

Guo, M., Xiang, J. Q., Wei, L. H., and Cui, Y. J. (2021). [Effect of
electroacupuncture of "Zhiyang" (GV9) and "Jizhong" (GV6) on expression of
CGRP and NLRP3 in rats with spinal cord injury]. Zhen Ci Yan Jiu 46, 679–683.

Hane, F. T., Lee, B. Y., and Leonenko, Z. (2017). Recent progress in Alzheimer’s
disease research, part 1: Pathology. J. Alzheimer’s Dis. 57, 1–28. doi: 10.3233/JAD-
160882

He, C., Huang, Z.-S., Chen, H.-R., Yu, C.-C., Wang, X.-S., Jiang, T., et al. (2020).
Effect of pretreatment of acupuncture on learning-memory ability and related
protein of NLRP3 inflammasome in hippocampus in Alzheimer’s disease like rats.
Zhongguo Zhen Jiu 40, 1323–1327.

Hornung, V., Bauernfeind, F., Halle, A., Samstad, E. O., Kono, H., Rock, K. L.,
et al. (2008). Silica crystals and aluminum salts activate the NALP3 inflammasome
through phagosomal destabilization. Nat. Immunol. 9, 847–856. doi: 10.1038/ni.
1631

Hou, Z., Qiu, R., Wei, Q., Liu, Y., Wang, M., Mei, T., et al. (2020).
Electroacupuncture Improves Cognitive Function in Senescence-Accelerated P8
(SAMP8) Mice via the NLRP3/Caspase-1 Pathway. Neural Plast. 2020:8853720.
doi: 10.1155/2020/8853720

Hui, M., Carr, A., Cameron, S., Davenport, G., Doherty, M., Forrester, H., et al.
(2017). The British Society for Rheumatology guideline for the management of
gout. Rheumatology. 56:e1–e20. doi: 10.1093/rheumatology/kex156

Jiang, J., Ding, N., Wang, K., and Li, Z. (2018). Electroacupuncture could
influence the expression of il-1β and nlrp3 inflammasome in hippocampus
of Alzheimer’s disease animal model. Evid. Based Complement. Altern. Med.
2018:8296824. doi: 10.1155/2018/8296824

Jiang, T., Wu, M., Zhang, Z., Yan, C., Ma, Z., He, S., et al. (2019).
Electroacupuncture attenuated cerebral ischemic injury and neuroinflammation
through α7nAChR-mediated inhibition of NLRP3 inflammasome in stroke rats.
Mol. Med. 25:22. doi: 10.1186/s10020-019-0091-4

Kelley, N., Jeltema, D., Duan, Y., and He, Y. (2019). The NLRP3 inflammasome:
An overview of mechanisms of activation and regulation. Int. J. Mol. Sci. 20:3328.
doi: 10.3390/ijms20133328

Lee, S. M. K., Kim, H. S., Park, J., Woo, J. S., Leem, J., Park, J. H.,
et al. (2017). Electroacupuncture prevents endothelial dysfunction induced by
ischemia-reperfusion injury via a cyclooxygenase-2-dependent mechanism: A
randomized controlled crossover trial. PLoS One 12:e0178838. doi: 10.1371/
journal.pone.0178838

Li, K., Shi, G., Zhao, Y., Chen, Y., Gao, J., Yao, L., et al. (2021).
Electroacupuncture ameliorates neuroinflammation-mediated cognitive
deficits through inhibition of NLRP3 in presenilin1/2 conditional double
knockout mice. Neural Plast. 2021:8814616. doi: 10.1155/2021/881
4616

Li, M., Cai, R.-L., Hu, L., Wu, Z.-J., Sun, X., Wang, K.-M., et al. (2013). Effects
of electroacupuncture on the expression of oxidized low-density lipoprotein and
its receptors in rats with coronary atherosclerotic heart disease. Zhongguo Zhen Jiu
33, 817–823.

Li, X., Li, Q., Fu, H., and Mei, J. (2019). Effects of jiaji electro acupuncture on
activation of nlrp3 inflammasome in asci rats. J. Clin. Acupunct. Moxibustion 35,
52–56.

Li, Y., Wu, F., Cheng, K., Shen, X.-Y., and Lao, L.-X. (2018). Mechanisms of
acupuncture for inflammatory pain. Zhen Ci Yan Jiu 43, 467–475.

Liu, H., Li, J., Lu, M., Guo, X., and Li, M. (2021). The Effect of
electroacupuncture deep acupuncture ba qian point on immune balance of

Th17/Treg cells and serum inflammatory factors in patients with ulcerative colitis
with spleen-kidney yang deficiency type. Prog. Mod. Biomed. 21, 4293–4297.

Liu, H., Zhang, B., Du, J., Feng, P.-P., Ruan, C., Zhang, W.-B., et al. (2020).
Effect of acupuncture on NLRP3 inflammatory corpuscle in rats with intracerebral
hemorrhage. Zhongguo Zhen Jiu 40, 757–763.

Liu, L., Mei, J., Li, N., and Li, X. (2021). Action mechanism of jiaji electro-
acupuncture in improving micro-environmental inflammatory response in SCI
rats by regulating P2X7R/NLRP3 signaling pathway related factors. J. Clin.
Acupunct. Moxibustion. 37, 72–79.

Liu, Y., Wang, Y.-Q., Chen, L.-Y., Mo, B.-Q., Wu, X.-X., Xiao, Y., et al. (2019).
Effect of electroacupuncture on NF-κB and NLRP3 inflammasome in uterine
tissues of rats with primary dysmenorrhea. J. Acupunct. Tuina Sci. 17, 215–222.
doi: 10.1007/s11726-019-1117-8

Liu, Y., Wang, Z., Wang, Y., Zhang, Y., Guo, X., Chen, X., et al. (2020). Effects
of auricular concha electroacupuncture on the expression of NLRP3, NF-κB, IL-
1β protein in prefrontal cortex of depression model rats. J. Tradit. Chin. Med. 61,
1909–1914.

Ma, B., Li, P., An, H., and Song, Z. (2020). Electroacupuncture attenuates liver
inflammation in nonalcoholic fatty liver disease rats. Inflammation 43, 2372–2378.
doi: 10.1007/s10753-020-01306-w

Ma, R., and Wang, G. (2019). Role of pericytes in pathogenesis of stroke. China
J. Mod. Med. 29, 61–65.

Martinon, F., Burns, K., and Tschopp, J. (2002). The inflammasome: A
molecular platform triggering activation of inflammatory caspases and processing
of proIL-beta. Mol. Cell 10, 417–426. doi: 10.1016/S1097-2765(02)00599-3

Mei, J., Tian, X., and Sun, Z. (2021). Effect of jiaji electro acupuncture on protein
expression of P2X7R and NLRP3 in rats with acute spinal cord injury. J. Clin.
Acupunct. Moxibustion 37, 70–75.

Meng, J. B., Jiao, Y. N., Zhang, G., Xu, X. J., Ji, C. L., Hu, M. H., et al.
(2018). Electroacupuncture improves intestinal dysfunction in septic patients: A
randomised controlled trial. Biomed Res. Int. 2018:8293594. doi: 10.1155/2018/
8293594

Olsen, M. B., Gregersen, I., Sandanger, Ø, Yang, K., Sokolova, M., Halvorsen,
B. E., et al. (2022). Targeting the inflammasome in cardiovascular disease. JACC
Basic Transl. Sci. 7, 84–98. doi: 10.1016/j.jacbts.2021.08.006

Qiao, T., Tang, C., Qiu, L., Zhao, D., Wu, M., An, H., et al. (2021). Cathepsin-
B involved in effect of electroacupuncture by inhibiting the activation of NLRP3
inflammasome in rats with acute gouty arthritis. Zhen Ci Yan Jiu 46, 295–300.

Schroder, K., and Tschopp, J. (2010). The inflammasomes. Cell 140, 821–832.
doi: 10.1016/j.cell.2010.01.040

Sha, R., Zhang, B., Han, X., Peng, J., Zheng, C., Zhang, F., et al. (2019).
Electroacupuncture alleviates ischemic brain injury by inhibiting the miR-
223/NLRP3 pathway. Med. Sci. Monit. 25:4723. doi: 10.12659/MSM.917213

Shao, B. Z., Xu, Z. Q., Han, B. Z., Su, D. F., and Liu, C. (2015). NLRP3
inflammasome and its inhibitors: A review. Front. Pharmacol. 6:262. doi: 10.3389/
fphar.2015.00262

Shi, G. X., Tu, J. F., Wang, T. Q., Yang, J. W., Wang, L. Q., Lin, L. L., et al.
(2020). Effect of Electro-Acupuncture (EA) and Manual Acupuncture (MA) on
markers of inflammation in knee osteoarthritis. J. Pain Res. 13, 2171–2179. doi:
10.2147/JPR.S256950

Shi, L., Xu, L., Yang, Y., Song, H., Pan, H., and Yin, L. (2013). Suppressive effect
of modified Simiaowan on experimental gouty arthritis: An in vivo and in vitro
study. J. Ethnopharmacol. 150, 1038–1044. doi: 10.1016/j.jep.2013.10.023

Song, J., Liu, Y., Liu, C., She, Y., Xie, J., Chen, Y., et al. (2015). Cumulative
analgesic effect of electroacupuncture at sanyinjiao (SP6), xuanzhong (GB39)
and non-acupoint for primary dysmenorrhea: A comparative study. Shanghai J.
Acupunct. Moxibustion 34, 487–492.

Song, S., An, J., Li, Y., and Liu, S. (2019). Electroacupuncture at ST-36
ameliorates DSS-induced acute colitis via regulating macrophage polarization
induced by suppressing NLRP3/IL-1β and promoting Nrf2/HO-1. Mol. Immunol.
106, 143–152. doi: 10.1016/j.molimm.2018.12.023

Sun, J., Chi, L., He, Z., Gao, Y., Gao, Y., Huang, Y., et al. (2019).
NLRP3 inflammasome contributes to neurovascular unit damage in
stroke. J. Drug Target. 27, 866–875. doi: 10.1080/1061186X.2018.
1564925

Swanson, K. V., Deng, M., and Ting, J. P.-Y. (2019). The NLRP3 inflammasome:
Molecular activation and regulation to therapeutics. Nat. Rev. Immunol. 19,
477–489. doi: 10.1038/s41577-019-0165-0

Tian, X., Qin, Y., Zhu, S., Liu, L., and Li, X. (2021). Research progress of the
electroacupuncture therapy mechanism on the spinal cord injury treatment in
recent five years. Jilin J. Tradit. Chin. Med. 41, 1380–1382.

Frontiers in Aging Neuroscience 12 frontiersin.org

https://doi.org/10.3389/fnagi.2022.913881
https://doi.org/10.1186/s12974-017-0972-9
https://doi.org/10.1186/s12974-017-0972-9
https://doi.org/10.1016/j.bbi.2017.08.004
https://doi.org/10.1016/j.bbi.2017.08.004
https://doi.org/10.3389/fcvm.2018.00134
https://doi.org/10.1128/mBio.01117-13
https://doi.org/10.3233/JAD-160882
https://doi.org/10.3233/JAD-160882
https://doi.org/10.1038/ni.1631
https://doi.org/10.1038/ni.1631
https://doi.org/10.1155/2020/8853720
https://doi.org/10.1093/rheumatology/kex156
https://doi.org/10.1155/2018/8296824
https://doi.org/10.1186/s10020-019-0091-4
https://doi.org/10.3390/ijms20133328
https://doi.org/10.1371/journal.pone.0178838
https://doi.org/10.1371/journal.pone.0178838
https://doi.org/10.1155/2021/8814616
https://doi.org/10.1155/2021/8814616
https://doi.org/10.1007/s11726-019-1117-8
https://doi.org/10.1007/s10753-020-01306-w
https://doi.org/10.1016/S1097-2765(02)00599-3
https://doi.org/10.1155/2018/8293594
https://doi.org/10.1155/2018/8293594
https://doi.org/10.1016/j.jacbts.2021.08.006
https://doi.org/10.1016/j.cell.2010.01.040
https://doi.org/10.12659/MSM.917213
https://doi.org/10.3389/fphar.2015.00262
https://doi.org/10.3389/fphar.2015.00262
https://doi.org/10.2147/JPR.S256950
https://doi.org/10.2147/JPR.S256950
https://doi.org/10.1016/j.jep.2013.10.023
https://doi.org/10.1016/j.molimm.2018.12.023
https://doi.org/10.1080/1061186X.2018.1564925
https://doi.org/10.1080/1061186X.2018.1564925
https://doi.org/10.1038/s41577-019-0165-0
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/


fnagi-14-913881 October 13, 2022 Time: 16:51 # 13

Yuan et al. 10.3389/fnagi.2022.913881

Wang, D., Yan, L., Sun, S., Jiang, Y., Yin, S., Wang, S., et al. (2021). Puerarin
protects against myocardial ischemia/re-perfusion injury by suppressing NLRP3
inflammasome activation via TLR4/Myd88/ NF-κB pathway in rats. Acta Pharm.
Sin. 56, 1343–1351.

Wang, H.-M., Li, C., Li, X.-Y., Zhao, Y., Lu, J., Wu, J.-H., et al. (2020). Effects of
acupuncture on Nod-like receptor protein 3 inflammasome signal pathway in the
prefrontal cortex of rat with depression. Zhen Ci Yan Jiu 45, 806–811.

Wang, Q., Wang, F., Li, X., Yang, Q., Li, X., Xu, N., et al. (2012).
Electroacupuncture pretreatment attenuates cerebral ischemic injury through α7
nicotinic acetylcholine receptor-mediated inhibition of high-mobility group box 1
release in rats. J. Neuroinflamm. 9:24. doi: 10.1186/1742-2094-9-24

Weiß, J., Rau, M., and Geier, A. (2014). Non-alcoholic fatty liver disease:
Epidemiology, clinical course, investigation, and treatment. Dtsch. Ärztebl. Int.
111:447. doi: 10.3238/arztebl.2014.0447

Wenger, N., Boden, W., Carabello, B., Carney, R., Cerqueira, M., and Criqul,
M. (2010). Cardiovascular Disability: Updating The Social Security Listings.
Washington, DC: National Academy of Sciences.

World Health Organization [WHO], and Depression (2021). Depression.
Available Online at: https://www.who.int/news-room/fact-sheets/detail/
depression (accessed on Jan 10, 2022).

Wu, D., and Liang, H. (2018). Effect of Electro-needling ST25 on NF-κB
signaling pathway in UC Rats. J. Clin. Acupunct. Moxibustion 34, 56–59.

Wu, L., Zhang, J., Zhang, D., Yang, Y., Yang, L., Zhi, F., et al. (2018). Research
advances in the relationship between NLRP3 inflammasome and inflammatory
bowel disease and the regulating effect of acupuncture and moxibustion. Shanghai
J. Acupunct. Moxibustion 37, 961–968.

Xie, L., Liu, Y., Zhang, N., Li, C., Sandhu, A. F., Williams, G. III, et al.
(2021). Electroacupuncture improves M2 microglia polarization and glia anti-
inflammation of hippocampus in Alzheimer’s disease. Front. Neurosci. 15:689629.
doi: 10.3389/fnins.2021.689629

Yang, Y., Zhang, D., Wu, L., Zhang, J., Wu, D., Li, X., et al. (2022).
Electroacupuncture inhibits the corneal ROS/TXNIP/NLRP3 signaling pathway
in a rat model of dry eye syndrome. Acupunct. Med. 40, 78–88. doi: 10.1177/
09645284211039235

Yu, M., Tang, C., Feng, Q., Gao, R., and Cao, J. (2018). Effects of
electroacupunctrue stimulation at "Feng Long" on expression of p-perk, P-IRE1α

and inflammatory cytokines in rats with non-alcoholic fatty liver disease. Chin. J.
Basic Med. Tradit. Chin. Med. 24, 651–655.

Yu, M.-L., Wei, R.-D., Zhang, T., Wang, J.-M., Cheng, Y., Qin, F.-F., et al.
(2020). Electroacupuncture relieves pain and attenuates inflammation progression
through inducing IL-10 production in CFA-induced mice. Inflammation 43,
1233–1245. doi: 10.1007/s10753-020-01203-2

Yu, Y. N., Tang, C. L., Guo, X., and Xie, Y. H. (2022). Effect of
electroacupuncture on pyroptosis of synovial tissues in rats with knee
osteoarthritis. Acupunct. Res. 47, 471–478.

Yue, N., Li, B., Yang, L., Han, Q.-Q., Huang, H.-J., Wang, Y.-L., et al. (2018).
Electro-acupuncture alleviates chronic unpredictable stress-induced depressive-
and anxiety-like behavior and hippocampal neuroinflammation in rat model of
depression. Front. Mol. Neurosci. 11:149. doi: 10.3389/fnmol.2018.00149

Zeng, Y., Yang, F., and He, Y. (2018). Experimental study of acupuncture in
the treatment of rat ulcerative colitis by NOXS-ROS-NLRP3 signaling Pathway.
Lishizhen Med. Mater. Med. Res. 29, 1002–1004.

Zhang, C., Quan, R.-F., Chai, L., and Hu, H.-H. (2019). Effects on urinary
retention after spinal cord injury treated with acupuncture at Zhibian (BL 54) and
Shuidao (ST 28) with elongated needle. Zhongguo Zhen Jiu 39, 359–363.

Zhang, D., Zhao, Y., Yang, Y. T., Zhao, Y., Wu, D. Y., Liu, X. X., et al. (2020a).
A mechanism study of electroacupuncture for dry eye syndrome by targeting
conjunctival cytokine expressions. Curr. Eye Res. 45, 419–427. doi: 10.1080/
02713683.2019.1666997

Zhang, T., Yang, W.-X., Wang, Y.-L., Yuan, J., Qian, Y., Sun, Q.-
M., et al. (2020c). Electroacupuncture preconditioning attenuates acute
myocardial ischemia injury through inhibiting NLRP3 inflammasome
activation in mice. Life Sci. 248:117451. doi: 10.1016/j.lfs.2020.
117451

Zhang, T., Chen, Y., Li, R. H., Wang, Y. L., Fu, S. P., Yang, Y., et al. (2020b).
Effects of electroacupuncture pretreatment on cardiac function and immune
inflammatory response in mice with acute myocardial ischemia. Chin. Acupunct.
Moxibustion 40, 635–639.

Zhang, Z., Gu, T., and Dong, X. (2020d). Effects of electroacupuncture on
NLRP3 inflammatory body in gouty knee arthritis of damp heat and stasis type.
World Chin. Med. 15, 2321–2324.

Zhang, Q., Li, Y.-N., Guo, Y.-Y., Yin, C.-P., Gao, F., Xin, X., et al.
(2017). Effects of preconditioning of electro-acupuncture on postoperative
cognitive dysfunction in elderly: A prospective, randomized, controlled trial.
Dtsch. Zeitschrift für Akupunkt. 60, 36–37. doi: 10.1016/S0415-6412(17)30
126-1

Zhang, Z., Qi, Z., Xu, C., Huang, Q., Zhao, Z., Wu, K., et al. (2019). Changes
of NLRP3, PYCARD and CASP1 in patients with GA and its clinical significance.
Chin. J. Immunol. 35, 2895–2898.

Zhao, C., and Zhao, W. (2020). NLRP3 inflammasome-A Key Player
in antiviral responses. Front. Immunol. 11:211. doi: 10.3389/fimmu.2020.0
0211

Zhao, F.-Y., Zhao, Y.-X., Yan, H.-X., Xu, H., Hong, Y.-F., and Xu, Y.
(2020). Discussion of the promising effect of electroacupuncture on cognitive
improvement in D-galactose-induced aging rats based on NLRP3-ASC-Caspase-1
signaling pathway. J. Acupunct. Tuina Sci. 18, 321–329. doi: 10.1007/s11726-020-
1195-7

Zhen, Y., and Zhang, H. (2019). NLRP3 inflammasome and inflammatory
bowel disease. Front. Immunol. 10:276. doi: 10.3389/fimmu.2019.0
0276

Zhou, X., and Wei, W. (2018). Progress of nonalcoholic fatty liver disease treated
by acupuncture therapy. Liao. J. Tradit. Chin. Med. 45, 426–429.

Zhu, D., Gao, C., and Zhong, Y.-M. (2019). Clinical observation of dry eye
syndrome treated with acupuncture. Zhongguo Zhen Jiu 39, 837–840.

Zhu, S. F., Guo, H., Zhang, R. R., Zhang, Y., Li, J., Zhao, X. L., et al. (2015).
Effect of electroacupuncture on the inflammatory response in patients with acute
pancreatitis: An exploratory study. Acupunct. Med. 33, 115–120. doi: 10.1136/
acupmed-2014-010646

Frontiers in Aging Neuroscience 13 frontiersin.org

https://doi.org/10.3389/fnagi.2022.913881
https://doi.org/10.1186/1742-2094-9-24
https://doi.org/10.3238/arztebl.2014.0447
https://www.who.int/news-room/fact-sheets/detail/depression
https://www.who.int/news-room/fact-sheets/detail/depression
https://doi.org/10.3389/fnins.2021.689629
https://doi.org/10.1177/09645284211039235
https://doi.org/10.1177/09645284211039235
https://doi.org/10.1007/s10753-020-01203-2
https://doi.org/10.3389/fnmol.2018.00149
https://doi.org/10.1080/02713683.2019.1666997
https://doi.org/10.1080/02713683.2019.1666997
https://doi.org/10.1016/j.lfs.2020.117451
https://doi.org/10.1016/j.lfs.2020.117451
https://doi.org/10.1016/S0415-6412(17)30126-1
https://doi.org/10.1016/S0415-6412(17)30126-1
https://doi.org/10.3389/fimmu.2020.00211
https://doi.org/10.3389/fimmu.2020.00211
https://doi.org/10.1007/s11726-020-1195-7
https://doi.org/10.1007/s11726-020-1195-7
https://doi.org/10.3389/fimmu.2019.00276
https://doi.org/10.3389/fimmu.2019.00276
https://doi.org/10.1136/acupmed-2014-010646
https://doi.org/10.1136/acupmed-2014-010646
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/

	The NLR family pyrin domain containing 3 inflammasome in the mechanism of electroacupuncture: Current status and future perspectives
	Introduction
	Methods
	Mechanism of electroacupuncture targeting NLR family pyrin domain containing 3 inflammasome in the treatment of different diseases
	Digestive system diseases
	Neurological diseases
	Circulatory system diseases
	Reproductive system diseases
	Rheumatic immune system diseases
	Other diseases

	Discussion
	Conclusion
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


