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The autonomic nervous system (ANS) is a diffuse network that regulates

physiological systems to maintain body homeostasis by integrating inputs

from the internal and external environment, including the sympathetic,

parasympathetic, and enteric nervous systems (ENS). Recent evidence

suggests that ANS is one of the key neural pathways for acupuncture signal

transduction, which has attracted worldwide attention in the acupuncture

field. Here, we reviewed the basic and clinical research published in

PubMed over the past 20 years on the effects of acupuncture on ANS

regulation and homeostasis maintenance. It was found that acupuncture

effectively alleviates ANS dysfunction-associated symptoms in its indications,

such as migraine, depression, insomnia, functional dyspepsia, functional

constipation. Acupuncture stimulation on some specific acupoints activates

sensory nerve fibers, the spinal cord, and the brain. Using information

integration and efferents from a complex network of autonomic nuclei

of the brain, such as the insular cortex (IC), prefrontal cortex, anterior

cingulate cortex (ACC), amygdala (AMG), hypothalamus, periaqueductal gray

(PAG), nucleus tractus solitarius (NTS), ventrolateral medulla (VLM), nucleus

ambiguus (AMB), acupuncture alleviates visceral dysfunction, inflammation via

efferent autonomic nerves, and relieves pain and pain affect. The modulating

pattern of sympathetic and parasympathetic nerves is associated with

acupuncture stimulation on specific acupoints, intervention parameters, and

disease models, and the relationships among them require further exploration.

In conclusion, ANS is one of the therapeutic targets for acupuncture and

mediates acupuncture’s actions, which restores homeostasis. A systemic

study is needed to determine the rules and mechanisms underlying the effects

of acupoint stimulation on corresponding organs mediated by specific central

nervous networks and the efferent ANS.
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Introduction

Acupuncture forms an integral part of traditional Chinese
medicine, and its curative effects have been demonstrated in
clinical practice for thousands of years. According to the World
Health Organization (WHO) Traditional Medicine Strategy:
2014–2023, acupuncture is widely used in 183 countries and
regions, and many high-quality clinical studies have verified
its efficacy in different applications (Lu et al., 2022). However,
knowledge of the scientific process underlying acupuncture’s
activities is critical for determining and expanding its
applicability. Overall, the proposed mechanisms can be divided
into three processes, namely, "sensation," "transmission,"
and "effect." "Sensation" represents the local perception of
acupuncture stimulation at acupoints and the conversion of the
sensation to transmissible information. The microenvironments
of acupoints share characteristics but differ depending on the
acupoint and the intervention parameters of acupuncture
stimulation. "Effect" represents the response in the target organs
and cells, which varies according to different diseases. Neural
pathways are crucial to "transmission," which is the transfer of
acupuncture signals from acupoints to their intended target
organs (Longhurst, 2010). Acupuncture activates peripheral
afferent nerves, transmitting sensory information from the
spinal cord to the brain, where it is integrated. The target
organs may be modified due to activating efferent nerves or
neuro-endocrine pathways (Torres-Rosas et al., 2014; Liu S.
et al., 2020, Liu et al., 2021; Ulloa, 2021, 2022). However, the
mechanisms underlying information integration in the brain
and the outgoing pathways are not fully understood.

The autonomic nervous system (ANS) is a diffuse network
that regulates physiological systems by integrating inputs from
the internal and external environment to maintain body
homeostasis. The ANS consists of the central autonomic
nervous network (CAN) and two major efferent components,
the sympathetic and parasympathetic nervous systems (SNS and
PNS, respectively), and the peripheral semiautonomous neural
network known as the third branch of the ANS, namely, the
enteric nervous system (ENS). The distribution of the ANS in
the peripheral and central nervous systems is the basis for the
precise regulation of relatively balanced and rhythmic visceral
activities, such as body temperature, respiration, heartbeat,
digestion, excretion, and immune functions, to regulate the
body’s metabolism (Wehrwein et al., 2016). For instance, the
ANS regulates the immune system by innervating immune
organs such as the spleen, thymus, and lymph nodes and
regulates the gastrointestinal tract, bladder, heart, and other
organs by releasing neurotransmitters such as acetylcholine
and norepinephrine that contribute to the maintenance of
homeostasis (Nance and Sanders, 2007).

Various lines of evidence have shown that acupuncture
alleviates diseases and symptoms accompanied by autonomic
disorders, such as migraine, depression, insomnia, functional

dyspepsia, and constipation. An increasing number of studies
have also demonstrated that acupuncture can regulate blood
pressure, pupil size, skin conductance, skin temperature, heart
rate (HR) and/or pulse rate, and heart rate variability (HRV)
mediated by the ANS. For instance, visceral sympathoexcitatory
reflexes induced by stimulation of the gallbladder with
bradykinin are attenuated by electroacupuncture at Jianshi
(PC5) and Neiguan (PC6) located over the median nerve
(Zhou et al., 2007). Liu S. et al. (2020) recently reported how
electroacupuncture activates district autonomic networks to
control inflammation in somatotopy-, stimulation intensity-,
and disease state-dependent manner. However, the underlying
mechanism is complex and concerns diverse organs and
systems.

Here, we review the basic and clinical studies published
over the past 20 years in PubMed on the role of the ANS
in acupuncture and we further discuss how acupuncture
parameters affects the ANS, including the complex network of
autonomic nuclei and efferent peripheral networks controlling
organ functions. These studies provide anatomical basis for the
clinical application of acupuncture.

Acupuncture is effective in
alleviating autonomic nervous
system dysfunction-associated
symptoms in its indications

According to a 2018 US survey, acupuncture is widely used
to treat its indications of which the top 10 are lower back pain
(LBP), depression, anxiety, headache, arthritis, allergy, systemic
pain, female infertility, insomnia, and shoulder and neck
pain, with pain ranking first among them. Further indications
include mental health management of mood disorders, immune
system dysfunction, and gastrointestinal, gynecological, and
neurological diseases (Wang et al., 2018). The majority of
these disorders are associated with or accompanied by ANS
dysfunction.

Lower back pain, shoulder and neck pain, and systemic and
visceral pain are associated with ANS dysfunction. Koenig and
colleagues evaluated ANS activity in patients with chronic low
back pain (CLBP), observing higher HR and dermal electrical
activity, together with low-frequency HRV compared with
controls, indicating increased systemic SNS activity in patients
with CLBP (El-Badawy and El Mikkawy, 2016; Koenig et al.,
2016). Patients with cervical and shoulder pain and fibromyalgia
have been shown to have excessive sympathetic activity
and reduced parasympathetic activity. Increased sympathetic
activity has been found to exacerbate myofascial trigger points
for spontaneous local pain in patients with chronic neck and
shoulder pain (Hallman et al., 2011). Visceral hypersensitivity
is an essential factor underlying abdominal pain in functional
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gastrointestinal disorders such as irritable bowel syndrome
(IBS), and visceral hypersensitivity related to dysfunction of the
ANS. Increased SNS activity and decreased PNS activity are
the most frequently noted differences when IBS patients are
compared with healthy controls (Manabe et al., 2009; De Winter
et al., 2016).

Acupuncture analgesia is well-known for its efficacy,
and pain relief by acupuncture is accompanied by ANS
activity regulation. For example, several randomized controlled
trials (RCTs) have demonstrated the long-term efficacy of
acupuncture in preventing migraine, and the low-frequency
HRVs in migraine patients were significantly reduced during
electroacupuncture at Fengchi (GB20), Shuaigu (GB8) and other
acupoints treatment, suggesting that acupuncture mitigates
migraine accompanied with the regulation of the ANS (Zhao
et al., 2017). Using a non-invasive cardiovascular autonomic
function test, it was found that electroacupuncture at ashi points
in the lower back resulted in analgesia, restored reduced vagal
tone, and increased sympathetic activity in patients with CLBP
(Shankar et al., 2011).

Numerous psychological disorders, such as depression and
anxiety, have been linked to the ANS, and HRV is widely used
in these conditions as a marker of abnormal ANS activity. For
instance, a meta-analysis of 13 rigorous cross-sectional studies,
including 312 depressed and 374 non-depressed patients,
showed an association between a diagnosis of depression and
mild-to-moderate changes in cardiac vagal control, with resting
vagal control being significantly reduced in depressed patients
compared with non-depressed patients (Rottenberg, 2007).
A meta-analysis of 18 studies, including 673 depressed and 407
healthy people, found a negative correlation between depression
severity and HRV (Kemp et al., 2010).

It has been found that press needle stimulation at Ximen
(PC4), Shousanli (LI10), Yinlingquan (SP9), and Sanyingjiao
(SP6) could improve Beck’s Depression Inventory scores,
systolic/diastolic blood pressure, and the coefficient of variation
between the R-R intervals of depressed patients, suggesting that
acupuncture treatment for depression accompanied with the
increase of vagal activity (Noda et al., 2015). It was found that
transcutaneous auricular vagus nerve stimulation (taVNS) can
reduce the symptoms of depression, such as anxiety, cognitive
impairment, sleep disturbance, and feelings of hopelessness.
The default mode network (DMN), central executive network
(CEN), and the salience network (SN) are the three most
important intrinsic networks in the human brain. Alterations
within and between the DMN, CEN, and SN have been
identified as "hotspots" in major depressive disorder (MDD).
taVNS can decrease the connectivity between the posterior
DMN and the emotional and reward circuits and increase the
connection between the anterior and posterior DMN, between
the anterior DMN and the CEN, and between the CEN and the
emotional and reward circuits in MDD patients (Liu C. H. et al.,
2020). Auricular acupuncture works primarily by activating the

vagus nerve. However, more research is needed to determine
whether auricular acupuncture helps treat MDD.

Evidence has shown that gastrointestinal diseases are
accompanied by ANS dysfunction (Zhang S. et al., 2018).
By detecting 24-h HRV, gastrointestinal motility, and gastric
acid secretion, Tominaga et al. (2016) found that patients
with functional dyspepsia had increased sympathetic tone
and decreased vagal reactivity and that patients with ANS
disorders had more serious gastrointestinal symptoms with
higher indigestion scores. According to multiple meta-analyses,
acupuncture is a valuable option for individuals who are
unsuitable for prokinetic therapy and experience fewer side
effects than gastrointestinal motility drugs used to treat
functional dyspepsia (Ho et al., 2017). A typical gastrointestinal
disorder is functional constipation. Percutaneous electrical
stimulation at ST36 reduces the cumulative incidence of
constipation after apoplexy, increases the number of weekly and
spontaneous defecations, reduces defecation strain, improves
stool consistency, increases vagal nerve activity, and reduces
sympathetic nerve activity (Liu et al., 2018). Another RCT
on the treatment of functional constipation found that
electroacupuncture ST25, Fujie (SP14), and Shangjuxu (ST37)
could increase the number of entirely spontaneous defecations
in patients with functional constipation while decreasing the
prevalence of adverse effects (Liu Z. et al., 2016), but whether
these effects are related to ANS regulation requires further
exploration.

To summarize, it can be seen from the above studies
that acupuncture can alleviate many clinical conditions as
acupuncture can address ANS dysfunction, and the regulation of
ANS activity accompanies the therapeutic effects of acupuncture
on these diseases.

Autonomic nervous system

The CAN consists of a set of interconnected regions
in the telencephalon, diencephalon, and brainstem, including
the insular cortex (IC), anterior cingulate cortex (ACC),
amygdala (AMG), hypothalamus, periaqueductal gray (PAG),
parabrachial nuclei, dorsal vagal complex (DVC), ventrolateral
medulla (VLM), and the nucleus ambiguus (AMB) (Wehrwein
et al., 2016). The telencephalon, including IC, ACC, and AMG,
are involved in the high-level processing of visceral sensory
information and initiate complete autonomic responses. The
hypothalamus plays a central role in homeostasis and the
integrated autonomic and endocrine responses required for
adaptation to internal or external stimuli. Parasympathetic
effects predominate when the anterior hypothalamus is
stimulated, while sympathetic effects depend more on the
posterior hypothalamus. The PAG forms the interface between
the prosencephalon and the lower brainstem and plays a
vital role in integrating autonomic and somatic responses to
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stress, pain regulation, and other adaptive functions. The dorsal
motor nucleus of the vagus complex (DMV) and the nucleus
tractus solitarius (NTS) make up the DVC. The NTS receives
sensory afferents from the inferior vagus nerve, providing
efferent signals to higher brain centers. The NTS neurons also
integrate a large amount of sensory information with input from
other brainstem and higher autonomic nuclei and transmit the
information to the adjacent DMV, which contains preganglionic
parasympathetic motor neurons that send output responses
back to the viscera. Both the VLM and the AMB receive
NTS projections, in which the AMB is located ventrolateral to
the dorsal vagus nucleus and projects to the parasympathetic
preganglionic of the heart. VLM contains neurons that
control cardiovascular and respiratory function. The peripheral
autonomic (parasympathetic and sympathetic) system consists
of several functionally and anatomically independent neuronal
pathways. Signals are generated by central integration and
conducted via preganglionic neurons to paravertebral and
prevertebral ganglia, and finally precisely to effector cells and
produce autonomous responses in the cardiovascular system,
respiratory system, gastrointestinal system, and some other
functions.

Mechanisms underlying
autonomic nervous system
mediation of acupuncture effects

Several retrospective studies have shown that the ANS is one
of the key neural pathways responsible for the regulating effects
of acupuncture at specific acupoints (Li et al., 2013). Here, we
review the central and peripheral ANS pathways through which
acupuncture regulates multiple systems (Table 1).

Analgesia

There is a strong connection between visceral pain
processing and CAN. Many of these regions are pain regulatory
circuits that regulate nociceptive processing and pain affect
by projecting to the spinal cord and trigeminal ganglia. In
turn, pain-related regions, including the IC, ACC, and AMG,
through their connections to the hypothalamus and brainstem,
finally generate autonomous responses through preganglionic
and parasympathetic neurons (Asahina et al., 2003).

The autonomic nuclei in prosencephalon regions such as
ACC and PFC can be involved in acupuncture to alleviate
visceral pain. Mice with inflammatory bowel disease (IBD)
demonstrated depression and visceral pain, along with elevated
P2Y12 expression in the PFC. P2Y12 receptors in microglia
induce the expression of interleukin 1β (IL-1β), a key mediator
of depression in the brain. Electroacupuncture at Dachangshu
(BL25) has been found to significantly downregulate P2Y12

expression in the PFC, attenuating microglial activation and
thereby inhibiting IL-1β expression in the PFC, leading to
reductions in both visceral pain and depressive symptoms in
mice with IBD (Li et al., 2021). It was found that reactive
astrocytes in the medial thalamic nucleus (MT) and ACC are
involved in visceral hypersensitivity in IBS, which could be
alleviated by electroacupuncture at ST25 and ST37 by reducing
astrocyte activation in the MT and ACC (Zhao et al., 2020).
P2 × 3 receptors play an essential role in visceral pain in IBS
and electroacupuncture at ST37, and ST25 has been shown to
reduce sensitivity to visceral pain by downregulating P2 × 3
receptor expression in the PFC and ACC of rats (Weng et al.,
2015). This evidence shows that autonomic nuclei such as ACC
and PFC can also be involved in acupuncture to alleviate visceral
pain. However, further studies are needed to determine whether
acupuncture exerts its analgesic effect by affecting peripheral
autonomic nerves through these brain regions.

The AMG complex regulates emotions induced by sensory
stimuli such as pain. Strengthening the connection between
the AMG and the related nuclei in the PFC, hypothalamus,
PAG, and VLM has been proposed to be the potential
mechanism underlying the relief of pain-associated emotion by
acupuncture, together with other therapeutic effects (Dhond
et al., 2008; Liu J. et al., 2016). It was found that the
pathogenesis of the premenstrual syndrome is closely related
to the abnormal functional network of the AMG (Deng et al.,
2018). Electroacupuncture at SP6 increased the functional
connection (FC) between the AMG and the brainstem, the
right hippocampus, the right orbitofrontal cortex, and the
bilateral ACC. It decreased the FC between the AMG and the
left thalamus and bilateral supplementary motor area (SMA),
improving the symptoms of premenstrual syndrome (Pang et al.,
2021). Electroacupuncture at ST36 and Yanglingquan (GB34)
can upregulate dopamine (DA) synthesis and release in the
AMG and increase the expression of both dopamine receptor
D1 (DRD1) and dopamine receptor D2 (DRD2), thereby
activating DRD1 and DRD2 signaling. This, in turn, inhibits
astrocyte activation, reduces the expression of tumor necrosis
factor α (TNF-α), IL-1β and glial fibrillary acidic protein
in the AMG and suppresses excessive neuroinflammation,
ultimately leading to pain relief and improved mood (Zhang
X. H. et al., 2021). Electroacupuncture at ST36 has also
been shown to reduce neuroinflammation by downregulating
the TRPV1-PERK signaling pathway in the mouse AMG,
somatosensory cortex, and thalamus to attenuate acid saline
injection-induced nociceptive hyperalgesia, suggesting that
pain-related signaling pathways in the AMG are involved in
acupuncture analgesia relieving pain-related emotions (Hsu
et al., 2020).

In summary, the mechanisms associated with acupuncture-
mediated analgesia have been investigated relatively
systematically. It has been found that the analgesic effects
of acupuncture are primarily related to the regulation of
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TABLE 1 Effects and autonomic regulatory mechanisms of acupuncture treating diseases.

References Model Acupoints Intervention
parameters

Effects Neuron activity in
autonomic brain
regions

Autonomic
nerve activity

Zhao et al., 2020 Visceral
hypersensitivity rats

ST25, ST37 EA: 2/100 Hz, 2 mA,
20 min

Improves IBS
visceral
hypersensitivity

MT/ACC: Inhibition of
astrocyte activity↓

/

Weng et al., 2015 Visceral
hypersensitivity rats

ST25, ST37 EA: 2/100 Hz, 2 mA,
20 min

Reduce sensitivity to
visceral pain

PFC/ACC: P2×3↓ /

Dhond et al., 2008 Healthy volunteers PC6 MA: Manually
twirled (± 180◦) at
0.5 Hz

Enhance the
post-stimulation
spatial extent of
resting brain
networks

DMN connectivity with
AMG/ACC/PAG/
hippocampal↑

SN↓, PSN↑,
HRV(LFu↓,HFu↑)

Pang et al., 2021 Premenstrual
syndrome patients

SP6 EA: 1 Hz, 2 mA,
6 min

Enhance the
amygdala functional
connectivity

AMG-ACC: FC↑ /

Zhang X. H. et al.,
2021

Neuropathic pain
rats

ST36, GB34 EA: 2 Hz,
0.5–1.5 mA, 30 min

Analgesia,
pain-related
emotion↓

AMG: TNFα/IL-
1β/GFAP/dopamine
system↓

/

Hsu et al., 2020 Fibromyalgia mouse
model

ST36 EA: 2 Hz, 1 mA,
15 min

Analgesia AMG/somatosensory
cortex/thalamus:
TRPV1-ERK↓

/

Zhou et al., 2007 BK-induced increase
of BP transient reflex
in cats

PC5, PC6 EA: 2 Hz, 1–4 mA,
30 min

Suppress pressor
reflex

VLM: Glu↓ SN↓

Cui et al., 2018b Acute myocardial
ischemia rats

HT7, HT5 EA: 2 Hz, 1.1 mA,
30 min

Reduce myocardial
ischemic injury

PVN: Neuronal
discharge↓

SN↓

Cui et al., 2018a Acute myocardial
ischemia rats

HT7, HT5 EA: 2 Hz, 1 mA,
30 min

Reduce myocardial
ischemic injury

Hippocampus/NTS:
Neuronal dischargeu

Vagus↑

Zhang et al., 2022 The hypertensive
rats

ST36, ST40 EA: 2/15 Hz, 4 mA,
30 min.

Antihypertensive
and sympathetic
suppression

PVN: NPY↑ SN↓

Tjen-A-Looi et al.,
2016

BK-induced increase
of BP transient reflex
in cats

PC5, PC6 EA: 2–4 Hz, 2–4 mA,
30 min

Reduce
cardiovascular
excitatory response

Responses of
cardiovascular
barosensitive VLM
neurons↓

SN↓

Guo and Longhurst,
2010

Healthy rats PC5, PC6 EA: 2 Hz, 30 min Attenuates
sympatho-excitatory
responses

ARC/vlPAG: VGLUT3↑ SN↓

Li et al., 2010 BK-induced increase
of BP transient reflex
in cats

PC5, PC7 EA: 2 Hz, 1–4 mA,
30 min

Suppresses elevated
blood pressure

ARC/vlPAG: VGLUT3↑ SN↓

Tjen-A-Looi et al.,
2006

BK-induced increase
of BP transient reflex
in cats

PC5, PC6 EA: 2–4 Hz, 4 mA,
30 min

Reduce
cardiovascular
excitatory response

vlPAG: Neuronal
discharge↑ VLM:
Neuronal discharge↓

SN↓

Tjen-A-Looi et al.,
2013

Hypercapnic acidotic
rats

PC5, PC6 EA: 2–4 Hz, 1–4 mA,
0.5 ms, 30 min

Alleviates
cardiovascular
depressor responses

VLM/cVLM/AMB:
GABA↑

SN↓, vagus↑

Zhang et al., 2013 Stress-induced
hypertensive rats

ST36 EA: 4/20 Hz, 4 mA,
0.5 ms, 30 min

Antihypertensive VLM: Apelin↓ /

Li et al., 2001 BK-induced increase
of BP transient reflex
in cats

PC5, PC6 EA: 5 Hz, 10–20 V,
1–2 mA, 0.5 ms,

Suppress pressor
reflex

VLM: m-opioid
receptors↑ δ-opioid
receptors ↑

/

(Continued)
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TABLE 1 (Continued)

References Model Acupoints Intervention
parameters

Effects Neuron activity in
autonomic brain
regions

Autonomic
nerve activity

Tjen-A-Looi et al.,
2003

BK-induced increase
of BP transient reflex
in cats

PC5, PC6 EA: 2H z, 1–4 mA,
0.5 ms, 30 min

Suppress pressor
reflex

VLM: Neuronal
excitability↓

SN↓

Moazzami et al.,
2010

BK-induced increase
of BP transient reflex
in cats

PC5, PC6 EA: 2 Hz, 2–4 mA,
0.5 ms, 30 min

Suppress pressor
reflex

NRP: 5-HT↑; VLM:
5-HT1A receptors ↑

SN↓

Moazzami et al.,
2010

BK-induced increase
of BP transient reflex
in cats

PC5, PC6 EA: 2 Hz, 2–4 mA,
0.5 ms, 30 min

Suppress pressor
reflex

NRP: 5-HT↑; VLM:
5-HT1A receptors ↑

/

Guo et al., 2012 Cat treated with
colchicine

PC5, PC6 EA: 2 Hz, 1–4 mA,
0.5 ms, 30 min

Regulate
cardiovascular
function

AMB: Excitability of
preganglionic
parasympathetic
neurons ↑

PSN↑

Chen et al., 2016 Myocardial Ischemia
Rats

PC5, PC7 EA: 2 Hz/15 Hz,
0.5 mA, 30 min

Anti-myocardial
Ischemic Effect

AMB: The number of
c-fos positive neuron

Vagus↑

Wang et al., 2015 Gastric distention
rats

RN12, BL21 EA: 20–100 Hz,
2 mA, 20 min

Regulate gastric
motility.

PVN/DVC: Neuronal
discharge/
gastrointestinal
hormones and
receptors↑

Vagus↑

Wang et al., 2013 Gastric distention
rats

RN12, BL21 EA: 20/100 Hz,
2–2.5 mA.

Regulate gastric
motility.

DVC: Gastrointestinal
hormones↑

Vagus

Lu M. et al., 2019 Gastric distention
rats

PC6 EA: 2/15 Hz, 2 mA,
2 min.

Promotes gastric
motility

DMV: GABA
neurotransmitter↓

PSN↑, Vagus↑

Gao et al., 2012 Gastric distention
rats

ST36 EA: 4 Hz, 2–3 mA,
0.5 ms, 20 min

Promotes gastric
motility

DMV: NMDAR↑ /

Wang et al., 2007 Healthy rats ST36, ST37 EA: 50 Hz, 20 V,
30 min

Regulate gastric
motility.

NTS/DMV: Neuronal
discharge↓

Vagus↑

Tian et al., 2018 Motion sickness rats PC6, ST36 MA: Sparrow
pecking technique,
30 times/min,
30 min

DMV: The number
of p-IRβ- and
p-ERK1/2-positive
cells and insulin
levels↑

/ /

He et al., 2018 RWIS rats ST36 EA: 2/100 Hz, 1 mA,
0.5 ms, 30 min

Ameliorate
RWIS-induced
gastric mucosal
lesions

PVN/CNA: Number of
CRH neurons↓

/

Wu et al., 2010 NMSS-induced
visceral hyperalgesia
rats

ST36 EA: 10 Hz, 0.18 ms,
20 min

Attenuates visceral
hyperalgesia

Brainstem and spinal
cord: 5-HT↓

/

Zhou et al., 2013 LPS-induced tight
junction injury in
mice

/ VNS: 1 Hz, 5 V, 2 ms Attenuated the
disruption of tight
junction in intestinal
epithelium

/ Vagus↑

Du et al., 2013 Hemorrhagic shock
rats

ST36 EA: 2–100 Hz, 2 mA,
1.5 h

Improves gut barrier
dysfunction

/ Vagus↑

Tatewaki et al., 2003 Rats implanted with
strain sensors

ST36 MA: Twisting right
and left once every
second for 30 s

Regulate gastric
motility.

/ /

Li et al., 2007 Spinalized rats;
splanchnic
denervation in rats

Li11, ST13, ST36,
CV6, BL21, ST21

MA: The needle was
rotated clockwise
and anti-clockwise at
2 Hz for 30 s.

Regulate gastric
motility.

/ Li11, ST13, ST36:
SN↓, Vagus↑;
CV6, BL21, ST21:
SN↑, Vagus↓

(Continued)
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TABLE 1 (Continued)

References Model Acupoints Intervention
parameters

Effects Neuron activity in
autonomic brain
regions

Autonomic
nerve activity

Torres-Rosas et al.,
2014

LPS-induced
endotoxemia mice

ST36 EA: 10 Hz 4 V,
40 mA, 50 µs

Anti-inflammatory / Vagus↑

Liu S. et al., 2020 LPS-induced
endotoxemia mice

ST25, ST36 EA: ST35: 10 Hz,
0.5 mA, 15 min;
ST25: 10 Hz, 3 mA,
15 min

Anti-inflammatory DMV: Excitability of
neurons↑

Vagus↑ SN↑

Lim et al., 2016 Endotoxemia mouse ST36 MA: Slow rotation
every 5 min, 30 min;
EA: 1 V, 1 Hz, 2 ms,
30 min

Anti-inflammatory NTS/DMV: excitability
of neurons↑

Vagus

Yang et al., 2021 Post-operative ileus
mouse

ST36 EA: 10 Hz, 1 mA,
0.4 ms, 20 min,

Ameliorates
intestinal
inflammation

DMV: GABAA↓ Vagus↑

Torres-Rosas et al.,
2014

Sepsis mice ST36 EA: 10 Hz, 40 mA,
15 min

Anti-inflammatory / Vagus↑

Song et al., 2015 Rats with thermal
injury

ST36 EA: 3 Hz, 3 V, 2 ms,
12 min× 8

Anti-inflammatory / Vagus↑

Chi et al., 2018 Ischemic stroke rats GV20, GV14 EA: 2/15 Hz, 1 mA,
30 min

Neuroprotective
effect

DMV: Neuronal
excitability↑

Vagus↑

Kim et al., 2008 carrageenan-induced
paw inflammation
mice

ST36 EA: 1/120 Hz,
0.5 ms, 1–3 mA,
30 min

Anti-inflammatory / SN↑

Li et al., 2008 CFA-induced
inflammation and
hyperalgesia rats

GB30 EA: 10 Hz, 3 mA,
0.1 ms

Inhibition of
inflammatory edema

PVN: CRH neurons
excitability↑

/

Zhang M. et al., 2021 Surgical trauma after
hepatectomy
patients

ST36, SP6 EA: 2/15 Hz, 2 mA,
30 min

Normalized HPA
axis dysfunction
after surgical trauma

PVN: SCGN↓ /

An et al., 2007 CCK-induced acute
pancreatitis

ST36 EA: 2/100 Hz, 3–5V,
10 min

Anti-inflammatory,
protect the pancreas

PVN: ACTH↑ /

Noda et al., 2015 Patients with
depression

PC4, LI10, SP9 and
SP6

Press needle
stimulation

Antidepressant effect / Vagus↑

Liu et al., 2018 Ischemic stroke
patients

ST36 TEA: 25 HZ, 10 mA,
1 h

A preventive effect
on stroke-induced
constipation

/ Vagusen SN↑

↑, upregulation; ↓, downregulation; ACC, anterior cingulate cortex; AMG, amygdala; AMB, ambiguus; ARC, arcuate nucleus; BK, bradykinin; BP, arterial blood pressure; CCI, chronic
constriction injury; CFA, complete Freund adjuvant; C-CPA, affective pain modeled by complete Freund’s adjuvant- (CFA-) evoked conditioned place aversion; CPDC, chronic pain and
depression comorbidity model; CRS, chronic restraint stress; CCK, cholecystokinin octapeptide; CSNS, carotid sinus nerve stimulation; CNA, central nucleus of the amygdala; CRH,
corticotropin-releasing hormone; cAMP, cyclic adenosine monophosphate; CREB, cAMP response element-binding protein; CRF, corticotropin-releasing factor; DMN, default mode
network; DMV, dorsal motor nucleus of the vagus complex; DRN, Doral raphe nuclei; DVC, dorsal vagal complex; EA, electroacupuncture; ERK: extracellular regulated protein kinases;
GLUT-3, glucose transporter 3; HR, heart rate; HRV, heart rate variability; HPA, hypothalamic-pituitary-adrenal; IC, insular cortex; IBD, inflammatory bowel disease; IBS, irritable bowel
syndrome; LPS, lipopolysaccharide; NAc, nucleus accumbens; NPS, neuropeptide S; NPSR, neuropeptide S receptor; NRP: nucleus raphe pallidus; NPY, neuropeptide Y; NOS, nitric
oxide synthase; NMDAR, N-methyl-D-aspartate receptors; NE, norepinephrine; Nic, nicotine; NMSS, neonatal maternal separation stress; NTS, nucleus tractus solitarius; MA, Manual
acupuncture; MT: medial thalamus; METH, methamphetamine; mBDNF, mature brain-derived neurotropic factor; PKA, protein kinase A; PFA, paraformaldehyde; PFC, prefrontal cortex;
pTrkB, phosphorylated tropomyosin receptor kinase B; PSN, parasympathetic nerve; PVN, paraventricular nucleus; RWIS, restraint water immersion stress; rsFC, resting state functional
connectivity; SCGN, secretagogin; TNBS, 2,4,6-trinitrobenzene sulfonic acid; SN, sympathetic nerve; TVNS, transcutaneous vagus nerve stimulation; VNS, vagus nerve stimulation;
vlPAG, ventrolateral periaqueductal gray; VLM, ventrolateral medulla; Lfu, a sympathetic related HRV metric; HFu, a parasympathetic related HRV metric.

the ascending activating system and descending inhibition
system (Zhang et al., 2014). ST36 on the Stomach Channel
of Foot-Yangming is the most commonly used and effective
acupoint in acupuncture analgesia research. The limbic systems,
such as the AMG, PFC, and ACC in the prosencephalon, are
essential in the regulation of pain emotion. These autonomic
cortical regions form a complex pain regulatory network with
autonomic nuclei related to descending inhibition systems

such as PAG, RVM, NTS, and dorsal reticular nucleus to
participate in acupuncture analgesia and alleviate pain-related
emotion (Figure 1). However, there are few reports on the
effects of acupuncture on autonomic nerve indices during
the regulation of these autonomic nerve nuclei, nor on
how the central autonomic nerve network can influence the
sympathetic and parasympathetic efferents to mediate the
effects of acupuncture.
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FIGURE 1

Hypothetical diagram of the central nervous circuits of autonomic nerves involved in acupuncture-mediated analgesia. Ascending pathway
(black line); descending pathway (blue line). S1, the primary somatosensory cortex; S2, the second somatosensory area; PFC, prefrontal cortex;
ACC, anterior cingulate cortex; NAc, nucleus accumbens; AMG, amygdala; PAG, periaqueductal gray; LC, locus coeruleus; VLM, ventrolateral
medulla.

Cardiovascular system

It has been found that electroacupuncture at the HT7-Tongli
(HT5) acupoints can reduce myocardial ischemia by inhibiting
the excitability of neurons projecting from the hippocampus to
the paraventricular nucleus (PVN) and inhibiting sympathetic
efferent nerves. This regulatory mechanism involves the
hippocampal-PVN-sympathetic pathway, with the critical
neurons in the PVN acting as interneurons (Cui et al., 2018a).
Hypothalamic sympathetic efferents to the muscular, vascular
bed are mainly responsible for regulating blood pressure.
Electroacupuncture at ST36 and ST40 has been found to reduce
chronic stress-induced sympathetic activity enhancement, and
can upregulate the expression of neuropeptide-y (NPY) in

hypothalamic PVN and plasma, and exerts a hypotensive
effect in hypertensive rats, which was counteracted by
PVN microinjection with NPY receptor antagonist (Zhang
et al., 2022). Responses of cardiovascular barosensitive VLM
neurons evoked by splanchnic nerve stimulation were reduced
by electroacupuncture and subsequently restored by opioid
receptor blockade in the PVN. Electroacupuncture at PC5–
PC6 decreased splanchnic-evoked activity in cardiovascular
barosensitive PVN neurons that also project directly to
the VLM. PVN neurons projecting to the VLM were
labeled with a retrograde tracer and were found to be
co-localized with µ-opioid receptors and juxtaposed to
endorphinergic fibers. Thus, the PVN and its projections to
the VLM are essential in processing acupuncture treatment
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of elevated blood pressure through a PVN-opioid mechanism
(Tjen-A-Looi et al., 2016).

The vagus nerve-NTS pathway plays an important role
in cardiovascular reflex regulation. It has been found that
the hippocampus-NTS-vagus pathway is involved in the
cardioprotective effects of electroacupuncture in the heart
meridian. By stimulating the hippocampus-NTS-vagus nerve
pathway, electroacupuncture at HT7-HT5 can decrease HR,
increase mean arterial pressure (MAP), and increase the
HR-blood pressure product (RPP) in myocardial ischemia-
susceptible rats (Cui et al., 2018b). When electroacupuncture
stimulates HT7 and HT5, the NTS transmits the acupuncture
signal to the hippocampus for integration of the signal, output,
modulation of excitability in specific neurons in the NTS, and
finally, the vagal signal from the NTS is transmitted to the
heart where it regulates cardiac activity (Cui et al., 2018b).
In addition, the increased pressor and depressor responses
to microinjection of γ-aminobutyric acid (GABA) receptor
agonists and antagonists into the NTS in hypertensive rats were
found to be blunted by the electroacupuncture treatment. The
electroacupuncture treatment also attenuated increased GABA
receptor expression in the NTS of hypertensive rats. These
results suggest that electroacupuncture at ST36 may positively
affect renovascular hypertension via modulating functional
GABA receptors in the NTS (Zhang Q. et al., 2018).

The PAG is a vital integration area for autonomic
afferents and efferents. It was reported that after PC5–PC6
electroacupuncture stimulation, some neurons in the arcuate
nucleus (ARC) and vlPAG of mice injected with tracer were
reactive for c-Fos, retrograde tracer, and vesicular glutamate
transporter 3 (VGLUT3), suggesting that electroacupuncture
at PC5–PC6 attenuates sympathetic excitatory responses by
activating the ARC-vlPAG-VLM (Guo and Longhurst, 2010).
Specifically, in the BK-induced increase of the BP transient
reflex in cats, excitatory glutamatergic connections between
the ARC and vlPAG help to maintain the inhibitory effects of
electroacupuncture at PC5–PC6 on the cardiovascular system
(Li et al., 2010). It was also found that electroacupuncture
at PC5–PC6 activates projections from the vlPAG to the
VLM and inhibits the sympathetic excitatory cardiovascular
response modulated by the premotor neurons of the VLM
(Tjen-A-Looi et al., 2006).

The VLM contains neurons that control vasodilatory tone,
cardiac function, and respiration. Electroacupuncture at PC5–
PC6 can inhibit sympathetic efferents by activating GABA or
opioid peptide neurons in the VLM, which, in turn, modulate
visceral function (Tjen-A-Looi et al., 2013; Guo and Malik,
2019). Recent reports have described a new multifunctional
peptide, apelin, closely related to blood pressure increases.
Repeated electroacupuncture stimulation at ST36 can reduce
the expression of both apelin and its receptor in the VLM of
hypertensive rats (Zhang et al., 2013). Acupuncture at the PC5–
PC6 acupoints attenuate the visceral sympathetic excitatory

response by affecting µ and δ opioid receptors in the VLM (Li
et al., 2001; Tjen-A-Looi et al., 2003). Electroacupuncture at
PC5–PC6 can also inhibit the action of glutamate in the VLM
through opioid receptors, thereby attenuating the bradykinin
(BK)-induced visceral sympathetic excitatory reflex in cats
(Zhou et al., 2007).

The nucleus raphes pallidus (NRP) is one of the important
nuclei regulating the tension of sympathetic nerves. It
was found that electroacupuncture at PC5–PC6 activated
serotonin (5-hydroxytryptamine, 5-HT)-containing neurons in
the NRP and suppressed the cardiovascular sympathetic
excitatory reflex by activating 5-HT1a receptors in the
VLM (Moazzami et al., 2010). The AMB contains 5-
HT neurons that project to the spinal cord and regulate
sympathetic nerve activity as well as cardiovascular function.
It has been shown that electroacupuncture at the PC5–PC6
activates preganglionic parasympathetic neurons in the AMB
and attenuates excitatory cardiovascular reflexes through the
enkephalinergic mechanism (Guo et al., 2012). A recent study
has shown that electroacupuncture at PC6–PC7 modulates the
expression of choline acetyltransferase (ChAT), the vesicular
acetylcholine transporter (VChAT), and c-Fos proteins in
the AMB, as well as controlling the release of ChAT and
parasympathetic nerve tension through activation of AMB
neurons (Chen et al., 2016).

In summary, the present review concentrated mainly on
the influence of the midbrain and brain stem in acupuncture-
mediated effects on the cardiovascular system, as shown in
Figure 2. The acupoints on the Heart Channel of Hand-Shaoyin
and the Pericardial Channel of Hand-Jueyin are commonly
used for treating diseases of the cardiovascular system, and
PC5 and PC6 are the most commonly used and effective
acupoints for regulating cardiovascular function. Acupuncture
activates the PVN hypothalamic nuclei and the PAG midbrain
nuclei, thereby inhibiting the medulla oblongata VLM nucleus
before activating sympathetic neurons and their subsequent
reduction of cardiovascular excitation. Moreover, acupuncture
stimulates centers associated with the vagus nerves, including
the hypothalamic and midbrain nuclei, thereby regulating
cardiovascular function (Tjen-A-Looi et al., 2013).

Gastrointestinal system

The autonomic nuclei in the DVC and PVN play a leading
role in regulating gastrointestinal function. Electroacupuncture
at Zhongwan (RN12) and Weishu (BL21) can modulate
gastrointestinal function via the hypothalamic PVN-DVC-vagus
nerve-gastric nerve pathway, shown by electroacupuncture-
mediated upregulation of motilin, gastrin, and their receptors
in the hypothalamic PVN, as well as electroacupuncture
enhancement of the firing of gastric dilatation-sensitive
extracellular neurons in the DVC, thereby regulating gastric
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FIGURE 2

Hypothetical diagram of the central nervous circuits in which autonomic nerves contribute to regulating cardiovascular function by
acupuncture. The red line shows autonomic neural pathways that have been demonstrated to influence the effects of acupuncture; the blue
line shows known autonomic neurophysiological pathways that, although likely to mediate the effects of acupuncture, have not been
confirmed. EA, electroacupuncture; PFC, prefrontal cortex; ACC, anterior cingulate cortex; IC, including the insular cortex; AMG, amygdala;
PVN, paraventricular nucleus; ARC, arcuate nucleus; PAG, periaqueductal gray; NTS, nucleus tractus solitarius; DMV, dorsal motor nucleus of the
vagus nerve; VLM, ventrolateral medulla; AMB, nucleus ambiguus; NRP, nucleus raphes pallidus.

motility (Wang et al., 2015). It has been found that signals
generated by electroacupuncture stimulation at BL21 and RN12
acupoints in rats were concentrated in the hypothalamic PVN
and DVC and were involved in regulating gastric motility
through the upregulation of gastrointestinal hormones in the
gastric lumen (Wang et al., 2013). Electroacupuncture at PC6
promotes efferent vagal activity and increases gastric motility
primarily by inhibiting GABA transmission in the DMV and
reducing the inhibition of vagal efferent fibers (Lu M. et al.,
2019). Moreover, there is evidence that neurons in the DMV
and their signaling pathways regulate gastrointestinal function
directly. For example, studies have found that NMDA receptor-
dependent synaptic activity in the DMV of the vagus nerve
mediates electroacupuncture stimulation at ST36 to enhance
gastric motility (Gao et al., 2012; Browning and Carson, 2021); It
has also been demonstrated that electroacupuncture at ST36 and
ST37 can activate neurons within the NTS and DMV, thereby

regulating gastric activity (Wang et al., 2007). Acupuncture at
PC6 and ST36 can also significantly alleviate gastrointestinal
symptoms caused by motion sickness (MS) through the IRβ-
ERK1/2-dependent insulin receptor signaling pathway in the
DMV (Tian et al., 2018). Electroacupuncture at BL21 and
RN12 can enhance gastrointestinal function by activating NTS
and DVC neurons and vagal efferents (Wang et al., 2015). In
addition, it was found that restraint water-immersion stress
(RWIs) induced significant activation of CRH neurons in the
AMG and activated brainstem parasympathetic circuits that
regulate gastric digestion through direct projections to neurons
in the NTS and DMV, leading to gastric mucosal injury. In
contrast, electroacupuncture at ST36 attenuated RWIs-induced
gastric mucosal injury by inhibiting CRH neuronal activation in
the AMG and PVN (He et al., 2018). Electroacupuncture at ST36
has also been suggested to reduce visceral hyperfunction in IBS
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by downregulating 5-HT neuronal activity in the brainstem and
spinal cord (Wu et al., 2010).

Afferent signals induced by acupoint stimulation directly
regulate visceral autonomic activity after spinal integration.
Calcitonin gene-related peptide (CGRP) neurons in the
posterior horn of the spinal cord are synaptically linked to
GABA-ergic neurons in the posterior horn, and GABAergic
neurons inhibit lateral horn sympathetic preganglionic neuronal
excitability. Li et al. (2007) demonstrated that different
regulatory effects of acupuncture on gastrointestinal function
at the spinal cord level appear to be closely related to the
direct control of sympathetic and parasympathetic pathways
by the spinal cord. Manual acupuncture stimulation to the
acupoints on forelimbs Quchi (Li11), upper chest-dorsum
Qihu (ST13), and hindlimbs ST36, which are distant to the
region of gastric innervation, produces a facilitative response
of gastric motility with increased activities of the vagus
and/or a slight inhibition in the activity of sympathetic
nerves. Acupuncture stimulation to the acupoints on lower-
chest Qihai (CV6), middle-dorsum BL21, and whole abdomen
Liangmen (ST21), which are homo-segmental to the region
of gastric innervation, induces an inhibitory response of
gastric motility with increased activities of sympathetic
nerves and/or a slight inhibition in the activity of vagal
nerves, suggesting that the spinal cord can participate
directly in gastrointestinal function by modulating both
sympathetic and parasympathetic pathways (Tatewaki et al.,
2003; Li et al., 2007).

In the peripheral autonomic system, significant differences
in the effects of electroacupuncture at ST36 on gastric electrical
conduction were observed before and after bilateral resection
of the vagus, in electroacupuncture-mediated alterations in
frequency before resection, and unchanged electrical activity
after resection. This indirectly confirms the inability of
acupuncture to regulate visceral function without mediating
the visceral autonomic nerves (Wang et al., 2007). In a rat
model of intestinal barrier dysfunction resulting from severe
burns leading to intestinal ischemia, vagus nerve stimulation
reduced intestinal epithelial permeability by modulating
the vagus nerve and increasing the expression and correct
localization of tight junction proteins (Zhou et al., 2013;
Van Houten et al., 2015). Similarly, electroacupuncture
at ST36 reduced intestinal permeability through vagus-
mediated anti-inflammatory mechanisms, preventing intestinal
barrier dysfunction after prolonged hemorrhagic shock
(Du et al., 2013).

Acetylcholine and norepinephrine are synthesized and
stored in presynaptic nerve endings. Initiating specific effects,
they bind to specific ion channels or G-protein-coupled
receptors in postsynaptic neurons, smooth muscle cells, or
glandular epithelium cells upon release. Adrenaline binds
to adrenergic receptors to inhibit gastric motility. At the
same time, the excitatory fibers of parasympathetic nerves

are generally cholinergic and play excitatory roles through
the interaction of acetylcholine with muscarinic (M) and
nicotinic (N) acetylcholine receptors. In contrast, inhibitory
fibers interact with receptors on effector cells to temporarily
increase the stomach’s volume. By observing the excretion of
phenol red in mouse feces, we found that deletion of the M2/3
receptor significantly inhibited acupuncture-induced motility
of the stomach, jejunum, and colon. In addition, knockout of
the M1/2 receptor significantly reduced inhibition of gastric
and jejunal motility induced by electroacupuncture at ST25
or ST37 while, compared with wild-type mice, significant
reductions in gastric motility in the M2/3-knockout mice
were observed. Acupuncture at the ST36 acupoint significantly
increased gastrointestinal activity in M1/2 receptor knockout
mice but reduced motility in M2/3 knockouts without altering
gastrointestinal activity in wild-type mice (Gao et al., 2016; Lu
M. J. et al., 2019). Acupuncture cannot control the activity of
other organs, such as the heart, lungs, and so forth, without
the involvement of autonomic nerves (Tjen-A-Looi et al., 2003;
Zhang X. F. et al., 2018); nevertheless, the functions of particular
neurotransmitters in these processes need to be clarified.

In summary, regarding the gastrointestinal system, current
studies have focused mainly on the regulation of the brainstem
by acupuncture. The complex network formed by central
autonomous nuclei such as the hypothalamus, DVC, NTS,
and VLM affects sympathetic and parasympathetic efferents
mediating acupuncture gastrointestinal function (Figure 3). The
acupoints on the Stomach Channel of Foot-Yangming and the
Large Intestine Channel of Hand-Yangming are most often used,
while ST36, ST37, and ST25 are the most commonly used and
effective acupoints in acupuncture regulating gastrointestinal
function. Electroacupuncture at these acupoints can inhibit the
activity of GABAergic neurons in DMV, weaken its inhibitory
effect on the vagus nerve, and improve gastrointestinal motility
in rats (Lu M. et al., 2019; Yang et al., 2021).

Anti-inflammatory action

Studies have shown that the DVC, particularly the DMV,
is important in regulating vagal anti-inflammatory effects.
For example, studies have found that manual acupuncture at
ST36 activates neurons and glial cells expressing glutamate
and purinergic receptors in the DVC, enhances vagal activity
activating splanchnic nerves by increasing synaptic transmission
in the DVC circuit, induces an anti-inflammatory response in
splenic macrophages, and reduces TNF-α levels in both serum
and splenic tissue (Lim et al., 2016). Electroacupuncture of ST36
inhibits the expression of ChAT+ neuronal GABA receptors
in the DMV. Its excitation of the vagus nerve attenuates post-
operative intestinal inflammatory responses by activating the
α7 nicotinic acetylcholine receptor (α7-nAChR)-mediated Janus
kinase 2 (JAK2)/signal transducer and activator of transcription
3 (STAT3) signaling pathway in macrophages (Yang et al., 2021).
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FIGURE 3

Hypothetical diagram of central nervous circuits in which autonomic nerves participate in acupuncture-mediated regulation of the
gastrointestinal system. The red line shows autonomic neural pathways that have been demonstrated to influence the effects of acupuncture;
the blue line shows known autonomic neurophysiological pathways that, although likely to mediate the effects of acupuncture, have not been
confirmed. PFC, prefrontal cortex; ACC, anterior cingulate cortex; IC, including the insular cortex; AMG, amygdala; PVN, paraventricular
nucleus; LC, locus coeruleus; NTS, nucleus tractus solitarius; DMV, dorsal motor nucleus of the vagus nerve; VLM, ventrolateral medulla; ILM,
intermediolateralis nucleus.

The ANS can regulate acute and chronic inflammatory
responses at local and systemic levels (Ulloa, 2005).
Neurotransmitters released from sympathetic and
parasympathetic nerve endings bind to their respective
receptors located on the surface of immune cells to initiate
immunomodulatory responses. Autonomic nerves can also
influence the number of β-adrenergic receptors expressed
on immune cells through activation of the HPA axis and
the subsequent release of cortisol (Nakada et al., 1987). In
addition, activation of β2-adrenergic receptors enhances the
glucocorticoid receptor gene expression rate by activating the
downstream phosphatidylinositol 3-kinase (PI3K) pathway,
leading to a controlled and enhanced immune response to
disease (Schmidt et al., 2001). Typically, in acute inflammatory
states, the HPA axis and SNS act synergistically or are coupled
to each other, leading to enhanced release of cortisol and
SNS neurotransmitters, which contribute to the regulation of

immune cell activity (Borovikova et al., 2000; Straub, 2004).
Studies have shown that electroacupuncture at Huantiao
(GB30) activates corticotropin-releasing hormone (CRH)
neurons in the PVN of the hypothalamus and the HPA
axis, thereby reducing the inflammatory response (Li et al.,
2008). Electroacupuncture at ST36 and SP6 also reduces
HPA axis hyperactivity resulting from surgical trauma after
hepatectomy by decreasing the transcription and synthesis of
PVN secretagogin (SCGN) and inhibiting the synthesis and
release of CRH (Zhang M. et al., 2021). In the cholecystokinin
(CCK)-induced acute pancreatitis model, electroacupuncture
at ST36 stimulated the hypothalamic or dorsal vagal network,
leading to the release of the melanocortin adreno-cortico-
tropic-hormone (ACTH), thereby inhibiting NF-κB activity and
pro-inflammatory cytokine production, reducing inflammation
and having a protective effect on the pancreas (An et al., 2007).
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Various animal models have demonstrated the anti-
inflammatory and analgesic effects of vagus-mediated
acupuncture. ST36 electroacupuncture improved the survival
rate of mice with bacterial peritonitis by preventing ischemic
and hemorrhagic intestinal damage and reducing the serum
levels of TNF, MCP1, IL-6, and IFN-γ; these effects were
blocked by vagotomy (Torres-Rosas et al., 2014). Studies
have shown that electroacupuncture at ST36 can activate the
production of adrenal dopa decarboxylase, leading to the release
of dopamine throughout the body, thereby inhibiting the
release of inflammatory factors by macrophages (Torres-Rosas
et al., 2014). It has also been reported that auricular electrical
stimulation, acupuncture, and electroacupuncture at ST36
reduce serum concentrations of the inflammatory cytokines
TNF-, IL-1, and IL-6 and improve renal and lung injury in
sepsis-affected rodents. Electroacupuncture at ST36 has also
been found to prevent inflammation and lung tissue damage
caused by burns through regulating the activity of the vagus
nerve (Song et al., 2015). Electroacupuncture at Baihui (GV20)
and Dazhui (GV14) has been found to improve cerebral blood
perfusion in mouse models of ischemic stroke, reducing brain
injury, apoptosis, oxidative stress, and inflammation through
vagal stimulation (Chi et al., 2018).

The SNS runs through the spinal cord and innervates
most internal organs, and preganglionic sympathetic nerves
can activate photochromogenic cells in the adrenal gland to
release catecholamines into the blood (Han et al., 2003; Ulloa
et al., 2017). Electroacupuncture can induce local and systemic
catecholamine secretion by stimulating sympathetic nerves,
with specific effects closely related to the frequency. Studies have
shown that high-frequency electroacupuncture stimulation
at ST36 can inhibit carrageenan-induced inflammation
through preganglionic innervation of the adrenal gland (Kim
et al., 2008). In contrast, low-frequency electroacupuncture
stimulation at ST36 reduced inflammation in a mouse air pouch
inflammation model, surgical trauma, sepsis, and arthritis
through local sympathetic post-ganglion nerves (Wang et al.,
2005; Kim et al., 2006; Santos-Almeida et al., 2017). Therefore,
high-frequency electroacupuncture appears to activate the
preganglionic nerves of the adrenal medulla to induce systemic
catecholamine release. In contrast, electroacupuncture with
a low frequency may stimulate specific sympathetic post-
ganglionic nerves to influence the local release of neurogenic
norepinephrine.

To summarize, studies on the anti-inflammatory effects of
acupuncture have focused mainly on the brainstem (Figure 4)
and ST36 and ST25 are the most commonly used and effective
acupoints. It has been demonstrated that manual acupuncture
at ST36 can activate vagus nuclei in the NTS, DMV, and AMB
brain regions, leading to an anti-inflammatory action while
high-intensity electroacupuncture at ST25 activates the spinal-
sympathetic pathways, producing anti-inflammatory effects
(Straub, 2004; Lim et al., 2016).

Discussion and conclusion

Based on the underlying functional pathways and
physiological roles of the ANS, we speculate that the ANS
plays a significant role in the central nervous circuit activated
by acupuncture, leading to the modulation of cardiovascular
and gastrointestinal functions, as well as anti-inflammatory
and analgesic functions (Salman, 2016; Park and Namgung,
2018; Yang and Chang, 2019; Bonaz et al., 2021). It is worth
noting that the prosencephalon is a higher autonomic
nucleus that senses pressure, integrates information, and can
regulate cardiovascular, gastrointestinal, and other visceral
functions. However, further investigation is needed into
whether acupuncture can regulate the cardiovascular and
gastrointestinal systems by regulating the prosencephalon
autonomic nuclei. However, the potential mechanisms by which
acupuncture regulates other visceral functions in the lungs, liver,
and kidney are not known, which represents a limitation of the
present study, and which requires further study and analysis.

Overall, we speculate that acupuncture may excite or
inhibit autonomic nuclei within the prosencephalon (IC,
PFC, ACC, AMG, and hippocampus), hypothalamus, PVN,
PAG, NTS, DMV, VLM, and AMB, then regulating vagal,
sympathetic, and parasympathetic efferents to play acupuncture
effect. Different autonomic nuclei are involved in regulating
the function of organs in diverse systems. For instance,
acupuncture treats cardiovascular disease by activating the
hypothalamic PVN nuclei and the PAG midbrain nuclei,
together with inhibition of medulla oblongata VLM nucleus,
and finally, inhibition of cardiac sympathetic nerve excitability.
Furthermore, acupuncture activates the vagus center and
efferent vagus nerve to regulate cardiovascular function (Tjen-
A-Looi et al., 2013). A complex network of central autonomic
nuclei, including the hypothalamus, DMV, NTS, and VLM,
collaborates with the peripheral ENS to mediate the effect of
acupuncture on gastrointestinal function. The PFC, IC, and
ACC are additional cortical autonomic nuclei implicated in pain
regulation. The PAG, RVM, NTS, AMG, and dorsal reticular
nucleus are autonomic nuclei connected to the pain descending
inhibitory system and play a role in the complex network
underlying acupuncture analgia. Current knowledge indicates
that the central autonomic nuclei are implicated in acupuncture
modulation of the gastrointestinal and cardiovascular systems.
The inflammatory response is mainly located in the midbrain
and brain stem. In addition, there have been no systematic
investigations into how the central ANS mediates acupuncture
analgesia and drug addiction. Most current studies focus
on the activity and related molecular changes of autonomic
nuclei induced by acupuncture but there is a dearth of
studies on how neural circuits regulate sympathetic and
parasympathetic efferents.

In the periphery, acupuncture can improve organ
function, control inflammation, and exert analgesic
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FIGURE 4

Hypothetical diagram of the central nervous circuits of autonomic nerves involved in acupuncture-mediated anti-inflammatory effects. The red
line shows autonomic neural pathways that have been demonstrated to influence the effects of acupuncture; the blue line shows known
autonomic neurophysiological pathways that, although likely to mediate the effects of acupuncture, have not been confirmed. NTS, nucleus
tractus solitarius; DMV, dorsal motor nucleus of the vagus nerve; AMB, nucleus ambiguus.

effects through the modulation of autonomic nerves. For
example, electroacupuncture at ST36 and PC6 can improve
gastrointestinal motility in rats with gastric dilatation by
stimulating vagus nerves (Wang et al., 2007; Lu M. et al.,
2019); and electroacupuncture at PC5 and PC6 can reduce
cardiovascular excitatory response and regulate blood
pressure by the stimulating the vagus nerve and inhibiting
sympathetic nerves (Chen et al., 2016). However, most of
the current studies have used the loss-and-gain method
to investigate the contribution of efferent sympathetic and
parasympathetic nerves to the effects of acupuncture, and
have been limited to the assessment of the anti-inflammatory
effects of acupuncture on ANS-mediated functions, and
further investigation is needed into the afferent nerves, central
integration, and efferent autonomic nerves mediating other
effects of acupuncture.

Recent research indicates that the involvement of the
ANS in the anti-inflammatory effects of acupuncture depends
on the acupoint’s selection and intensity. For example, low-
intensity (0.5 mA) electroacupuncture at the hindlimb acupoint
ST36, but not the abdominal ST25, inhibited LPS-induced

systemic inflammation by activating efferent vagus. High-
intensity (3.0 mA) electroacupuncture ST25 could activate
NPY+ sympathetic nerves, which project to the spleen
to inhibit LPS-induced inflammation, while low-intensity
(0.5 mA) stimulation of ST25 could not activate this pathway.
Before LPS-induced systemic inflammation, electroacupuncture
ST25 could exert an anti-inflammatory effect by activating
peripheral NPY+ sympathetic neurons. Still, after LPS-induced
inflammation, the same abdominal acupoints and stimulation
intensity showed pro-inflammatory effects (Liu S. et al., 2020).
Recently, Liu et al. (2021) have shown that PROKR2Cre-
marked sensory neurons, which innervate the deep hindlimb
fascia (for example, the periosteum) but not abdominal fascia
(for example, the peritoneum), are crucial for driving the
vagal-adrenal axis, provide a neuroanatomical basis for the
selectivity and specificity of acupoints in driving specific
autonomic pathways.

Similarly, in terms of the mechanism of acupuncture
analgesia and regulation of visceral function, the autonomic
nerve pathway that mediates the acupuncture effect caused by
different acupoints and parameters may have specific rules that
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require more investigation. Furthermore, various acupuncture
methods could result in different outcomes. Most studies on the
effects of acupuncture have been included in the present review,
and few have used manual acupuncture. Thus, additional
research is required on whether and how various acupuncture
methods control the ANS.

In conclusion, acupuncture controls multiple physiological
responses by regulating the ANS. Both experimental and
clinical results warrant future studies to decode the specific
anatomical networks and molecular mechanisms connecting the
acupuncture methods, acupoints, and the regulation of organ
function both in healthy and disease state-dependent manner.
The regulation of the ANS with acupuncture is a key entry point
to explain the basic properties of acupuncture, such as acupoint
specificity, and the scientific basis of meridians. Furthermore,
these anatomical, molecular, and mechanistic studies will
have major clinical implications to improve treatment efficacy
as well as to determine the comorbidities that may limit
acupuncture efficacy.
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