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Abstract: Inflammation plays a significant role in the occurrence and development of
multiple diseases. This study comprehensively reviews and presents literature from the last
five years, showing that acupuncture indeed exerts strong anti-inflammatory effects in multi-
ple biological systems, namely, the immune, digestive, respiratory, nervous, locomotory,
circulatory, endocrine, and genitourinary systems. It is well known that localized acupunc-
ture-mediated anti-inflammatory effects involve the regulation of multiple populations and
functions of immune cells, including macrophages, granulocytes, mast cells, and T cells. In
acupuncture stimulation, macrophages transform from the M1 to the M2 phenotype and the
negative TLR4 regulator PPARY is activated to inhibit the intracellular TLR/MyD88 and
NOD signaling pathways. The downstream IxBa/NF-kB and P38 MAPK pathways are
subsequently inhibited by acupuncture, followed by suppressed production of inflammasome
and proinflammatory mediators. Acupuncture also modulates the balance of helper T cell
populations. Furthermore, it inhibits oxidative stress by enhancing SOD activity via the Nrf2/
HO-1 pathway and eliminates the generation of oxygen free radicals, thereby preventing
inflammatory cell infiltration. The anti-inflammatory effects of acupuncture on different
biological systems are also specific to individual organ microenvironments. As part of its
anti-inflammatory action, acupuncture deforms connective tissue and upregulates the secre-
tion of various molecules in acupoints, further activating the NF-xB, MAPK, and ERK
pathways in mast cells, fibroblasts, keratinocytes, and monocytes/macrophages. The somatic
afferents present in acupuncture-activated acupoints also convey sensory signals to the spinal
cord, brainstem, and hypothalamic neurons. Upon information integration in the brain,
acupuncture further stimulates multiple neuro-immune pathways, including the cholinergic
anti-inflammatory, vagus-adrenal medulla-dopamine, and sympathetic pathways, as well as
the hypothalamus-pituitary-adrenal axis, ultimately acting immune cells via the release of
crucial neurotransmitters and hormones. This review provides a scientific and reliable basis
and viewpoints for the clinical application of acupuncture in various inflammatory
conditions.
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Introduction

Inflammation is an important defense mechanism in the body. Many diseases are
accompanied by inflammation, which plays a significant role in disease occurrence
and development. In the early stages of disease, a moderate inflammatory response
helps the body recognize the lesion, eliminate both internal and external pathogenic
factors, and restore homeostasis. For example, inflammatory exudates are
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interwoven into cellulose to limit the spread of pathogenic
microorganisms during infectious diseases. Leukocytes
have the ability to kill pathogens, remove necrotic tissue,
and contribute to the repair of damaged tissue. However,
long-term disordered and uncontrolled inflammatory
responses can induce massive tissue cell death, resulting
in abnormal reconstruction of tissues and organs, even-
tually leading to organ failure." A good example of this is
the long-term inflammatory stimulation of rheumatoid
arthritis (RA), which can lead to both joint deformity and
multi-system functional impairment. Nonsteroidal anti-
inflammatory drugs or steroid anti-inflammatory drugs
are commonly used to treat inflammatory diseases.
However, they do not alleviate the inflammatory reaction.
Moreover, these exogenous drugs are accompanied by
serious multi-systemic side effects, such as hypertension,
hyperlipidemia, diabetes, cataracts, glaucoma, amongst
others. In addition, immunosuppression brought on by
these drugs can make patients more susceptible to fungal
and viral infections.” Therefore, mobilizing the endogen-
ous regulatory system to combat inflammation is
a worldwide challenge that requires immediate attention.
Inflammatory diseases are important indicators of acu-
puncture. The World Health Organization (WHO) recom-
mends acupuncture for the treatment of 16 types of
inflammatory diseases, and several clinical practice guide-
lines suggest acupuncture for the treatment of several
inflammatory diseases, including, allergic rhinitis and
RA.? Taking sepsis as an example, randomized controlled
trials (RCTs) revealed that routine treatment, combined
with acupuncture, offers better outcomes in reducing
inflammatory responses and organ injury while improving
related symptoms and survival in patients with sepsis.*’
Several basic studies have also suggested that electroacu-
puncture (EA) effectively corrects sepsis via the vagal
dopaminergic anti-inflammatory pathway.® However, acu-
puncture is not broadly applied in the prevention and
treatment of the Corona Virus Disease 2019 (COVID-19)
infection, which includes a “cytokine storm” caused by the
excessive release of proinflammatory cytokines, followed
by sepsis. This may be due to the lack of extensive knowl-
edge on the anti-inflammatory mechanism of acupuncture.
Prior studies have clarified the anti-inflammatory and
anti-infection effects of acupuncture on multiple tissues
and organs by targeting certain classical inflammatory
cells, cytokines, and cellular signaling pathways. With
the rapid development of omics and other technologies,
the internal mechanism of acupuncture-mediated anti-

inflammatory action has been revealed from different per-
spectives and levels. Therefore, this study comprehen-
sively reviewed the related basic literature from the last
five years and summarized the anti-inflammatory effects of
acupuncture in multiple systems, as well as explored the
underlying mechanisms from acupoint initiation to signal
termination within the target organs via neuro-immune
regulation. Our work aimed to clarify the common anti-
inflammatory mechanism of acupuncture, highlighting
a new basis and viewpoint for the clinical application of
acupuncture in various inflammatory diseases.

Methods

Search Strategy

We screened the PubMed and Embase database for pub-
lished studies, from January 2016 to January 2021 (the
past five years). The search keywords employed were as
follows: [“acupuncture” or “electroacupuncture” or “trans-
cutaneous electrical acupoint stimulation (TEAS)”] and
[“inflammatory” or “inflammation™]. The language was
limited to English. The website’s search engine was used
to perform the initial filtering, which identified 1181 rele-
vant articles (after deleting 104 duplicate articles).

Study Selection

Prior to reading the full text of a given paper, we
employed Excel software to manually select references
that met the theme. Among them, 11 articles that lacked
an abstract full text, 277 articles unrelated to acupuncture
and inflammation, 255 reviews or meta-analyses, 247 clin-
ical research articles, and 28 articles involving the use of
acupuncture in combination with other therapies were
excluded. Finally, 363 full texts of basic research articles,
meeting the theme, were included. A flow chart of the
search process is depicted in Figure 1.

Data Extraction

Due to similarities in some of the studies, we extracted key
data pertaining to the anti-inflammatory action of acupunc-
ture from typical published studies and classified the data
using a pre-defined data extraction table, which specified
the type of inflammation model, intervention (method,
acupoint, and acupuncture parameters), and outcome mea-
surement (inflammation-related behavior and indicators of
mechanism). All data were extracted by one author and
examined by the other authors before analysis of the anti-
inflammatory actions and mechanisms of acupuncture.
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Figure | Flow chart of the search strategy and process.

Results
The Anti-Inflammatory Effect of

Acupuncture in Various Systems

Multiple studies over the last five years have revealed that
regulating inflammation and preventing immune overreac-
tion are the key principles regulating the acupuncture-
driven anti-inflammatory action in numerous diseases.
These are summarized below according to the latest
International Classification of Diseases 11 (ICD-11) stan-
dard (https://icd.who.int/browsel1/l-m/en).

Immune System

Immune system diseases are caused by an imbalance in
immune regulation, including structural or functional
abnormalities of the immune system. RA is one of the
most common autoimmune diseases, primarily manifested
by the chronic inflammation of joints and infiltration of
immune cells, which, in turn, releases a number of pro-
inflammatory factors that aggravate inflammatory
responses.’

As shown in Table 1, acupuncture regulates the balance
of local macrophages, thereby playing an anti-
inflammatory role. In a prior study, we demonstrated that
manual acupuncture (MA) at Zusanli (ST36) modulates
the macrophage polarization balance in an inflamed joint
by inhibiting pro-inflammatory M1 macrophages and
simultaneously promoting anti-inflammatory M2 macro-
phages. This, in turn, inhibits the expression of pro-
inflammatory cytokines (such as TNF-a and IL-1) expres-
sion, and promotes the expression of anti-inflammatory
and tissue-repair factors, including IL-10 and TGF-B.*
EA at ST36, along with Kunlun (BL60), also down-

regulates the mRNA and protein expression of Toll-like

receptor 4 (TLR4), myeloid differentiation factor 88
(MyD88), and nuclear factor kappa-B (NF-kB) in the
ankle bone tissue of rats treated with complete Freund’s
Adjuvant (CFA), alleviating foot swelling, and reducing
the joint symptom score.” EA at ST36 and Sanyinjiao
(SP6) activates the A2A receptor (A2AR) in inflamed
synovial tissue, and reduces TNF-a levels in the serum
and ankle, thereby inhibiting the receptor activator of NF-
kB (RANK) from presenting on the cell membrane of the
osteoclast precursor. This, in turn, inhibits the association
between RANK and receptor activator of nuclear factor-
«B ligand (RANKL), down-regulates the expression of
extracellular regulated protein kinases 1/2 (ERK1/2) and
NF-xB, and inhibits differentiation and the formation of
osteoclasts in CFA rats.'® Along with macrophages, acu-
puncture can also regulate lymphocyte balance. Some
researchers quantitatively analyzed the complex immune
regulatory process in RA using cell-cell communication
(CCC) networks. It was suggested that MA can effectively
stimulate both innate immune cytokines (namely, IL-1j,
IL-la, IL-6, IL-7, IL-18, and TNF-0) and adaptive
immune cytokines (namely, IL-2, IL-12, IFN-y, IL-4, IL-
5,1L-10, IL-13, and IL-17) to initiate the immune response
and repair RA damage. The major target cells for MA
regulation by CCC analysis are monocyte/macrophage
and endothelial cells, along with key cells of the adaptive
immune system such as Thl, Th2, and B cells.!' EA at
ST36 and SP6 was shown to promote the proliferation and
differentiation of spleen regulatory T cells (Treg) in CFA
rats, which leads to the increased expression of the anti-
inflammatory cytokine IL-10 in the local hind paw and
spinal cord tissues, which, in turn, inhibits macrophages
and neutrophils, and reduces secretion of IL-13, NOD-like
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Table | Anti-Inflammatory Actions of Acupuncture in Immune System Diseases

Refs. Inflammatory | Intervention | Acupoints | Acupuncture Inflammation- | Test Sites Biochemical
Model Methods Parameters Related Measurements
Behaviors

Dong, 2018’ RA EA ST36, BL60 | 2 Hz, 2.0 mA, 30 min, 4 | Paw swelling, Ankle tissues | TLR4], MyD88|,
weeks arthritis index NF-xB]

Du, 2019'° RA EA ST36, SP6 2Hz, 30 min, from day — Ankle joint, TNF-a|, RANKL/,
35 to day 49 after the serum PKA|, NF-xB|,
first immunization ERK1/21, A2AR?

Xu, 2018"! RA MA ST36 3 spins per second, 2 TWL, Paw Serum, hind IL-1B], IL-6],
min with swelling paw TNF-0]

a 5-min interval, 28
min, day 1-7 (once
a day) and day 8-15
(once every other day)

Yu, 2020'2 RA EA ST36, SP6 | 2/100 Hz, 2.0 mA, 20 MWT, TWL Hind paw, IL-1B}, NLRP3|,

min spinal cord TNF-a, L-101,
CDI |b+F4/80+],
CDI Ib+Ly6G+]|,
CD4+CD25
+Foxp3+1

Su, 2019"3 RA EA ST36, 2 Hz, 15 min, every Arthritic index, Synovial Bax?, Noxaf,

GB39 other day, 16 days paw swelling tissues p537, PUMAT,
MDM2|

Torres, 2014 Sepsis EA ST36 15min Survival rate Serum TNF-a|, MCP-1,

pretreatment IL-6], INF-y|

Chen, 2016'® SAE EA ST36, 2-15Hz, 2 mA, 30 min MWM Brain tissues, | MDA|, SOD|,

pretreatment GV20 serum, CAT|, TLR-4|,
hippocampus | NF-«xB|, IL-6],
TNF-a, Iba 1|

Zhang, 2018'® Sepsis EA ST36 2.0 mA, 2-100 Hz, — Cardiac TNF-al, NO|,
| hour muscles MPO|, CK-MB|

Xie, 2020'7 Sepsis EA ST36, LI, 3 Hz, |5 min — Serum, IL-10], TNF-a,

ST25 mesenteric CD3+CD4+1,
lymph nodes | CD3+CD8+|

Notes: 1, upregulated by acupuncture; |, downregulated by acupuncture.

Abbreviations: RA, rheumatoid arthritis; SAE, sepsis-associated encephalopathy; MWT, mechanical withdrawal threshold; TWL, thermal withdrawal latency; MWM, Morris
water maze; NLRP3, NOD-like receptor protein 3; TLR4, toll like receptors 4; MyD88, myeloid differentiation factor 88; NF-«xB, nuclear factor kappa-B; RANKL, receptor
activator of nuclear factor-kB ligand; NO, nitric oxide; MPO, myeloperoxidase; MCP-1, monocyte chemotactic protein |; INF-y, interferon-y; MDA, malondialdehyde; SOD,
superoxide dismutase; CAT, catalase; Iba |, ionized calcium binding adaptor molecule; CK-MB, creatine kinase-MB; ST36, Zusanli; SP6, Sanyinjiao; BL60, Kunlun; GB39,

Xuanzhong; LI |, Quchi; ST25, Tianshu; GV20, Baihui.

receptor protein 3 (NLRP3), and TNF-a. The reduction of
these substances inhibits nociceptive sensitization in
inflammatory states and relieves inflammatory pain.'? EA
at ST36 and Xuanzhong (GB39) promotes expression of
downstream pro-apoptotic proteins such as Bax, Noxa,
Puma, and inflammatory factors via upregulation of p53
(a common transcription factor aiding certain anti-
apoptotic and pro-apoptotic proteins) and its key negative

regulatory factor murine double minute 2 (MDM2), which,
in turn, leads to a marked increase in synovial cell apop-
tosis, thereby alleviating CFA-induced RA progression in
rats."?

In the endotoxin-induced systemic inflammation
model, EA pretreatment at ST36 or Tianshu (ST25) causes
a reduction in TNF-a, IL-6, and IL-1f levels in serum and
spleen.® EA pretreatment at the ST36 acupoint alone also
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significantly downregulates TNF-0, monocyte chemotactic
protein 1 (MCP-1), IL-6, and interferon-y (INF-y) in

serum,'

thereby improving the survival rate of septic
mice. Sepsis-associated encephalopathy (SAE) is the
most serious complication of the central nervous system
in patients with sepsis, and almost half of septic patients
develop encephalopathy. EA pretreatment at Baihui
(GV20) and ST36 regulates macrophage activation by
inhibiting the TLR4 pathway, and by downregulating the
NF-«xB pathway, thereby reducing IL-6 and TNF-a in the
hippocampus and serum, which, in turn, reduces brain
injury,
survival.'"> The abnormal distribution of inflammatory

edema and while subsequently improving
mediators in sepsis leads to cardiac insufficiency. EA at
ST36 also inhibits inflammatory mediators such as TNF-a,
nitric oxide (NO), and myeloperoxidase (MPO), thereby
upregulating creatine kinase-MB (CK-MB) activity and
protecting the myocardium from sepsis.'® Inflammatory
factors in sepsis enter the intestinal tract and promote
apoptosis of intestinal epithelial cells, leading to hyperos-
molarity, hypoperfusion, bacterial translocation, and
alterations in microbiota. EA at ST36, Quchi (LI11), and
ST25, on the other hand, upregulates IL-10 by increasing
CD3'CD4" T cells and Treg cells levels in the mesenteric
lymph nodes while down-regulating CD3"CD8" T cells,
Th17 cells, and TNF-a levels to suppress intestinal inflam-
mation during sepsis.'’

In summary, the above studies demonstrate that ST36
is the most commonly used acupoint for the treatment of
immunological disorders. EA at ST36, LIl1, or ST25
regulates intestinal T lymphocytes and reduces sepsis-
induced systemic inflammatory response. In addition, EA
at ST36 and LI11 further inhibits intestinal permeability
and exerts a protective effect on the intestinal barrier in
septic rats, while EA at ST25 shows no obvious effect on
intestinal permeability in model rats, suggesting that dif-
ferent acupoints target distinct forms of gastrointestinal
dysfunction.17 EA, especiallyy, EA pretreatment, is
a common method of sepsis prevention, highlighting the
anti-inflammatory action of EA. Acupuncture affects the
immune system via innate and adaptive immune cells,
such as monocytes/macrophages, endothelial cells, lym-
phocytes, and their related pro-inflammatory factors.

Digestive System

Inflammation is a common and basic pathological process
in digestive system diseases.'® Acupuncture offers a great
advantage in consolidating the curative effect, in reducing

the recurrence rate, and in improving immunity in diges-
tive system diseases, such as hepatitis, acute/chronic pan-
creatitis, chronic atrophic gastritis, inflammatory bowel
disease (IBD), and other inflammatory diseases (Table 2).

Monocytes/Macrophages

Several lines of evidence demonstrate that acupuncture
effectively inhibits macrophage activation of the M1 type
by suppressing the TLR4/MyD88 pathway as well as the
microorganisms and inflammatory substances released by
macrophages into the intestinal tract, thereby maintaining
the integrity of the intestinal barrier and alleviating IBD.
For example, EA at ST36 reduces the M1 type macrophage
population in colon tissues and up-regulates M2 type
macrophages by inhibiting the TLR4/MyD88 pathway,
before down-regulating NLRP3/IL-1B in colon macro-
phages, further lowering IL-6, IL-12, IL-17, TNF-q,
C-reactive protein (CRP), IFN-y, TLR4, and MyD88 levels
in the colon and serum while up-regulating anti-
inflammatory substances such as IL-10, reducing infiltration
of white blood cells, and contributing to the repair of
intestinal mucosal damage caused by colitis, thereby delay-
ing the continuous loss of body weight. Meanwhile, the EA-
mediated up-regulation of adiponectin, secreted from the
mesenteric adipose tissue by EA, also inhibits macrophage
infiltration and pro-inflammatory cytokine release.'~° MA
at ST36, SP6, and Taichong (LR3) inhibits NF-kB activa-
tion in the M1 macrophages to further restore the function
of interstitial Cajal cells (ICCs, pacing cells for gastrointest-
inal movement) in the postoperative ileus (POI) by inhibit-
ing the IL-6/miR-19a/KIT (a specific ICC marker) axis and
effectively improving POI inflammation symptoms.*'
Additionally, EA at ST25 and ST36 reduces the amount
of macrophage-secreted IL-18 in the colon, which has
a positive effect on reducing visceral allergy symptoms of
post-inflammatory IBD.*? In addition to IBD, macrophage
activation mediated by TLR4/MyD88 also plays an impor-
tant role in the model of non-alcoholic steatohepatitis,
induced by a high-fat diet. MA at ST36, Guanyuan
(CV4), and Yongquan (KI1) inhibits the recruitment and
activation of hepatic macrophages via the TLR4/MyD88
and NF-kB pathways and the expression of IL-1B and
TNF-a
symptoms.”® Recent studies discovered that the NF-kB

downstream,  thereby  improving related
pathway is markedly inhibited by the deacetylase sirtuin-1
(Sirtl), which is a representative histone deacetylase
(HDAC). EA at Fenglong (ST40), Yinlingquan (SP9), and

SP6 strongly enhances Sirtl expression, further inhibiting
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Table 2 Anti-Inflammatory Actions of Acupuncture in Digestive System Diseases

Refs. Inflammatory | Intervention | Acupoints | Acupuncture | Inflammation- | Test Sites Biochemical
Model Methods Parameters Related Measurements
Behaviors
Song, 2019'? Colitis EA ST36 30 min DAI Colonic tissues, | IL-1B], TNF-a|, IL-6],
serum IL-12, IL-17], IL-101,
NLRP3|, F4/80"CDI6/
327, F480"CDI6/
32°CD206"1, Caspase-
1], Nrf21, HO-11
Liu, 2019%° Colitis EA ST36 2 Hz, .0mA, | DAI Colonic tissues, | TLR4|, MyD88|,
15 min plasma claudin-11, ZO-11,
adiponectinf, TNF-a],
IL-6], CRP|, IFN-y|
Deng, 20172 POI MA ST36, SPé, Rotated 30 Colonic smooth | KIT?, Anol?, miR-
LR3 s every 5 muscle cells 19a], IL-6|
min, 15 min
Song, 2020% PI-IBS EA ST25,ST36 | 2/15 Hz, 0.5- AWR Colon tissues IL-18]
1.0 mA, 30 min,
10 days
Meng, 201923 NAFLD MA ST36, CV4, | 60 rounds/min — Liver tissues, IL-1B{, TNF-a|, p-NF-
KIl for 2 min, serum «B|, TG|, FFA |,
without 8-OHdG|, MDA|,
retaining the ROS|
needle
Ma, 2020%* NAFLD EA ST40, — — Liver tissues, IL-1B{, TNF-a, IL-6],
GB34, SP6 serum Sirtl1, p-NF-xB p65|,
p-lkBa, p-IKKa,
p-IKKB|, ALT|, AST|,
TG|, TC|
Yang, 2020% IBS EA ST36 100/5 Hz, 1.0 VMR Colonic tissue, | TLR4|, MCT|, IL-1B,
mA, 30 min, 5 serum IL-8]
days
Yang, 2020%® POI EA ST36, 2, 10, 30, and Gastrointestinal Intestine, serum | TNF-al, IL-6], a-
ST37, 100 Hz, 1.0 transit SMAT, MPO|
ST39, Cv4 mA, 20 min measurements
Ramires, 2020%° | Peritonitis MA SP6 Rotated for — Peritoneal fluid, | MPOJ, TNF-a|, IL-6,
pretreatment a few sec, 10 brainstem IL-101, IL-1B)
min
Li, 2018%° Liver ischemia- EA L4 2/100 Hz, 3.0 — Liver tissues, TNF-al, IL-6], MPO|,
reperfusion mA, 30 min serum ALT |
injury

Notes: 1, upregulated by acupuncture; |, downregulated by acupuncture.

Abbreviations: POI, postoperative ileus; PI-IBS, post inflammatory irritable bowel syndrome; NAFLD, nonalcoholic fatty liver disease; IBS, irritable bowel syndrome; DA,
disease activity index; AWR, abdominal withdrawal reflex; VMR, visceral motor reflex; ZO-1, zonula occludens I; CRP, C-reactive protein; IFN-y, Interferon y; Nrf2, NFE-
related factor 2; HO-1, Heme oxygenase-|; TG, triglyceride; FFA, free fatty acid; 8-OhdG, 8-hydroxy-2-deoxyguanosine; TC, total cholesterol; ROS, reactive oxygen species;
Sirtl, sirtuin-1; ALT, alanine aminotransferase; AST, aspartate aminotransferase; MCT, mast cell tryptase; LR3, Taichong; CV4, Guanyuan; KI1, Yongquan; ST40, Fenglong; GB34,
Yinlingquan; ST37, Shangjuxu; ST39, Xiajuxu; L14, Hegu.

the NLRP3/NF-«B signaling pathway and reducing down-  aspartate aminotransferase (AST), triglyceride (TG), and

stream serum inflammatory cytokines such as IL-1B, IL-6, total cholesterol (TC) levels, thus improving lipid metabo-

and TNF-o, as well as alanine aminotransferase (ALT), lism in non-alcoholic fatty liver disease (NAFLD) rats.**
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Macrophages stimulate the oxygen-dependent steriliza-
tion pathway after ingesting pathogenic microorganisms,
which is a massive oxygen-consuming process initiated
with the help of nicotinamide adenine dinucleotide phos-
phate (NADPH).>* Multiple reports reveal that EA at ST36
strongly inhibits the expression of heme oxygenase-1
(HO-1) and its key transcription factor NFE-related factor
2 (Nrf2), thereby suppressing oxidative stress while pro-
moting the formation of a positive feedback loop of anti-
inflammatory factors such as IL-10, which alleviates
symptoms related to ulcerative colitis (UC)."” MA at
ST36, CV4, and KI1 dramatically reduces the number of
8-hydroxy-2-deoxyguanosine (8-OHdG)-positive cells and
malondialdehyde (MDA) levels, reduces the levels of liver
free fatty acids, and inhibits the production of reactive
oxygen species (ROS), ameliorating oxidative stress in
a rat model of NAFLD and thus relieving necrotizing

. . .2
inflammation and fibrosis.?

Morphine and acetamino-
phen-induced hepatotoxicity can also be relieved by acu-
puncture through the amelioration of antioxidant defense
systems.”® Apart from macrophages, acupuncture also
alleviates inflammatory diseases in the digestive system
by regulating mast cells. For example, in the irritable
bowel syndrome (IBS) model, EA at ST36 reduces the
number of mast cells, down-regulates TLR4, IL-1p, and
IL-8 released by mast cells in the colon tissue, and
improves visceral hypersensitivity in the trinitrobenzene

sulfonic acid (TNBS)-induced colitis model.*”

Granulocytes

Among the major features of gastrointestinal inflammation
are leukocytes that penetrate into inflamed tissue via adhe-
sion and transport along vascular endothelial cells. EA at
ST36 up-regulates cadherin, claudin-1, and zonula occlu-
dens-1 (ZO-1) levels in colon tissue and prevents the
migration and infiltration of leukocytes into the injured
site. It is suggested that the repair of tight junctions may
be one of the important mechanisms of EA in treating
dextran sulfate sodium (DSS)-induced colitis.** MPO, pro-
duced by granulocytes, via autocrine and paracrine path-
ways, reflects the activation level of polymorphonuclear
leukocytes (PMNs) and contributes to a positive feedback
loop that further promotes the activation of neutrophils.
EA at ST36, Shangjuxu (ST37), Xiajuxu (ST39), or CV4
was shown to protect smooth muscle function from local
immune cell infiltration by inhibiting MPO activity and
inflammatory factors like TNF-o and IL-6, thereby
increasing a-smooth muscle actin (a-SMA) and improving

gastrointestinal motility.”® MA at SP6 also down-regulates
TNF-o and IL-6 in the peritoneal fluid, thereby upregulat-
ing IL-10 levels, inhibiting MPO activity, and treating the
peritonitis model induced by lipopolysaccharide (LPS).?’
Liver ischemia-reperfusion (I/R) injury is a common clin-
ical complication, and excessive inflammation is the key
risk factor. EA at Hegu (LI4) is also reported to down-
regulate TNF-a and IL-6 in serum and liver tissue, thereby
inhibiting MPO activity and controlling excessive inflam-
matory response.>”

In conclusion, ST36 and SP6 are the most commonly
used and effective acupoints for the treatment of inflam-
matory diseases of the digestive system. The distal lower
limb acupoints are more commonly used than the local
abdominal acupoints, which reflects the treatment law of
the meridians and indications. Some studies compared the
effects of EA on inflammation of digestive system diseases
under different acupoint selection and frequency. For
example, in the POI model, the curative effects of the
ST36, ST37, ST39, or CV4 groups are similar but there
is no significant difference between ST25, Zhongwan
(CV12), and non-acupoint groups, and there is no obvious
therapeutic effect for POI, indicating that EA at the lower
limb or abdomen acupoints, with the same stimulation
parameters, exhibits different therapeutic effects.®® In
case of the peritonitis model, MA at SP6 reduces both
TNF-a and IL-6 levels in the peritoneal fluid and brain
stem, while MA at non-acupoints only partially prevents
the increase of IL-6 in the brain stem, suggesting strong
specificity of acupoints in the treatment of diseases.”” In
terms of the frequency of EA, it was found that 10 Hz or
30 Hz EA stimulation can significantly increase gastroin-
testinal peristalsis and reduce inflammation around POI,
but 10 Hz was more effective, while 2 Hz or 100 Hz
electrical stimulation did not produce any -effect.”®
Although both 10 Hz and 100 Hz EA at ST36 was
shown to regulate macrophage polarization and affect
inflammatory factors release in colitis rats, only high-
frequency stimulation increased Nrf2/HO-1 levels, sug-
that

a therapeutic effect via the modulation of oxidative stress.

gesting high-frequency EA stimulation exerts
The studies mentioned above demonstrate that acupunc-
ture regulates gastrointestinal macrophage polarization and
reduces mast cell degranulation, thereby inhibiting the
TLR4/MyD88-mediated NF-kB pathway to ultimately reg-
ulate production of inflammatory factors and gastrointest-

inal functional cells such as ICC, and reduce the
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gastrointestinal inflammatory reaction to restore gastroin-
testinal motor function.

Respiratory System

Inflammatory diseases are the most common diseases of
the respiratory system. Several systematic reviews show
that acupuncture vastly improves both nasal symptoms and
lung function of patients, thus enhancing the overall qual-
ity of life of patients with asthma and chronic obstructive
pulmonary disease (COPD) and confirming the anti-
inflammatory nature of acupuncture.’'~**> Clinical guide-
lines such as the American Clinical Practice Guidelines
also recommend acupuncture for the clinical treatment of
allergic rhinitis and acute pharyngitis.*>** The anti-
inflammatory actions are summarized below and in
Table 3.

Monocytes/Macrophages

Acupuncture inhibits the TLR4/NF-kB or TLR4/mitogen
activated protein kinase (MAPK) signaling pathway in
pulmonary macrophages. For example, EA at LI4 stimu-
lates peroxisome proliferator-activated receptor y
(PPARY), a negative regulator of the TLR4/NF-kB path-
way. This results in a suppression of the TLR4/MyD88
signaling pathway, leading to the activation of alveolar
macrophages from the M1 to the M2 type, and further
inhibiting the NF-kB pathway and the downstream pro-
inflammatory factors TNF-a, IL-1B, and IL-6, which alle-
viates LPS-induced acute respiratory distress syndrome
(ARDS).*® EA pre-treatment at ST36 and SP6 also inhibits
the alveolar monocyte/macrophage TLR4/NF-kB pathway
and down-regulates the expression of TNF-a, IL-1, IL-6,
and MPO in acute lung injury (ALI) induced by limb
artery ischemia-reperfusion (LIR) in rats, leading to the
alleviation of pulmonary interstitial edema, alveolar con-
gestion, and bleeding, thus reinstating the damaged alveo-
lar structure.’® It was also reported that EA at Feishu
(BL13) and ST36 promotes HO-1 and Nrf2 protein accu-
mulation in the nucleus through modulation of the Nrf2/
HO-1 pathway, mediated by the p38 MAPK signaling,
further decreasing the secretion of TNF-a, IL-1p, and IL-
6 in lung tissues and plasma. This, in turn, plays an anti-
inflammatory role and prevents damage to the lung caused
by the extensive release of oxygen free radicals and
inflammatory factors in the ischemic region.’’ Similarly,
in a model of acute lung injury induced by cardiopulmon-
ary bypass (CPB), EA pretreatment at BL13, ST36,
Neiguan (PC6), and LI4 inhibits the Nrf2/HO-1 pathway

mediated by the p38 MAPK pathway, which reduces
MDA content, increases superoxide dismutase (SOD)
activity, scavenges oxygen free radicals, and reduces oxy-
gen injury in lung tissues. Furthermore, EA also sup-
NLRP3
recruitment of pro-inflammatory protease caspase-1, pre-

presses inflammasome activation, reduces
vents release of IL-1f into serum and bronchoalveolar
lavage fluid (BALF), and decreases activation of caspase-
8 and caspase-3. Therefore, EA reduces cell apoptosis,
secretion of inflammatory cytokines TNF-a, IL-1B, and
IL-18 in lung tissue and plasma, and alleviates pulmonary
fibrosis and interstitial edema.*®*°

In addition to regulating NF-xB activation, TLR also
promotes histone acetylation in macrophage nucleus,
thereby participating in the functional activation or inhibi-
tion of the nasal mucosal and respiratory epithelial,
immune cells, respectively, while regulating the patholo-
gical process via modulation of chromatin remodeling and
inflammation.*’ Emerging evidence suggests that reduced
histone deacetylase inhibitor 2 (HDAC2) activity partially
increases the inflammatory response in the respiratory tract
of COPD patients, and MA at BL13, Shenshu (BL23), and
Dingchuan increases HDAC2 mRNA and protein expres-
sion in COPD rats induced by smoking. Furthermore,
acupuncture also reduces the secretion of IL-8 and TNF-
o by alveolar macrophages and provides a lung protective
effect with long-term reversal of airway smooth muscle

dysfunction.*?

Lymphocytes

Lymphocyte imbalance in immune cells of the acquired
immune system, such as Th cells, plays a significant role
in the formation, development, and outcome of various
inflammation-mediated respiratory diseases.* In the
respiratory system, Th2 secretes IL-3, IL-4, IL-5, IL-6,
IL-10, IL-13, IL-25, and IL-31, activates eosinophils,
fights extracellular pathogens, contributes to humoral
immunity, stimulates B cell proliferation, and produces
that
response, which, in turn, stimulates diseases such as

antibodies generate an inappropriate immune
allergy and asthma. Acupuncture can regulate the Th cell
balance and can play a crucial role in managing inflam-
matory diseases of the respiratory system. For example,
MA at Dazhui (GV14), Fengmen (BL12), and BL13 up-
regulates Thl cytokines (such as, IL-2 and IL-12), the
Treg marker Foxp3, and cytokine IL-10, and down-
regulates Th2 cytokines (IL-4, IL-5, and IL-13) and

Th17 cytokines (IL-17A) in lung tissues. This alters the
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Table 3 Anti-Inflammatory Actions of Acupuncture in Respiratory System Diseases

Refs. Inflammatory | Intervention | Acupoints | Acupuncture | Inflammation- | Test Sites Biochemical
Model Methods Parameters Related Measurements
Behaviors
Feng, 2020* ARDS EA pre- L4 2/100 Hz, 4.0 — Lung tissues, TNF-a, IL-1B],
treatment mA, 45 min serum, BALF IL-6], MPO|,
PPARyT, MDA|,
SODf1, GSHT,
Bax|, Bcl-21,
p-p65/, p-lxBa/,
IkBat, PaO,1
Lou, 2020%¢ ALl EA pre- ST36, SP6 2/15 Hz, 1.0 Lung injury Lung tissues TNF-a, IL-1],
treatment mA, dispersed scores IL-6], MPO|,
waves, 30 min TLR4|, p-NF-xB|
Gong, 2020*7 ALl EA BLI3, ST36 | 2/I15Hz, 1.0 — BALF, lung Nrf21, HO-I1,
mA, disperse- tissues, plasma | p-p38/p381,
dense wave, 15 SOD1, GPX?,
min, 5 days CAT?T, MDA|,
Nrf27, HO-11
Huang, 201938 CPB EA pre- BLI3, ST36 | 2/15Hz 30 min | — Lung tissues, NLRP3|, IL-1B|
treatment serum, BALF
Dhar, 2019%° CPB EA pre- PCé, LI4 30 min — Lung tissues, TNF-a|, IL-18],
treatment serum IL-1B], NLRP3,
Caspase-1 |,
Caspase-8,
p-Nrf2], MDA,
SOD?
Ma, 20174 CPB EA pre- PCé, LI4 2/100 Hz, 0.5 — Lung tissues MPO|, MDA|,
treatment ms pulse width, SOD1, Caspase-
30 min 3|, p-p38/p38|
Li, 20154 COPD MA BLI3, Twisted Pulmonary Lung tissues, TNF-a|, IL-8,
BL23, through 360°, | | function (IC, BALF HDAC21
Dingchuan min every 5 PEF, MV)
min, 6 times
Dong, 2019* Asthma MA GVI4, 30 min Airway Lung tissues, IL-101, IL-5], IL-
BLI2, BLI3 resistance, lung serum 13, IL-17,
dynamic CD4" IL-17A"|,
compliance CD4" Foxp3™1,
p-p38|, p-p44/
42]
Zhou, 2019* | Chronic sinusitis | EA ST36, 30 min, 10 days | — Nasal tissues IFN-y1, IL-107
BLI3,
GV29, LI4
Dong, 2018* Asthma MA GV14, Manual Airway Lung tissues, TNF-al, IL-1B],
BL12, BLI3 | manipulations resistance, lung | serum, BALF IL-33, sST21,
every 10 min in | dynamic CDA4+IL-17A+],
30 min compliance CD4+Foxp3+1
(Continued)
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Table 3 (Continued).

Refs. Inflammatory | Intervention | Acupoints | Acupuncture | Inflammation- | Test Sites Biochemical
Model Methods Parameters Related Measurements
Behaviors
Cui, 2020 Asthma MA GVI4, Twisted 360°, — Serum, BALF IL-5(, IL-9|, IL-
BLI2, BLI3 | 60 times/min, 5 13], IL-25], IL-
times, 20 min 33], sST21
Nurwati, Asthma MA BLI3, ST36 | I5 min, 3 — Peripheral neutrophil |,
2018* times/week, 6 blood eosinophil |
weeks from
2|st day after
modeling

Notes: 1, upregulated by acupuncture; |, downregulated by acupuncture.

Abbreviations: ARDS, acute respiratory distress syndrome; ALl, acute lung injury; CPB, cardiopulmonary bypass; COPD, chronic obstructive pulmonary disease; IC,
inspiratory capacity; PEF, peak expiratory flow; MV, minute volume; BALF, bronchoalveolar lavage fluid; PPARy, peroxisome proliferator-activated receptor v; glutathione
peroxidase; GPX, GSH, glutathione; HDAC2, histone deacetylase 2; sST2, soluble growth-stimulating expression gene 2 protein; BL13, Feishu; PC6, Neiguan; BL23, Shenshu;

GV 14, Dazhui; BL12, Fengmen; GV29, Yingxiang.

asthma model from Th2- and Th17-dominant to Thl- and
Treg-dominant. Moreover, IFN-y secreted from Thl cells
inhibits Th2 cell differentiation and function, whereas 1L.-4
secreted by Th2 cells prevents Thl cell differentiation and
function. Meanwhile, IL-2 in Thl cells binds to IL-2R on
the surfaces of activated T cells, producing autocrine and
paracrine effects to further induce T cell proliferation.
Acupuncture stimulates this process to alleviate airway
inflammation in allergic asthma.** In the sinusitis model,
EA at ST36, BL13, Yingxiang (LI20), and LI4 also up-
regulates IFN-y and IL-10 via the same mechanism and
promotes the differentiation of Thl and Treg cells to
produce an anti-inflammatory effect. This leads to the
reduction in inflammatory cell infiltration in the sinus
submucosa and the subsequent repair of damaged pseudo-
stratified epithelial cells.*> The regulatory effects of acu-
puncture on Th cells are also realized via the 1L-33/ST2
pathway. GV14, BL12, and BL13 inhibit IL-33 association
with the ST2L receptor and down-regulate TNF-a, IL-1p,
and IL-33 levels by up-regulating the Soluble Growth
Stimulation Expressed Gene 2 (SST2). Further up-
regulation of Treg cytokines and down-regulation of
Th17 cytokines has been shown to effectively protect
lung function in a mouse asthma model, thereby alleviat-
ing airway inflammation and mucus secretion.*®

Innate lymphoid cells (ILCs), also known as innate
immune cells due to their lack of adaptive antigen recep-
tors, are a newly discovered subset of lymphocytes, dis-
tinct from T and B cells, that are primarily distributed in
mucosal barrier tissues, and include ILCls, ILC2s, ILC3s,

NKs, and LTi cells. ILC2s release Th2 cytokines and
modulate the inflammatory response and tissue homeosta-
sis, as well as repair mucosal damage in respiratory
inflammatory diseases.*” MA at GV14, BL12, and BL13
inhibits ILC2 influx in the lungs of asthmatic mice and
reduces IL-5, IL-9, and IL-13 cytokine levels in the alveo-
lar lavage fluid. The inhibitory effect of acupuncture on
ILC2 is also realized via the up-regulation of SST2 expres-
sion, with subsequent down-regulation of IL-33 and IL-25
levels, thereby activating and alleviating epithelial injury
induced by ovalbumin in the asthma model and signifi-
cantly inhibiting airway inflammation and mucus secretion
in the process.*®

In summary, the acupoints for most of the various
inflammatory diseases of the respiratory system include
BL13, ST36, and LI4. In a control group of sham acu-
puncture, Huantiao (GB30) or 5 mm beside the acupoint
are commonly used. The BL13, ST36, and GV 14 compat-
ibility mode and the BL12 and BL13 compatibility mode
are the most common. In addition, a multi-point combina-
tion is often better than single acupoint. It was reported
that EA at BL13, combined with ST36, reduces inflamma-
tory the
inflammatory cytokines TNF-a and IL-1f, reduces epithe-

cell aggregation, down-regulates pro-
lial smooth muscle thickness and cup cell metaplasia, and
improves bronchiole structure in an asthma model, while
a single use of BL13 produces no significant effect.*’ In
the meantime, a combination of acupuncture and medicine
often produces a specific synergistic effect on diseases. For

example, the combined treatment of EA and IL-10 (Virus-
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encoded IL-10) enhances its curative effect on sinusitis by
specifically targeting IFN-y.*> With increasing numbers of
studies on the combination of acupuncture and medicine in
recent years, some researchers have discussed this
mechanism, which may be related to the theory of “mer-
idian-viscera correlation”, speculating that acupuncture
can guide drugs to target organs, but the synergism of
acupuncture and medicine needs further validation, as the
law and mechanism are not clearly defined.

The aforementioned studies suggest a strong anti-
inflammatory property of acupuncture facilitated by the
inhibition of innate immune cells such as monocytes/
ILCs in the
Acupuncture inhibits macrophage activation via pattern

macrophages or respiratory  system.
recognition receptors (PRRs) such as TLR4, which, in
turn promotes PPARy expression, and inhibits the NF-kB
or MAPK pathways. Moreover, acupuncture may also
affect the expression and acetylation of HDAC2 in the
nucleus. Furthermore, it is also known to inhibit NLRP3
inflammasome synthesis via the ROS/Nrf2 pathway, which
down-regulates pro-inflammatory factors such as TNF-o,
IL-1B, IL-6, IL-5, IL-9, IL-13, and IL-18, while up-
regulating anti-inflammatory factors such as IL-10, IL-
25, and IL-33 to exert its anti-inflammatory activity. In
addition, acupuncture suppresses airway inflammation and
relieves pulmonary fibrosis and interstitial edema by reg-
ulating the Th cell imbalance in the subgroup of effector
CD4 T cells in cells of the acquired immune system, thus
exerting a therapeutic effect on both acute and chronic
respiratory diseases.

Nervous System

Neuroinflammation is a complex innate immune response
process that clears infection, pathogens, cellular debris,
and misfolded proteins from the nervous system. It is
a key factor and among the most common pathological
manifestations of various nervous system diseases, includ-
ing central nervous system (CNS) injury and neurodegen-
erative diseases.’ Several lines of evidence show that
acupuncture effectively inhibits glial cell activation, exces-
sive proliferation, and structural damage to astrocytes after
CNS injury and alleviates related symptoms and improves
prognosis (Table 4).

Glial Cells

Glial cells (astrocytes, microglia, and oligodendrocytes)
are the most abundant and widely distributed cells of the
CNS. They interact with neurons, immune cells, and blood

vessels, and act as the first line of defense against nervous
system stimulation. Microglia belong to the innate immune
system and are the most active immune cells in the CNS.
They belong to the monocyte/macrophage lineage. In
pathological states, the microglia are associated with the
initial response and send immune signals to astrocytes,
eventually leading to neuroinflammation.”!
Pathogen-associated molecular patterns (PAMPs) or
damage-associated molecular patterns (DAMPs) mediate
the inflammatory response caused by CNS injury.>”
Indeed, high mobility group box-1 (HMGBI1), a DAMP,
is considered to be the key mediator of inflammation in the
nervous system. EA at Zhiyang (GV9), Jizhong (GVO6),
Yaoshu (GV2), and Changgiang (GV1) is known to reduce
HMGBI, TNF-0, and IL-1f levels after spinal cord injury
in rats to restore the structure and motor function of the
spinal cord and alleviate secondary inflammatory injury
after spinal cord injury.” It is reported that MA at GV20
and PC6 reduces NO, prostaglandin E2 (PGE2), iNOS,
Cyclooxygenase-2 (COX-2), and NF-kB expression in
the hippocampus and prefrontal cortex, thereby alleviating
depression-like behavior induced by chronic restraint
stress (CRS).>* Following traumatic brain injury, EA at
ST36 and GV 14 inhibits various inflammatory cascades by
inhibiting the TLR4 signaling pathway and its downstream
pro-inflammatory proteins (TLR4, MyD88, TRAFG,
TRAM, and TRIF) in the brain tissue to alleviate neuro-
logical functional defects.> The interaction between
receptor interacting protein kinase 1 (RIPK1), IKK com-
plex, and transforming growth factor-B-activated kinase 1
(TAK1) also induces NF-«B to aggravate traumatic neur-
itis after intracerebral hemorrhage. EA at Fengchi (GB20),
and Yifeng (TE17) reduces up-regulation of RIPKI,
p-RIPK3, and p-MLKL, partially blocking the interaction
between RIPK1 and RIPK3, thereby reducing levels of
TNF-0, L-6, IL-8, and other inflammatory factors, to
improve traumatic neuritis after intracerebral hemorrhage,
and slow down the formation of perihematoma brain
edema.’® In the paclitaxel-induced neuropathic pain
model, EA at ST36 and BL60 can alleviate the central
inflammatory response by inhibiting the activation of
spinal cord astrocytes and microglia and reducing the
overexpression of TLR4 and the downstream signals
MyD88 and transient receptor potential vanilloid-1
(TRPV-1) in the rat dorsal root ganglion (DRG).”” EA at
GV20, LI4, and LR3 also inhibits microglial activation
and phosphorylation of IkBa and prevents the nuclear
translocation of NF-kB p65 by upregulating the A20-
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Table 4 Anti-Inflammatory Actions of Acupuncture in Nervous System Diseases

Refs. Inflammatory | Intervention | Acupoints | Acupuncture | Inflammation- Test Sites Biochemical
Model Methods Parameters Related Measurements
Behaviors
Zhu, 20173 SCl EA GV9, GV6, | 60 Hz for 1.05 | Assessment of Spinal cord TNF-a, IL-1B],
pretreatment GV2, GVI sec, 2 Hz for Neurologic HMGBI |
2.85 sec, 20 Dysfunction
min, every
other day, 4
weeks
Lu, 2016>* Depression MA GV20, PC6 | 2 times SPT, OFT Hippocampus, | NO|, PGE2|,
per second for prefrontal iNOS|, COX-2/,
| min in 10 min, cortex NF-xB|
once every
other day, 4
weeks
Ye, 2017°° TBI EA ST3e6, 2/15 Hz, 1.0 NSS, MWM Hippocampal TLR4|, Myd88|,
GVli4 mA, 30 min, 35 tissues TRAF6], TRAM|,
days TRIF|, TNF-a, IL-
1B, IL-6]
Cai, 2020°° Hemorrhagic Cross electro- | GB20, 30 min Neurological Brain tissue RIPK1{, p-
stroke nape- TEI7 functions, RIPK3|, p-MLKI|,
acupuncture encephaledema TNF-a, IL-6 |, IL-
(CENA) 8]
Li, 20197 Neuropathic EA ST36, BL60 | 2 Hz, 0.5-1.5 MWT, TWL DRG TLR4|, MyD88/,
pain mA, 30 min TRPV-1]
Zhou, 2020°® IS EA GV20, LI4, 1.0 mA, 20 Hz | Neurological Ischemic ABINI1, IkBa,
LR3 for 5 min, 2 Hz | function cerebral cortex | NF-xB p65|, TNF-
for 30 min assessment al, MCP-1|, IL-
1Bl
Liu, 2020°° IS EA GV20, 2/15 Hz, 1.0- — Ischemic NF-xB|, IL-1B],
GVi4 2.0 mA, 30 min cerebral cortex | TNF-a|
Liu, 2016%° 1S EA LI1, ST36 | 1-20 Hz, 0.2 Assessment of Ischemic NF-kB p65, p38
mA, 30 min, 3 neurological cerebral cortex | MAPK|, MyD88/,
days outcome TNF-al, IL-1B],
IL-6]
Jiang, 20178 IS EA GV20, LI4, 1.0 mA, 20 Hz Neurobehavioral Ischemic CYLDT, NF-«xB|,
LR3 for 5 min, 2 Hz | Evaluation cerebral cortex | TNF-a|, IL-1B],
for 30 min CX3CLI|
Hu, 2020°* CPIP EA ST36, BL60 | 2 Hz, 0.5-1.5 MWT, TWL, Spinal dorsal CXCLI2,
mA, 30 min Hind paw edema horn CXCR4|
evaluation
Wang, 20203 VD MA GV20, 10 min, 2 MWM Hippocampus, miR-93|, TNF-a,
ST36 weeks plasma IL-6|, TLR4|,

MyD88|, p-NF-xB
pé5]

(Continued)
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Table 4 (Continued).

Refs. Inflammatory | Intervention | Acupoints | Acupuncture | Inflammation- Test Sites Biochemical
Model Methods Parameters Related Measurements
Behaviors
Liu, 2016%* IS EA LITl, ST36 1/20 Hz, 30 min | Scoring of Ischemic miR-9|, NF-«xB|,
neurological cerebral cortex | TNF-al, IL-1B|
deficits
Wang, 2017%° MDD MA GV29, 20 min, 28 days | OFT Frontal Cortex | Related to genes
GV20
Liu, 2018°% Hemorrhagic MA GV20, GB7 | 200 r/min for 5 | mNSS, Brain tissue Syk|, CARD9|,
stroke min, 3 session encephaledema Mincle|, IL-1B|
Zhao, 2020°° Migraine EA GB20, 2/15 Hz, 0.5- MWT Dura mater, COX2|, CGRP|,
GB34 1.0 mA, 20 min serum BDNF|, IL-1B, IL-
6], TNF-a|
Huang, 20177° IS EA GV20, 2/20 Hz, 0.2 Neurobehavioral | Hippocampal P2X7R1, P2YIRT,
GV24 mA, 30 min assessment, CAl, ischemic IL-101, IL-1B]
MWM cerebral cortex
Wang, 20207 AD EA GV20, 2 Hz, 0.6 mA, MWM Cortex TNF-al, IL-6], IL-
BL23, KI3 15 min, 2 171, AB|
months
Cai, 201972 AD EA KI3 2 Hz, 1.0 mA, Cognitive Prefrontal CDIIb], GFAP],
I5 min, 6 functions, Novel cortex COX-2|, HO-1,
times /2 weeks | object transferrin|, Bax|,
recognition test, AB|
Y-maze tests
Jiang, 201873 AD EA GV20, 2 Hz, 0.6 mA, — Hippocampus NLRP3|, IL-1B],
GV26, EX- 15 days except ASC|, Caspase-1]
HN3 the 8th day
Yu, 202074 PD EA CVI2, 100 Hz, 1.0 Rotational Substantia COX-2|, TNF-a],
RN7, ST36, | mA, 20 min, |4 | behavior nigra, striatum IL-1B]
LR3 days
Du, 20187¢ VD MA ST36, 2 times/sec, 30 | MWM Hippocampus TXNIP|, NLRP3
GV20 sec, 2 weeks inflammasome |,
IL-1B, ROS|
Zhu, 202077 TBI MA GVIS, 360° twisting — Brain tissue CD861, IL-1B, IL-
GVleé, range, 120-160 6], TNF-a|,
GV20, beats/min for | ROCK2|, RhoA|
GV26, LI4 min, 15 min,
twisted once
every 5 min
Frantz, 201778 Epilepsia MA GV20 2 spins/sec, 15 Behavioral Brain tissue TNF-a, SODT,
sec, 10 min seizure CAT?T
(Continued)
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Table 4 (Continued).

Refs. Inflammatory | Intervention | Acupoints | Acupuncture | Inflammation- Test Sites Biochemical
Model Methods Parameters Related Measurements
Behaviors
Zhang, 2020"° Depression EA GV29, 2 Hz, 30 min, 7 | OFT, FST, SPT Hippocampus, IL-6|, TNF-a|, IL-
GV20 days serum I1B|, tryptophant,
kynurenine |,
quinolinic acid|,
5-HT1, Kyn/Trp
radio |, NR2A|,
NR2B|
Long, 2019%° IS EA GV20, 2/100 Hz, 1.0 Neurological Hippocampus TRPV-1], p38
pretreatment BL23, SPé mA, 10 min, no | deficit scores MAPK|, TNF-a|,
current for 5 IL-1B]
min, 4 times for
I h
Kong, 2021®! Hemorrhagic MA GV20, GB7 | 30 min, Neurobehavioral | Perihematomal | IL-6|, IL-1B],
stroke 200 rpm/min, 3 | assessment, area TNF-0|, miR-23a-
times, 5 min, 3 Motor functional 3pJ, ROS|, MDA|,
days test, cognitive- GPX41
behavioral Tests,
encephaledema
Zhang, 2016% Migraine EA pre- GB20, TE5 | 2/15Hz 1.0 — Trigeminal CGRP|, PGE2|,
treatment mA, 30 min, 5 ganglion IL-1B], COX2|,
days CBI receptor?

Notes: 1, upregulated by acupuncture; |, downregulated by acupuncture.

Abbreviations: SCI, spinal cord injury; TBI, traumatic brain injury; IS, ischemic stroke; CPIP, Chronic postischemia pain; VD, vascular dementia; MDD, major depressive
disorder; AD, Alzheimer's disease; PD, Parkinson’s disease; CENA, Cross electro-nape-acupuncture; SPT, sucrose preference test; OFT, open field test; NSS, neurological
severity score; mNSS, modified neurological severity score; FST, forced swimming test; HMGBI, High mobility group box-1; PGE2, prostaglandin E2; TRAF6, TNF receptor
associated factor 6; TRAM, Trif-related adaptor molecule; TRIF, TIR-domain-containing adaptor inducing interferon-f; RIPKI, receptor interacting protein kinase |; DRG,
dorsal root ganglion; CYLD, cylindromatosis; ABIN I, A20-binding inhibitor of NF-kBI; Syk, spleen Tyrosine Kinase; CARDY, caspase recruitment domain 9; CGRP, calcitonin
gene related peptide; BDNF, brain-derived neurotrophic factor; A, amyloid protein; P2X7R, purinergic P2X7 receptor; ASC, apoptosis-associated speck-like protein
containing a CARD; TXNIP, thioredoxin-interacting protein; Rock2, Rho related protein kinase 2; TRPV-1, transient receptor potential vanilloid-1; GPX4, glutathione
peroxidase 4; CBI, cannabinoid type |; GV9, Zhiyang; GV6, Jizhong; GV2, Yaoshu; GV |, Changgiang; GB20, Fengchi; TE17, Yifeng; GB7, Qubin; GV24, Shenting; KI3, Taixi; GV26,
Shuigou; EX-HNS3, Yintang; CV12, Zhongwan; RN7, Yinjiao; GV 15, Yamen; GV 16, Fengfu; TE5, Waiguan.

binding inhibitor of NF-kB1 (ABIN1). The expression of
TNF-0, MCP-1, and IL-1 in the peri-infarct cortex is also
down-regulated by EA, and the neuroinflammation in
ischemic stroke rats is inhibited, with significant improve-
ment of neurological functional deficit.’® MA at GV20
+GV14 or LI11+ST36 can significantly improve micro-
glial degeneration and necrosis in cortical brain tissue,
inhibit transformation of microglia to the M1 phenotype,
reduce infiltration of mononuclear phagocytes into and
around the ischemic center, and down-regulate TNF-a,
IL-1B, and IL-6 levels, which prevents apoptosis and
necrosis of neurons in the ischemic penumbra after
ischemic stroke.’”®°

Chemokines and their receptors also play crucial roles
in the anti-inflammatory effect of acupuncture. EA at

GV20, LI4, and LR3 inhibits the NF-kB signaling pathway
and destroys the interaction of receptor-interacting protein
1 (RIP1) with KappaB kinase inhibitor y (IKKy) via up-
regulation of cylindromatosis (CYLD) expression in the
cytoplasm of cortical neurons around the ischemic injury.
It also induces the negative regulation of IKK (activated
IKK) in the cortex around the injury and reduces the levels
of the harmful pro-inflammatory cytokines TNF-a, IL-1p,
and CX3CLI1, thus inhibiting excessive microglial
activation.®’ EA at ST36 and BL60 also inhibits the over-
expression of chemokine signal CXCL12/CXCR4 in the
spinal dorsal horn and downstream ERK pathway of the
chronic post-ischemic pain model, thereby decreasing neu-
ronal and glial activity in the spinal dorsal horn, thus
playing a strong anti-hypersensitivity role.**
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MicroRNAs are also involved in NF-kB signaling
pathway activation in microglia. Acupuncture markedly
reduces the inflammatory response of the nervous system
by regulating microRNA. For instance, MA at GV20 and
ST36 significantly inhibits microglial activation in vascu-
lar dementia (VD) rats induced by cerebral hypoperfusion
via suppression of the miR-93-mediated TLR4/MyD88/
NF-kB signaling pathway, further reducing TNF-a and
IL-6 levels in the hippocampus and plasma, thereby low-
ering the inflammatory response, and, simultaneously,
enhancing memory, attention, and executive functions.®®
EA at ST36 and LI11 up-regulates miR-9 and inhibits NF-
kB activation while reducing TNF-a and IL-1f levels to
reduce the inflammatory response of the cortex around the
infarction.®*

Significant advances in omics have clarified the anti-
inflammatory mechanism of acupuncture. In a major
depressive disorder (MDD) model, a genomic analysis of
MA at GV20 and Yintang (GV29) revealed that the multi-
target antidepressant effect is related to amino acid meta-
bolism and inflammatory pathways. TLR and NF-kB sig-
naling are two important pathways through which
acupuncture exerts its antidepressant effects.®” The NF-
kB pathway is also activated by C-type lectin receptors
(CLRs), a subtype of PRRs. Syk is recruited and activated
by the adaptor protein CARD9to promote the production
of a variety of inflammatory cytokines. MA at GV20 via
Qubin (GB7) was reported to reduce expression of the
macrophage-inducible C-type lectin/spleen tyrosine kinase
(Mincle/Syk) pathway protein in brain tissues after intra-
cerebral hemorrhage. In particular, the reduced levels of
the proteins Syk, CARD9, mincle, and IL-1p are thought
to contribute to the alleviation of symptoms related to
cerebral hemorrhage.®®

Following external stimulation, for example, local
ischemia or mechanical injury, dead neurons and oligoden-
drocytes release high concentrations of ATP, and rapidly
hydrolyze, attract, and activate nearby microglia, which
migrate to the injury site.” This chemotaxis is mainly
mediated by P2Y12R and purinergic P2X4 receptor
(P2X4R).*®* MA at GB20 and Yanglingguan (GB34) also
affects P2Y12R, inhibits microglia activation, inhibits
synthesis of Cox-2-dependent PGE2 in the trigeminal
ganglion via suppression of the RhoA/ROCK pathway,
and down-regulates calcitonin gene-related peptide
(CGRP), brain-derived neurotrophic factor (BDNF),
COX2, IL-1B, IL-6, and TNF-a levels in the jugular vein
serum. Therefore, acupuncture reduces plasma protein

extravasation (PPE) and relieves migraine caused by
dural neurogenic aseptic inflammation.” EA at GV20
and Shenting (GV24) inhibits microglial activation,
reduces IL-1B, P2X7R, and P2Y1R, and up-regulates IL-
10 in the hippocampus and prefrontal cortex, thereby
inhibiting P2 purinoceptors-mediated inflammation in
microglia after middle cerebral artery occlusion/reperfu-
sion (MCAO/R) injury.”

Inflammatory factors released by glial cells induce
various chronic progressive neurodegenerative diseases.
Amyloid protein (AP) exerts a direct toxic effect on neu-
rons, which activates microglia to release inflammatory
mediators that lead to the neuronal and cognitive impair-
ment seen in Alzheimer’s disease (AD). EA at GV20,
BL23, or Taixi (KI3) inhibits glial cell activation in the
cortex, down-regulates inflammatory factors, and reduces
AP deposition in the brain. It also repairs neuronal damage
and improves learning and memory ability.”"”> On the
contrary, AP induces NLRP3 inflammasome activation,
IL-1P overexpression, and aggravation of neuroinflamma-
tion, which accelerates the development of Alzheimer’s
disease. EA at GV20, GV26, and GV29 inhibits activation
of NLRP3, apoptosis-associated speck-like protein con-
taining a CARD (ASC), and caspase-1, and reduces IL-
1B in hippocampus to exert its strong anti-inflammatory
effect.” Early aggregation of intracellular and extracellu-
lar a-synuclein triggers inflammatory reaction, promotes
glial cells to release toxic NOs and peroxides, and
damages dopaminergic fibers and neurons in the striatum
(ST) and substantia nigra (SN), leading to the symptoms of
Parkinson’s disease. EA at CV12, Yinjiao (RN7), ST36,
and LR3 suppresses glial cell activation, down-regulates
TNF-q, IL-1B, COX-2, and other inflammatory factors in
SN and ST, improving spatial memory function by rescu-
ing dopamine neurons on the verge of apoptosis, which, in
turn, partially restores motor function, and alleviates anxi-
ety, depression, and other symptoms.”*

Brain oxidative stress, caused by an imbalance between
the production and detoxification of ROS and reactive
nitrogen species (RNS), plays a crucial role in brain
inflammation.”> Acupuncture drastically reduces inflam-
mation by inhibiting oxidative stress. Specifically, MA at
ST36 and GV20 strongly down-regulates thioredoxin-
interacting protein (TXNIP), inhibits its binding with the
NLRP3 inflammasome, and reduces IL-1 and ROS, thus
relieving cognitive and neuronal impairment, as well as
cerebral edema caused by VD.”® Meanwhile, MA at
Yamen (GV15), Fengfu (GV16), GV20, Shuigou (GV26),
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and LI4 enhances brain antioxidant defense, reduces
expression of M1 microglia, inhibits RhoA/Rock?2 signal-
ing pathway and pro-inflammatory TNF-a, IL-1pB, IL-6 in
order to abrogate DNA damage of brain tissue near the
lesion of traumatic brain injury (TBI) while enhancing
neurological function.”” In the pentylenetetrazole (PTZ)-
induced epileptic model, MA at GV20 was shown to
reduce ROS production, increase SOD and catalase
(CAT) activity, inhibit expression of pro-inflammatory
factor TNF-a, produce anti-epileptic signal, inhibit abnor-
mal discharge of damaged neurons, and finally reduce the
degree of epileptic seizure.’”®

When oxygen and ATP energy, required for cell meta-
bolism, are insufficient and the excitotoxicity of glutamate
increases, over-activation of the N-methyl-D-aspartate
receptor (NMDAR) and, eventually, cell death may result.
Acupuncture modulates this process by inhibiting the
inflammatory response. It was reported that EA at GV29
and GV20 reduces IL-1B, IL-6, and TNF-a in the serum
and hippocampus, restores the balanced expression
between NMDAR subtypes, such as NR2B and NR2B,
and produces an antidepressant effect.”” The TRPV-1
channel in the brain is activated by ischemic stroke. EA
pretreatment at GV20, BL23, and SP6 is known to sig-
nificantly inhibit the expression of TRPV-1 protein, MDA,
TNF-a, IL-1B, and up-regulate glutathione (GSH) and
SOD to produce a potent neuroprotective effect after
ischemic stroke.®® Some microRNAs were also shown to
be involved in oxidative stress and the inflammatory
response in the brain. MA at GV20 and GB7 specifically
reduces miR-23a-3p in brain tissues and further inhibits
IL-6, IL-1B, TNF-0, ROS production, MDA, and glu-
tathione peroxidase 4 (GPX4) activation, alleviating neu-
ronal death, inflammation, and iron-induced death after
intracerebral hemorrhage.®' The endocannabinoid system,
which regulates and balances body’s response to certain
triggers, is primarily composed of endocannabinoids and
the cannabinoid receptors CB1 and CB2. Cannabinoid
type 1 receptor (CB1R) signaling plays an anti-injury, anti-
hypersensitive, and anti-inflammatory role in this
process.®* EA pretreatment at GB20 and Waiguan (TES)
up-regulates CB1 receptor expression and inhibits electri-
cal stimulation in trigeminal ganglion (TGES)-induced
migraine. Moreover, IL-1p, COX2, PGE2 and CGRP are
down-regulated, which alleviates PPE and relieves dural
neurogenic aseptic inflammation.®

The above evidence confirms that acupuncture can
indeed promote the transformation of M1 microglia into

M2 microglia, and inhibit pro-inflammatory-related path-
ways and factors. Acupuncture also exerts its anti-
inflammatory role to achieve neuroprotection via inhibi-
tion of oxidative stress and activation of the endogenous
cannabinoid system. Acupoints are mainly chosen from
the Yangming Meridian of the hand and foot, and the
Ren and Du Meridians. ST36, LI4, LI11, and GV20 are
commonly used. Meanwhile, the effect of multiple acu-
point stimulation is better than that of a single acupoint.
For example, in a migraine rat model, the regulating effect
of acupuncture GB20 + GB34 group on serum neuroin-
flammatory factors was better than that of a simple GB20
group.®

Motor System

Among the diseases of the motor system, osteoarthritis
(OA), as well as muscle and tendon injury, are common
clinical diseases that respond well to acupuncture.
Inflammatory symptoms including joint pain, swelling,
and stiffness often occur, and these, as well as synovial
inflammation, articular cartilage damage, and low bone
density in OA patients, are induced by cytokines and
chemokines released by infiltrating inflammatory
cells.**® Among them, T and B lymphocytes, synovial
macrophages, and synovial fibroblasts typically infiltrate
the locally diseased synovium,**®*and pro-inflammatory
factors such as IL-1B, TNF-a, IL-6, and matrix metallo-
proteinases (such as, MMP-1, MMP-3, and MMP-13)
aggravate synovial inflammatory reactions, including
synovial hyperplasia and fibrosis.*>**® This further erodes
the cartilage and destroys the force balance of the joints.'?
Acupuncture effectively alleviates inflammation of the
motor system, and the known mechanisms are discussed

below (Table S1).

Monocytes/Macrophages

Monocytes/macrophages can be activated by the chemo-
kine MCP-1 in articular cartilage, synovial membrane, and
synovial fluid. This induces the release of matrix-
degrading enzymes, which drive and maintain leukocyte
infiltration, causing synovial reactions and joint destruc-
tion. MA at Dubi (ST35) and ST36 inhibits expression of
MCPI and receptor CCR2 in the synovium and cartilage
tissue, which further down-regulates levels of IL-18 and
TNF-a in the joint tissue, as well as protects cartilage and
synovium from inflammatory injury.”’ EA at Neixiyan
(Ex-LE4) and ST35 down-regulates IKK-f and NF-kB
p65, upregulates IkB-o in chondrocytes, and inhibits
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inflammatory cytokines like IL-1B, IL-6, and TNF-a in
cartilage and synovial fluid to delay degeneration of the
cartilage.”® EA at ST36 and GB34 also inhibits the expres-
sion of TLR4, NF-xB p65, and NF-«kB p-p65 in the articu-
lar cartilage and exerts anti-inflammatory effects in an OA
model. The combined effect of two acupoints was found to
be better than that of GB34 alone.”® It was previously
reported that serum from TNF-o-treated chondrocytes,
treated with EA serum (EAS), significantly reduces IL-
1B levels and enhances chondrocyte viability by inhibiting
RAS, RAF, MEK1/2, and P-ERK1/2 protein expression.”*
This study used post-acupuncture serum in the treatment
regimen. This may provide some ideas for the transforma-
tion of “acupuncture drugs”. EA at Ex-LE4 and ST35
inhibits NLRP3 inflammasome activation in the cartilage
tissue of OA rats, inhibits downstream inflammatory fac-
tors IL-1P and its invertase caspase-1 and its invertase, and
alleviates inflammatory response.”” MA combined with
EA at ST36, Chengshan (BL57), and ST36+BL57 reduces
inflammation and leads to early remodeling, with increases
in the non-collagen concentration within the achilles ten-
don, enhancing the strength of the tendon and shortening
the early-stage tendon repair.’® In addition, acupuncture, in
combination with low-frequency electrical stimulation
(Acu-LFES) at GB34 and ST36, also attenuates denerva-
tion-induced muscle atrophy by stimulating the expression
of macrophages and IL-6 in normal and denervated mus-
cles or serum via upregulation of the insulin-like growth
factor-1 (IGF-1)/Akt signaling pathway, further preventing
soleus and plantaris muscle weight loss and increasing the
muscle volume.”’

MMPs, derived from macrophages or fibroblasts in the
synovium, cause destruction of the extracellular matrix
structure and further aggravate the infiltration of inflam-
matory cells in OA.”® EA at ST36 and GB34 significantly
reduces levels of macrophage inflammatory protein la
(MIP-1a), MIP-2, and MCP-1 in serum and synovial
fluid, thereby inhibiting MMPs expression and down-
regulating inflammatory mediators like vascular endothe-
lial growth factor (VEGF), IP-10, IL-10, TNF-a, and lep-
tin, which inhibit LPS-mediated arthritis in obese rats. EA
inhibits the pro-inflammatory transformation of intestinal
microbiota by increasing the ratio of Bacteroidetes/
Firmicutes, and promotes the recovery of the relative
abundance of Clostridium, Ackermann, Butyricimonas,
and Lactococcus.” EA at ST35 and Ex-LE4 also reduces
the expression of MMP-3 and MMP-13 in chondrocytes,

regulates cartilage matrix metabolism, reduces degradation
of type II collagen, and relieves knee arthritis.”

The Endocannabinoid System

The endocannabinoid system is involved in the analgesic
and anti-inflammatory effects of acupuncture targeting
acute inflammatory pain. It was revealed that EA at Ex-
LE4 and ST35 enhances cannabinoid type 2 receptor
(CB2R) expression in the knee meniscus and fibroblasts,
inhibits release of IL-1B (thus reducing the inflammatory
response), and improves mechanical and thermal pain
thresholds, as well as the body weight percentage, prevents
cartilage loss, and alleviates joint dysfunction in rats with
knee osteoarthritis.””

To sum up, acupuncture inhibits the expression of
chemokines and the TLR4/NF-xB signaling pathway,
which, in turn, inhibits the activation of monocyte/macro-
phage cells and downregulates the expression of inflam-
matory mediators, such as MMPs, NLRP3, IL-1f3, and
TNF-a. This reduces the perception of inflammatory pain
in motor system-related diseases, and inhibits the prolif-
eration of synovial tissue as well as the destruction of
articular cartilage morphology. Activation of the endocan-
nabinoid system also forms part of the acupuncture anti-
inflammatory action. Both a local single acupoint and
matching acupoints are used for acupuncture to treat
motor system dysfunction. Among them, the ST36 acu-
point is the most used, and ST35, Ex-LE4, and other
acupoints, located near the knee or ankle joint, are also
frequently used. Local muscle-rich acupoints, such as
BL57, are used in muscle, tendon injury, and other models.
Acupuncture provides bidirectional regulation. Upon
appropriate acupuncture stimulation, the disordered func-
tion restores to normal. Acupuncture at the same acu-
points, such as ST36 and GB34, not only down-regulates
proinflammatory factors to treat OA but also, with appro-
priate stimulation, upregulates the expression of macro-
phage inflammatory factors in the muscles in a muscle
atrophy model, which may be related to the type and

varying stages of disease.””’

Circulatory System

The circulatory system is a continuous closed-pipeline
system that is distributed all over the body. Inflammation
is currently recognized as the main pathological basis of
atherosclerosis, hypertension, and other circulatory dis-
eases, as well as an important complication of these dis-
eases. Tissue cell injury and subsequent pathogen invasion
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of the cardiovascular system causes necrotic cells to
release DAMPs, act on TLRs and NLRs, and activate
intracellular inflammasome signaling that initiates an
innate immune response. As shown in Table S1, EA pre-
treatment at PC6 greatly improves ventricular function
remodeling directly related to the inflammatory response,
reduces the infarct size, and increases the left ventricular
fraction shortening (FS) and ejection fraction (EF). The
potential mechanisms include EA inhibiting the activation
of M1 macrophages in the myocardium and spleen while
promoting the activation of M2 macrophages. In addition,
acupuncture was shown to further inhibit the activation of
NLRP3 inflammatory bodies in M1 macrophages and
reduce caspase-l1 and IL-1p in the myocardium.'®
Several lines of evidence have confirmed that acupuncture
effectively treats circulatory system diseases and adjusts
the levels of a variety of chemical components, such as
plasma proteins, blood ammonia, electrolytes, enzyme
activities, and other biological active substances to regu-
late vascular function, promote the formation of collateral
neovascularization, improve the microcirculation, and
enhance the remodeling of ventricular function. However,
there are relatively few studies on the mechanism of acu-
puncture-driven therapeutic effects from the perspective of
regulating the inflammatory response.

Endocrine System

As many endocrine glands and hormones interact with one
another, the clinical manifestations of endocrine system
diseases are varied and complex, often involving the
abnormal function of organs in multiple systems, resulting
in abnormal metabolism of carbohydrates, proteins, fats,
water, electrolytes, and purines.'*!

Chronic, subclinical, and non-specific inflammatory
states are closely related to the occurrence and develop-
ment of type 2 diabetes. PI3K/Akt signaling is a well-
defined insulin signal transduction pathway, which is
known to affect glucose metabolism and protein synthesis
via the regulation of inflammatory responses and vascular
homeostasis. As shown in Table S1, it was reported that
EA at PC6, ST36, SP6, and BL23 inhibits weight gain in
type 2 diabetic rats induced by a high-fat diet, activates the
PI3K/Akt signaling pathway, inhibits the adhesion cascade
and harmful vascular inflammation, and regulates the
expression and action of eNOS in endothelial cells,
thereby, ultimately, affecting the functional structure of
pancreatic beta cells, insulin sensitivity, and insulin

02

secretion.’ Histone  acetylation also  regulates

macrophage functions. EA at ST36, ST40, Zhongji
(CV3), and CV4 also stimulates Sirtl and Sirtl-
dependent deacetylation of histone (H3K9) in white adi-
pocytes by activating Sirtl-dependent histone deacetyla-
tion, downregulating MIl-type peritoneal macrophage
expression, and inhibiting the NF-kB signaling, which, in
turn, down-regulates pro-inflammatory factor TNF-a
levels, and finally relieves chronic and low-grade inflam-
mation caused by dietary obesity (DIO), improves insulin
sensitivity, glucose tolerance, and lowers the blood lipid
content.'” EA at CV12 and CV4 inhibits proliferation
and/or infiltration of macrophages into the adipose tissue
of obese rats, and promotes an anti-inflammatory adipo-
kine balance, reducing the adiponectin/leptin ratio to
improve insulin sensitivity and reduce blood glucose
levels.'041%¢

Long-term hyperglycemia in diabetic patients causes
significant damage to both large blood vessels and micro-
vessels and gives rise to complications in the heart, sto-
mach, and peripheral nerves. In a rat model of diabetic
cardiomyopathy (DCM), MA at PC6 and ST36 reduces
blood glucose by upregulating type 1 insulin-like growth
(IGFIR) to
monophosphate (AMP)-activated protein kinase, which is

factor receptor restore adenosine 5'-
a key molecule in the regulation of energy metabolism. It
also inhibits NLRP3-inflammasome activation and down-
regulates IL-1a, IL-1pB, IL-6, IL-8, TNF-a, ICAM-1, and
MCP-1 in the myocardial tissue and blood. Acupuncture
can also improve myocardial remodeling, as well as sys-
tolic and diastolic function in DCM rats.'”” Diabetic gas-
troparesis is a complication induced by gastrointestinal
autonomic nerve dysfunction. Acupuncture is reported to
relieve dyspepsia symptoms and promote gastric emptying
in patients with diabetic gastroparesis. It was shown that
ICC damage in gastric tissue is the main cause of delayed
gastric emptying in diabetic patients. HO-1, expressed by
ICCs, is an inducible heme oxygenase subtype, which
catalyzes heme degradation and participates in anti-
inflammatory and oxidative stress reactions. EA at ST36
promotes HO-1 positive M2 macrophage expression,
reduces M1 macrophage expression, upregulates IL-10,
reverses pathological alterations in ICCs in diabetic gas-
troparesis rats, and protects the ICC network in gastric
tissue.'® Diabetic peripheral neuropathy (DPN) results
from chronic sensory and motor nerve damage caused by
hyperglycemia and metabolic disorders. MA at BL13,
Pishu (BL20), and BL23 inhibits activation of the spinal
microglia as well as the release of the inflammatory factors
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TNF-0, IL-1B, and IL-6 to improve peripheral nerve
dysfunction.'®

Taken together, in cases of endocrine diseases such as
diabetes, obesity, and diabetic complications, ST36 is the
most frequently used acupuncture point. Ample evidence
confirms that acupuncture at ST36 has a satisfactory cura-
tive effect on DCM, diabetic gastroparesis, and DPN. Both
low-frequency and high-frequency EA with ST36 pro-
motes gastric emptying in rats, suggesting that for diabetic
gastroparesis, the frequency of electroacupuncture was not
the most critical factor affecting its efficacy.'®® Therefore,
acupuncture can regulate PI3K-Akt and NF-«xB signaling
pathways that affect the production of inflammatory cyto-
kines to inhibit inflammation, and plays a satisfactory role
in the treatment of diabetes. It also has a benign regulatory
effect on the functions and hormones of endocrine glands,
such as islets and endocrine cells (which are widely dis-
tributed in various organs). However, the exact mechanism
requires further investigation.

Genitourinary System

The urinary and reproductive systems share a common
origin during ontogenesis. Hence, they are closely related
in structure and function, and diseases of one system often
influence the other. In recent years, clinical studies have
revealed that acupuncture has a therapeutic effect on the
treatment of upper urinary tract inflammation, such as
pyelonephritis and inflammation of the ureter, as well as
lower urinary tract inflammation, such as cystitis and
urethritis. Acupuncture also improves typical urinary
tract irritation symptoms, such as frequent urination,
urgency of urination, pain during urination, and hematuria,
as well as systemic symptoms, such as shivering, fever,
and fatigue caused by an inflammatory reaction. It also has
good curative effects on genital system inflammation, such
as vaginitis, cervicitis, pelvic inflammatory disease, endo-
metritis, salpingitis, peritonitis, and pelvic connective tis-
sue inflammation. As shown in Table S1, it was reported
that EA pretreatment at SP6 and CV4 reduces the levels of
inflammatory cytokines, such as IL-6, TNF-a, MCP-1, and
VEGF, reduces serum steroid hormones (progesterone and
testosterone), decreases ovarian weight and vascular per-
meability in female rats with ovarian hyperstimulation
syndrome (OHSS), and prevents disease progression.''’
that the anti-
inflammatory effects of EA on OHSS may be mediated

Further proteomic analysis suggests

by the up-regulation of CD200, a member of the immu-
noglobulin superfamily, which inhibits the release of pro-

inflammatory cytokines, thus affecting the progress of
OHSS H
Shenmen (HT7) alleviated the behavioral impairment

in the ovary. Acupuncture stimulation at
(immobility time) and reduced the plasma levels of corti-
costerone, IL-1B, IL-6 and glial cell-derived neurotrophic
factor by maternal separation, indicating that acupuncture
helps to relieve maternal separation-induced depression.''
However, the specific cell types involved and detailed
underlying mechanisms of this process remain unknown.
There is also limited research on urinary inflammatory
diseases, which requires further attention in the future.

Summary

The multi-system anti-inflammatory effect of acupunc-
ture involves the regulation of innate immune cells
(such as macrophages, granulocytes, and mast cells) as
well as adaptive immune cells (such as lymphocytes;
Figure 2). Following acupuncture, macrophages trans-
form from the M1 pro-inflammatory type to the M2 anti-
inflammatory type, and the negative regulator of TLR4,
PPARy, is activated to inhibit the intracellular TLR/
MyD88 and NOD signaling pathways, which regulates
the downstream IkBo/NF-kB and P38 MAPK pathways,
as well as other inflammation-related pathways, thereby
inhibiting NLRP3 inflammasome activation, reducing
ASC and caspase-1 recruitment, and down-regulating
proinflammatory factors (such as TNF-a, IL-1f, IL-6,
and IL-18), MCP-1, adhesion molecules (ICAM-1 and
VCAM-1), and INF-y, which promotes the release of
IL-10).
Acupuncture also regulates the balance of lymphocyte

anti-inflammatory ~ cytokines  (such  as
Th cells. In the case of autoimmune diseases such as
RA, acupuncture down-regulates Thl cells and inhibits
their secretion of pro-inflammatory cytokines such as
INF-y, IL-2, and TNF-0, while simultaneously up-
regulating Th2 cells and promoting the secretion of anti-
inflammatory cytokines such as IL-4, IL-5, IL-6, IL-10,
and IL-13. In the case of inappropriate immune response
diseases such as asthma, acupuncture up-regulates Thl
cells and down-regulates Th2 cells to exert its anti-
inflammatory function. Acupuncture also regulates the
process of oxidative stress, improves SOD activity
through the Nrf2/HO-1 pathway, eliminates oxygen free
radicals to reduce damage, and inhibits ROS, MDA, and
MPO production, to inhibit inflammatory cell infiltration,
and alleviate inflammation-induced tissue injury and
dysfunction.
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Figure 2 Common anti-inflammatory effects of acupuncture in various systems. Factors in red are up-regulated by acupuncture, while factors in green are down-regulated
by acupuncture. Acupuncture fights against inflammation using two major pathways: regulating macrophage polarization and preserving Th cell balance.

Abbreviations: PPARy, peroxisome proliferator-activated receptor y; TLR4, Toll-like receptors; MyD88, myeloid differentiation factor 88; SOD, superoxide dismutase;
ROS, reactive oxygen species; MDA, malondialdehyde; HO- I, heme oxygenase-|; Nrf2, NFE-related factor 2; MPO, myeloperoxidase; NLRP3, NOD-like receptor protein 3;
ASC, apoptosis-associated speck-like protein containing a CARD; INF-y, interferon y; p38 MAPK, p38 mitogen activated protein kinase; NF-kB, nuclear factor kappa-B;
HDAC?2, histone deacetylase inhibitor 2; CRP, C-reactive protein; ICAM-I, intercellular cell adhesion molecule-1; VCAM-I, vascular cell adhesion molecule-1.

The Anti-Inflammatory Mechanisms of
Acupuncture from Acupoint to Target
Organs via the Neuro-Immune Regulation
Acupoint Initiation by Acupuncture Promoting
Anti-Inflammatory Action

Most acupoints possess a three-dimensional structure, with
a dense distribution of nerves, regular arrangement of
blood vessels, and rich inherent connective tissue under
a thin layer of skin.''® A variety of cells, signaling path-
ways, and molecules in acupoints mediate the therapeutic
effects of acupuncture to combat inflammatory diseases.
For instance, in CFA models, acupuncture enhances the
network communication strength between the cells in the
acupoint by using complex network analysis of multiple
cytokines and chemokines, which amplifies and transmits
acupuncture information from the acupoints. Fibroblasts
and macrophages are the key cells that are stimulated with
MA stimulation of the ST36 acupoint.''* Gene chip assays
revealed that the MA stimulation of ST36 modulates the
expression of 236 genes and seven signaling pathways
(ERK, P38, JNK, P53, BCR, TCR, and TLR receptor
signaling), among which the ERK pathway was the most
notable.''> Apart from this, the upregulation of NF-xB
signaling and the related cytokine gene expression
(p-p65, p-p50, Nikbia, IL-1B, IL-6, CXCL1, CCL2, Rela,
and NF-xB1) are also associated with ST36 stimulation.

Alternately, NF-kB inhibitors suppress the acupuncture
analgesic effect by reducing IL-6 levels and the proportion
of CD68" macrophages.''® In addition, the association of
adenosine to adenylate A1 receptors in acupoints mediates
the anti-inflammatory and analgesic effects of acupuncture
in CFA models.""”""® It is also reported that EA at ST36
for 7 days increases CB2R expression, with no effect on
CBIR in the acupoint, thereby inhibiting the influx of
calcium ions, suppressing the TLR4/NF-«B pathway in
the spleen, and eventually, down-regulating expressions
of TNF-a, IL-1B, and IL-6 in the serum,'' suggesting
that the cannabinoid system in acupoints is intricately
involved in the acupuncture-mediated anti-inflammatory
process. Acupuncture also promotes mast cell degranula-
tion and fibroblast structure remodeling to induce release
of ATP, substance P (SP), tryptase, histamine (HA), inter-
leukins, 5-hydroxytryptamine (5-HT), and other sub-
stances, which also mediate acupuncture action.'*’

As mentioned above, the anti-inflammatory effect of
acupuncture is mediated by activating the immune
response within the acupoints. The “minimally invasive”
stimulation of acupuncture induces a variety of DAMPs at
the local acupoints, including HMGBI1, adenosine,''” and
heat shock protein (HSP).'?! Additionally, our unpublished
work has shown that acupuncture increases HMGB1 pro-
tein content at acupoints, which mediates the analgesic
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effect of acupuncture. DAMPs activate immune cell func-
tions and promote the release of inflammatory mediators
such as interleukins. In addition, the content of local
glucocorticoids in acupoints increases after MA, which
may limit inflammation at local acupoints. We, therefore,
speculate that the orderly and controllable inflammatory
network at acupoints is highly beneficial to the activation
of immunity throughout the body, thus achieving a strong
anti-inflammatory effect.

Exosomes are membranous vesicles that transfer mole-
cules, such as lipids, proteins, mRNA, miRNA, and DNA
from one cell to another for informational exchange.
Studies have revealed that exercise causes skeletal muscle
contraction, which releases exosomes into the blood cir-
culation, which, in turn, communicates with the peripheral
and distant organs, and promotes metabolism in various
systems. Our preliminary data confirmed that the analgesic
and anti-inflammatory effect of acupuncture is weakened
after blocking local exosome and mast cell activity at
acupoints.122 Mast cell-derived exosomes (MC-Exos)
release is known to activate B and T lymphocytes, as
well as TRPV receptors in sensory nerve endings via the
release of multiple neuroimmune signaling molecules,'*?
which are speculated to mediate the acupuncture curative
effect.

In short, upon stimulation of an acupoint, the local
fibrous tissue entangles and breaks, resulting in cellular
damage. As a result, damage-related factors are released,
which activate the corresponding cells (macrophages, mast
cells, and fibroblasts), inflammatory ERK and NF-xB
pathways, and various neuroimmune molecules, including
adenosine, CB2R, SP, and interleukins. This leads to the
release of exosomes, which initiate the dynamic network
within the acupoint, and the acupuncture information is
locally amplified to produce an anti-inflammatory effect.

Signal Transmission from the Afferent Pathway to the
Central Nervous System After Acupuncture
Stimulation

In 2014, the US National Institutes of Health (NIH) spe-
cifically proposed the stimulating peripheral activity to
relieve condition (SPARC) program, whereby the periph-
eral activity is stimulated to relieve a given condition.
Since vagal nerve stimulation (VNS) involves an invasive
surgical procedure, alternative methods such as EA gained
much popularity in driving somatosensory-autonomic
pathways. Torres-Rosas et al reported that sciatic nerve
with EA at ST36 controls

activation systemic

inflammation. The same year, it was reported that EA
pretreatment at ST36 and SP6 offers substantial protection
against lung injury via the sciatic nerve.'** Results
revealed that EA improves lung ventilation function and
IL-18, IL-6, TNF-a, and MPO
Interestingly, the protective effect of EA disappears once

decreases levels.
the sciatic nerve is severed, but not when the peroneal or
tibial nerves are severed. This indicates that the ST36 and
SP6 stimulation promotes anti-inflammatory activities via
the sciatic nerve.'* However, the DRG to spinal cord route
of acupuncture signal transmission is not well studied and
requires further investigation.

Acupuncture regulation also requires multi-level CNS
participation. The somatosensory signals from acupoints
project to the nucleus tractus solitarius (NTS), dorsal
motor nucleus of vagus (DMV), hypothalamus, amygdala,
and other primary parts of the brain. Upon acupuncture
stimulation, there is a marked discharge of the brainstem
nuclei, along with up-regulation of the c-Fos-positive cells
in the NTS and DMV.'?*> Apart from this, it has been
reported that MA at ST36 decreases TNF-a production in
the spleen and serum via activation of the vagus nerve and
splenic nerve activity originating from the dorsal vagal
complex (DVC).'?® Furthermore, Takahashi et al revealed
that acupuncture at ST36 increases the number of c-Fos-
immunopositive cells in the NTS and DMV, whereas acu-
puncture at ST25
immunopositive cells in the NTS and rostral ventrolateral
medulla (RVM)."?” At the hypothalamic level, EA at LI4
and LI11, along with GV14 and GV20 increases the func-
tional connectivity between the anterior hypothalamus and

increases the number of c-Fos-

amygdala in both rats and humans, as evidenced by mag-
netic resonance imaging (MRI), and specifically increases
the production of anti-inflammatory cytokines.'*® The par-
ticipation of the NTS, DMV, raphe nuclei, area postrema,
lateral hypothalamic area (LHA), and paraventricular
nucleus (PVN) of the hypothalamus in acupuncture was
also confirmed by neuroanatomical tracing, following the
injection of a neuronal tracer into the stomach and
ST36.'* In conclusion, the somatic afferents activated
by acupuncture are conveyed to the corresponding nuclei
of the brainstem and hypothalamus.

The Neuro-Immune Efferent Pathway of
Acupuncture-Mediated Anti-Inflammatory Effects

The CNS is a crucial integration site for acupuncture-
driven information as well as information input from dis-
inflammation. Moreover,

ease-associated it provides
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extrinsic neural outputs in a widespread and integrated
manner. Several studies have revealed that acupuncture
inhibits inflammation by activating interneurons in the
brain stem (including the NTS). It also stimulates multiple
pathways, such the cholinergic anti-inflammatory pathway
(CAIP), vagus-adrenal medulla-dopamine, and sympa-
thetic pathways, which offer rapid, accurate, and timely
first aid, as well as the endocrine-immune pathway (parti-
cularly, the HPA axis), which covers broader functions
over longer durations.

The Cholinergic Anti-Inflammatory Pathway

Prior to 2000, it was generally believed that the anti-
inflammatory response of acupuncture was realized
through humoral regulation. In recent years, the anti-
inflammatory effect of acupuncture, mediated by CAIP,
has received worldwide acknowledgment in different mod-
els. Acupuncture modulates the vagal nerve and exerts an
anti-inflammatory effect via CAIP or the vagus-adrenal
medulla-dopamine pathway, both of which are dependent
on the integrity of the vagus nerve. As Lim et al reported,
the application of MA or EA at ST36 is highly effective in
attenuating phospho-ERK1/2 and TNF-o production in
hepatic cells via vagal modulation in the concanavalin
A model of hepatitis. On the other hand, vagotomy
strongly suppresses acupuncture effects.'*” Sepsis, often
leading to myocardial injury, is effectively abolished by
EA at ST36, which reduces TNF-a and NO levels, thereby
strongly inhibiting neutrophil accumulation, and lowering
the plasma activity of CK-MB. Upon vagotomy, EA sti-
mulation shows considerably fewer anti-inflammatory and
protective effects.'® As expected, after segmental blockage
of the vagus nerve caused by subphrenic vagotomy or
mecamylamine hydrochloride, the protective effects of
pre-EA at LI4 on liver ischemia-reperfusion injury are
abolished. These that the
inflammatory effect of EA at different acupoints is asso-

results suggest anti-
ciated with the corresponding segmental activation of
CAIP’

Acetylcholine (ACh) and the a7 nicotinic acetylcholine
receptor (a7nAChR) are the key components of CAIP. In
a rat model of obesity, EA, but not MA, reduced rats’ body
weight by enhancing vagal activity. EA promotes ACh
release and activates a7nAChRs in mesenteric white adi-
pose tissues (mWAT), inhibiting proinflammatory TNF-a
production.”*! The a7nAChRs are widely distributed in
the hippocampus, prefrontal cortex, basal ganglia, tem-
poral cortex and peripheral lymphocytes, macrophages

and other regions, of which the highest a7nAChR content
is found in the hippocampus.'** In a postoperative cogni-
tive dysfunction (POCD) model, established by the
removal of the left lobe of the liver, EA at GV20, PC6,
and LI4 for seven days reduced the inflammatory reaction
by increasing a7nAChR expression and decreasing the
levels of pro-inflammatory cytokines TNF-a and IL-1p in
hippocampal neurons.'*® In ischemic stroke, EA at GV20
and GV24 for seven days also increases a7nAChR expres-
sion and decreases pro-inflammatory cytokines TNF-a and
IL-1B levels in hippocampal neurons to attenuate learning
and memory impairment.'** Using a7nAChR antagonists
or agonists, it was demonstrated that a7nAChR up-
regulation following acupuncture minimizes inflammatory
responses in tissues. It was further revealed that EA pre-
treatment at ST36 and BL13 attenuates acute lung injury
via restoration of a7nAChR-dependent cholinergic signal-
ing and inhibition of HMGBI, IL-1B, and TNF-a release
in the CPB model."*” Li et al demonstrated that EA pre-
treatment at LI4 or non-selective nicotinic ACh receptor
(AChR) agonist administration ameliorates I/R-associated
liver tissue damage in a time-dependent manner. The
underlying EA mechanism was induced by the inhibition
of liver neutrophil accumulation and serum inflammatory
factors TNF-o and IL-6 release, but with little influence on
IL-10.*° In intestinal ischemia-reperfusion injury, EA and
a7nAChR agonists exhibit similar effects on attenuating
mucosal damage, which is done by promoting mucosal
a7nAChR mRNA expression and preventing mucosal
NF-kB  p65,
Additionally, these protective effects of EA can be

serum [L-6, and TNF-a production.
reversed by an a7nAChR antagonist, suggesting that
o7nAChR plays an important role in EA.'*® Another
study reported that EA at GV20 for five consecutive
days markedly reduces inflammation via increasing
a7nAChR and anti-inflammatory factor TGF-1B and IL-
10 expression, while decreasing pro-inflammatory cyto-
kine TNF-a and IL-18 expression in ischemic brain
neurons.*” Ma et al revealed that EA pretreatment
increases the expression of anti-inflammatory cytokines
by conversion of microglia from the M1 to M2 phenotype
via a7nAChR signaling during cerebral ischemia.'*®
Besides the nicotinic receptor a7nAChR, muscarinic
receptors are also present on cholinergic neurons in var-
ious areas of the brain. The anti-inflammatory role of EA
GV20 and GV14 is also mediated by up-regulating the five
subtypes of muscarinic receptors (M1, M2, M3, M4, and
MS5) in the peri-infarct area to protect the brain during
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ischemic stroke.'*® In addition, ACh synthesis is closely
related to acetylcholine transferase (ChAT) and acetylcho-
linesterase (AChE) activities. In the ischemic stroke
model, EA at GV14 and GV20 attenuates ischemia-
induced impairment of the central cholinergic system via
modulation of the ChAT mRNA level.'*’ Two major
a7nAChR downstream pathways, janus kinase 2 (JAK2)/
signal transducer and activator of transcription 3 (STAT3)
and MAPK, play important roles in the occurrence and
development of inflammation. In the chronic cerebral
hypoperfusion model, MA at ST36 and GV20 up-
regulates a7nAChR, thus activating the JAK2/STAT3
pathway and reducing expression of TNF-a and IL-6 in
the hippocampus in order to protect neurons.'*® Although
normal levels of activated JAK2/STAT3 are essential for
cellular functions, excess STAT3 activation is detrimental
to the brain. EA at GV20 and GV14 for four weeks
markedly reduces inflammatory injury by down-
regulating excessive activation of JAK2 and STAT3, as
well as TNF-o. and IL-1p.'"*' Neuroinflammation is
involved in the occurrence and development of neuro-
pathic pain, characterized by the release of pro-
inflammatory cytokines in the DRG or spinal cord. EA at
ST36 and SP6 alleviates SNI-induced mechanical hyper-
sensitivity, possibly via the activation of a7nAChR, inhi-
bition of the JAK2/STAT3 pathway, and down-regulation
of pro-inflammatory cytokines TNF-a, IL-6, and IL-1f in
the DRG or spinal cord.'**'*

In the respiratory system, acupuncture exerts the oppo-
site effect on the regulation of the cholinergic system.'**
"7 1t is well known that ACh is a major transmitter of
parasympathetic nerve fibers, which innervate the glands
and smooth muscles of the airway. ACh is also produced
in a large number of non-neuronal cells in the lungs, such
as T and B cells, alveolar macrophages, airway epithelial
cells, dendritic cells, and pulmonary endothelial cells. It is
a major contributor to COPD and asthma pathogenesis.'*®
EA at ST36 and BL13 regulates COPD inflammation via
inhibition of ACh and a7nAChR production.'*’ Multiple
studies have suggested that MA is effective in treating
asthma using the GV14, BL12, and BL13 acupoints.
Among these, acupuncture at BL13 is the most beneficial
for relieving asthma symptoms. This is achieved by down-
regulating ChAT expression and restoring the impaired
mAChR M1 and M2 expression.'>* Low ChAT levels, in
combination with the restored mAChRs, further inhibit
ACh release from the pre-synapses of parasynaptic neu-
rons. As a consequence, AChE expression declines. In

COPD patients, strong inhibition of the JAK2/STAT3 post-
receptor and NF-kB pathways correlates with a decrease in
ACh and o7nAChR levels after EA treatment.'*’ It is
evident that acupuncture has distinct regulatory effects
on the ACh system in respiratory models. Therefore,
further bio-
directional regulatory mechanism of EA on the ACh sys-

studies are necessary to explain the
tem in respiratory and other systems.

In brief, acupuncture regulates the expression of ACh
and its corresponding receptors either directly or indirectly
via association with a7nAChR. This is done via the indir-
ect regulation of ChAT and AChE, and modulation of the
downstream targets of JAK2/STAT3, NF-xB, and MAPK
signaling, which brings about an anti-inflammatory effect.

The Vagus-Adrenal Medulla-Dopamine Pathway
Acupuncture signals at ST36 have been demonstrated to
reach the adrenal medulla via the vagus nerve, triggering
the vagal-adrenal medulla reflex, and releasing dopamine
(DA) to produce an anti-inflammatory effect in septic
models.'* Similar studies reported that a 30-min EA at
ST36 shows strong potency in alleviating intestinal inflam-
mation and barrier dysfunction by significantly increasing
the DA plasma levels and lowering TNF-o via the DA
type 1 (D1) receptor pathway in the intestinal ischemia
model.">! Ma et al provided a neuroanatomical explana-
tion of EA at ST36 in driving the anti-inflammatory action
via the vagal-adrenal axis. Deep, but not superficial ST36
stimulation, at low intensity is crucial for activating the
major nerve bundles containing PROKR2ADV fibers that
innervate the deep limb fascia. In contrast, spinal sympa-
thetic reflexes, which are independent of the
PROKR2ADV neurons, can be evoked by high-intensity
EA at both ST25 and ST36 acupoints.'>

The Sympathetic Pathway

Sympathetic nerves play dual roles in the regulation of
inflammatory responses, mediating both pro- and anti-
inflammatory effects.'>® It is reported that sympathetic
tyrosine hydroxylase
“basket-like”

innervating DRG neurons following colonic inflammation

immunoreactive (TH-IR) fibers

form structures around the colon-
and contribute to the inflammatory visceral pain and
somatic hyperalgesia.'>* EA at ST36 and ST37 for 7 or
14 consecutive days attenuates visceral motor responses to
colorectal distention (CRD) and relieves inflammatory
pain by inhibiting sympathetic TH expression in the sixth

lumbar DRG. In addition, EA at ST36 and ST37 also
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decreases TH-IR neurons, and prevents excessive TH-IR
sprouting toward sensory neurons in L6 DRG of colitis
rats.”” Chen et al also reported that acupuncture at BL13,
BL12, and GV14 improves asthmatic symptoms by
decreasing the levels of sympathetic neuropeptides, such
as neurokinin A (NKA), neurokinin B (NKB), SP, and
vasoactive intestinal peptide (VIP) in the lung tissue. All
of these molecules are asthma attack factors and are
related to the release of inflammatory mediators.'>> On
the other hand, acupuncture also stimulates the sympa-
thetic nerve to release NE, which specifically binds to
the P2-adrenergic receptor (B2AR) to enable anti-
inflammatory action,'**'*” while EA increases the p3
receptors during obesity, which is characterized by
a chronic low-grade inflammatory state.'”® More recently,
Ma et al reported that high-intensity EA at ST25 or ST36
before modeling activates neuropeptide Y (NPY)" splenic
sympathetic nerve in septic models via the spinal-
sympathetic axis.® Based on the sympathetic nerve-
mediated regulation of inflammatory responses, the effect
of acupuncture is mainly affected by the concentration of
neurotransmitters and immune cell surface receptor sub-
types. Different concentrations of neurotransmitters and
subtypes of receptors on the surfaces of immune cells
produce different results, suggesting the presence of both
pro- and anti-inflammatory bidirectional regulation.

The anti-inflammatory pathways of sympathetic and
parasympathetic nerves achieve bidirectional benign reg-
ulation via antagonism, synergy, or succession, which are
still not unified. The activation of the sympathetic nerves,
by the 02 adrenergic receptors (a2ARs), for instance, leads
to increases in TNF synthesis, but the activation of the
vagus nerves offsets excessive release of TNF, which is
consistent with the notion that sympathetic and parasym-
pathetic nerves exert opposing effects. However, the latest
researchers demonstrated that the sympathetic and para-
sympathetic nerves have cooperative relationships that
result in anti-inflammatory effects. It is reported that
after an inflammatory signal is transmitted to the brain
stem for processing, the vagus nerves are activated. The
vagus nerves then stimulate the adrenergic nerves of the
spleen to release norepinephrine (NE). Upon NE stimula-
tion, ChAT" T cells are activated and release ACh that
inhibits cytokine production by macrophages.'>*'*° It was
confirmed that the vagus and splenic sympathetic neurons
have no neural connection.'®' Therefore, the sympathetic-
parasympathetic synergy anti-inflammatory effect may
depend on other indirect communication pathways.

Neuroanatomical findings have highlighted the celiac
plexus as a potential site of vagus nerve-splenic nerve
communication.'®> The efferent fibers of the vagus nerve
likely act on the a7nAChR of the celiac ganglion neurons
to release ACh, which then activates the splenic sympa-
thetic nerve. In addition, studies have revealed that stimu-
lating C1 neurons in the medulla oblongata protects mice
from ischemia-reperfusion injury, while increasing the
activity of the sympathetic and vagus nerves.
Interestingly, the protection conferred by C1 stimulation
is eliminated by splenectomy, ganglionic-blockers, or
B2ARs blockade, while it remains after subdiaphragmatic
vagotomy. This suggests that the protective effect of the
C1 neuron stimulation against ischemia-reperfusion injury
is primarily mediated via sympathetic nerves. There may
also be a direct pathway from the central to the sympa-
thetic nerve, which may include the vagus nerve.'®
However, the distribution of anti-inflammatory effects of
the sympathetic and parasympathetic nerves needs further

exploration.

The Hypothalamic-Pituitary-Adrenal (HPA) Axis

The HPA axis is mainly composed of the hypothalamic
PVN, adenohypophysis, and the adrenal cortex, among
which the PVN is the most crucial. Cortisol synthesized
and released by the HPA axis regulates gene expression of
pro- and anti-inflammatory mediators by forming
a complex with glucocorticoid receptors (GRs). This inhi-
bits the production of various pro-inflammatory mediators
and induces the production of various anti-inflammatory
mediators. Simultaneously, cortisol provides a negative
feedback to the hypothalamus and pituitary gland to pre-
vent a decrease in GR sensitivity and cortisol anti-
inflammatory ability caused by the over-secretion of corti-
cotropin-releasing hormone (CRH) and hyperactivity of
the HPA axis.

Acupuncture directly activates the endogenous HPA
axis and plays an anti-inflammatory role, which prevents
overdose of exogenous cortisol and its related side effects.
The persistent inflammatory condition associated with
asthma up-regulates endogenous cortisol, leading to the
hypo-responsiveness of the HPA axis due to the negative
feedback mechanism. Wei et al revealed that acupuncture
promotes both adreno-cortico-tropic hormone (ACTH) and
cortisol secretion, shifting the hypo-responsiveness of the
HPA axis to hyper-responsiveness, thus attenuating
inflammation.'®* This, in turn, decreases airway inflamma-
tory cell (leukocyte, and

neutrophil, lymphocyte,

7214

Dove!

Journal of Inflammation Research 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Li et al

eosinophil) counts and attenuates inflammatory factors
(TNF-a, IL-1pB, IL-5, and eotaxin). Conversely, the sympa-
thetic nervous system and HPA axis become activated
during CNS injuries, which also induces release of inflam-
matory mediators and chemokines to accelerate inflamma-
tion. EA at GV20 and ST36 markedly down-regulates
ACTH and HSP 70 in serum, accompanied by reduced
inflammation.'®> However, the acupuncture-mediated inhi-
bitory ACTH action and the underlying mechanism of
acupuncture-mediated bidirectionally HPA axis regulation
require further investigation.

The Brain-Gut Axis

The brain-gut axis is a bidirectional pathway between the
CNS and the enteric nervous system, and it includes parts
of both the nervous and immune systems. Apart from
direct neural connections, brain-gut peptides, secreted by
the nervous and digestive systems, also contribute to cer-
tain neurodegenerative diseases and gastrointestinal dys-
function. Acupuncture affects the intestinal tract via the
brain-intestinal peptides. Yu et al reported that EA treat-
ment at CV12, Qihai (RN6), ST36, and LR3 alleviates
Parkinson’s disease by regulating brain-gut peptides, such
as, NPY, cholecystokinin, somatostatin, gastrin, and pep-
tide YY.”* In addition to nerve conduction, the brain-gut
axis also includes the intestinal flora as well as the immune
interactions in the brain-gut system.'®® Some studies have
confirmed that the anti-inflammatory effect of acupuncture
is related to its regulation of intestinal flora. It has been
reported that Parkinson’s disease likely originates in the
gut. The a-synuclein pathology may then spread to the
brain stem and midbrain via the olfactory bulb and brain
stem caudal, eventually spreading to the cerebral cortex.
Continuous MA at GB34 and ST36 for 12 days signifi-
cantly reduces levels of Bacteroides, which stimulates the
secretion of TNF-a by macrophages and monocytes.
Acupuncture also inhibits the activation of astrocytes and
the NF-kB pathway in the ST and SN regions, and down-
regulates the expression of TNF-a to alleviate central
neuroinflammatory responses, thus protecting the dopami-
nergic neurons in Parkinson’s disease.'®” Another study
also reported that acupuncture at CV12, ST25, and CV4
reduces the expression of TNF-a, IL-1pB, and IFN-y in the
duodenum and blood of 6-OHDA-induced Parkinson’s
disease rats. Acupuncture protects DA neurons by affect-
ing the brain-enteritis state.'®® EA inhibits the NF-xB
pathway, down-regulates expression of TNF-a and IL-8
in peritoneal macrophages, and improves the symptoms of

depression.'®® The above studies preliminarily explored
the anti-inflammatory effect of acupuncture, particularly,
in relation to the regulation of the brain-gut axis. However,
the specific mechanisms still require further exploration.

Discussion

Clinical studies have revealed that acupuncture has
a certain regulatory effect on systemic inflammation. In
the early 2000s, electrical stimulation of the cervical vagus
nerve was shown to inhibit LPS-induced inflammation,
revealing for the first time the mechanism of autonomic
neuro-immune regulation. Subsequently, it was discovered
that acupuncture at different acupoints, instead of invasive
direct stimulation of the vagus nerve, also produces
a strong anti-inflammatory effect. Studies from the last
five years revealed that acupuncture suppresses systemic
inflammation, completely or partially via the activation of
vagal efferent nerves, CAIP, or vagus-adrenal medulla-
dopamine pathway. Along with this, the sympathetic path-
way or HPA axis also plays crucial roles. The specific
process is as follows: acupuncture signals from ST36,
GV20, SP6, BL13, ST37, LI4, GV14, BL60, GV24, and
PC6 acupoints transmit primarily to the DVC, including
the NTS, DMV, raphe nuclei, area postrema, LHA, and
PVN. Upon information integration in the brain, the ACh
system is activated, including ACh and its receptors, ChAT
and AChE, and the cellular JAK2/STAT3, NF-kB, and
MAPK pathways are modulated to realize the anti-
inflammatory effects. In the meantime, the acupuncture
signal from ST36 also activates the vagus-adrenal
medulla-dopamine pathway, stimulating the adrenal gland
to release DA, acting on the D1 receptors to inhibit cyto-
kine production. The anti-inflammatory action of acupunc-
ture is mainly mediated through the activation of the vagus
nerve. A sympathetic pathway is also reported to mediate
the anti-inflammatory effects of acupuncture. Acupuncture
information from ST25, ST36, ST37, GV14, BL12, and
BL13 is transmitted via the NTS to the sympathetic nerve
centers, such as the RVM. The secretion of NE and related
neuropeptides also activates the sympathetic nerve path-
way. The sympathetic nerve plays a dual role in the reg-
ulation of inflammatory responses, and it is dependent on
neurotransmitters and receptor subtypes, as well as the
interactions of sympathetic and parasympathetic nerves,
which need further exploration. Acupuncture also bidirec-
tionally regulates the HPA axis, such that the abnormal
HPA axis can be restored to normal to achieve anti-
information from

inflammatory action. Acupuncture
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ST36, GV14, BL12, BL13, and GV20 activates the HPA
axis via PVN and releases glucocorticoid (GC) to act on
macrophages and other inflammatory cells, exerting local
and systemic anti-inflammatory effects. In addition, the
anti-inflammatory role of acupuncture is related to the
regulation of brain-intestine intestinal flora and intestinal
immunity. Acupuncture induces somatosensory — auto-
nomic nerve — target organ reflex, which plays a crucial
role in the regulation of immune-inflammation in the body.
Additionally, this effect is mainly associated with point
location, intensity of stimulation, and state of the body.

The acupuncture-mediated anti-inflammatory action is
highly acupoint-specific. Since the 1970s, pinch or EA in
hindlimb or abdominal regions has been reported to differ-
entially regulate vagal versus sympathetic efferent path-
ways associated with gastric motility control. Stimulation
at heterotopic acupoints (with different spinal segments
from the innervated visceral organs) facilitates GI motility
via parasympathetic pathways, while stimulation at homo-
topic acupoints (with the same spinal segment from the
innervated visceral organs) decreases GI pressure via the
sympathetic pathways. Studies have demonstrated that
low-intensity (0.5 mA) acupuncture at ST36 markedly
activates the “vagus-adrenal NPY" medulla cell” pathway,
and inhibits LPS-induced systemic inflammatory response,
and at the least doubles the survival rate of mice.
However, this anti-inflammatory pathway is not activated
by abdominal ST25.° A similar study published in the
same year compared the anti-inflammatory mechanisms
of ST36, LI11, and ST25. Studies have confirmed that
the anti-inflammatory effects of these three acupoints tar-
get different pathways. In particular, ST36 and LI11
employ the vagal and parasympathetic pathways, whereas
ST25 employs the sympathetic pathway.'”® ST36 and LI11
acupoints are located on the legs or arms, and have similar
effects regarding systemic inflammatory response, intest-
inal permeability, and intestinal T lymphocyte ratio regu-
lation in the CLP model, which is also confirmed by
a recent study showing that the PROKR2" sensory neurons
innervating the deep limb fascia mediate the anti-
inflammatory action of limb acupoints.'”'*? Diverging
from the actions of ST36 and LI11, ST25 only participates
in the regulation of intestinal T cell components.'’® Given
this evidence, it is clear that discrete anti-inflammatory
pathways are evoked by distinct acupoints.

It was previously unclear whether different electric
intensities drove distinct somato-autonomic pathways
until Ma et al reported that the anti-inflammatory effect

of acupuncture is intensity-specific. Ma et al showed that
different intensities of stimulation activate different auto-
nomic circuits. For instance, high-intensity (3.0 mA) EA at
ST25 activates the NPY" sympathetic neurons projected
onto the spleen and inhibits LPS-induced inflammation,
while low-intensity (0.5 mA) EA at ST25 is unable to
activate this pathway. Notably, the anti-inflammatory
effect of ST25 is suppressed after splenectomy, suggesting
that the anti-inflammatory effect of ST25 is achieved via
activation of the splenic sympathetic nerve. Low-intensity
(0.5 mA) EA at ST36 is sufficient to activate the vagus-
adrenal NPY" medulla pathway, while high-intensity (3.0
mA) EA at ST36 also activates the spinal-sympathetic axis
to exert a combined anti-inflammatory effect. The anti-
inflammatory axis evoked by EA (0.5-mA) at ST36 oper-
ates via activation of the D1 receptor, but not 2 ARs, in
response to catecholamines, released from the adrenal
gland. In contrast, the spinal-sympathetic axis, evoked by
EA (3.0-mA) at ST25, does the opposite, and depends on
the B2 ARs, but not D1 receptor. This indicates that the
high- and low-intensity EA at different acupoints provide
different forms of anti-inflammatory action. As the stimu-
lation intensity increases, the selective anti-inflammatory
effects from ST36 or ST25 disappear. Strong stimulation
primarily activates the splenic sympathetic nerve to resist
inflammation. The extent of sympathetic activation and
content of released neurotransmitters may explain the dif-
ferent acupuncture intensities that produce distinct
immune responses, which requires further systematical
examination.

The regulatory effect of acupuncture is also related to the
body state. Prior to LPS exposure, low- (0.5 mA) and high-
intensity (3.0 mA) stimulation at ST36 produces strong anti-
inflammatory effects, while post LPS exposure, low- and
high-intensity stimulation at the same ST36 stimulation pro-
duces opposite effects, ie, pro-inflammatory effects. High-
intensity EA at ST25, prior to LPS, exerts anti-inflammatory
effects via B2ARs, expressed in the spleen, by activating the
peripheral NPY" sympathetic neurons. However, following
LPS-induced
inflammatory effect that is mainly caused by elevated

inflammation, EA produces a pro-
02ARs in the spleen.® Hence, noradrenaline released from
sympathetic nerves modulates inflammation via regulation of
distinct adrenergic receptors.

In all, acupuncture stimulation modulates inflammation
based on acupoint-, intensity-, and disease-states. Limb
area acupoint primarily or partially activates vagal effer-

ents that suppress systemic inflammation, while abdominal
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and back area acupoints primarily activate sympathetic
efferents. In terms of intensity, low-intensity stimulation
exerts anti-inflammatory action via the vagal nerves. In
contrast, strong stimulation activates the splenic sympa-
thetic nerve to resist inflammation. Different disease states
induce distinct alterations in the adrenergic receptor pro-
files, which also affect acupuncture action. Whether acu-
puncture activates noradrenergic sympathetic neurons to
produce anti- or pro-inflammatory effects in different dis-
ease states remains to be determined. In terms of ongoing
severe systemic inflammation, high-intensity stimulation
can be contraindicatory. In this case, we recommend the
selection of low-intensity EA in the hind limb region to
drive the vagal anti-inflammatory axis. Given the above
evidence, one must develop the most appropriate and
individualized acupuncture prescription to accommodate
patients with inflammatory diseases.
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Conclusion

Acupuncture is an effective therapy that is used worldwide
for the treatment of multiple inflammatory diseases.
Through an extensive review of the relevant literature,
we have established that the anti-inflammatory action of
acupuncture combating multi-system diseases involves the
regulation of infiltrating immune cells, along with their
associated cellular signaling and cytokines. Assessing the
anti-inflammatory mechanisms of acupuncture, we
revealed that acupuncture deforms connective tissues and
induces the secretion of a variety of molecules in acu-
points, activating the NF-kB, MAPK, and ERK pathways
in mast cells, fibroblasts, keratinocytes, and monocytes/
macrophages. Moreover, the somatic afferents activated by
acupuncture are conveyed to the spinal cord, brainstem
(NTS, RVM, and DMV), and hypothalamic neurons.

Upon information integration in the brain, acupuncture
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Figure 3 The anti-inflammatory mechanisms of acupuncture from acupoint to target organs.

Abbreviations: ATP, adenosine triphosphate; SP, substance P; MC-Exo, mast cell-derived exosome; DAMPs, damage associated molecular patterns; HSP, heat shock protein;
NTS, nucleus tractus solitarius; RVM, rostral ventrolateral medulla; DMV, dorsal motor nucleus of vagus; PVN, paraventricular nucleus; CRH, corticotropin-releasing
hormone; ATCH, adrenocorticotropic hormone; GRs, glucocorticoid receptors; ACh, acetylcholine; a7nAChR, nicotinic acetylcholine receptor a7; JAK2, Janus kinase 2;
STAT3, signal transducer and activator of transcription 3; NF-kB, NF-kappaB; ERK, extracellular signal-regulated kinase; NE, noradrenaline; NPY, neuropeptide Y; DA,

dopamine.
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stimulates multiple neuro-immune pathways, including
CAIP, vagus-adrenal medulla-dopamine, and sympathetic
pathways, as well as the HPA axis to release neurotrans-
mitters and hormones that modulate immune cells. Upon
CAIP activation (including ACh and its receptors, ChAT,
and AChE), the cellular JAK2/STAT3, NF-kB, and MAPK
pathways are appropriately modulated to achieve an anti-
inflammatory effect. Acupuncture also activates the vagus-
adrenal medulla-dopamine pathway, stimulating the NPY "
chromaffin cells of the adrenal gland to release DA, which
binds DI receptors to inhibit production of cytokines.
Apart from this, efferent fibers of the vagus nerve regulate
a/nAChR of the celiac ganglion neurons by releasing
ACh, which then activates the splenic sympathetic nerve.
Following NE release, ChAT" T cells become activated,
release ACh, and inhibit cytokine production from macro-
phages. Furthermore, high-intensity abdominal EA acti-
vates NPY" splenic noradrenergic neurons to inhibit
macrophage activity via the spinal-sympathetic axis. In
addition, acupuncture bidirectionally regulates the HPA
axis to display anti-inflammatory action (Figure 3).
Notably, the anti-inflammatory effect of acupuncture is
related to acupoint selection, stimulation intensity, state
of the body, and so on. It is suggested that early interven-
tion with acupuncture can inhibit excessive inflammatory
responses and reduce the risk of “inflammatory factor
storm”. The evidence of acupuncture-mediated anti-
inflammatory actions and underlying mechanisms sum-
marized in this study forms a map that optimizes stimula-
tion parameters that can potentially enhance both safety
and efficacy of acupuncture intervention.

Abbreviations
RA, arthritis; WHO, World Health
Organization; RCTs, randomized controlled trials; EA, elec-

rheumatoid

troacupuncture; COVID-19, Corona Virus Disease 2019;
TEAS, transcutaneous electrical acupoint stimulation;
ICD-11, International Classification of Diseases 11; MA,
manual acupuncture; TLR4, Toll-like receptor 4; MyDS88,
myeloid differentiation factor 88; NF-kB, nuclear factor
kappa-B; CFA, Complete Freund’s Adjuvant; A2AR, A2A
receptor; RANK, receptor activator of NF-kB; RANKL,
receptor activator of nuclear factor-xB ligand; ERK, extra-
cellular regulated protein kinases; CCC, cell-cell commu-
nication; Treg, regulatory T cells; NLRP3, NOD-like
receptor protein 3; MDM2, murine double minute 2;

MCP-1, monocyte chemotactic protein 1; INF-y, inter-
feron-y; SAE, sepsis-associated encephalopathy; NO, nitric
oxide; MPO, myeloperoxidase; CK-MB, creatine kinase-
MB; IBD, inflammatory bowel disease; CRP, C-reactive
protein; ICC, interstitial cell function of Cajal; POI, post-
operative ileus; Sirtl, sirtuin-1; HDAC, histone deacetylase;
ALT, alanine aminotransferase; AST, aspartate aminotrans-
ferase; TG, triglyceride; TC, total cholesterol; NAFLD,
non-alcohol fatty liver disease; NADPH, nicotinamide ade-
nine dinucleotide phosphate; HO-1, heme oxygenase-1;
Nrf2, NFE-related factor 2; UC, ulcerative colitis;
8-OHdG, 8-hydroxy-2-deoxyguanosine; MDA, malondial-
dehyde; ROS, reactive oxygen species; IBS, irritable bowel
syndrome; TNBS, trinitrobenzene sulfonic acid; ZO-1,
zonula occludens-1; DSS, dextran sulfate sodium; PMNs,
polymorphonuclear leukocytes; a-SMA, a-smooth muscle
actin; LPS, lipopolysaccharide; I/R, ischemia-reperfusion;
COPD, chronic obstructive pulmonary disease; MAPK,
mitogen-activated protein kinase; PPARY, peroxisome pro-
liferator-activated receptor y;ARDS, acute respiratory dis-
tress syndrome; ALIL acute lung injury; LIR, limb artery
ischemia-reperfusion; CPB, cardiopulmonary bypass; SOD,
superoxide dismutase; BALF, bronchoalveolar lavage fluid;
HDAC?2, histone deacetylase inhibitor 2; SST2, Soluble
Growth Stimulation Expressed Gene 2; ILCs, Innate lym-
phoid cells; CNS, central nervous system; PAMPs, patho-

gen-associated molecular patterns; DAMPs, damage-
associated molecular patterns; HMGBI1, high mobility
group box-1; PGE2, prostaglandin E2; COX-2,

Cyclooxygenase-2; CRS, chronic restraint stress; RIPK1,
receptor interacting protein kinase 1; TAKI, transforming
growth factor-B-activated kinase 1; TRPV-1, transient
receptor potential vanilloid-1; DRG, dorsal root ganglion;
ABIN1, A20-binding inhibitor of NF-kB1; RIP1, receptor-
interacting protein 1; IKKy, KappaB kinase inhibitor v;
CYLD, cylindromatosis; VD, vascular dementia, MDD,
major depressive disorder; CLRs, C-type lectin receptors;
PRRs, pattern recognition receptors; Mincle/Syk, macro-
C-type
P2X4R, purinergic P2X4 receptor; CGRP, calcitonin gene-

phage-inducible lectin/spleen tyrosine kinase;
related peptide; BDNF, brain-derived neurotrophic factor;
PPE, plasma protein extravasation; MCAO/R, middle cere-
bral artery occlusion/reperfusion; AP, amyloid protein; AD,
Alzheimer’s disease; ASC, apoptosis-associated speck-like
protein containing a CARD; ST, striatum; SN, substantia
nigra; RNS, reactive nitrogen species; TXNIP, thioredoxin-
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interacting protein; TBI, traumatic brain injury; PTZ, pen-
CAT, NMDAR, N-methyl-
D-aspartate receptor; GSH, glutathione; GPX4, glutathione

tylenetetrazole; catalase;
peroxidase 4; CBIR, cannabinoid type 1 receptor; TGES,
trigeminal ganglion; OA, osteoarthritis; MMP, matrix
metalloproteinases; EAS, EA serum; LFES, low-frequency
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MIP-1, macrophage inflammatory protein 1; VEGF, vascu-
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National Institutes of Health; SPARC, stimulating periph-
eral activity to relieve condition; VNS, vagal nerve stimula-
tion; NTS, nucleus tractus solitarius; DMV, dorsal motor
nucleus of vagus; DVC, dorsal vagal complex; RVM, ros-
tral ventrolateral medulla, MRI, magnetic resonance ima-
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nucleus; CAIP, cholinergic anti-inflammatory pathway;
ACh, acetylcholine; mWAT, mesenteric white adipose tis-
sues; POCD, postoperative cognitive dysfunction; AChR,
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janus kinase 2; STAT3, signal transducer and activator of
transcription 3; DA, dopamine; D1, DA type 1; TH-IR,
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glucocorticoid receptors; CRH, corticotropin-releasing hor-
mone; ACTH, adreno-cortico-tropic hormone.
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