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Abstract
The present study aims to describe state-of-the-art of preclinical studies that have investigated peripheral receptors and
neuromediators involved in the antihyperalgesic effects of acupuncture. The PubMed, Scopus, and Web of Science databases
were searched using the integrative review method. Preclinical articles that involved the study of peripheral receptors and
neuromediators on the pain control effects of acupuncture in rats or mice were selected using a predefined search strategy.
From this search, 456 articles were found, and 29 of them met the inclusion criteria of the study. The selected articles addressed
the following peripheral receptors: opioid (n = 9), adenosine (n = 5), cannabinoid (n = 5), transient receptor potential vanilloid
(TRPV) (n = 3), histamine (n = 2), adrenergic (n = 1), muscarinic (n = 1), corticotrophin-releasing factor (CRF) (n = 2), IL-1 (n =
1), and endothelin (n = 1) receptors. The peripheral neuromediators correlated with the peripheral pain control effect were as
follows: opioid peptides (n = 4), adenosine (n = 3), histamine (n = 1), substance P (n = 1) calcitonin gene-related peptide (CGRP)
(n = 1), anandamide (n = 1), nitric oxide (n = 1), and norepinephrine (n = 1). This review summarizes the methods used to
investigate the peripheral effects of acupuncture and discusses the main findings on each family of receptors and neuromediators.
Ten families of peripheral receptors and 8 types of neuromediators were correlated with the antihyperalgesic effects of acupunc-
ture in preclinical studies. Considering the benefits of a better understanding of the role of peripheral receptors and
neuromediators in the context pain management, the findings of the present study highlight the importance of deepening the
exploration of the peripheral mechanisms of acupuncture.
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Introduction

Pain is a common symptom found in different medical condi-
tions and has detrimental impacts ranging from the individual
patient level to the healthcare system level. Many areas of
interest have been studied in the field of pain research to ad-
dress different aspects of pain. Considering the taxonomy of
pain, the term hyperalgesia has been proposed to summarize
all types of increased pain sensitivity [30, 45]. In this context,
the control of hyperalgesia triggered by different interventions
(pharmacological and nonpharmacological), especially in the
field of basic science research, is described as the
“antihyperalgesic effect” [15, 17].

Pain control is modulated by complex network receptors
and neuromediators that operate at the level of the central
nervous system (CNS), represented by the spinal cord and
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the brain, and at level of the peripheral nervous system, com-
posed of sensory neurons [31]. External agents acting on these
nervous system pathways may potentially change the pain
signaling process and, depending on multifactorial variables,
they can induce maladaptive plasticity states [47]. According
to the predominant mechanism involved (nociceptive, neuro-
pathic or nociplastic), different approaches can be used to
promote an antihyperalgesic treatment [47].

Considering the nonpharmacological options for pain man-
agement, acupuncture is a therapeutic approach that has been
increasingly used in conventional mainstream medicine [28].
Acupuncture is recommended by the World Health
Organization for the treatment of a wide list of health prob-
lems [41], and several clinical trials and systematic reviews
have demonstrated the efficacy of acupuncture tomanage pain
conditions [62].

The chain of events triggered by acupuncture begins with
the introduction of fine needles into different regions of the
body, called acupoints [44]. Through manual or electrical
stimulation (electroacupuncture) of the acupuncture needles,
several neural and neuroactive components distributed in the
peripheral somatic tissues surrounding the inserted needle are
modulated [43, 73]. Such modulation triggers peripheral, spi-
nal, and supraspinal effects that promote the amplification of
endogenous physiologic mechanisms capable of restoring ho-
meostasis, controlling pathologic processes [43, 72].

Multiple studies have compiled the neurobiological effects
of acupuncture regarding the spinal and supraspinal mecha-
nisms [72], which are currently considered the main compo-
nents of its analgesic action. In addition to the central mecha-
nism of acupuncture, clinical and preclinical studies have
highlighted the importance of peripheral receptors and
neuromediators as essential elements of the antihyperalgesic
effects of acupuncture [19, 31, 59].

Peripheral antihyperalgesic effects can be triggered exoge-
nously through local drug administration [2] and endogenous-
ly by neural and neuroactive components present in the in-
jured tissue [53, 54, 73]. Several studies have demonstrated
the modulation of immune cell activity in the somatic periph-
eral tissue after acupuncture needling [69], and many
neuromediators involved in acupuncture-mediated analgesia
are being mapped, such as opioids, cannabinoids, adenosine,
and the transient potential receptor vanilloid [72].

Efforts to understand the endogenous responses that mod-
ulate pain are crucial to optimize therapeutic possibilities and
minimize treatment side effects [2, 77]. In this context, studies
investigating the peripheral effects of acupuncture needling
can play an important role in mapping the peripheral physio-
logical responses to somatic tissue injury and understanding
how to potentiate endogenous mechanisms related to pain
control. Considering that the current scientific literature lacks
a concise compilation, this article aims to describe state-of-
the-art basic science preclinical studies that have investigated

peripheral receptors and neuromediators involved in the local-
ly occurring phenomena related to antihyperalgesic effects of
acupuncture at the acupoint region and in the area of injured
peripheral somatic tissue.

Methods

The present study is an integrative review. It addresses the
results of previous research with the objective of evaluating
the accumulated knowledge on the subject in a systematically
and organized way to identify the main current findings and
possible gaps to guide future studies [52]. Integrative reviews
have been recently used in the context of the basic science
field and demonstrated to be a useful approach to concisely
perform a literature review process [13, 14].

The articles published until November 2019 were identi-
fied by searching the following three databases: PubMed,
Scopus and Web of Science. According to the acupuncture-
related terms used in previous research, the search strategy
adopted in the present study was as follows: (acupuncture or
electroacupuncture or electroacupuncture or electro-
acupuncture) AND mice or mouse or rat AND receptor or
neuromediator or neuromodulator AND (periph*) [40]. The
objective of the abovementioned search strategy was to find
basic science papers involving rats or mice that investigated
the influence of the acupuncture stimuli in peripheral receptors
or neuromediators involved in the locally occurring phenom-
ena related to antihyperalgesic effects at two main regions: (1)
the acupoint region and (2) the area of injured peripheral so-
matic tissue. To restrict the discussion only to locally occur-
ring phenomena, papers investigating other peripheral compo-
nents, such as the dorsal root ganglion and visceral tissue,
were excluded. We found that these variables could extend
the review to multiple research methods, and other neurobio-
logical mechanisms would be better addressed in other specif-
ic reviews. For these reasons, we focused this review on lo-
cally occurring phenomena at the level of the peripheral so-
matic tissue in the abovementioned two regions.

The selection of papers was performed by two authors
based on the reading of the titles and abstracts of the articles.
The following inclusion criteria were used for full reading of
the articles: (1) primary basic science studies related to acu-
puncture; (2) studies conducted in rats or mice; (3) investiga-
tion of peripheral receptors at the level of the acupoint or
injured peripheral somatic tissue; and (4) full text published
in English. Furthermore, after reading the reference list of the
articles initially selected, wemanually reviewed the references
with titles that indicated a possible relationship with the theme
of the review. Thus, the abstracts of the articles found by a
manual search, and if theymatched the inclusion criteria of the
study, they were also added for full reading.
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In the initial search, 464 articles were found; 456 articles
were related to the search with the descriptors in the databases,
and 7 were manually selected. After reading the abstracts, 180
duplicate documents and another 242 were excluded accord-
ing to the following criteria: article written in language other
than English (n = 21); article not related to acupuncture (n =
26); article that used bee venom injection at acupuncture
points (n = 16); article that was not a primary study involving
animals (n = 3); or article that did not investigate receptors or
neuromediators located in the peripheral nervous system or
somatic tissue (n = 176). Of the 41 articles selected for full
reading, 12 additional articles were excluded. Among these,
8 did not address peripheral or neuromediators/receptors at the
level of the acupoint or at the level of injured peripheral so-
matic tissue (these investigated receptors in the following
structures: dorsal root ganglion n = 2; postganglionic neurons
n = 1; spinal cord neurons (n = 3), visceral tissue (n = 2)).
Finally, four articles were excluded because they investigated
receptors using systemic injection of antagonist drugs that had
no selectivity for peripheral receptors (Fig. 1).

After finishing this initial review process, 29 articles
were included for analysis in the present study, and the
following data were extracted: first author; year of publi-
cation; age, sex and species of animal; experimental pain
model; type of acupuncture; acupuncture stimulation pa-
ramete r s ; acupo in t s inves t iga ted ; recep to r s o r
neuromediators investigated; method for studying recep-
tors or neuromediators; location of receptors or
neuromediators; and study conclusions. These records

were initially collected by one author and then reviewed
by another author. Finally, any divergences were
discussed together to form a consensus about what infor-
mation would be included in the study.

Results

General findings

Table 1 lists the characteristics of the included studies, which
addressed the following families of peripheral receptors: opi-
oid (n = 9) [4, 5, 12, 27, 48, 55, 58, 64, 69], adenosine (n = 5)
[18–20, 22, 27], cannabinoid (n = 5) [7, 55, 56, 67, 70], tran-
sient receptor potential vanilloid (TRPV) (n = 3) [1, 20, 65],
histamine (n = 2) [20, 21], corticotrophin-releasing factor
(CRF) (n = 2) [12, 69], adrenergic (n = 1) [28], muscarinic
(n = 1) [8], interleukin 1 (IL-1) (n = 1) [49], and endothelin
(n = 1) receptors [35]. The types peripheral neuromediators
found were as follows: opioid peptides (n = 4) [12, 55, 63,
69], adenosine (n = 3) [19, 20, 22], histamine (n = 1) [21],
substance P (n = 1) [24], calcitonin gene-related peptide
(CGRP) (n = 1) [24], anandamide (n = 1) [7], nitric oxide
(n = 1) [32], and norepinephrine (n = 1) [6]. Among the stud-
ies included, 20 used electroacupuncture (EA), seven used
manual acupuncture (MA), two studies did not use stimuli in
the acupoints (the acupoints were identified by electrical re-
sistance for further verification of the presence of specific
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local neuromediators at the acupoint level), and one study
used only acupoint injection of an agonist drug or enzyme.

The EA frequencies used in the studies were as follows:
2 Hz (n = 6), 2–100 Hz (n = 4), 3 Hz (n = 4), 10 Hz (n = 2),
100 Hz (n = 2), 4 Hz (n = 1), 5 Hz (n = 1), and 30 Hz (n = 1).
The most common acupoints selected were: ST36 (n = 15),
GB30 (n = 8), GB34 (n = 4), SP6 (n = 2), BL60 (n = 2),
BL40 (n = 2), auriculotherapy (cymba conchae) (n = 1), Ex
LE4 (n = 1) and ST35 (N = 1). Some articles described the
study of meridian regions (PC2 to PC6, BL36 to BL57,
CV3 to CV22, GV2 to GV14, BL56, PC6, and GV6) (n = 2)
and body areas (the palm of the left forelimb) (n = 1). A sum-
mary of the abovementioned acupoints and meridian regions
represented in the analogous anatomic regions of the human
body are presented in Fig. 2. Only four studies evaluated
healthy animals; the others used the following pain models.
Intraplantar injection models included complete Freund adju-
vant (CFA) (n = 15), carrageenan (n = 4), and capsaicin (n = 2)
models. Intra-articular injection models included CFA (n = 3)
and monosodium iodoacetate injection (MIA) (n = 2) and
crystallization of monosodium urate (MSU) (n = 1) models.
Peripheral nerve lesionmodel included the spared nerve injury
(SNI) (n = 2). Other models used included collagen-induced
arthritis (n = 1) and ischemia/reperfusion of the paw (CPIP)
(n = 1).

The study methods used in the analysis of peripheral recep-
tors or mediators included the following: local injection of
specific receptors antagonistic drugs (n = 19) and agonists
drugs (n = 10), western blotting (WB) (n = 6), polymerase
chain reaction (PCR) (n = 5), immunofluorescence (n = 5),
histological analysis of the tissue by microscopy (n = 5), im-
munohistochemistry (n = 7), use of knockout animals (n = 4),
ELISA (n = 3), antibody use (n = 3), high-performance liquid
chromatography (HPLC) (n = 5), enzyme injection (n = 1),
membrane stabilizer injection (n = 2), oral intake of the antag-
onist (n = 1), immunolabeling (n = 1), radioimmunoassay
(n = 1), skin incision (n = 11) and enzyme immunoassay
(EIA) (n = 1). The research methods of each peripheral recep-
tor and neuromediator are described in detail in Table 1.

Opioid receptors, beta-endorphin, enkephalin, and
dynorphin

In the beginning of acupuncture research in the 1970s, only
central opioid mechanisms were considered to account for to
the analgesic effects of acupuncture [2, 75]. However, with the
discovery that opioid receptors are also peripherally expressed
in nociceptive C fibers and non-neuronal tissues, the periph-
eral role of these receptors started to be investigated in the
acupuncture field [2].

Several studies strengthened the knowledge of the relation-
ship between the antihyperalgesic effect mediated by acu-
puncture and the peripheral opioid system [31, 36, 69, 72,

73]. Through intraplantar preadministration of naloxone
methiodide (an antagonist restricted to peripheral opioid re-
ceptors), Zhang et al. (2005) [69] and Fang et al. (2013) [12]
observed the prevention of the antihyperalgesic effect of EA
treatment in a pain model of inflammation induced by CFA.
Furthermore, through the radioimmunoassay technique, Fang
et al. (2013) [12] verified an increase in the levels of beta-

Fig. 2 Acupoints and meridian regions found in the basic science studies
of this review represented in their analogue anatomic regions
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endorphin, an endogenous opioid neuromediator, in inflamed
rat paws after EA. In addition, intraplantar injection of beta-
endorphin mimicked the effect of EA in reducing the nocicep-
tive behavior of animals [12, 69].

Another article, using the inflammatory pain model of car-
rageenan paw injection, found that EA-mediated analgesia
could not be blocked using intravenous (systemic) doses of
μ, δ and κ receptor antagonists [58]. On the other hand, these
same antagonists administered via the intraplantar route at the
inflamed paw abolished the antihyperalgesic effect of EA
[58]. These results suggest that the μ, δ and κ opioid receptors
located at peripheral nerve endings and non-neural tissue are
correlated with the EA effect.

In a gout model induced by MSU (crystallization of
monosodium urate) injected into the animals’ ankles, Chai
et al. (2018) [5] also observed that intra-articular antagonist
injection of μ and ĸ opioid receptors (but not systemic injec-
tion) abolished the antihyperalgesic effect of acupuncture.
This same effect was not observed with the use of a δ opioid
receptor antagonist [5]. In this same study, the effect of 2/
10 Hz EAwas found to be comparable to that of indomethacin
(a nonsteroidal anti-inflammatory drug) in improving the be-
havior of pain and thermal hyperalgesia. In addition, EA was
correlated with increased levels of beta-endorphin in the in-
flamed skin tissue of the ankle [5]. Furthermore, Wang et al.
(2014) [63] demonstrated that EA-induced antihyperalgesia in
peripheral somatic tissue not only involved beta-endorphin
but was also correlated with local enkephalin and dynorphin
participation [63].

Taken together, these research findings suggest that periph-
eral opioids receptors and neuromediators play essential roles
in acupuncture analgesia. The mechanism is probably related
to the desensitization of peripheral sensory nerves through
activation of peripheral opioid receptors, which can block
the release of proinflammatory cytokines produced by im-
mune cells, such as polymorphonuclear leukocytes and mono-
nuclear cells [72]. Other mechanisms that may be correlated
with increased opioid release in the inflamed area through
acupuncture occur via activation of sympathetic nerve fibers,
which stimulate the migration of immune cells containing
opioids, and via COX-2 inhibition, which positively regulates
endocannabinoid metabolism, with a consequent increase in
local opioid levels [72].

Cannabinoid receptors and anandamide

The study of the endocannabinoid system and the selective
regulation of its receptors can help to expand the therapeutic
perspective in the context of pain regulation [38, 42]. Two
main receptors are related to the biological effects of cannabi-
noids, CB1 (CB1R) and CB2 (CB2R), which have distinct
cell distribution and signaling [2]. The first, identified in pe-
ripheral nerves, spinal neurons and abundant in brain areas, is

considered a synaptic modulator. On the other hand, CB2R is
expressed predominantly in immune cells, and its activation
has potentially less systemic side effects, such as
hypomobility and catalepsy, than those that are associated
with CB1R activation [2]. CB1R and CB2R can be activated
by cannabis-derived, synthetic agonists and by endogenous
cannabinoids produced in mammalian tissues, such as N-
arachidonoyl ethanolamine (anandamide) and 2-
arachidonoyl glycerol [10, 37, 42, 57].

The participation of cannabinoid receptors in the
antihyperalgesic effect mediated by acupuncture was evaluat-
ed in the included studies based on the administration of ago-
nists or antagonists in CFA-induced inflammation models and
in knockout animals for the receptor in a knee osteoarthritis
model.

It was demonstrated that 2 and 100 Hz EA can increase
protein levels and CB2R mRNA in the inflamed tissue, quan-
tified by western blotting and PCR, respectively [70]. Another
study found that EA increased the levels of anandamide in
inflamed tissue compared with the sham group [7].
Moreover, a CB2 receptor antagonist pretreatment decreased
the antihyperalgesic effect of EA [7]. On the other hand, pre-
treatment with a selective antagonist of the CB1R did not lead
to a change in analgesia [7]. In the context of non-neural cells,
EA increased the number of keratinocytes, macrophages and
T lymphocytes reactive to CB2R in inflamed tissue samples
[70].

Another study found that EA treatment increased the num-
ber of fibroblasts containing CB2R in the menisci of rats with
knee osteoarthritis [67]. Furthermore, Yuan et al. (2018) [67]
identified decreased expression of IL-1β-positive cells in the
menisci of rats with osteoarthritis treated with EA. In addition,
EA had no effect on reducing the expression of IL-1β-positive
cells in a knockout group for CB2R. In the same study, EA
improved the parameters of hyperalgesia (thermal and me-
chanical), the evaluation score of cartilage changes and the
weight supported by animals with osteoarthritis, while in
knockout animals for CB2R, these effects were not observed
[67]. According to Yang et al. (2018) [67], EA can reduce the
expression of IL-1β by activating CB2R, which inhibits pain
behavior in rat osteoarthritis models.

To investigate the mechanisms by which the activation of
CB2R contributes to pain control, Su et al. (2012) [56] veri-
fied that AM1241 (an agonist selective for CB2R) and EA
significantly reduced levels of IL-1β, IL-6 and TNF in in-
flamed tissue. In another article from the same research group,
intraplantar AM1241 and EA improved thermal hyperalgesia
and mechanical allodynia [55]. Additionally, crosstalk be-
tween the opioid and cannabinoid systems mediated by acu-
puncture was proposed by the authors with the observation
that EA increased protein levels of beta-endorphin (reversed
with a μ-opioid selective receptor antagonist) and increased
levels of pro-opiomelanocortin (POMC) (attenuated by
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pretreatment with AM630, a selective antagonist for CB2R) at
the inflamed tissue site [55].

Collectively, studies involving cannabinoid receptors and
related neuromediators indicate that at the level of inflamed
tissue, acupuncture increases the level of anandamide, poten-
tiating the stimulus to CB2R for opioid production, which is
able to block the release of proinflammatory cytokines. In
addition, acupuncture induces greater expression of CB2R
and endogenous opioids in keratinocytes and infiltrative im-
mune cells at the injured site of peripheral somatic tissue [72].

Adenosine receptors and adenosine

Adenosine receptors are coupled to G proteins and are classi-
fied into 4 subtypes: A1 (A1R), A2A, A2B and A3 [2, 77].
Among the mechanisms by which adenosine is released into
the extracellular space, hydrolysis of ATP by ectonucleotidase
is included [2, 77]. Due to the frequent release of such metab-
olites after tissue stimulation [11, 46], it has been suggested
that these effects could be related to acupuncture.

Of the activated receptors in the periphery, only A1R has
antinociceptive effects [46, 77]. In associated studies, A1Rs
were located in peripheral nociceptive neurons [27] and sen-
sory afferents of ascending nerves [19]. The attenuation of
hyperalgesia and pain behavior after injection of an A1R ag-
onist at the ST36 acupoint was demonstrated in both inflam-
matory and neuropathic pain models. In contrast, manual acu-
puncture [19] was ineffective when performed at the ST36
acupoint contralateral to the lesion and in A1R knockout an-
imals. In another study, the injection of a selective A1R ago-
nist into the BL40 acupoint induced antihyperalgesic effects
but did not affect thermal sensitivity on the contralateral side
and had no effect on the ipsilateral side in A1R knockout
animals [22]. Therefore, these studies reinforce the impor-
tance of local activation of A1R to obtain the antihyperalgesic
effect of acupuncture in these models [19, 22].

Goldman et al. (2010) [19] observed higher adenosine con-
centrations than other nucleotide concentrations in the ST36
acupoint using a microdialysis method. Based on these find-
ings, Hurt and Zylka (2012) [22] suggested the possibility of
administering prostatic acid phosphatase (hPAP), an enzyme
that increases extracellular adenosine bioavailability, in the
acupoint, with the aims of inhibiting nociception independent
of the introduction of needles and extending the duration of
the antihyperalgesic effect. The results showed that local pe-
ripheral acupoint injection of hPAP inhibits thermal
hyperalgesia in models of chronic pain induced by CFA and
spared nerve injury (SNI) for up to 7 days after the drug
administration (with a duration almost 100 times longer than
the effect of manual acupuncture) [22]. In knockout animals
for the A1 receptor, there was no change in hyperalgesia after
local injection of hPAP [22]. Furthermore, local AMP injec-
tion amplified the magnitude of the antihyperalgesic effect in

mice previously treated with hPAP, indicating an effect de-
pendent on the availability of this substrate [22].

In agreement with the results of previous studies [22, 39],
Fujita et al. (2017) [18] observed that local acupoint injection
of caffeine (nonselective antagonist A1 and A2) blocked the
antihyperalgesic effect of acupuncture [18]. According to
present knowledge, these data suggest that caffeine consump-
tion has the potential to reduce the antihyperalgesic effect of
acupuncture [18, 22].

In another study using a collagen-induced synovitis model
(experimental model that mimics rheumatoid arthritis), EA
was found to promote an anti-inflammatory effect (and
chondroprotective effect) by activating A2A receptors present
in the synovial membrane and inflammatory cells in the joint
[26]. This anti-inflammatory effect was reversed after intra-
peritoneal injection of an A2A antagonist [26]. It is worth
mentioning that in the study published by Goldman et al.
(2010) [19], no correlation was found between the A2A re-
ceptors and the antihyperalgesic effect of manual acupuncture,
thus showing that there may be differences in the activation of
peripheral receptors related to the stimulus type (manual acu-
puncture or EA) or by the type of injury studied (inflamed paw
or synovitis).

Transient potential receptor vanilloid

TRPV ion channels are a family of ligand-dependent ion
channels that function as molecular detectors for physical
stimuli. All the channels of the TRPV family subtypes
(TRPV1, TRPV2, TRPV3 and TRPV4) are expressed in
nociceptive neurons, where they act as signal transducers
for mechanical, thermal and chemical stimuli [9]. TRPV1,
also known as the capsaicin receptor, was cloned in 1997
from rat dorsal root ganglia (DRGs) [3]. TRPV1 is a
polymodal receptor because it does not respond only to the
active ingredient in pepper but also to noxious heat (≥
43 °C), low pH (protons) [3], and several other agents [23,
33, 34, 50, 66, 76]. A total absence of behavioral and phys-
iological responses to capsaicin and partial reduction in re-
sponses to noxious heat have been observed in TRPV1-
deficient mice, but no alterations have been observed in
responses to noxious mechanical stimuli [23, 76].

In the acupuncture literature, Abraham et al. (2011) [1],
observed a higher number of subepidermal nerve fibers ex-
pressing TRPV1 in sections of skin containing BL40 acupoint
than in nonacupoint control skin using an immunolabeling
method. It was demonstrated that EA was able to upregulate
TRPV1 receptor expression in acupoints and that this effect
was less pronounced than stimulation in nonacupoint EA-
stimulated areas. In addition, subepidermal nerve fibers
showed the colocalization of TRPV1 with peripherine, a
marker for C and A-δ fibers [1].
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To demonstrate how physical stimulation is turned into
neural signaling, Wu et al. (2014) [65] mapped different
receptors present in acupoint regions and investigated if
mechanosensitive channels were associated with the con-
version of needling stimuli and proposed possible sensing
pathways linking channel activation to neural signaling.
Through western blotting, the authors identified a greater
density of receptors in the anatomical layers of the ST36
acupoint than in a nonacupoint region. Abundances of
TRPV1, TRPV4 and the ionic acid detection channel 3
(ASIC3) were found in the acupoint area [65] but not in
the nonacupoint area. In the ST36 acupoint region, an
expression of components of calcium wave propagation
was also observed. The authors proposed that TRPV1
might act as an acupuncture-reactive channel by sensing
physical stimulation from acupuncture needling and
conducting this signal to sensory neurons [65]. In another
set of experiments, it was demonstrated that acupoints
injected with capsaicin, an agonist of TRPV1 receptor,
reproduced the analgesic effects of acupuncture. On the
other hand, this effect was not observed with the acupoint
injection of TRPV4 or ASIC3 agonists [65]. Considering
other vanilloid receptors, one study found that TRPV2
receptors were associated with acupuncture-induced
antihyperalgesia by interacting with mast cell activity.
This will be further discussed together with the histamine
receptors [20].

Adrenergic receptors and norepinephrine

The adrenergic receptors are a family of G protein-coupled
receptors that mediate diverse effects at virtually all sites
throughout the body [2]. These receptors have been extensive-
ly studied by a variety of techniques and are subdivided into
three major categories: the α1-adrenoceptors, α2-
adrenoceptors, andβ-adrenoceptors [2]. Peripheral adrenergic
receptors that can influence pain signaling are located on sen-
sory nerves, postganglionic sympathetic nerve fibers, and im-
mune cells [2]. Endogenous ligands of peripheral adrenergic
receptors are the catecholamines epinephrine and norepineph-
rine, which are released from the adrenal medulla and the
postganglionic sympathetic nerve fibers [2].

In previous studies, the distribution of iodine-125-
catecholamine along the skin of rats was mapped by
macroradiography with marked tyrosine [29]. These ex-
periments demonstrated symmetrical lines containing
dense noradrenergic fibers innervating the arrector pili
muscles (AP muscles) that traverse across the body,
forming the so-called sympathetic substance lines (SSLs)
[29]. Supposing a possible correlation between these
SSLs with the acupuncture meridian paths, Liu et al.
(2015) [28] investigated whether the transmission of acu-
puncture stimuli can occur through sympathetic activity

and contraction of the AP muscles (which form a visible
skin reaction called a “pilomotor line”). In this study, it
was observed that both manual acupuncture and acupoint
injection of phenylephrine, an alpha receptor agonist, pro-
duced an antinociceptive effect (measured by the tail flick
test) and a pilomotor line reaction (recorded by a camera)
[28]. These effects were not observed when the skin was
incised along the SLLs, or regitin (an alpha receptor an-
tagonist) was injected into the SSLs. Moreover, the
antinociceptive effect of acupuncture was not blocked
when incisions were made more than 5 mm away from
the SSL path related to the stimulated acupoint [28]. The
re su l t s o f the s tudy sugges t tha t acupunc tu re
antinociceptive signaling occurs along the skin, more spe-
cifically through the SSLs, by means of adrenergic alpha
receptors present in the AP muscles [28]. In the context of
neuromediators related to the adrenergic system, one
study found that the increased levels of norepinephrine
at the skin of acupoint regions are correlated to nitric
oxide release [32], and this will be detailed in the final
session of this discussion.

Muscarinic receptors

Muscarinic acetylcholine receptors (mAChRs) have five dif-
ferent subtypes that have been described in literature (M1 to
M5). In particular, the subtypesM2 (M2R) andM4 are known
to participate in central analgesia [2, 72]. Peripheral actions
are mainly attributed to M2R found in skin nociceptors.
Experimental studies have shown that stimulation of periph-
eral M2R can promote antinociceptive effect by reducing the
levels of proinflammatory peptides [2] .

In the context of acupuncture, Chung et al. (2011) [8] in-
vestigated the role of peripheral mAChRs in the
antihyperalgesic and anti-inflammatory effects of EA. The
study showed that EA at the cymba conchae reduced mechan-
ical hyperalgesia and edema in an animal model of paw in-
flammation. In addition, the intraplantar injection of atropine
methyl bromide, a peripheral muscarinic receptor antagonist,
reversed the effects EA [8]. Furthermore, the use of
intraplantar injection of naloxone (an opioid antagonist) could
not reverse the effect of EA. The authors of the study sug-
gested that the electrostimulation of the cymba conchae, an
auricular area innervated by the vagus nerve, may trigger dif-
ferent effects than body EA by activating a vagal cholinergic
response rather than an opioid response [8].

There is experimental evidence that both EA at ST36 and
transcutaneous nerve stimulation at the auricular branch of the
vagus nerve can modulate immune responses of systemic in-
flammation (sepsis) [61, 74]. However, further studies need to
better explore if these same mechanisms are correlated with
the modulation of peripheral mAChRs in areas of somatic
tissue injury.
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Corticotropin-releasing factor and interleukin 1
neuromediators

Corticotropin-releasing factor and interleukin 1 are released
by immune cells in inflamed tissues and appear to be involved
in EA-mediated analgesia [49]. In an animal model induced
by carrageenan paw injection, an increase in the pressure
threshold in the paw after EA persisting for 24 h was recorded
[49]. This effect was blocked dose-dependently by the
intraplantar administration of alpha-helical CRF antagonists
and an IL-1 receptor antagonist; however, there was no
change in the nociceptive parameters when these same antag-
onists were applied intravenously [49]. These authors sug-
gested that the release of CRF and IL-1 promoted by EA
may trigger increased levels of opioid peptides in the inflamed
area that interact with peripheral opioid receptors to reduce
pain behavior [49].

Substance P and calcitonin gene-related peptide
neuromediators

Substance P and CGRP are neuromediators previously investi-
gated in acupuncture studies [31]. In this context, several stud-
ies noted the release of substance P (SP) and CGRP from the
peripheral terminals of primary sensory neurons after local ad-
ministration of histamine [60] and capsaicin [16]. Furthermore,
it was observed that EA induces small diameter primary senso-
ry afferents (fibers C or A-δ) to release SP and CGRP from their
peripheral terminals, which correlates with local vasodilation
and peripheral sensory fiber excitability [24].

H1 receptor and histamine neuromediators

Other important receptors and neuromediators investigated in
the area of acupuncture are the histamine receptor, expressed
in the distal terminal of primary sensory neuron, and the me-
diators released by mast cell degranulation. In previous stud-
ies, it was demonstrated that local mast cell degranulation is
correlated with the effect of peripheral acupuncture needling
[20]. In addition, some authors have found that TRPV2 recep-
tors seem to be associated with acupuncture-induced mast cell
degranulation [20, 68]. Based on in vitro experiments and
in vivo experiments involving TRPV2 knockout animals, it
has been hypothesized that mechanical stimulation produced
by acupuncture needling can activate TRPV2 receptors pres-
ent in the mast cells [20, 68]. The TRPV2 activation produces
mast cell degranulation resulting in the release of several
neuromediators that, in the context of the antihyperalgesic
effects of acupuncture, interact mainly with histamine and
adenosine receptors [20].

Interestingly, mast cell degranulation and activation of A1
adenosine receptors seem to play essential roles in the periph-
eral effects of acupuncture needling in animal models. A

recent study demonstrated the antihyperalgesic effect of A1
agonist injection into an acupoint was completely blocked by
a previous acupoint injection of cromolyn sodium (drug that
inhibits mast cell degranulation) [20]. Moreover, using a mi-
croanalysis method, it was verified that cromolyn sodium
acupoint injection prevented the enhanced adenosine levels
at the acupoint region found after acupuncture needling.
This experiment adds an important finding to the previous
acupuncture literature, which suggests that the local increased
adenosine levels at the acupoint region (related to acupuncture
analgesia induced by A1R activation) is triggered (or depen-
dent) on mast cell degranulation [20].

Regarding histamine receptors, several studies found that
histamine or H1 agonist injected into acupoints can induce the
antihyperalgesic effects of acupuncture [20, 21]. Moreover,
the use of H1 antagonists inhibits the antihyperalgesic effects
of manual acupuncture needling [21]. As H1 receptors are
expressed in primary afferent neurons but not in mast cells,
and the H1 receptor seems to be activated by local histamine
produced by local mast cell degranulation and by the axonal
reflex triggered by the acupuncture needling.

Nitric oxide neuromediator

Another neuromediator studied in the peripheral effect of acu-
puncture is nitric oxide (NO). The presence of this
neuromediator has already been demonstrated at the site of
acupuncture points in both clinical and experimental studies
[31]. In this context, Ma (2003) [32] reported the highest con-
centration of NO in the skin of meridian regions and acupunc-
ture points (detected by lower electrical resistance) compared
to other areas of the body of rats. NO also appears to be related
to an effect of greater norepinephrine synthesis in the regions
of acupuncture points compared to other regions of the body
[6], which has been shown to be correlated with the
antihyperalgesic effect of acupuncture [28].

Endothelin receptor

Finally, it was observed in a recent study that peripheral
endothelin receptors were associated with EA effects [35].
This study showed that EA-induced antihyperalgesia was
abolished by intraplantar injection of an endothelin B re-
ceptor (ET-B) antagonist into the paws of mice submitted
to the chronic postischemia pain model [35]. Moreover, it
was found that the peripheral ET-B expression, as mea-
sured by western blot, was increased after EA treatment.
The antihyperalgesic effect of acupuncture found in their
study could be related to increased endogenous opioid
release triggered by ET-B receptors expressed in the
keratinocytes at the injured site [35].
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Additional considerations of acupuncture
pain control mechanisms and study
limitations

The study of the neurobiology of acupuncture in the past
50 years has demonstrated that acupuncture stimuli can poten-
tiate pain control related to peripheral and central components
of the nervous system [72, 73]. These effects are linked to a
complex interaction of various endogenous mechanisms that
also involve the modulation of immune system cells and other
non-neural components [73]. In this context, the present review
contributes to the current acupuncture literature by mapping
and elaborating data from basic science studies that investigated
peripheral receptors and neuromediators involved in
acupuncture-induced antihyperalgesia. This can help basic sci-
ence researchers to access state-of-the-art data from the current
literature in terms of different methods and research findings
regarding the investigation of the beneficial effects of acupunc-
ture. In addition, the present review can support clinical acu-
puncture research findings from a mechanistic perspective and
bring new insights to the design of future clinical studies with
the scope of testing the peripheral effects of acupuncture.

Overall, it is evident that peripheral signaling mediated by
several neuromediators and receptors are an essential part of
pain control related to acupuncture needling. A relevant issue
to address, which has been overlooked in past studies, is that the
peripheral effects of acupuncture needling on neuromodulators
and receptors are different when comparing the acupoint region

and the injured somatic tissue region. This observation seems to
be an obvious assumption; however, we did not find any pre-
vious articles that clearly addressed this issue. On the other
hand, most studies generalized the findings and did not precise-
ly discuss the rationale or implications of selecting different
acupoint regions to investigate their effects on specific periph-
eral pain models.

The present study shows that, in the acupoint region, aden-
osine, histamine, TRPV and adrenergic receptors play key
roles in the signaling of acupuncture needling. Moreover,
adenosine, histamine, SP, CGRP, nitric oxide and norepineph-
rine were the neuromodulators released in the acupoint region
that influenced acupuncture-induced antihyperalgesia (Fig. 3).
Notably, most of the receptors and neuromodulators described
are related to excitatory signaling to peripheral nervous sys-
tem. Conversely, adenosine and adenosine A1 receptors in the
acupoint region lead to local inhibitory signaling from noci-
ceptive stimuli. Because of this dual role of opposing excit-
atory and inhibitory mechanisms triggering antihyperalgesic
effects, some authors suggest that the term acupuncture stim-
ulation should be renamed to “acupuncture blockade” [51].

Based on previous studies focused on the neurobiology of
acupuncture [72, 73], it is likely that local excitatory
neuromodulators/receptors are transducing the physical stim-
uli of acupuncture to the periphery to potentiate the modula-
tion of spinal and supraspinal endogenous pain control mech-
anisms. Compiling the studies that found the inhibitory corre-
lations [18, 19, 22, 59], this effect is restricted to the area that

Fig. 3 Number of studies that
investigated the role of peripheral
receptors and neuromediators in
the acupoint region and in the
region of hyperalgesia
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received the acupuncture needling (no effects observed on
contralateral needling). In this case, the local acupuncture ef-
fect probably inhibits the transmission of a nociceptive stimuli
originating from a distal area in relation to the acupoint via
activation of A1 receptors. It not clear in the current literature
if A1 receptors are consistently present in the trunk (or axons)
of peripheral nerves (A1 receptors are usually expressed in
distal terminals of C fiber neurons); however, some authors
have suggested that adenosine receptors can modulate the ax-
onal excitability of unmyelinated C fibers [25]. Further studies
need to be properly designed to better clarify this “dual role”
of peripheral signaling at the acupoint region.

Moving forward in the analysis of neuromediators and re-
ceptors at the injured somatic tissue region, the present study
shows that opioid, cannabinoid, adenosine, muscarinic, CRF,
IL-1 and endothelin receptors are correlatedwith acupuncture-

induced antihyperalgesia. The neuromediators found to inter-
act with some of these receptors at the injured site are the
following: beta-endorphin, meta-enkephalin, dynorphin and
anandamide (Fig. 2). Most of these neuromodulators and re-
ceptors have been discussed in previous studies to integrate a
list of several components involved in local endogenous
mechanisms of pain control [71]. In this context, basic science
acupuncture studies have demonstrated potentiation of these
pain control mechanisms by enhancing the local release of
neuromediators that inhibit nociceptive signaling [36]. The
interaction of the abovementioned neuromediators with recep-
tors that are present at the distal terminal of pain-transmitting
neurons and in local immune cells can promote direct inhibi-
tion of transduction of pain at the distal end of sensory nerves
or an indirect effect by reducing the local release of proinflam-
matory cytokines (peripheral desensitization) [71, 72]. It is not

Fig. 4 Schematic illustration representing interactions related to the
locally occurring phenomena triggered by the acupuncture stimulation
in the acupoint region and in the region of hyperalgesia. (?)
Mechanisms of signal transduction not clarified by the studies included
in the review. TRVP2, transient receptor potential vanilloid type 2; ATP,
adenosine triphosphate; ADO, adenosine, A1R, adenosine A1 receptor;
H1R, histamine H1 receptor; TRPV1, transient receptor potential
vanilloid type 1; NA; noradrenaline; α2-R alpha2-adrenergic receptor;

CB2R, cannabinoid receptor type 2; ETBR, endothelin receptor type B;
AEA, anandamide; IL1-R, interleukin-1 receptor; CRF-R, corticotropin-
releasing hormone receptor; A2AR, adenosine A2 receptor; β-END,
beta-endorphin; Met-Enk, met-enkephalin; Dyn A, dynorphin A; μ-OR,
mu-opioid receptor; δ-OR, delta opioid receptor, κ-OR, kappa opioid
receptor, M-R, muscarinic receptor. Other NM (neuromediators) in-
cludes: nitric oxide, substance P and calcitonin gene-related peptide. +
excitatory signaling. – inhibitory signaling
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clear how acupuncture needling can enhance the presence of
neuromediators at the local injured tissue.We can hypothesize
that these effects are related to antidromic nerve signaling
induced by acupuncture needling and/or spinal/supraspinal
mechanisms linked to crosstalk between the immune and ner-
vous systems. For further clarification, these hypotheses need
to be tested in future studies. A visual representation of the
possible interactions of different components related to the
locally occurring phenomena triggered by acupuncture stim-
ulation is illustrated in Fig. 4.

Another interesting topic uncovered by this review is that the
investigation of peripheral receptors/neuromediators can give
unanticipated insights into the development of new pain relief
drugs. Peripheral administration of low doses of drugs can po-
tentiate (with fewer side effects than systemic drugs) the periph-
eral mechanisms already mapped by acupuncture researchers.
Moreover, a better understanding of the peripheral effects of
acupuncture can help to support the rationale of studies that
address the association of medications and acupuncture to in-
crease the duration of analgesia or to analyze the potential ex-
ogenous substances that can inhibit the effects of acupuncture,
such as blockingA1R receptors after caffeine ingestion, already
demonstrated in some studies [18, 22, 39, 77].

Our study has, however, some limitations related to the
selected eligibility criteria. Only articles published in the
English language and retrieved from three well-
recognized scientific databases were selected. This limited
the search to publications in the mainstream scientific lit-
erature accessed in Western countries. Future studies
should expand the search to East Asian databases and
other languages to include possible new studies and find-
ings in the context of the peripheral effects of acupunc-
ture. Another limitation was the selection of studies con-
ducted only involving mice or rats. Although mice and
rats are the principal animals used in basic science, other
animals, such as rabbits, guinea pigs and ferrets, are also
used in experimental research. This could possibly limit
the identification of additional data. Furthermore, all 29
studies included in the review have their own limitations,
especially in regard to the following: (1) nondetailed de-
scription of the acupuncture treatment procedures; (2) no
report if the experiment evaluators were blinded during
outcome measurement; and (3) lack of use of a standard-
ized format to report the research, such as the Animal
Research: Reporting of In Vivo Experiments (ARRIVE)
guidelines.

Conclusion

The peripheral antihyperalgesic effects of acupuncture are cor-
related with ten families of receptors, including the following:
opioid, adenosine, cannabinoid, TRPV, histamine, adrenergic,

muscarinic, CRF, IL-1, and endothelin receptors. Eight types
of neuromediators are also correlated with these peripheral
effects of acupuncture: opioid peptides, adenosine, histamine,
SP, CGRP, anandamide, nitric oxide and norepinephrine.

The described peripheral effects of acupuncture involve
pharmacological approaches of injecting specific receptor ag-
onist or antagonist drugs into the acupuncture point or at the
peripheral injured tissue. Neuromediators were injected into
the acupoint region to test if this could mimic the
antihyperalgesic effects of acupuncture and, using HLPC
technique, increased levels of some neuromediators were
found at the acupoint region or at the peripheral injured tissue
after acupuncture treatment. Several histological and immu-
nological methods as well as multiple pain induction models
and acupoint stimulus parameters were utilized in the study of
the peripheral effects of acupuncture.

Considering the potential benefits of a better understanding
of the role peripheral receptors and neuromediators in the
context of pain management, the findings of the present study
highlight the importance of more in depth future studies ex-
ploring the peripheral mechanisms of acupuncture.
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