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Increasing evidences demonstrate that acupuncture is effective in treating inflammatory pain. Recent studies have found that
peripheral endogenous opioid peptides in the area of inflammation are involved in acupuncture-treating inflammatory pain.
However, the source of endogenous opioid peptides in local area of inflammation and the mechanism of acupuncture regulating
these opioid peptides remain unclear. Studies have demonstrated that neutrophils infiltrated in the inflamed tissue contain and
release opioid peptides. Chemokine (C-X-C motif ) ligand 1 (CXCL1) is one of the key neutrophil chemokines and can promote
the blood neutrophil recruitment to the area of inflammation. In our previous experiments, we found that acupuncture could
alleviate inflammatory pain and significantly increase the concentration of chemokine CXCL1 in the blood of rats with in-
flammatory pain. So we suppose that increased concentration of CXCL1 by acupuncture could activate the blood opioid-
containing neutrophils via its main receptor chemokine receptor type 2 (CXCR2) and promote them recruit to the inflamed tissue
to release opioid peptides, participating in the analgesic effect of acupuncture.

1. Background

At present, there are a large number of patients suffering
from pain in clinical practice. Opioid peptides are the potent
drugs for the treatment of pain, but their clinical use is
limited by detrimental side effects such as respiratory de-
pression, addiction, sedation, and constipation. )erefore,
augmenting endogenous opioid actions and selectively
targeting peripheral opioid receptors are a new promising
approach for opioid analgesia [1]. Numerous studies have
found that inflammation could trigger the migration of
opioid-containing immunocytes to the inflamed tissue,
causing the release of opioid peptides. Numbers of opioid
receptors expressed in the sensory nerve fibers in peripheral
tissues are significantly increased under inflammatory

conditions, and activation of the peripheral opioid receptors
can produce a significant analgesic effect without central and
gastrointestinal side effects [2–4]. More importantly, evi-
dences have demonstrated the use of peripheral opioid
agonists for the prolonged treatment of inflammatory pain
has not induced peripheral tolerance, which has important
implications for treating inflammatory pain. )erefore,
researching the peripheral opioid receptors as new targets
for inflammatory pain has a very promising prospect [3–5].

Despite advances in therapies, many patients often
continue to deal with ongoing pain symptoms which are not
fully controlled by the conventional medicine, so the pa-
tients frequently turn to complementary and alternative
medicine (such as acupuncture, herbs, and meditation)
[6–8]. Many patients with pain, including some children,
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have used complementary and alternative medicine, which is
effective in reducing pain, reducing the need for analgesics,
and reducing side effects [9]. As an important part of tra-
ditional Chinese medicine, acupuncture has been applied in
183 countries and areas in the world. It is widely used in a
variety of diseases, especially in the treatment of various
kinds of pain. Many studies have shown that acupuncture
has broad application prospects due to its unique advantages
for the treatment of pain and depression associated with
pain [10, 11].

2. Supporting Evidence

2.1. Peripheral Endogenous Opioid Receptors in the Inflamed
Tissue Are Involved in Acupuncture Analgesia. Studies have
demonstrated that peripheral endogenous opioid peptides
and their receptors in the inflamed tissue were increased
after acupuncture [12], and the anti-inflammatory pain
effect of acupuncture could be reversed by intraplantar (i.pl.)
injection of nonselective peripheral opioid receptor antag-
onist (naloxone methiodide) and selective antagonists
against μ, δ, or κ opioid receptor in the inflamed paw
[13–15], whereas acupuncture analgesia could not be
blocked by intraperitoneal injection of naloxone methiodide
[13] or intravenous injection of selective antagonists [14]. It
suggests that endogenous peripheral opioid receptors are
involved in acupuncture analgesia.

2.2. Immunocytes Infiltrated in the Inflamed Tissue Express
and Release Opioid Peptides, Having Significant Analgesic
Effects. Neutrophils Are theMost Important Source of Opioids.
When the body is under condition of inflammation,
immunocytes infiltrate and release numerous inflammatory
mediators, causing pain and hyperalgesia in the inflamed
tissue [16]. However, recent studies have indicated that
immunocytes which infiltrate in the inflamed tissue also
release analgesic mediators to relieve pain, including anti-
inflammatory cytokines and opioid peptides, and the latter is
also called peripheral immune cell-derived opioid peptides.
Interaction of peripheral opioid peptides with the opioid
receptors in the inflamed tissue can effectively reduce pain
[2–4].

Peripheral immune cell-derived opioid peptides are
mainly derived from leukocytes. Researchers have found
that all leukocytes express opioid peptides (endorphin,
dynorphin, and enkephalin) (Figure 1) [17], in which the
neutrophils account for the largest proportion. Furthermore,
inflammation could trigger the opioid-containing leukocytes
migrating to the inflamed tissue to release opioid peptides
involved in the peripheral intrinsic analgesia mechanism
[3, 18].

Peripheral immune cell-derived opioid peptide analgesia
has some advantages and characteristics as follows: (1)
without detrimental side effects of central endogenous
opioid, such as nausea, addiction, pain tolerance, and re-
spiratory depression [3, 19, 20]; (2) it may have promising
clinical application prospects in the treatment of chronic
inflammatory pain. Studies have showed that, in early stages

of inflammation (6 h after inflammation), both peripheral
and central opioid receptors are involved in the anti-
nociceptive effect [21], whereas in later stages (4–6 days after
inflammation), endogenous analgesia is mediated exclu-
sively by peripheral opioid and its receptors [19, 22].
However, due to the limitations of experimental studies,
pharmacological techniques, or other aspects, in peripheral
endogenous opioid peptides for treating inflammatory pain,
there are still some challenges to recruit more opioid pep-
tide-containing immune cells to the inflammation site and to
efficiently promote the release of immune cell-derived
opioid peptides and the synthesis of opioid receptors in
inflammation site [21, 23].

2.3. Chemokine CXCL1 Promotes the Recruitment of Immune
Cells (Especially Neutrophils) to the Inflamed Tissue.
Chemokine (C-X-C motif) ligand 1 (CXCL1) is a C-X-C
chemokine family member containing a Glu-Leu-Arg (ELR)
motif at its amino terminus. It is one of the major che-
moattractants for neutrophils. CXCL1, also known as
neutrophil chemokine 1, belongs to the CXC family of
chemokines [24]. CXCL1 can activate and promote leuko-
cyte recruitment to inflamed tissue via chemokine receptor
type 2 (CXCR2) receptor (the main receptor of CXCL1)
located on the surface of leukocytes [24–26]. Previous
studies considered that leukocyte recruitment was one of the
key factors causing inflammatory pain, but recent studies
have proved that the migration of leukocytes to the inflamed
tissue triggered by CXCL1 binding to CXCR2 receptor does
not produce pain [27, 28]; reversely, the pain is increased
significantly after inhibiting the recruitment of leukocytes
(especially neutrophils) [27]. Further studies have found that
CXCL1 can induce leukocytes to release opioid peptides in
inflamed tissue to produce peripheral analgesia and anti-
inflammatory effects [3].

2.4. ChemokineCXCL1 in the Blood of RatsMediates theAnti-
Inflammatory Pain Effect of Acupuncture. Our previous
experiments discovered that acupuncture at Zusanli acu-
point could alleviate inflammatory pain and significantly
upregulate the expression of CXCL1 in the serum of rats
with adjuvant-induced arthritis (AIA) (Figure 2) [29]. After
neutralizing CXCL1 in the blood with specific antibodies,
the anti-inflammatory pain effect of acupuncture was sig-
nificantly decreased, and intravenous injection of CXCL1
recombinant protein could simulate the anti-inflammatory
pain effect of acupuncture. )ese results indicated that

(i) Neutrophil 50–70%
(ii) Eosinophil 0.5–3%

(iii) Basophil 0–1%
(iv) Monocyte/macrophage 3–8%
(v) Lymphocytes 20–30%
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Figure 1: Classification and proportion of opioid-containing
leukocytes.
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CXCL1 in the blood probably mediated the anti-inflammatory
pain effect of acupuncture (data not yet published).

In summary, we speculate that acupuncture can sig-
nificantly increase the concentration of chemokine CXCL1
in the blood of AIA rats and promote CXCL1 to activate
opioid-containing neutrophils in the blood via CXCR2 re-
ceptor and trigger the recruitment of neutrophils to the
inflamed tissue to release the opioid peptides, participating
in the anti-inflammatory pain effect of acupuncture
(Figure 3).

3. Conclusion

As the peripheral opioid peptides are without central side
effects, the development of peripheral opioid agonists has
attracted more attention.)ere are kinds of peripheral opioid
agonists in the current [20]. For peripheral endogenous
opioid analgesia of inflammatory pain, little studies pay at-
tention on how to increase the release of immune cell-derived
opioids in the inflamed tissue. Our hypothesis could provide
some ideas for the research. )ere are still some limitations:
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Figure 2: Acupuncture at Zusanli acupoint could alleviate inflammatory pain and significantly upregulate the expression of CXCL1 in the
serum of rats with AIA (CXCL1: chemokine (C-X-C motif ) ligand 1; AIA: adjuvant-induced arthritis).
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Figure 3: Schematic hypothesis of CXCL1/CXCR2 signaling regulating neutrophil-derived opioids in acupuncture for inflammatory pain
(CXCL1: chemokine (C-X-C motif ) ligand 1; CXCR2: chemokine receptor type 2).
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this is a preliminary hypothesis formed on the basis of our
previous research findings and current published results, and
it needs some experiments to verify this hypothesis.
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