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Acupuncture (AP) is an important constituent of the therapeutic repertoire of traditional
Chinese medicine and has been widely used to alleviate chronic painful conditions all over
the world. We studied in rats the efficiency of electroacupuncture (EAP) applied to the
Zusanli acupoint (ST36) as an analgesic treatment over a 3-week period of time on purine
(α,β-methylene ATP, dibenzoyl-ATP)- and acid (pH 6.0 medium)-induced pain in the rat
paw. The two ATP derivatives stimulated P2X3 and P2X7 receptors, respectively, while the
slightly acidic medium stimulated the “acid-sensitive ion channel 3” (ASIC3). It was found
that the P2X7 receptor and ASIC-mediated pain was counteracted by EAP with greater
efficiency at the end than at the beginning of the treatment schedule, while the P2X3
receptor–mediated pain was not. Our findings have important clinical and theoretical
consequences, among others, because they are difficult to reconcile with the assumption
that AP is primarily due to the release of peripheral and central opioid peptides causing the
well-known tolerance to their effects. In consequence, AP is a convenient therapeutic
instrument to treat subacute and chronic pain.
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INTRODUCTION

Acupuncture (AP) which is one of the disciplines within the therapeutic repertoire of traditional
Chinese medicine (TCM) has been more recently widely used to alleviate chronic painful conditions
all over the world (Tang et al., 2016; Tang et al., 2019). In AP, metallic needles are inserted into the
subdermal tissue at acupoints and manipulated manually or stimulated electrically
(electroacupuncture; EAP). Acupoints are certain acupuncture-sensitive points, the stimulation
of which changes the flow of the life energy Qi through the 12 meridians believed to regulate health
state according to TCM. Although in the clinical praxis, AP is a means of treating low back pain
(Berman et al., 2010; Xiang et al., 2020), chronic neck pain (Seo et al., 2017), musculoskeletal pain
(Yuan et al., 2016), migraine (Pei et al., 2019), as well as visceral (Lee et al., 2019) and cancer pain
(Chiu et al., 2017), the evidence for its efficiency is, in spite of conducting sham-controlled
randomized trials and meta-analyzes even deposited in the Cochrane database, far from being
unequivocal. The cautious assessment of the results is based on the following considerations (Madsen
et al., 2009; Colquhoun and Novella, 2013): 1) large multicenter clinical trials consistently revealed
that the true (verum) and sham AP (stimulation at nonspecific acupoints) do not differ in their
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effectiveness in decreasing pain levels across multiple chronic
pain disorders; 2) the existing differences between AP (verum or
sham) and non-AP groups in improvement were only minor; 3)
it is hard to understand why AP relieves some types of pain
while leaving other types of probably similar etiology
unaffected; and 4) interestingly, the strongest evidence for a
positive outcome of AP treatment is in case of postoperative
nausea and vomiting, conditions not related to pain (Tang et al.,
2016).

In contrast to clinical investigations, animal experiments can
be easily standardized and evaluated by stringent statistical
methods including comparison with a sufficient number of
control groups. Hence, convincing evidence for the efficiency
of AP on painful conditions in laboratory animals was generated
and the mode of action of AP was suggested to include, especially,
opioid (Wang et al., 2008; Mayor, 2013; Zhang et al., 2014) and
purinergic mechanisms (Burnstock, 2009; Tang et al., 2016, Tang
et al., 2019). Classic experiments in mice demonstrated already in
the seventies of the last century that the administration of the
opioid antagonist naloxone blocked the AP-induced analgesia
against noxious heat stimulation (Pomeranz and Chiu, 1976).
These findings were further elaborated and confirmed in a range
of experimental studies (see Discussion). Somewhat later, in the
subcutaneous tissue around an acupoint, AP/EAP was shown to
release ATP, which was either enzymatically decomposed to
adenosine, stimulating analgesic adenosine A1 receptors
(A1Rs) (Goldman et al., 2010; Hurt and Zylka, 2012), or on
its own right stimulated ATP-sensitive P2X3 and/or P2X7Rs (Tu
et al., 2012; Xu et al., 2016; He et al., 2020). Both A1Rs and P2XRs
were suggested to be located either at the terminals of sensory
nerve fibers in the periphery or along the pain-conducting fiber
tracts in the CNS.

In a previous publication, we investigated the types of purine
and acid-sensitive receptors participating in EAP applied to
rats/mice and characterized them as belonging to the P2X3,
P2X7, ASIC3, and TRPV1 classes by the use of pharmacological
agonists/antagonists and knockout mice (Zhang et al., 2020).
The aim of the present study was much more circumscribed.
Because AP is used to treat chronic pain disorders, it is no
wonder that one-time sessions of AP lasting for about 30 min
are usually repeated twice a week at the beginning and
continued once a week later for a minimum of 12 sessions
(Berman et al.,2010; Ernst et al., 2011). Unexpectedly, at least
according to our best knowledge, it has not been tested hitherto
whether with this therapeutic regimen the efficiency of AP
changes in animal experiments. We investigated whether
purinergically induced pain (P2X3R and P2X7R stimulation)
or mild acidic pain [pH 6.0 medium; stimulation of “acid-
sensitive ion channels” (ASICs)] into the rat paw could be
alleviated by repetitive EAP over a 3-week period with
constant efficiency. We report that the effectiveness of EAP
over this period of time gradually increased in case of the
P2X7R-mediated and acidic pain, but not in case of the
P2X3R-mediated pain. In addition, it was shown that a
competitive antagonist at P2X7Rs prevented its activation in
a similar manner as EAP did.

MATERIALS AND METHODS

Animals
All animal care and experimental procedures complied with the
National Institute of Health Guidelines for the Care and Use of
Laboratory Animals and were approved by the Animal Ethics
Committee of Chengdu University of Traditional Chinese
Medicine. The experiments were performed on adult male
Sprague–Dawley rats (180–220 g of weight; 7–8 weeks of age);
they experienced at least 1-week acclimation to our laboratory
animal observation room in a natural light/dark cycle at 22–24°C
with free access to water and food.

Drug Application Protocols
Phosphate-buffered saline (PBS; Solarbio, Beijing) was prepared
by adding 0.1 N HCl or in addition 0.1 N NaOH, if required.
PBS at pH 7.4 or 6.0 alone and α,β-methylene ATP (α,
β-meATP; 200 nM) or dibenzoyl-ATP (BzATP; 20, 50, and
100 nM; each from Sigma-Aldrich, Saint Louis, MO, United
states) dissolved in PBS at pH 7.4, were injected by the intra-
plantar (i.pl.) route into the left hind paw of rats in volumes of
100 μl. PBS with or without its algesic constituents was applied
immediately after the 3rd measurement of the baseline
(−30 min) “paw withdrawal latency” (PWL). In previous
experiments, we showed that α,β-meATP (100, 200, and
400 nM) dose-dependently shortened the PWL, with a just
maximal effect at 200 nM (Zhang et al., 2020).

Electroacupuncture
EAP was administered at roughly the same time of the day (10:00
a.m. to 12:00 a.m.) to awake animals, immobilized by two Velcro
brand hooks and loop fasteners as well as additional tapes fixed to
a wooden block for the duration of EAP only (Zhang et al., 2020).
Although immobilization is certainly a stressful stimulus, sham
acupuncture applied to the same acupoint but without electrical
stimulation (only positioning the needle) or EAP delivered to a
non-acupoint, both did not modify the baseline PWL in
comparison with the control value measured in previous
experiments (compare Figures 1E,H with, e.g., Figures 1A–D
of Zhang et al., 2020).

EAP was delivered to the Zusanli acupoint (ST36; located at
the left knee, about 6 mm below the fibular head) ipsilateral to the
painful stimulus applied to the left hind paw (see above). An
electrical current of 1 mA and a frequency of 15 Hz was applied
for 30 min, by an “acupoint nerve electrostimulator” (HANS-200,
Nanjing Jisheng Medical Technology Co., Jiangsu, China). EAP
was delivered through stainless steel needles (2.5 cm long,
0.25 mm diameter; Hwato-Med. Co., Jiangsu, China)
introduced 5–8 mm deep below the skin. While one of the
electrodes was inserted to the Zusanli acupoint, the other
electrode was inserted to a non-acupoint at the basis of the
rat’s tail. We strived a high selectivity of stimulation at ST36
and, therefore, have chosen for the second needle a non-acupoint
(Zhao et al., 2006; Ye et al., 2020) rather than a neighboring
acupoint. Although this results in a larger inter-electrode
distance, a field-effect is extremely unlikely in view of the low

Frontiers in Pharmacology | www.frontiersin.org May 2021 | Volume 12 | Article 6801982

Li et al. Repetitive Acupuncture and Pain

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


FIGURE 1 | No effect of solvent (PBS, pH 7.4) injection into the left hind paw of rats alone or together with EAP applied to the Zusanli acupoint (ST36) on the “paw
withdrawal latency” (PWL); modulation of acute thermal hypersensitivity caused by the injection of α,β-meATP instead of the solvent and its prevention by EAP. The
baseline PWL was determined, starting at the −30 min time point, 3 times with 5 min intervals. Solvent or α,β-meATP (200 nM) were injected at −20 min; EAP was
delivered from −30 min onwards for 30 min ipsilaterally to the site of injection. Randomly chosen 12 rats were used for each treatment schedule (each symbol or
column shows in this and all following figures mean ± SEM of n � 12 animals). These rats received solvent/drug injection alone or together with EAP treatment 3 times a
week for a total of 9 sessions. PBS and PBSplus EAP do not alter the time–effect relationship of PWL either on the first (Ai) or the last application session (Bi). The change
of the PWL expressed as a percentage of the baseline PWL (measured at −30 min) as a function of PBS or PBS and EAP at the 0 (Aii) and 120 min (Bii) time points. α,
β-meATP decreases the PWL at 0 and 120 min, both at the first (Ci) and the last application sessions (Di). EAP strongly reverses the percentage depression of the EAP
at 0 min and less pronouncedly at 120 min irrespective of whether the first (Cii) or last application session (Dii) is considered. *p < 0.05; statistically significant difference
from 100% (the Welch’s test). +p < 0.05; statistically significant difference from the first column in a pair of columns (the Student’s t test).
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stimulation current of 1 mA applied. EAP was delivered for
30 min from the 1st measurement of the baseline PWL onwards.

The number of animals in each experimental group equaled
12. This group of 12 rats was randomly divided into two
subgroups. Measurements were made on Monday of the first 6
rats and on Tuesday of the second 6 rats; the data obtained were
thereafter pooled. This schedule was preserved by determining
PWL on the first group of rats always on Monday, Wednesday,
and Friday and on the second group of rats on Tuesday,
Thursday, and Saturday in total for a duration of 3 weeks.
Thus, the painful acidic or purinergic treatment with
combined EAP was made 3 times a week. Rats were used only
once for the 3-week acupuncture procedure experiment.

Measurement of Thermal PWL
Responses to thermal laser stimulation were determined at the
plantar surface of the left hind paw by using a thermal stimuli
instrumentt (PL-200, Techman Software Co., Chengdu, China).
The intensity of the light beam was adjusted to 30% and the cut-
off time was set to 20 s. All measurements were made in an air-
conditioned room (22–24°C). Withdrawal, shaking, or licking of
the hind paw was considered as responses to thermal stimulation.
Animals were allowed to get accustomed to a transparent plastic
enclosure (210 mm × 210 mm × 160 mm) for 30–40 min for three
consecutive days each, before the beginning of the test. The
baseline PWL (−30 min time point) was determined three
times, with 5-min intervals. Then, compounds/drugs were
applied i.pl. and the PWL of rats and mice was determined
again with the above procedure, every 30 min, including the
following six time points: 0, 30, 60, 90, and 120 min. The
PWL values were at every time-point the mean of the three
determinations.

Data Analysis
All data were expressed as mean ± SEM of n observations, where
n means the number of animals per group. SigmaPlot 13.0 was
used for statistical evaluation. We tested for and found that, when
using parametric tests, all sampled distributions satisfied the
normality and equal variances criteria. Multiple comparisons
between data were performed in case of their normal
distribution by one-way ANOVA followed by the Holm–Sidak
test. Two data sets were compared by the parametric Student’s
t test or the non-parametric Welch’s test, as appropriate. A
probability level of 0.05 or less was considered to be
statistically significant.

RESULTS

Repetitive Electroacupuncture and
α,β-Methylene ATP-Induced Pain
In the first series of experiments, we tested whether during
standard experimental conditions, PBS at pH 7.4 (control),
injected into the left hind paw of rats, changed the PWL from
baseline (−30-min time-point) over the 120 min observation
period. The first (1st week, 1st day; Figure 1Ai) and the last
(3rd week, 5th day; Figure 1Bi) measurements of the PWL

documented no apparent changes from the baseline value.
Similarly, EAP applied for 30 min did not appear to influence
the baseline PWL. Because in these and all further measurements
at different days the baseline PWL showed rather pronounced
variability, we calculated the percentage change of the PWL at the
0 and 120-min time points from baseline. In fact, neither PBS nor
PBS plus EAP caused any statistically significant alteration either
at 0 min or at 120 min (Figures 1Aii,Bii).

According to our expectations, the P2X1 and P2X3R agonist
α,β-meATP caused pain, when injected into the left hind paw of
rats; this was due to the stimulation of P2X3Rs localized at the
terminals of subcutaneous sensory C-fibers (Chizh and Illes,
2001; Wirkner et al., 2007). Our previous experiments
confirmed by use of the highly selective P2X3 and P2X7R
antagonists A317491 and A438079, respectively, that under
our experimental conditions α,β-meATP activates only the
former receptor-type (Zhang et al., 2020). Hence, α,β-meATP
(200 nM) caused a marked decrease of PWL from the baseline to
its 0-min value and this decrease was stable over the subsequent
120 min, irrespective of whether measurements were at the
beginning or at the end of the 3-week treatment schedule
(Figures 1Ci,Di; Figures 1Cii,Dii, first column of each pair of
columns). EAP depressed the pain caused by α,β-meATP at
0 min, both at the beginning and at the end of the 3-week
treatment regimen (Figures 1Cii,Dii, second column of each
pair of columns). The effect of EAP showed a tendency to increase
when it was tested against the α,β-meATP–induced pain at the
120-min time point, from the 1st week, 1st day (depression to
73.3 ± 2.5%) to the 3rd week, 5th day (depression to 83.2 ± 4.7;
n � 8; p > 0.05; Student’s t test) of the treatment procedure,
although it did not reach the level of statistical significance. In
conclusion, EAP was active in preventing the decrease of PWL by
α,β-meATP during a single treatment session, but this effect did
not change when EAP was applied repetitively for 3 weeks.

Repetitive Electroacupuncture and
Dibenzoyl ATP–Induced Pain
BzATP, the prototypic agonist of P2X7Rs also produced pain,
when injected into the left hind paw of rats (Bhattacharya et al.,
2011). BzATP stimulates P2X1 and P2X3Rs with higher efficiency
than P2X7Rs, but on the other hand, it is a stronger agonist than
ATP itself at P2X7Rs (Jarvis and Khakh, 2009; Illes et al., 2021).
BzATP (20, 50, and 100 nM) dose-dependently shortened the PWL
at the 0-min time point, when compared with the baseline value
determined at the −30-min time point (Figures 2Ai,ii). From
−30min onwards, the effect of BzATP at all doses tested remained
rather stable over the following 60 or even 120 min (Figure 2Ai).
Subsequently, we selected a dose of BzATP (50 nM) which evoked
a submaximal decrease of PWL and combined it with increasing
doses (10, 30, and 100 nM) of the competitive P2X7R antagonist
A438079 (Figures 2Bi,ii). This manipulation caused less
shortening of the PWL, in clear dependence on the gradually
increasing doses of A438079, unequivocally confirming that
BzATP acts as an algesic agent through the stimulation of P2X7Rs.

Then, we applied BzATP (50 nM) with the same protocol as
previously α,β-meATP (200 nM) and noticed that P2X7R
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FIGURE 2 |Modulation of acute thermal hypersensitivity (measured as the duration of the PWL) caused by the injection of BzATP into the left hind paw of rats; its
prevention by a competitive antagonist at P2X7Rs applied to the same site as the agonist. The baseline PWL was determined, starting at the −30 min time point, 3 times
with 5 min intervals. Solvent or BzATP (20, 50, and 100 nM) alone, or in the case of BzATP (50 nM) together with A438079 (10, 30, or 100 nM) were injected at −20 min.
Randomly chosen 12 rats were used for each treatment schedule shown here. No effect of solvent (PBS, pH 7.4) injection but a dose-dependent shortening of the
PWL by BzATP (20, 50, and 100 nM). (A) Time–effect relationships of PWL (Ai) and the change of PWL expressed as a percentage of the baseline PWL (measured at
−30 min) at the 0 min time point (Aii). Dose-dependent prevention of the BzATP (50 nM) effect by coapplied A438079 (10, 30, and 100 nM). (B) Time–effect relationships
of PWL (Bi) and the change of PWL expressed as a percentage of the baseline PWL (measured at −30 min) at the 0-min time point (Bii). In the following experiments, the
rats received solvent/drug injection 3 times a week for a total of 9 sessions. The prevention by A438079 (30 nM) of the BzATP (50 nM) induced decreases of the PWL at 0
and 120 min, both at the first (Ci) and the last application sessions (Di) in the course of 3 weeks. A438079 strongly reverses the percentage depression of the EAP at
0 min and less pronouncedly at 120 min. However, the effect of A438079 increases at the 0 -min time point from the first to the last application session. *p < 0.05;
statistically significant difference from 100% (Welch’s test). +p < 0.05; statistically significant difference from the first column in a pair of columns (Student’s t test). §p <
0.05; statistically significant difference from the corresponding effect of BzATP plus A438079 in (Cii) (Student’s t test).
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activation caused during a 3-week period of treatment both at
the 0 and 120-min time points a reproducible decrease in the
PWL (Figures 2Ci,Di; for statistical evaluation see first columns

in each pair of columns in Figures 2Cii,Dii). Interestingly the
antagonistic effect of A438079 (30 nM) clearly increased from
the beginning till the end of the 3-week treatment regimen only

FIGURE 3 | Modulation of acute thermal hypersensitivity caused by the injection of BzATP into the left hind paw of rats and its prevention by EAP applied to the
ipsilateral Zusanli acupoint (ST36) on the PWL. Each group of 12 rats received BzATP (50 nM) injection or in addition EAP treatment for 30 min 3 times aweek for a total of
9 sessions. All other experimental details were identical with those described in the legend to Figure 1. The change in the time–effect relationship of the PWL on selected
application sessions; 1st week, 1st day (Ai); 2nd week, 1st day (Bi); 2nd week, 5th day (Ci); and 3rd week, 5th day (Di). The change of the PWLwas expressed as a
percentage of the baseline PWL (measured at −30 min) depending on the application of BzATP or BzATP plus EAP at the 0 and 120 min time points (Aii–Dii). BzATP
decreases the PWL at all application sessions both at 0 min and 120 min. EAP strongly reverses the percentage depression by BzATP at 0 min and less pronouncedly at
120 min; the extent of this depression inversely correlates with the increasing number of sessions. *p < 0.05; statistically significant difference from 100% (Student’s
t test). +p < 0.05; statistically significant difference from the first column in a pair of columns (Welch’s test). §p < 0.05; statistically significant difference from the
corresponding effect of BzATP plus EAP in (Aii) (one-way ANOVA followed by the Holm–Sidak test; F � 5.301).
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at the 0 -min time point (Figures 2Ci,Di; for statistical
evaluation, see second columns in each pair of columns in
Figures 2Cii,Dii).

By contrast, EAP depressed the effect of BzATP at 0 min and
caused a gradually increasing analgesia at 120 min, when the
treatment sessions were repeated 9 times in total, 3 times every

FIGURE 4 |Modulation of acute thermal hypersensitivity caused by the injection of pH 6.0 PBS into the left hind paw of rats and its prevention by EAP applied to the
ipsilateral Zusanli acupoint (ST36) on the PWL. Each group of 12 rats received the injection of pH 6.0 PBS, or in addition EAP treatment for 30 min, 3 times a week for a
total of 9 sessions. All other experimental details were identical with those described in the legend to Figure 1. The change in the time–effect relationship of PWL on
selected application sessions; 1st week, 1st day (Ai); 2nd week, 1st day (Bi); 2nd week, 5th day (Ci); and 3rd week, 5th day (Di). The change of the PWL was
expressed as a percentage of the baseline PWL (measured at −30 min) depending on the application of pH 6.0 PBS or pH 6.0 PBS plus EAP at the 0 and 120 min time
points (Aii–Dii). The pH 6.0 PBS decreases the PWL at all application sessions both at 0 min and 120 min. EAP strongly reverses the percentage depression by the
acidicmedium at 0 min and less pronouncedly at 120 min; the extent of this depression inversely correlates with the increasing number of sessions. *p < 0.05; statistically
significant difference from 100% (Student’s t test). +p < 0.05; statistically significant difference from the first column in a pair of columns (Welch’s test). §p < 0.05;
statistically significant difference from the corresponding effect of BzATP plus EAP in (Aii) (one-way ANOVA followed by the Holm–Sidak test; F � 3.648).
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week. At the beginning (1st week, 1st day) EAP depressed the
effect of BzATP to 68.0 ± 2.4% of baseline, while at the end (3rd
week, 5th day) the depression was only to 85.9 ± 3.9% (n � 12
each; p < 0.05; One-way ANOVA, the Holm–Sidak test). With
BzATP we show the 1st (Figures 3Ai,ii), 4th (Figures 3Bi,ii), 5th
(Figures 3Ci,ii), and last (Figures 3Di,ii) measurements during
the treatment schedule, which document that the 120-min values
with EAP were to 68.0 ± 2.4%, 72.5 ± 4.0%, 79.0 ± 3.0%, and
85.9 ± 3.9% of baseline (n � 12 each).

Repetitive Electroacupuncture and
Acidification-Induced Pain
The pain-sensing C-fiber terminals are also endowed with the
TRPV1 member of the transient receptor potential (TRP) protein
superfamily (Jardin et al., 2017; Moran and Szalasi, 2018) as well
as the acid-sensing ion channel 1a (ASIC1a) and ASIC3 members
of the ASIC family (Wemmie et al., 2013; Cheng et al., 2018). Our
previous experiments suggested that low-threshold acidic pain
(∼pH 6.0) was mediated by ASIC3/TRPV1 channels while high-
threshold acidic pain (∼pH 4.0) was mediated exclusively by
TRPV1 channels; only the low-threshold pain was counteracted
by EAP (Zhang et al., 2020). In fact, under the present
experimental conditions, two selective ASIC3 antagonists,
APETx2 and UGR9-1 relieved the pain induced by i.pl.
injection of a pH 6.0 PBS, while the TRPV1 antagonist
capsazepine also relieved the pain induced by i. pl. injection of
pH 4.0 PBS.

In consequence, we induced pain by injecting pH 6.0 PBS into
the left hind paws or rats by following the same experimental
protocol as used previously with the other algogenic stimuli. pH
6.0 PBS caused a depression of the PWL comparable to that
obtained with BzATP during the 3-week duration treatment
regimen both at the 0- and 120-min time points (Figures
4Ai,Di; for statistical evaluation see first columns in each pair
of columns in Figures 4Aii,Dii). Again, EAP depressed the effect
of the acidic PBS only to 73.4 ± 4.1% of baseline at the beginning,
but to 92.0 ± 5.1% of it at the end of the 3-week treatment
schedule (n � 12 each; P < 0.05; One-way ANOVA, the
Holm–Sidak test). Acidification to pH 6.0 at 120 min caused
gradually lower percentage inhibition at the 1st (Figures 4Ai,ii),
4th (Figures 4Bi,ii), 5th (Figures 4Ci,ii), and last (Figures
4Di,ii) measurements, which document that the 120-min
values with EAP were 73.4 ± 7.1%, 84.4 ± 3.7%, 88.6 ± 3.9%,
and 92.0 ± 5.1% (n � 12 each), respectively.

DISCUSSION

The main finding of this study is that repetitive application of
EAP to the ipsilateral Zusanli acupoint (ST36) for the duration of
3 weeks increased the efficiency of analgesia in case of P2X7R-
mediated and acidic pain, but left it grossly unaltered in case of
P2X3R-mediated pain. Moreover, EAP appeared to prevent
purinergic pain in a similar manner as a competitive
antagonist of P2X7Rs did, because in both cases treatment for
3 weeks increased the pain relieving effect. These findings have

important clinical consequences because EAP is used as a
treatment of chronic pain and in consequence any decrease in
its efficiency with time would be a hindrance for therapeutic
applicability.

Acute cutaneous pain is accompanied by a rapid drop in tissue
pH and injection of acidic saline subcutaneously or
intramuscularly results in the development of localized pain
both in rodents and human subjects (Ugawa et al., 2002;
Karczewski et al., 2010). It has repeatedly been shown that
acid-sensing homomeric ASIC channels (ASIC1a and ASIC3;
Deval and Lingueglia, 2015; Gründer and Chen, 2010) and TRP
channels (TRPA1 and TRPV1; Caterina et al., 1997; Dai, 2016)
respond to local acidosis during inflammatory and cancer pain
(Deval and Lingueglia, 2015; Dai, 2016). Similarly, the injection of
ATP or its release from the intracellular space during all types of
tissue damaging conditions causes acute or chronic pain states
(Chizh and Illes, 2001; Burnstock, 2009). Homomeric P2X3 and
P2X7Rs and heteromeric P2X2/3Rs (North, 2002; Wirkner et al.,
2007) mediate inflammatory, neuropathic, visceral, and cancer
pain (Burnstock 2013, Burnstock, 2016). Interestingly, ASIC3 and
P2X3Rs appear to interact with each other in response to protons
and ATP, by forming an ASIC3/P2X3 “cognate” receptor,
establishing a tight relationship between acidic and purinergic
mechanisms in pain induction (Stephan et al., 2018).

AP raised the levels of opioid peptides in the cerebrospinal
fluid of human volunteers (Sjölund et al., 1977). Similarly, in
uninjured rats, low frequency EAP released β-endorphin and
enkephalins, while high frequency EAP released dynorphins to
suppress nociception, as assessed by the tail flick test (Han, 2003).
The complete Freund’s adjuvant (CFA)–induced shortening of
the PWL in rats was relieved by EAP; this was blocked by µ- but
not κ-opioid receptor antagonist injection into the rostral
ventrolateral medulla, a brain site which is critical for the
supraspinal modulation of dorsal horn nociceptive
transmission (Zhang et al., 2011).

In addition to central opioid mechanisms, their peripheral
counterparts also appear to participate in EAP analgesia (Zhang
et al., 2014; Tang et al., 2016). Intraplantar injection of naloxone
or selective antagonists at µ-, δ-, and κ-opioid receptors before
EAP dose-dependently blocked the inhibition of mechanical
hyperalgesia (Sekido et al., 2003; Taguchi et al., 2010).
Consistent with these results, intraplantar naloxone
methiodide, a peripherally acting opioid receptor antagonist,
eliminated the EAP-induced inhibition of thermal hyperalgesia
in a CFA-treated rat (Zhang et al., 2005). It was concluded that
EAP released in inflamed tissue from lymphocytes, monocytes/
macrophages, and granulocytes opioids which activated their
receptors at the terminals of pain-sensing nerve terminals
(Cabot et al., 1997; Rittner et al., 2001). As demonstrated by
Han et al. (1981), an unavoidable consequence of the opioid
receptor mediation of EAP is tolerance to its repetitive
application and also cross-tolerance with morphine. However,
this phenomenon would create serious difficulties in case of
chronic EAP application because of gradual loss of efficiency.

An alternative, more recent hypothesis is based on the AP/
EAP–induced release of ATP by the mechanical stimulation by
AP needles of cutaneous/subcutaneous mast cells (Cui et al., 2018;
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Shen et al., 2020). The local outflow of ATP and a whole range of
ATP metabolites (ADP/AMP/adenosine) have been measured in
the neighboring interstitium by a microdialysis probe after
needling of the Zusanli acupoint of mice (Goldman et al.,
2010; Takano et al., 2012). It was shown that adenosine, the
enzymatic degradation product of ATP stimulated inhibitory A1
adenosine receptors localized at the nerve terminals of sensory
afferents (the peripheral terminals of dorsal root ganglion
neurons; DRGs) otherwise conveying painful information to
the dorsal horn spinal cord. In accordance with this
assumption the local application of a slowly degradable
synthetic A1R agonist (2-chloro-N6-cyclopentyladenosine;
CCPA) into the Zusanli acupoint inhibited mechanical and
thermal allodynia in the CFA model of inflammatory pain
(Goldman et al., 2010; Zylka, 2011). The effect of AP was
missing in A1R knockout mice. Further, injection of
deoxycoformycin, which inhibits the enzyme AMP deaminase,
increased the AP-induced accumulation of adenosine around the
Zusanli acupoint and prolonged the antinociceptive effect of AP
(Goldman et al., 2010).

ATP released by AP/EAP may cause analgesia both by acting
indirectly via the release of adenosine, or directly via stimulating
P2X3 or P2X7Rs in the periphery or along the central pain-
conducting pathways (He et al., 2020). EAP has been shown to
alleviate pain and downregulate the previously increased P2X3R
protein and P2X3R current amplitudes in acutely dissociated
DRGs prepared from rats which underwent chronic constriction
injury of their sciatic nerves (the neuropathy model; Tu et al.,
2012; Wang et al., 2014; Liang et al., 2019; Du et al., 2020) or
received CFA injection into their paws (the inflammatory pain
model; Xiang et al., 2020). Similarly, the chronic constriction
injury– or neck incision–induced pain and the accompanying
spinal overexpression of inflammatory cytokines (as typical
responses to P2X7R stimulation) as well as increase in P2X7R
mRNA were sensitive to EAP (Xu et al., 2016; Gao et al., 2017).

In contrast to the involvement of opioid and purine receptors
in EAP-induced analgesia, the evidence for the participation of
pH-sensitive receptors (ASICs and TRPs) is quite restricted. The
repeated intramuscular injection of acidic medium with a pH of
4.0 caused inflammatory fibromyalgia, beneficially modified by
EAP (Chen et al., 2011; Walder et al., 2011). Furthermore, mild
acidic pain induced by the injection of a pH 6.0 PBS into the rat
paw was prevented by EAP (Zhang et al., 2020).

In perfect accordance with the above literature data, in the
present experiments, thermal hypersensitivity mediated by either
P2X3Rs, P2X7Rs, or ASIC3 channels was shown to be sensitive to

EAP stimulation. Moreover, this sensitivity to EAP markedly
increased in case of P2X7R- and ASIC3-mediated pain in the
course of a 3-week treatment regimen, while the modulation of
P2X3R-mediated pain was much more stable during the same
period of time. Our data are difficult to reconcile with the
hypothesis that opioid peptides are in the first line
responsible for EAP-induced analgesia and favor the clinical
applicability of EAP as a therapeutic procedure alleviating
subacute/chronic pain.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusion of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The animal study was reviewed and approved by the Institutional
Review Board of the Chengdu University of Traditional
Medicine, Chengdu, China (protocol code, DC1237, 01
January 2019).

AUTHOR CONTRIBUTIONS

Conceptualization: PR, YT, and PI; investigation: JL and YZ;
evaluation: JL and PR; writing: PR and PI; review/editing: YT;
funding acquisition: YT and PI. All authors have read and
approved the final version of the manuscript.

FUNDING

This work was made possible by a generous grant (“The project
First-Class Disciplines Development”; CZYHW1901) of the
Chengdu University of Traditional Chinese Medicine in order
to build up the “International Collaborative Centre on Big Science
Plan for Purinergic Signaling” and grants of the State
Administration of Foreign Experts Affairs to support the stay
of PR and PI in Chengdu (G20190236012), and Sichuan Science
and Technology Program (2019YFH0108). The authors
acknowledge support from the German Research Foundation
(DFG) and Leipzig University within the program of Open
Access Publishing.

REFERENCES

Berman, B. M., Langevin, H. M., Witt, C. M., and Dubner, R. (2010). Acupuncture
for Chronic Low Back Pain. N. Engl. J. Med. 363 (5), 454–461. doi:10.1056/
nejmct0806114

Bhattacharya, A., A. Neff, R., and D. Wickenden, A. (2011). The Physiology,
Pharmacology and Future of P2X7 as an Analgesic Drug Target: Hype or
Promise? Curr. Pharm. Biotechnol. 12 (10), 1698–1706. doi:10.2174/
138920111798357429

Burnstock, G. (2009). Acupuncture: a Novel Hypothesis for the Involvement of
Purinergic Signalling. Med. Hypotheses 73 (4), 470–472. doi:10.1016/j.mehy.
2009.05.031

Burnstock, G. (2013). Purinergic Mechanisms and Pain-An Update. Eur.
J. Pharmacol. 716 (1-3), 24–40. doi:10.1016/j.ejphar.2013.01.078

Burnstock, G. (2016). Purinergic Mechanisms and Pain. Adv.Pharmacol. 75,
91–137. doi:10.1016/bs.apha.2015.09.001

Cabot, P. J., Carter, L., Gaiddon, C., Zhang, Q., Schäfer, M., Loeffler, J. P., et al. (1997).
Immune Cell-Derived Beta-Endorphin. Production, Release, and Control of
Inflammatory Pain in Rats. J. Clin. Invest. 100 (1). 142–8. doi:10.1172/JCI119506

Frontiers in Pharmacology | www.frontiersin.org May 2021 | Volume 12 | Article 6801989

Li et al. Repetitive Acupuncture and Pain

https://doi.org/10.1056/nejmct0806114
https://doi.org/10.1056/nejmct0806114
https://doi.org/10.2174/138920111798357429
https://doi.org/10.2174/138920111798357429
https://doi.org/10.1016/j.mehy.2009.05.031
https://doi.org/10.1016/j.mehy.2009.05.031
https://doi.org/10.1016/j.ejphar.2013.01.078
https://doi.org/10.1016/bs.apha.2015.09.001
https://doi.org/10.1172/JCI119506
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Caterina, M. J., Schumacher, M. A., Tominaga, M., Rosen, T. A., Levine, J. D., and
Julius, D. (1997). The Capsaicin Receptor: a Heat-Activated Ion Channel in the
Pain Pathway. J. Clin. Invest. 389 (6653), 142–148. doi:10.1172/JCI119506

Chen, W.-H., Hsieh, C.-L., Huang, C.-P., Lin, T.-J., Tzen, J. T., Ho, T.-Y., et al.
(2011). Acid-sensing Ion Channel 3 Mediates Peripheral Anti-hyperalgesia
Effects of Acupuncture in Mice Inflammatory Pain. J. Biomed. Sci. 18 (1), 82.
doi:10.1186/1423-0127-18-82

Cheng, Y. R., Jiang, B. Y., and Chen, C. C. (2018). Acid-sensing Ion Channels: Dual
Function Proteins for Chemo-Sensing and Mechano-Sensing. J. Biomed. Sci. 25
(1), 46. doi:10.1186/s12929-018-0448-y

Chiu, H. Y., Hsieh, Y. J., and Tsai, P. S. (2017). Systematic Review and Meta-
Analysis of Acupuncture to Reduce Cancer-Related Pain. Eur. J. Cancer Care
(Engl.) 26 (2). doi:10.1111/ecc.12457

Chizh, B. A., and Illes, P. (2001). P2X Receptors and Nociception. Pharmacol. Rev.
53 (4), 553–568.

Colquhoun, D., and Novella, S. P. (2013). Acupuncture Is Theatrical Placebo.
Anesth. Analgesia 116 (6), 1360–1363. doi:10.1213/ane.0b013e31828f2d5e

Cui, X., Liu, K., Xu, D., Zhang, Y., He, X., Liu, H., et al. (2018). Mast Cell Deficiency
Attenuates Acupuncture Analgesia for Mechanical Pain Using C-Kit Gene
Mutant Rats. J. Pain. Res. 11, 483–495. doi:10.2147/jpr.s152015

Dai, Y. (2016). TRPs and Pain. Semin. Immunopathol 38 (3), 277–291. doi:10.1007/
s00281-015-0526-0

Deval, E., and Lingueglia, E. (2015). Acid-Sensing Ion Channels and Nociception in
the Peripheral and Central Nervous Systems. Neuropharmacology 94, 49–57.
doi:10.1016/j.neuropharm.2015.02.009

Du, J., Fang, J., Xiang, X., Yu, J., Le, X., Liang, Y., et al. (2020). Effects of Low- and
High-Frequency Electroacupuncture on Protein Expression and Distribution of
TRPV1 and P2X3 in Rats with Peripheral Nerve Injury. Acupunct Med.
964528420968845, doi:10.1177/0964528420968845

Ernst, E., Lee, M. S., and Choi, T.-Y. (2011). Acupuncture: Does it Alleviate Pain
and Are There Serious Risks? A Review of Reviews. Pain 152 (4), 755–764.
doi:10.1016/j.pain.2010.11.004

Gao, Y. H., Li, C. W., Wang, J. Y., Tan, L. H., Duanmu, C. L., Jing, X. H., et al.
(2017). Effect of Electroacupuncture on the Cervicospinal P2X7 receptor/
fractalkine/CX3CR1 Signaling Pathway in a Rat Neck-Incision Pain Model.
Purinergic Signal. 13 (2), 215–225. doi:10.1007/s11302-016-9552-1

Goldman, N., Chen, M., Fujita, T., Xu, Q., Peng, W., Liu, W., et al. (2010).
Adenosine A1 Receptors Mediate Local Anti-nociceptive Effects of
Acupuncture. Nat. Neurosci. 13 (7), 883–888. doi:10.1038/nn.2562

Gründer, S., and Chen, X. (2010). Structure, Function, and Pharmacology of Acid-
Sensing Ion Channels (ASICs): Focus on ASIC1a. Int. J. Physiol. Pathophysiol.
Pharmacol. 2 (2), 73–94.

Han, J.-S. (2003). Acupuncture: Neuropeptide Release Produced by Electrical
Stimulation of Different Frequencies. Trends Neurosci. 26 (1), 17–22. doi:10.
1016/s0166-2236(02)00006-1

Han, J. S., Li, S. J., and Tang, J. (1981). Tolerance to Electroacupuncture and its
Cross Tolerance to Morphine. Neuropharmacology 20 (6), 593–596. doi:10.
1016/0028-3908(81)90213-6

He, J.-R., Yu, S.-G., Tang, Y., and Illes, P. (2020). Purinergic Signaling as a Basis of
Acupuncture-Induced Analgesia. Purinergic Signal. 16 (3), 297–304. doi:10.
1007/s11302-020-09708-z

Hurt, J. K., and Zylka, M. J. (2012). PAPupuncture Has Localized and Long-Lasting
Antinociceptive Effects in Mouse Models of Acute and Chronic Pain.Mol. Pain
8, 28. doi:10.1186/1744-8069-8-28

Illes, P., Müller, C. E., Jacobson, K. A., Grutter, T., Nicke, A., Fountain, S. J., et al.
(2021). Update of P2X Receptor Properties and Their Pharmacology: IUPHAR
Review 30. Br. J. Pharmacol. 178 (3), 489–514. doi:10.1111/bph.15299

Jardin, I., Lopez, J. J., Diez, R., Sanchez-Collado, J., Cantonero, C., Albarran, L., et al.
(2017). TRPs in Pain Sensation. Front. Physiol. 8, 392. doi:10.3389/fphys.2017.00392

Jarvis, M. F., and Khakh, B. S. (2009). ATP-gated P2X Cation-Channels.
Neuropharmacology 56 (1), 208–215. doi:10.1016/j.neuropharm.2008.06.067

Karczewski, J., Spencer, R. H., Garsky, V. M., Liang, A., Leitl, M. D., Cato, M. J.,
et al. (2010). Reversal of Acid-Induced and Inflammatory Pain by the Selective
ASIC3 Inhibitor, APETx2. Br. J. Pharmacol. 161 (4), 950–960. doi:10.1111/j.
1476-5381.2010.00918.x

Lee, I. S., Cheon, S., and Park, J. Y. (2019). Central and Peripheral Mechanism of
Acupuncture Analgesia on Visceral Pain: A Systematic Review. Evid. Based.
Complement Alternat. Med. 2019, 1304152. doi:10.1155/2019/1304152

Liang, Y., Gu, Y., Shi, R., Li, G., Chen, Y., and Huang, L. M. (2019).
Electroacupuncture Downregulates P2X3 Receptor Expression in Dorsal
Root Ganglia of the Spinal Nerve-Ligated Rat. Mol. Pain 15,
1744806919847810. doi:10.1177/1744806919847810

Madsen, M. V., Gotzsche, P. C., and Hrobjartsson, A. (2009). Acupuncture
Treatment for Pain: Systematic Review of Randomised Clinical Trials with
Acupuncture, Placebo Acupuncture, and No Acupuncture Groups. BMJ 338,
a3115. doi:10.1136/bmj.a3115

Mayor, D. (2013). An Exploratory Review of the Electroacupuncture Literature:
Clinical Applications and Endorphin Mechanisms. Acupunct Med. 31 (4),
409–415. doi:10.1136/acupmed-2013-010324

Moran, M. M., and Szallasi, A. (2018). Targeting Nociceptive Transient Receptor
Potential Channels to Treat Chronic Pain: Current State of the Field. Br.
J. Pharmacol. 175 (12), 2185–2203. doi:10.1111/bph.14044

North, R. A. (2002). Molecular Physiology of P2X Receptors. Physiol. Rev. 82 (4),
1013–1067. doi:10.1152/physrev.00015.2002

Pei, P., Liu, L., Zhao, L.-P., Qu, Z.-Y., Tang, C.-Y., Wang, L.-P., et al. (2019).
Electroacupuncture Exerts an Anti-migraine Effect via Modulation of the 5-
HT7 Receptor in the Conscious Rat. Acupunct Med. 37 (1), 47–54. doi:10.1136/
acupmed-2017-011410

Pomeranz, B., and Chiu, D. (1976). Naloxone Blockade of Acupuncture Analgesia:
Endorphin Implicated. Life Sci. 19 (11), 1757–1762. doi:10.1016/0024-3205(76)
90084-9

Rittner, H. L., Brack, A., Machelska, H., Mousa, S. A., Bauer, M., Schäfer, M., et al.
(2001). Opioid Peptide-Expressing Leukocytes. Anesthesiology 95 (2), 500–508.
doi:10.1097/00000542-200108000-00036

Sekido, R., Ishimaru, K., and Sakita, M. (2003). Differences of Electroacupuncture-
Induced Analgesic Effect in Normal and Inflammatory Conditions in Rats. Am.
J. Chin. Med. 31 (6), 955–965. doi:10.1142/s0192415x03001491

Seo, S. Y., Lee, K.-B., Shin, J.-S., Lee, J., Kim, M.-R., Ha, I.-H., et al. (2017).
Effectiveness of Acupuncture and Electroacupuncture for Chronic Neck Pain:
A Systematic Review and Meta-Analysis. Am. J. Chin. Med. 45 (8), 1573–1595.
doi:10.1142/s0192415x17500859

Shen, D., Shen, X., Schwarz, W., Grygorczyk, R., and Wang, L. (2020). P2Y 13 and
P2X7 Receptors Modulate Mechanically Induced Adenosine Triphosphate
Release from Mast Cells. Exp. Dermatol. 29 (5), 499–508. doi:10.1111/exd.14093

Sjölund, B., Terenius, L., and Eriksson, M. (1977). Increased Cerebrospinal Fluid
Levels of Endorphins after Electro-Acupuncture. Acta Physiol. Scand. 100 (3),
382–384. doi:10.1111/j.1748-1716.1977.tb05964.x

Stephan, G., Huang, L., Tang, Y., Vilotti, S., Fabbretti, E., Yu, Y., et al. (2018). The
ASIC3/P2X3 Cognate Receptor Is a Pain-Relevant and Ligand-Gated Cationic
Channel. Nat. Commun. 9 (1), 1354. doi:10.1038/s41467-018-05621-7

Taguchi, R., Taguchi, T., and Kitakoji, H. (2010). Involvement of Peripheral Opioid
Receptors in Electroacupuncture Analgesia for Carrageenan-Induced
Hyperalgesia. Brain Res. 1355, 97–103. doi:10.1016/j.brainres.2010.08.014

Takano, T., Chen, X., Luo, F., Fujita, T., Ren, Z., Goldman, N., et al. (2012).
Traditional Acupuncture Triggers a Local Increase in Adenosine in Human
Subjects. The J. Pain 13 (12), 1215–1223. doi:10.1016/j.jpain.2012.09.012

Tang, Y., Yin, H.-Y., Liu, J., Rubini, P., and Illes, P. (2019). P2X Receptors and
Acupuncture Analgesia. Brain Res. Bull. 151, 144–152. doi:10.1016/j.
brainresbull.2018.10.015

Tang, Y., Yin, H.-Y., Rubini, P., and Illes, P. (2016). Acupuncture-Induced
Analgesia. Neuroscientist 22 (6), 563–578. doi:10.1177/1073858416654453

Tu, W.-Z., Cheng, R.-D., Cheng, B., Lu, J., Cao, F., Lin, H.-Y., et al. (2012).
Analgesic Effect of Electroacupuncture on Chronic Neuropathic Pain Mediated
by P2X3 Receptors in Rat Dorsal Root Ganglion Neurons. Neurochem. Int. 60
(4), 379–386. doi:10.1016/j.neuint.2012.01.006

Ugawa, S., Ueda, T., Ishida, Y., Nishigaki, M., Shibata, Y., and Shimada, S. (2002).
Amiloride-blockable Acid-Sensing Ion Channels Are Leading Acid Sensors
Expressed in Human Nociceptors. J. Clin. Invest. 110 (8), 1185–1190. doi:10.
1172/jci0215709

Walder, R. Y., Gautam, M., Wilson, S. P., Benson, C. J., and Sluka, K. A. (2011).
Selective Targeting of ASIC3 Using Artificial miRNAs Inhibits Primary and
Secondary Hyperalgesia after Muscle Inflammation. Pain 152 (10), 2348–2356.
doi:10.1016/j.pain.2011.06.027

Wang, S.-M., Kain, Z. N., and White, P. (2008). Acupuncture Analgesia: I. The
Scientific Basis. Anesth. Analgesia 106 (2), 602–610. doi:10.1213/01.ane.
0000277493.42335.7b

Frontiers in Pharmacology | www.frontiersin.org May 2021 | Volume 12 | Article 68019810

Li et al. Repetitive Acupuncture and Pain

https://doi.org/10.1172/JCI119506
https://doi.org/10.1186/1423-0127-18-82
https://doi.org/10.1186/s12929-018-0448-y
https://doi.org/10.1111/ecc.12457
https://doi.org/10.1213/ane.0b013e31828f2d5e
https://doi.org/10.2147/jpr.s152015
https://doi.org/10.1007/s00281-015-0526-0
https://doi.org/10.1007/s00281-015-0526-0
https://doi.org/10.1016/j.neuropharm.2015.02.009
https://doi.org/10.1177/0964528420968845
https://doi.org/10.1016/j.pain.2010.11.004
https://doi.org/10.1007/s11302-016-9552-1
https://doi.org/10.1038/nn.2562
https://doi.org/10.1016/s0166-2236(02)00006-1
https://doi.org/10.1016/s0166-2236(02)00006-1
https://doi.org/10.1016/0028-3908(81)90213-6
https://doi.org/10.1016/0028-3908(81)90213-6
https://doi.org/10.1007/s11302-020-09708-z
https://doi.org/10.1007/s11302-020-09708-z
https://doi.org/10.1186/1744-8069-8-28
https://doi.org/10.1111/bph.15299
https://doi.org/10.3389/fphys.2017.00392
https://doi.org/10.1016/j.neuropharm.2008.06.067
https://doi.org/10.1111/j.1476-5381.2010.00918.x
https://doi.org/10.1111/j.1476-5381.2010.00918.x
https://doi.org/10.1155/2019/1304152
https://doi.org/10.1177/1744806919847810
https://doi.org/10.1136/bmj.a3115
https://doi.org/10.1136/acupmed-2013-010324
https://doi.org/10.1111/bph.14044
https://doi.org/10.1152/physrev.00015.2002
https://doi.org/10.1136/acupmed-2017-011410
https://doi.org/10.1136/acupmed-2017-011410
https://doi.org/10.1016/0024-3205(76)90084-9
https://doi.org/10.1016/0024-3205(76)90084-9
https://doi.org/10.1097/00000542-200108000-00036
https://doi.org/10.1142/s0192415x03001491
https://doi.org/10.1142/s0192415x17500859
https://doi.org/10.1111/exd.14093
https://doi.org/10.1111/j.1748-1716.1977.tb05964.x
https://doi.org/10.1038/s41467-018-05621-7
https://doi.org/10.1016/j.brainres.2010.08.014
https://doi.org/10.1016/j.jpain.2012.09.012
https://doi.org/10.1016/j.brainresbull.2018.10.015
https://doi.org/10.1016/j.brainresbull.2018.10.015
https://doi.org/10.1177/1073858416654453
https://doi.org/10.1016/j.neuint.2012.01.006
https://doi.org/10.1172/jci0215709
https://doi.org/10.1172/jci0215709
https://doi.org/10.1016/j.pain.2011.06.027
https://doi.org/10.1213/01.ane.0000277493.42335.7b
https://doi.org/10.1213/01.ane.0000277493.42335.7b
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Wang, W.-S., Tu, W.-Z., Cheng, R.-D., He, R., Ruan, L.-H., Zhang, L., et al. (2014).
Electroacupuncture and A-317491 Depress the Transmission of Pain on
Primary Afferent Mediated by the P2X3 receptor in Rats with Chronic
Neuropathic Pain States. J. Neurosci. Res. 92 (12), 1703–1713. doi:10.1002/
jnr.23451

Wemmie, J. A., Taugher, R. J., and Kreple, C. J. (2013). Acid-sensing Ion
Channels in Pain and Disease. Nat. Rev. Neurosci. 14 (7), 461–471. doi:10.
1038/nrn3529

Wirkner, K., Sperlagh, B., and Illes, P. (2007). P2X3 Receptor Involvement in Pain
States. Mol. Neurobiol. 36 (2), 165–183. doi:10.1007/s12035-007-0033-y

Xiang, Y., He, J.-Y., Tian, H.-H., Cao, B.-Y., and Li, R. (2020). Evidence of Efficacy
of Acupuncture in the Management of Low Back Pain: a Systematic Review and
Meta-Analysis of Randomised Placebo- or Sham-Controlled Trials. Acupunct.
Med. 38 (1), 15–24. doi:10.1136/acupmed-2017-011445

Xu, J., Chen, X.-M., Zheng, B.-J., and Wang, X.-R. (2016). Electroacupuncture
Relieves Nerve Injury-Induced Pain Hypersensitivity via the Inhibition of
Spinal P2X7 Receptor-Positive Microglia. Anesth. Analgesia 122 (3),
882–892. doi:10.1213/ane.0000000000001097

Ye, Y., Birnbaum, Y., Widen, S. G., Zhang, Z., Zhu, S., Bajaj, M., et al. (2020).
Acupuncture Reduces Hypertrophy and Cardiac Fibrosis, and Improves Heart
Function in Mice with Diabetic Cardiomyopathy. Cardiovasc. Drugs Ther. 34
(6), 835–848. doi:10.1007/s10557-020-07043-4

Yuan, Q. L., Wang, P., Liu, L., Sun, F., Cai, Y. S., Wu, W. T., et al. (2016).
Acupuncture for Musculoskeletal Pain: A Meta-Analysis and Meta-Regression
of Sham-Controlled Randomized Clinical Trials. Sci. Rep. 6, 30675. doi:10.1038/
srep30675

Zhang, G. G., Yu, C., Lee, W., Lao, L., Ren, K., and Berman, B. M. (2005).
Involvement of Peripheral Opioid Mechanisms in Electroacupuncture
Analgesia. Explore 1 (5), 365–371. doi:10.1016/j.explore.2005.06.006

Zhang, R., Lao, L., Ren, K., and Berman, B. M. (2014). Mechanisms of
Acupuncture-Electroacupuncture on Persistent Pain. Anesthesiology 120 (2),
482–503. doi:10.1097/aln.0000000000000101

Zhang, Y., Huang, L., Kozlov, S. A., Rubini, P., Tang, Y., and Illes, P. (2020).
Acupuncture Alleviates Acid- and Purine-induced Pain in Rodents. Br.
J. Pharmacol. 177 (1), 77–92. doi:10.1111/bph.14847

Zhang, Y., Li, A., Lao, L., Xin, J., Ren, K., Berman, B. M., et al. (2011). Rostral
Ventromedial Medulla μ, but Not κ, Opioid Receptors Are Involved in
Electroacupuncture Anti-hyperalgesia in an Inflammatory Pain Rat Model.
Brain Res. 1395, 38–45. doi:10.1016/j.brainres.2011.04.037

Zhao, R. J., Yoon, S. S., Lee, B. H., Kwon, Y. K., Kim, K. J., Shim, I., et al. (2006).
Acupuncture Normalizes the Release of Accumbal Dopamine during the
Withdrawal Period and after the Ethanol Challenge in Chronic Ethanol-
Treated Rats. Neurosci. Lett. 395 (1), 28–32. doi:10.1016/j.neulet.2005.10.043

Zylka, M. J. (2011). Pain-relieving Prospects for Adenosine Receptors and
Ectonucleotidases. Trends Mol. Med. 17 (4), 188–196. doi:10.1016/j.molmed.
2010.12.006

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

Copyright © 2021 Li, Zhang, Illes, Tang and Rubini. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Pharmacology | www.frontiersin.org May 2021 | Volume 12 | Article 68019811

Li et al. Repetitive Acupuncture and Pain

https://doi.org/10.1002/jnr.23451
https://doi.org/10.1002/jnr.23451
https://doi.org/10.1038/nrn3529
https://doi.org/10.1038/nrn3529
https://doi.org/10.1007/s12035-007-0033-y
https://doi.org/10.1136/acupmed-2017-011445
https://doi.org/10.1213/ane.0000000000001097
https://doi.org/10.1007/s10557-020-07043-4
https://doi.org/10.1038/srep30675
https://doi.org/10.1038/srep30675
https://doi.org/10.1016/j.explore.2005.06.006
https://doi.org/10.1097/aln.0000000000000101
https://doi.org/10.1111/bph.14847
https://doi.org/10.1016/j.brainres.2011.04.037
https://doi.org/10.1016/j.neulet.2005.10.043
https://doi.org/10.1016/j.molmed.2010.12.006
https://doi.org/10.1016/j.molmed.2010.12.006
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Increasing Efficiency of Repetitive Electroacupuncture on Purine- and Acid-Induced Pain During a Three-Week Treatment Schedule
	Introduction
	Materials and Methods
	Animals
	Drug Application Protocols
	Electroacupuncture
	Measurement of Thermal PWL
	Data Analysis

	Results
	Repetitive Electroacupuncture and α,β-Methylene ATP-Induced Pain
	Repetitive Electroacupuncture and Dibenzoyl ATP–Induced Pain
	Repetitive Electroacupuncture and Acidification-Induced Pain

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


