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Abstract  
Applying a stimulating current to acupoints through acupuncture needles – known as 
electroacupuncture – has the potential to produce analgesic effects in human subjects and 
experimental animals. When acupuncture was applied in a rat model, adenosine 5’-triphosphate 
disodium in the extracellular space was broken down into adenosine, which in turn inhibited pain 
transmission by means of an adenosine A1 receptor-dependent process. Direct injection of an 
adenosine A1 receptor agonist enhanced the analgesic effect of acupuncture. The analgesic effect 
of acupuncture appears to be mediated by activation of A1 receptors located on ascending nerves. 
In neuropathic pain, there is upregulation of P2X purinoceptor 3 (P2X3) receptor expression in 
dorsal root ganglion neurons. Conversely, the onset of mechanical hyperalgesia was diminished 
and established hyperalgesia was significantly reversed when P2X3 receptor expression was 
downregulated. The pathways upon which electroacupuncture appear to act are interwoven with 
pain pathways, and electroacupuncture stimuli converge with impulses originating from painful 
areas. Electroacupuncture may act via purinergic A1 and P2X3 receptors simultaneously to induce 
an analgesic effect on neuropathic pain. 
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Research Highlights 
(1) Previous studies addressing the analgesic effect of acupuncture mainly focused on purine and a 
single purine receptor; no studies have examined the possible influence of synergism or 
antagonism with other receptors. 
(2) Electroacupuncture may induce an analgesic effect in neuropathic pain by influencing both 
purinergic A1 and P2X purinoceptor 3 (P2X3) receptors simultaneously. 
(3) Electroacupuncture analgesia may also involve adenosine and adenosine 5’-triphosphate 
disodium receptors in the peripheral and central nervous systems. Electroacupuncture can inhibit 
purinergic A1 and P2X3 receptors and exert an analgesic effect on neuropathic pain. 
 
Abbreviations 
ATP, adenosine 5’-triphosphate disodium; P2X3, P2X purinoceptor 3 
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INTRODUCTION 
    
Electroacupuncture is a procedure in which fine needles 
are inserted into an individual at discrete points and then 
electrical stimulation is applied, with the aim of relieving 
chronic pain[1-3]. Electroacupuncture analgesia is 
essentially a manifestation of integrative processes 
between afferent impulses from painful areas and 
impulses from acupoints within the peripheral nervous 
system and at different levels of the central nervous 
system. A complex network of numerous brain structures 
is involved in the mechanisms that mediate 
electroacupuncture analgesia[1]. Acupuncture triggers an 
increase in the extracellular concentration of adenosine 
5’-triphosphate disodium (ATP), adenosine diphosphate, 
adenosine monophosphate and adenosine. 
Electroacupuncture also triggers an increase in the 
extracellular concentration of ATP and related 
nucleotides[4]. P2X purinoceptor 3 (P2X3) and P2X2/3 
receptors are located in the central and peripheral nervous 
system. ATP plays a crucial role in facilitating pain 
transmission by acting at P2X3 and P2X2/3 receptors 
especially in acute, inflammatory, neuropathic and visceral 
pains[5-6]. Noxious or injurious stimuli damage cells, which 
release ATP. ATP then acts at P2X3 homomeric and 
P2X2/3 heteromeric receptors situated on the peripheral 
terminals of sensory neurons, such as those of dorsal root 
ganglia, to induce painful sensations[7-8]. ATP cannot be 
transported back into the cell but is rapidly degraded to 
adenosine by several ectonucleotidases before reuptake[9]. 
Adenosine plays a complex role in mediating pain that is 
highly dependent on the site of administration and the 
receptor subtype activated[8]. Whereas the stimulation of 
A1 receptors results in analgesic effects in a wide range of 
animal models, in rats lacking the A1 receptor there is an 
enhanced response to nociceptive stimuli[10]. The actions 
of adenosine may be antagonistic or synergistic with ATP.   
 
 
HYPOTHESIS AND SUPPORTING EVIDENCE 
 
In clinical practice, acupuncture in itself is not painful, but 
traditional acupuncturists stress that it can elicit the 
‘‘De-Qi’’ feeling, a constellation of unique sensations that 
are essential for its clinical efficacy[1]. 
 
In the model of neuropathic pain described above, ATP 
is released from damaged peripheral nerve tissue and 
plays an important role in the initiation of pain by 
sensitizing primary afferents. Neuropathic pain results in 
upregulation of P2X3 receptor expression on dorsal root 

ganglion neurons and causes primary sensory neurons 
to become hyperexcitable to ATP-evoked inward 
currents[11-12]. The increased amplitude of the currents 
evoked by ATP and its analogs has been shown to 
sensitize sensory afferents. After electroacupuncture 
treatment, pathological pain was relieved, previously 
upregulated expression of P2X3 receptors was reversed 
and the amplitudes of ATP-evoked inward currents at 
P2X3 receptors were suppressed[13-14]. This suggests 
that P2X3 receptors are critical in the development of 
neuropathic pain and that electroacupuncture treatment 
could likely cause analgesia by decreasing expression 
and sensitization of P2X3 receptors[13-14].  
 
Electroacupuncture treatment produces a long-lasting 
analgesic effect on neuropathic pain and increases 
expression of P2X3 receptors in the midbrain 
periaqueductal gray matter, which potentiates the 
function of the purinergic signaling system at the 
supraspinal level and provides a rational basis for 
explaining the analgesic effect of electroacupuncture[15]. 
 
Similar to acupuncture, electroacupuncture can trigger a 
general increase in the extracellular concentration of 
ATP and its breakdown product adenosine near the 
acupuncture point[4]. As in electroacupuncture, 
adenosine may accumulate during these treatments and 
dampen pain in part by the activation of A1 receptors on 
the sensory afferents in ascending tracts. It is possible 
that ATP release from keratinocytes in response to skin 
stimulation results in an accumulation of adenosine that 
transiently reduces pain, as A1 receptors are likely to be 
expressed by nociceptive axon terminals in the 
epidermis[16-17]. However, this effect differs from the 
anti-nociceptive effect of acupuncture, which is 
independent of the afferent innervation of the skin[1-18]. In 
electroacupuncture, needles are typically applied to 
deeper tissues, including muscle and connective tissue, 
and these acupoints may be closer to ascending nerve 
tracts than the dense cutaneous afferents. The analgesic 
effects of peripheral, spinal and supraspinal A1 receptors 
are well established, and an A1 receptor agonist has 
been found to substantially reduce inflammatory and 
neurogenic pain; also, the suppression of pain mediated 
by electroacupuncture requires adenosine A1 receptor 
expression. These findings suggest that A1 receptor 
activation is both necessary and sufficient for the clinical 
benefits of electroacupuncture[4]. A1 receptors are widely 
distributed throughout the brain at synaptic and 
extrasynaptic sites, with high densities present in the 
hippocampus, cerebellum and cerebral cortex[19]. 
Electroacupuncture preconditioning involves a 
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mechanism related to the actions of an A1 receptor- 
related pathway in the brain[20]. 
 
Extracellular adenosine concentration rose following the 
release of ATP, which was dephosphorylated to adenosine 
diphosphate, adenosine monophosphate and adenosine 
by potent ectonucleotidases. Adenosine is only present in 
the extracellular space for a short time because of 
facilitated uptake by nucleoside transporters. After 
reuptake, adenosine is quickly converted back to ATP[21]. 
Interaction between the adenosine receptor and P2 
receptor systems has been shown to occur in neuronal and 
non-neuronal cells[22]. Both adenosine and ATP induce 
astroglial cell proliferation and formation of reactive 
astrocytes. In the hippocampus, adenosine and ATP are 
released on stimulation and are potent inhibitors of 
neuronal action potential transmission[23]. ATP must be 
converted to adenosine outside the cell to exert its 
inhibitory effects on hippocampal synaptic transmission[4]. 
 
In summary, the analgesic role of electroacupuncture in 
neuropathic pain may involve purinergic A1 and P2X3 
receptors simultaneously. 
 
 
DISCUSSION 
 
Although the analgesic effect of electroacupuncture is well 
documented, little is understood about its biological basis. 
Insertion of the acupuncture needles in itself is not 
sufficient to relieve pain. An acupuncture session typically 
lasts for 30 minutes, during which the needles may be 
electrically stimulated or, in some cases, heated. The 
patient’s pain threshold is reported to slowly increase, an 
observation that outlasts the treatment[1]. The primary 
mechanism implicated in the analgesic effect of 
electroacupuncture involves release of endogenous opioid 
peptides in response to the long-lasting activation of 
ascending sensory tracts during stimulation[24-25]. 
 
Neuropathic pain typically occurs after nerve damage 
that can be induced by physical injury, nerve 
compression by tumors or intervertebral discs, diabetes, 
infection or autoimmune disease[26-29]. Evidence 
accumulated from neuropathic pain models suggests 
that neuropathic pain might involve abnormal excitability 
of the nervous system. Notably, in primary sensory 
ganglia and in the dorsal horn of the spinal cord, many 
functional and anatomical alterations occur in neurons 
after peripheral nerve injury[30]. Besides these changes in 
neurons, emerging lines of evidence suggest that they 
also occur in glial cells, especially microglia[31-32]. Also, it 

has been suggested that the analgesic effects of 
electroacupuncture are associated with its ability to 
counter-regulate spinal glial activation[31-33]. Tactile 
allodynia induced by nerve injury depends upon a unique 
pattern of activation of purinergic P2X3 and P2X2/3 
receptors in damaged primary sensory neurons[31]. 
 
The analgesic effect of electroacupuncture has been used 
widely to alleviate diverse pains in clinical practice, 
particularly chronic pain. Following the application of 
acupuncture, the pain threshold gradually increases in 
both humans and animals, indicating a delayed 
development of acupuncture analgesia. Moreover, there is 
a long-lasting analgesic effect after acupuncture 
stimulation has been completed[34-35]. Increasing attention 
has been paid to exploring the physiological and 
biochemical mechanisms that underlie electroacupuncture 
analgesia. The complex acupuncture-induced sensations 
of soreness, numbness, heaviness and distension in the 
tissue deep beneath the acupoint is essential to 
acupuncture analgesia[36-37]. The meridians are considered 
as a network system that transmits and relays 
electroacupuncture signals via sensory nerves, through 
ganglia to the spinal cord and then onward to the brain 
stem, hypothalamus and higher centers[1]. Sensory nerve 
activity initiated by acupuncture has an inhibitory 
modulating effect on higher pain centers in the brain[38]. 
Previous studies have shown that the P2X signaling 
system is associated with various pain mediators including 
opioid peptides, glutamate, γ-amino butyric acid and 
substance P in peripheral primary afferent terminals and 
areas of the central nervous system related to nociception 
and pain, while it is well documented that 
electroacupuncture analgesia is a complex physiological 
process modulated by the same mediators[14]. Therefore, 
electroacupuncture may influence these transmitters and 
modulators, which in turn act upon purinergic receptors to 
alleviate the symptoms of allodynia. 
 
Although ATP is released during electroacupuncture, 
extracellular ATP does not reach sufficiently high 
concentrations to activate P2X3 because of its rapid 
degradation, which explains the lack of direct pain during 
electroacupuncture[4]. Therefore, the ATP release 
induced by electroacupuncture does not activate P2X3 
receptors and so does not exert an anti-analgesic effect. 
However, it has been demonstrated that ATP and 
adenosine mediate the analgesic role of 
electroacupuncture[4-14]. In neuropathic pain model, 
changes in the expression levels of A1 and P2X3 
receptors can be observed before and after 
electroacupuncture treatment, an observation that can 
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be used as a paradigm to explore the importance of the 
balance between each receptor system in the peripheral 
and central nervous systems[39-42]. For example, rats with 
deleted A1 receptors can be used to evaluate whether 
electroacupuncture treatment alters mechanical and 
thermal pain thresholds, and the influence of selective A1 
and P2X3 receptor antagonists can be explored in rat 
models of neuropathic pain. Furthermore, new 
techniques allow the influence of ATP and adenosine 
upon electroacupuncture to be observed in the central 
nervous system. 
 
Adenosine and ATP have been shown to have a wide 
spectrum of unique pain-relieving properties in various 
clinical situations. In patients with chronic neuropathic 
pain, adenosine compounds appear to mediate their 
analgesic effects through A1 receptor-related modulation 
of central sensitization at spinal or supraspinal levels. 
Intravenous adenosine and ATP, intrathecal adenosine, 
or longer-acting analogs of these molecules may offer 
novel therapeutic interventions for the treatment of pain 
in the future[43]. 
 
As described earlier, endogenous and exogenous ATP 
essentially acts as an algogenic substance. Local 
increases in ATP concentration may lead to the 
upregulation of an enzyme cascade that hydrolyzes the 
ATP and thus reduces its levels[44]. When administered 
intravenously or intrathecally, however, ATP may act like 
adenosine at sites in the peripheral and central nervous 
systems[45]. It has been suggested that in neuropathic 
pain there are disturbances in the endogenous 
adenosine system that lead to a deficiency of adenosine 
in the blood and cerebrospinal fluid, which may explain 
the potential therapeutic anti-neuropathic effects of 
adenosine or its analogs[46]. 
 
Although adenosine, following ecto-enzymatic 
breakdown of ATP, is the predominant presynaptic 
modulator of neurotransmitter release in the central 
nervous system, ATP can also act presynaptically[8-46]. 
Coordinated purinergic regulatory systems in the central 
nervous system control the behavior of local networks by 
regulating the balance between the effects of ATP, 
adenosine and ectonucleotidases on synaptic 
transmission[8-47]. In addition, electroacupuncture signals 
combined with suppression of adenosine 
monophosphate deaminase activity[4], and promotion of 
the degradation of ATP to adenosine could increase the 
availability of adenosine in the peripheral and central 
nervous systems[48-50]. Although generally adenosine is 
produced by ecto-enzymatic breakdown of released ATP, 

there may be subpopulations of brain neurons and/or 
astrocytes that release adenosine directly[8]. 
 
Chronic constriction injury of the sciatic nerve promotes 
the expression of P2X3 receptors[37]. Furthermore, the 
elevated expression of the P2X3 receptor is 
accompanied by an increase in receptor sensitivity. It has 
been shown that electroacupuncture treatment can 
decrease the expression of the P2X3 receptors and 
inhibit the sensitization of the P2X3 receptors in dorsal 
root ganglion neurons. The analgesic effect of adenosine 
and ATP is slow in onset and long-lasting. It may be 
possible to potentiate electroacupuncture treatment to 
prolong its pain-relieving effects. 
 
In the peripheral nervous system, electroacupuncture 
signals decrease the expression of P2X3 receptors, inhibit 
their activation and suppress their sensitization. On the 
other hand, electroacupuncture signals promote the 
degradation of ATP to adenosine, which may accumulate 
during electroacupuncture treatment and dampen pain in 
part by the activation of A1 receptors on the sensory 
afferents in ascending nerve tracts. At the same time, 
electroacupuncture signals promote trafficking of the A1 
receptor to the cell surface and elevate the sensitization of 
A1 receptors to adenosine. In the central nervous system, 
electroacupuncture signals may modulate the release of 
adenosine and ATP, and increase the expression of the A1 
receptor. Meanwhile, the activation of A1 receptors by 
adenosine may be enhanced by electroacupuncture 
treatment (Figure 1). Furthermore, if the synergistic effect 
of purinergic A1 and P2X3 receptors in electroacupuncture 
analgesia can be demonstrated experimentally, this may 
help to elucidate the possible molecular mechanisms that 
underpin adenosine and ATP receptors. 
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