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Abstract The aim of this study is to investigate the role of the
purinergic receptor P2X3 in the peripheral and central nervous
systems during acupuncture treatment for the visceral pain of
irritable bowel syndrome (IBS). A total of 24 8-day-old
Sprague–Dawley (SD) neonatal male rats (SPF grade) were
stimulated using colorectal distention (CRD) when the rats
were awake. The modeling lasted for 2 weeks with one stim-
ulation per day. After 6 weeks, the rats were randomly divided
into three groups of eight each: (1) the normal group (NG, n=
8); (2) the model group (MG, n=8); and (3) the model+
electroacupuncture group (EA, n= 8) that received
electroacupuncture at a needling depth of 5 mm at the
Shangjuxu (ST37, bilateral) and Tianshu (ST25, bilateral)
acupoints. The parameters of the Han’s acupoint nerve stimu-
lator (HANS) were as follows: sparse-dense wave with a fre-
quency of 2/100 Hz, current of 2 mA, 20 min/stimulation, and
one stimulation per day; the treatment was provided for seven
consecutive days. At the sixth week after the treatment, the
abdominal withdrawal reflex (AWR) score was determined;
immunofluorescence and immunohistochemistry were used to
measure the expression of the P2X3 receptor in myenteric
plexus neurons, prefrontal cortex, and anterior cingulate cor-
tex; and, a real-time PCR assay was performed to measure the
expression of P2X3 messenger RNA (mRNA) in the dorsal

root ganglion (DRG) and spinal cord. After stimulation with
CRD, the expression levels of the P2X3 receptor in the inter-
colonicmyenteric plexus, DRG, spinal cord, prefrontal cortex,
and anterior cingulate cortex were upregulated, and the sensi-
tivity of the rats to IBS visceral pain was increased.
Electroacupuncture (EA) could downregulate the expression
of the P2X3 receptor and ease the sensitivity to visceral pain.
The P2X3 receptor plays an important role in IBS visceral
pain. The different levels of P2X3 in the peripheral enteric
nervous system and central nervous systemmediate the effects
of the EA treatment of the visceral hyperalgesia of IBS.
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Introduction

Irritable bowel syndrome (IBS) is a gastrointestinal disorder
involving different levels of the brain–gut axis, and visceral
pain is one of the most common symptoms. The brain–gut
axis can affect the outer periphery, the spinal cord, and the
central nervous system, and various neurological neurotrans-
mitters are involved. Because the enteric nervous system is
associated with the central nervous system, gastrointestinal
activity is regulated by the central nervous system, and the
reciprocal relationships are called brain–gut interactions [1,
2]. In another study, patients with the visceral hypersensitivity
of IBS not only exhibited high central reactivity to stimuli
from the outer periphery but also showed increased visceral
sensitivity to central stress events, which was considered to be
the result of a change in the brain–gut axis [3].

Burnstock, who discovered purinergic receptors, experi-
mentally demonstrated that adenosine triphosphate (ATP) is
released when the epithelial cells in tubular organs and saclike
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organs receive an expansionary stimulus; the stimulus acts on
the nerve plexus of the purinergic receptor P2X2/3 under the
epithelial mucosa, thus causing the transmission of pain sig-
nals to the pain center [4, 5, Fig. 1]. This assertion has been
confirmed in many diseases, such as IBS and interstitial cys-
titis [6]. Clinical and fundamental research had found that a
variety of analgesic drugs have good efficacy during the treat-
ment of visceral pain, thus showing a broad therapeutic po-
tential [7, 8]. The application of purinergic receptor antago-
nists has also expanded the treatment of visceral pain. As an
important part of traditional Chinese medicine, acupuncture
has 5000-year history in the treatment of IBS visceral pain and
diarrhea and has been used extensively in clinics. The long-
term clinical practice and fundamental research of our study
group has also confirmed the effectiveness of acupuncture
treatment for IBS [9–13] and has led to a preliminary expla-
nation for a portion of the mechanism underlying the acupunc-
ture treatment of IBS visceral pain [14]. As a neurotransmitter,
ATP plays an important role in regulating the transduction of
the visceral pain signal by binding to P2X receptors [15, 16],
and ATP participates in the regulation of intestinal movement
and gastrointestinal secretion. P2X receptors are widely dis-
tributed in the body, and they play an important role in the
formation, transduction, and regulation of neuropathic pain,
inflammatory pain, and visceral pain [17–20]. Many studies
have shown that purinergic (P2X) receptors are involved in
pain signal transmission, in which the P2X3 and P2X2/3 recep-
tors are the main subtypes [21, 22]. Therefore, when studying
the pathogenesis of IBS, it is necessary to investigate the re-
lationship between the P2X receptor and IBS visceral hyper-
sensitivity at various levels of the brain–gut axis.

In a The Scientist article [23], Burnstock suggested that
traditional Chinese acupuncture mainly acts through
purinergic signals (Fig. 2). This assertion not only provided
new ideas for the study of the mechanism underlying

acupuncture but also presented new challenges. The experi-
ments of this study were designed based on the above two
viewpoints of Burnstock. The internationally recognized ap-
proach of colorectal distension (CRD) in rats was used to
prepare a disease model of IBS visceral pain [24]; this model
simulated the non-noxious distension stimulation of the epi-
thelial cells of tubular organs and saclike organs, and the tra-
ditional Chinese acupuncture treatment for abdominal pain
was applied. The above two viewpoints were also preliminar-
ily confirmed by our experiments. Our animal study demon-
strated that electroacupuncture (EA) could regulate the ex-
pression of the purinergic receptors in the peripheral and cen-
tral pathways of visceral pain transmission to achieve remis-
sion of the IBS visceral hypersensitivity in rats. This regula-
tion included regulation of the expression of purinergic recep-
tors in the enteric nervous system of the outer periphery, the
spinal cord of the central nervous system, and the anterior
cingulate cortex and prefrontal cortex of the cerebral cortex.
In this study, molecular biology and immunohistochemistry
methods were used to explore the important role of the P2X3

Fig. 1 Diagram from Geoffrey Burnstock. Purinergic signaling in the
gastrointestinal tract and related organs in health and disease. Purinergic
Signalling. 2014 Mar; 10(1):21

Fig. 2 Diagram from Geoffrey Burnstock. Puncturing the Myth-
purinergic signaling, not mystical energy, may explain how acupuncture
works. The Scientist, 2011 Sep
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receptor as a P2X receptor subtype in IBS visceral pain, and
the impact of EA on the brain–gut neural signal transmission
was observed at different levels, including the enteric nervous
system, the dorsal root ganglion (DRG), the spinal cord, and
the cerebral cortex. The scientific basis for the EA treatment of
IBS visceral pain was revealed from the perspective of the
regulation of P2X3, thus providing experimental evidence to
elucidate the functional mechanism of acupuncture.

Materials and methods

Animals

A total of 24 SPF-grade newborn Sprague–Dawley (SD) male
rats (5 days old) were provided by the Experimental Animal
Center of Fudan University. All treatments for the experimen-
tal animals were in line with the guidelines by International
Association for the Study of Pain (IASP). On the eighth day
after birth, the neonatal rats were stimulated using CRD when
awake. The balloon was distended with 0.3 mL of air, keeping
a pressure of 60mmHg for 1 min. Pressure was measuredwith
a sphygmomanometer and then slowly deflated and with-
drawn the balloon from the anus. The distention was repeated
two times (separated by 30 min) within an hour. The proce-
dure for generating the rat model of chronic visceral hyper-
sensitivity was described by Al-Chaer et al. [24]. The process
of modeling lasted for 2 weeks. After 6 weeks, the rats were
randomly divided into three groups of eight: (1) the normal
group (NG, n=8); (2) the model group (MG, n=8); and (3) the
electroacupuncture group (EA, n= 8) that received
electroacupuncture at a needling depth of 5 mm at the
Shangjuxu (ST37, bilateral) and Tianshu (ST25, bilateral)
acupoints. The parameters of the Han’s acupoint nerve stimu-
lator (HANS) were as follows: sparse-dense wave with a fre-
quency of 2/100 Hz, current of 2 mA, 20 min/stimulation, and
one stimulation per day. The treatment was provided for seven
consecutive days. Tianshu acupoint (ST25) is level with the
navel, 5 mm lateral to anterior median line; Shangjuxu
acupoint (ST37) is 5 mm lateral to the anterior tubercle of
the tibia and 15 mm below the knee joint. At the sixth week
after the treatment, the abdominal withdrawal reflex (AWR)
score was determined, and the rats were sacrificed by cervical
dislocation under intraperitoneal anesthesia. The following
tissues were collected and stored in liquid nitrogen: (1) the
descending colon, (2) the DRG at the L6-S2 segments, (3)
the spinal cord at the L6-S2 segments, and (4) the prefrontal
cortex and the anterior cingulate cortex.

Indicators and methods of detection

1. The abdominal withdrawal reflex (AWR) score
The CRD stimulation was performed using a self-made

balloon stimulator connected to a desktop sphygmoma-
nometer and a syringe through a three-way valve to pro-
vide the distension stimulation at a constant pressure.
When the rat was awake, the balloon was inserted from
the anus along the rectum to reach the descending colon of
the rat. CRD pain stimulation was applied at four different
levels of pressure: 20, 40, 60, and 80 mmHg. Three AWR
scores were measured for each rat, with each measurement
lasting approximately 20 s andwith 3-min interval between
measurements. The mean value was calculated as the final
score. The AWR scoring criteria are shown in Table 1.

2. Detection of the P2X3 receptor expression in the neurons
of the colonic myenteric plexus by immunofluorescence

The experimental procedure was as follows: after
blocking with 10 % normal goat serum for 20 min, rabbit
anti-mouse P2X3 receptor antibody (Abcam, UK) at a
1:500 dilution was added in a dropwise manner, and the
mixture was incubated at 37 °C for 2 h, followed by three
5-min washes with 0.01 M phosphate-buffered saline
(PBS); goat anti-rabbit IgG-FITC (Santa Cruz, USA) at
a 1:100 dilution was added in a dropwise manner and then
incubated at room temperature in the dark for 1 h, follow-
ed by three 5-min washes using 0.01M PBS. Images were
acquired after the sample was mounted on a laser scan-
ning confocal microscope (Leica TCS SP5 II, Germany).

3. Real-time PCR detection of the expression of P2X3 mes-
senger RNA (mRNA) in DRG and spinal cord neurons

The total RNA was extracted from DRG and spinal
cord tissue (L6-S2 segments), and the corresponding
cDNAwas synthesized using a reverse transcriptase reac-
tion system (Shanghai Jrdun Biotechnology Co. Ltd.); the
relative gene expression was determined using theΔΔCT
method. The following sequences were used for the
primers for the P2X3 mRNA: NM_031075.2, primer F:
5′ TTG CCT TGT GCC ATT GTG 3′, primer R: 5′ CCT
CTC AAC CTG CTT CTT TC 3′, Pos: 2631–2838, am-
plified product: size: 208 bps, product GC 45 %. The
sequences of the primers for GAPDH mRNA were as
follows: NM_017008.3, primer F: 5′ GTC GGT GTG

Table 1 Abdominal withdrawal reflex (AWR) scoring criteria

Score 0 No behavioral response to colorectal distension (CRD)

Score 1 Immobile during distension of colorectum (CR) and
occasional appearance of brief head motion after
a pause at the onset of the stimulation

Score 2 A mild contraction of abdominal muscles, but no lifting
of abdomen off the plattorm

Score 3 A strong contraction of abdominal muscles and lifting
of abdomen off the platform, no lifting of pelvic
structure off the platform

Score 4 Arching body and lifting of pelvic structure and scrotum
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AAC GGATTT G 3′, primer R: 5′ TCC CAT TCT CAG
CCT TGA C 3′, Pos: 86–266, amplified product: size:
181 bps, product GC 51 %.

4. Detection of the P2X3 receptor expression in the prefron-
tal cortex and anterior cingulate cortex in rats through an
immunohistochemistry assay

Antigen retrieval was performed using the paraffin
sections after microwave heating (0.01 M citrate buffer,
pH 6.0), followed by three 5-min 0.01 M PBS (pH 7.4)
washes. The endogenous peroxidase was inactivated
using 0.3 % H2O2, and then, the sample was washed
using 0.01 M PBS for 5 min×3 times. Then, rabbit anti-
mouse P2X3 receptor antibody (Abcam, ab10269) at a
1:300 dilution was added in a dropwise manner and
incubated at 37 °C for 2 h, followed by three 5-min
washes using 0.01 M PBS. The secondary antibody
(EnVision kit, Shanghai Genentech Co. Ltd.) at a
1:500 dilution was added in a dropwise manner and
incubated at room temperature for 30 min and then
washed three times for 5 min each using 0.01 M PBS.
DAB Chromogen Solution (EnVision kit, Shanghai
Genentech Co. Ltd.) was added in a dropwise manner,
and the developing time was controlled by monitoring
the sample under a microscope. Image and data acqui-
sition was conducted for the positive expression of the
P2X3 receptor in the prefrontal cortex and anterior cin-
gulate cortex, and the average integrated optical density
(AOD) of the positive target was analyzed using the
Motic image analysis system.

Statistical methods

The experimental data were processed using the statistical
software SPSS 18.0. Comparisons of multiple factors were
performed using univariate analysis of variance (one-way
ANOVA) and the LSD method. The results are presented as
the mean±SEM. P<0.05 was considered statistically
significant.

Results

In addition to downregulating the P2X3 expression in the
neurons of the colon myenteric plexus that was abnormally
increased in the rats with IBS visceral pain, EA could also
adjust the expression of P2X3 and its mRNA to different
levels in the central nervous system (DRG, spinal cord,
cerebral prefrontal cortex, and anterior cingulate cortex)
to regulate the brain–gut neural signal transmission and
improve the conditions of visceral hyperalgesia in the rats
with IBS.

Electroacupuncture could reduce the visceral hypersensitivity
in rats with IBS

In this study, internationally accepted AWR scoring [17] was
used to determine the change in the sensitivity to visceral pain.
The IBS model in rats was prepared using the method of
colorectal balloon distention. The AWR scores for the sensi-
tivity to visceral pain were elevated at different pressures,
indicating the development of visceral hypersensitivity after
the CRD stimulation from the perspective of behavior. The
experimental results showed that the CRD could lead to an
increase in the sensitivity to visceral pain, and EA could re-
duce this visceral hypersensitivity, with a statistically signifi-
cant difference (Fig. 3).

Electroacupuncture could regulate the P2X3 receptor
in the neurons of the colon myenteric plexus in the rats
with IBS visceral pain

The CRD stimulation induced the visceral hyperalgesia of
IBS. Meanwhile, the expression of the P2X3 receptor in-
creased in the neurons of the colon myenteric plexus in the
enteric nervous system of the rats, and further observation
showed that EA could downregulate the expression of the
P2X3 receptor in the colon myenteric plexus, with a statisti-
cally significant difference, P<0.01 (Fig. 4).

Electroacupuncture could reduce the expression of the P2X3

mRNA in the neurons of the DRG and spinal cord in the rats
with IBS visceral pain

At the CNS portion of the nociceptive afferent nerve, EA
altered the expression of P2X3 mRNA in the DRG and spinal
cord of the rats with IBS visceral pain. The experimental

Fig. 3 The AWR scores of the rats under different pressures. Compared
with that in the normal group, the AWR score of the rats in the model
group was significantly increased, *P<0.01; compared with the score in
the model group, the AWR score of the rats in the electroacupuncture
group was significantly decreased, ΔP<0.01
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results showed that compared with the expression in the nor-
mal rats, the expression of the P2X3 mRNA in the DRG and
spinal cord of the rats with IBS visceral pain was upregulated,
and these increased expression levels were reduced after the
EA treatment at the Tianshu and Shangjuxu acupoints. The
expression levels of P2X3 mRNA in the neurons of the DRG
and spinal cord of the rats in different groups were different,
P<0.01 (Figs. 5 and 6).

Electroacupuncture could downregulate the expression
of the P2X3 receptor in the prefrontal cortex of the rats
with IBS visceral pain

In the enteric nervous system of the outer periphery and in the
primary afferent neurons, changes in the expression of the
P2X3 receptor protein and gene were observed. Is there a
similar change in the prefrontal cortex portion of the cerebral
cortex in the higher level center? The results of an immuno-
histochemical assay showed that the colorectal balloon disten-
tion stimulation also changed the protein expression of P2X3

receptor in the prefrontal cortex, and EA also had an inhibitory

regulatory effect on the expression of the P2X3 receptor in the
prefrontal cortex (Fig. 7), magnification×200.

Electroacupuncture could inhibit the expression of the P2X3

receptor in the anterior cingulate cortex of the rats with IBS
visceral pain

The anterior cingulate cortex is involved in complex visceral
motor function and the pain response. The experiments in the
CNS portion of the anterior cingulate cortex showed that the
colorectal balloon distention stimulation could also alter the
protein expression of P2X3 receptor in the anterior cingulate
cortex, and EA also had an inhibitory regulatory effect on the
expression of the P2X3 receptor in the anterior cingulate cor-
tex (Fig. 8), magnification×200.

Discussion

Using experiments, Burnstock demonstrated that when a hol-
low viscus (such as the intestine, ureter, and bladder) was

Fig. 4 Electroacupuncture regulated the P2X3 receptor in the myenteric
plexus of the rats with the visceral hypersensitivity of IBS. a The
expression of the P2X3 receptor in the neurons of the colon myenteric
plexus in the normal rats. b The expression of the P2X3 receptor in the
neurons of the colon myenteric plexus in the rats of the model group. c
EA (at Shangjuxu and Tianshu) regulated the expression of the P2X3

receptor in the neurons of the colon myenteric plexus in the rats with
IBS visceral pain. d Histogram of the differences in the P2X3

expression in the neurons of the colonic myenteric plexus in the
different groups of rats, P<0.01; *P<0.01 MG vs. NG; ▲P<0.01 EA
vs. MG

Fig. 5 The expression levels of P2X3 mRNA (2−△△Ct) in the neurons of
the DRG of the rats in each group (NG,MG, and EA). The real-time PCR
results showed that the expression levels of P2X3 mRNA in the DRG
neurons of the rats in the different groups were different, P<0.01;
*P<0.01 MG vs. NG; ▲P<0.01 EA vs. MG

Fig. 6 The expression levels of P2X3 mRNA (2−△△Ct) in the neurons of
the spinal cord of the rats in each group (NG,MG, and EA). The real-time
PCR results showed that the expression levels of P2X3 mRNA in the
spinal cord neurons of the rats in the different groups were different,
P<0.01; *P<0.01 MG vs. NG; ▲P<0.01 EA vs. MG
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extensively distended and overfilled, the epithelial cells in the
cavity would be stimulated to release ATP, which would sub-
sequently activate the P2X3 and P2X2/3 receptors in the
subepithelial nerve endings to generate action potentials
[25]; this change corresponds to hyperexcitability of the sen-
sory neurons, and the action potentials would be transmitted to
the central nervous system, resulting in a colicky sensation
[26, 27]. In this study, the method of colorectal balloon

distention was used to prepare an animal model of IBS viscer-
al hyperalgesia in rats, and the expression of the P2X3 receptor
in the colon myenteric plexus of the rats in the IBS model
group was found to be higher than that of the rats in the normal
group. The colon visceral hyperalgesia in the IBS rats might
result from an increased level of ATP in the outer periphery,
and the upregulated P2X receptors also led to hypersensitivity
in nerves, thereby causing an abnormal pain response to the

Fig. 7 The expression of the P2X3 receptor in the prefrontal cortex of the
rats in each group. a The expression of the P2X3 receptor in the prefrontal
cortex of the rats in the normal group. b The expression of the P2X3

receptor in the prefrontal cortex of the rats in the model group. c EA (at
the Shangjuxu and Tianshu acupoints) regulates the expression of the

P2X3 receptor in the prefrontal cortex of the rats with IBS visceral pain.
d Negative control group (NC). e Histogram of the differences in the
P2X3 expression in the prefrontal cortex of the rats in different groups,
P<0.01; *P<0.01 MG vs. NG; ▲P<0.01 EA vs. MG

Fig. 8 The expression of the P2X3 receptor in the anterior cingulate
cortex of the rats in each group. a The expression of the P2X3 receptor
in the anterior cingulate cortex of the rats in the normal group. b The
expression of the P2X3 receptor in the anterior cingulate cortex of the rats
in the model group. c EA (at the Shangjuxu and Tianshu acupoints)

regulates the expression of the P2X3 receptor in the anterior cingulate
cortex of the rats with IBS visceral pain. d Negative control group
(NC). e Histogram of the differences in the P2X3 expression in the
anterior cingulate cortex of the rats in the different groups, P<0.01;
*P<0.01 MG vs. NG; ▲P<0.01 EA vs. MG
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colorectal distension. The Shangjuxu point and the Tianshu
point are an ancient and classical acupoint combination for the
treatment of intestinal diseases using acupuncture. Our group
has been engaged in clinical and basic research [9–13] on the
treatment of IBS through acupuncture for years, and we have
achieved desirable clinical efficacy. The preliminary mecha-
nism of acupuncture in relieving visceral hypersensitivity has
been elucidated in previous studies. Modern research has
shown that treatment at the Shangjuxu point and the Tianshu
point exerts its therapeutic effect by regulating the abnormally
expressed serotonin (5-HT), SP, VIP, and c-Fos [12, 13] in the
intestine, spinal cord, and brain of IBS rats with visceral hy-
persensitivity. Based on these findings, we selected the
Shangjuxu point and the Tianshu point as the acupoints for
stimulation by electroacupuncture. ATP, together with other
sensory neurotransmitters, is stored in intestinal secretory
cells, and these neurotransmitters transduce the signal from
peripheral sensory neurons [28]. Antagonists of the P2X re-
ceptor, such as pyridoxal-phosphate-6-azophenyl-2′,4′-
disulfonate (PPADS) and TNP-ATP, can significantly inhibit
the afferent nerve activity caused by the increased ATP release
due to the overfilling of the colon [29]. Our experiments also
showed that compared with the rats in the model group, the
rats that received EA had less CRD-induced visceral hyper-
sensitivity. These findings demonstrated that ATP plays an
important role via the P2X3 receptor in the mechanical signal
transduction of visceral feelings and visceral hyperalgesia.
The P2X3 receptor is involved in the mechanism by which
EA regulates IBS visceral pain at the periphery, and EA most
likely plays a role by directly or indirectly inhibiting the ex-
pression of the P2X3 receptor.

In the central mechanism, the P2X receptors at the CNS
portion of primary afferent nerves can regulate the release
of neurotransmitters and participate in the synaptic plastic-
ity of the dorsal horn in the spinal cord. The P2X3 receptor
in the DRG sensory neurons of rats with IBS visceral hy-
persensitivity plays an important role in ATP-mediated pain
[30]. This receptor is specifically cloned and expressed in
the afferent sensory neurons of the DRG, and it is highly
selectively expressed in the small-diameter DRG cells that
are involved in nociception. Our previous immunohisto-
chemical experiments demonstrated that the P2X3 receptor
in the DRG neurons of rats subjected to the CRD model of
IBS was upregulated, and EA could reduce the expression
of the P2X3 receptor in DRG cells [31]. The role of the
P2X3 receptor in the activation of nociceptors in the rats
with IBS was further explored at the gene level through
real-time PCR. The results of our study showed that the
expression of P2X3 mRNA in DRG neurons was also in-
creased, and EA played a role in the downregulation. P2X3

may mediate the pathogenesis of IBS visceral pain at the
DRG level of the brain–gut axis. This finding provides an
experimental basis to further reveal the functional

mechanism of the P2X receptors at each level of the
brain–gut axis in the rats with visceral hypersensitivity.

The fibers of the neurons with positive immunoreactivity to
the P2X3 receptor could project to the spinal dorsal horn II,
and the P2X3 receptor could be expressed in these afferent
nerve endings [32]. Acupuncture signals can be transmitted
to the center of the marrow through the dorsal horn neurons in
the spinal cord. After the downstream pain regulation system
is activated, it exerts an analgesic effect by regulating the
expression of the c-Fos, p38, and 5-HT receptors in the spinal
dorsal horn [33, 34]. Thus, the regulation of IBS visceral pain
by EA is achieved through the regulation of a variety of re-
ceptors at the spinal cord level. Previous studies demonstrated
that EA can alleviate visceral hyperalgesia by downregulating
the expression of the c-Fos, P2X2, and P2X3 receptors in the
colon and the spinal cord [35], as well as the P2Y1 receptor
expression in the DRG, in rats with visceral pain. This study
investigated the mechanism by which EA regulates IBS vis-
ceral pain from the perspective of genes. In this study, the
effect of EA on the P2X3 mRNA level was measured to de-
velop a preliminary explanation for the mechanism by which
EA and P2 receptors regulate IBS visceral pain. Compared
with that in the normal rats, the expression of P2X3 mRNA
in the spinal cord of the rats in the model group was increased.
Compared with that in the rats in the model group, the expres-
sion of P2X3 mRNA in the spinal cord of the rats in the EA
group was reduced, with similar results in the immunohisto-
chemistry experiments [35]. This finding indicates that EA
can play a role in reducing the development of IBS visceral
hyperalgesia at the gene level, and the finding indicates that
EA (at the Tianshu and Shangjuxu acupoints) can be used to
treat IBS visceral pain.

The prefrontal cortex plays an important role in the percep-
tion of pain stimuli, such as the pain from internal organs [36,
37]. As a non-noxious stimuli, CRD is commonly used in
studies of the treatment of visceral pain in the nervous system,
and visceral hypersensitivity is one of the major pathological
characteristics of IBS as a functional bowel disorder. In recent
years, the neuroimaging of humans showed that in patients
with IBS, the functional activity of the brain plays an impor-
tant role in the response to visceral stimulation and reflects the
severity of the IBS symptoms. As an important center of pain,
the anterior cingulate cortex has extensive fiber links with the
medial thalamusmedulla, amygdala, periaqueductal graymat-
ter, caudate nucleus, and other nuclei involved in the modula-
tion of pain sensation [38–40]. Positron emission tomography
(PET) showed that the cingulate cortex in patients with IBS
was activated after CRD [41]. The results of an in situ hybrid-
ization and immunohistochemical study confirmed that the
P2X3 receptor is expressed in the pain pathways of the brain
in adult rats. P2X receptors can not only bind to ATP to me-
diate a rapid transient effect but also produce a chronic effect
during long-term stimulation by ATP. Thus, various visceral
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stimuli (such as pain, pressure, and distension) can affect the
central nervous system through the enteric nervous system
[42], leading to changes in the activity of the corresponding
region of the central nervous system, thus affecting the depres-
sion of the patients.

In this study, immunohistochemistry was used to detect the
expression of the P2X3 receptor in the prefrontal cortex of the
rats and in the model and EA groups. The results showed a
difference in the expression of the P2X3 receptor in the pre-
frontal cortex of the rats in the EA group, indicating that EA
could reduce the expression of the P2X3 receptor in the pre-
frontal cortex of the rats subjected to the model of IBS visceral
pain. The AWR score analysis showed the following: The
pain sensitivity of the rats in the model group was reduced,
EA played a role by inhibiting the expression of the P2X3

receptor, and the P2X3 receptor also played a role in the cen-
tral mechanism related to the regulation of IBS visceral pain
by EA. The same detection method was used to detect the
P2X3 receptor in the anterior cingulate cortex of the rats with
IBS visceral pain, and the results showed that EA reduced the
expression of the P2X3 receptor in the anterior cingulate cor-
tex of the rats in the IBS model group; this finding suggested
that EA could inhibit the expression of the P2X3 receptor and
that the P2X3 receptor may play an important role in the cen-
tral mechanism related to IBS visceral pain. The study re-
vealed that EA is involved in the regulation of IBS visceral
pain in the central mechanism and that the P2X3 receptor is
part of one of the pathways of this function. The P2 receptor in
the prefrontal cortex and cingulate cortex may be involved in
IBS visceral pain from the perspective of synaptic facilitation
[43], but this hypothesis still requires confirmation by further
experiments. At the same time, in order to evaluate the effect
of electroacupuncture objectively, we will add normal+
electroacupuncture group into our future in-depth study in this
direction. Additionally, the methods ofWestern blot can better
measure the expression of the P2X3R protein.

The mechanism underlying the EA treatment of visceral
pain involves an integrated process in the body at various
levels from the outer periphery to the center; multiple factors,
including nerves, immune and endocrine factors, also interact
during this process, and this treatment is related to the acu-
puncture points, time, and other stimulation parameters. The
EA treatment of visceral pain involves a variety of complex
neural structures and neurotransmitters. The effects of this
treatment may occur through the interactions between the spi-
nal cord, thalamus, brain stem, and cortex in the high level
center, as well as through the neuroendocrine-immune net-
work. The mechanism underlying the EA treatment of visceral
pain involves the interactions among different sensory affer-
ents in the central nervous system; these interactions can occur
at different levels for regions ranging from the outer periphery
to the cortex. ATP is released from the nervous system to the
extracellular space and mainly participates as a rapid

neurotransmitter that mediates the neuronal depolarization
current; ATP also coexists with some other neurotransmitters.
The neurotransmitters interact with and regulate each other,
and they work together to perform their functions. ATP and
P2X receptors have received continuous attention in studies of
the pathogenesis and EA treatment of IBS visceral pain, and
elucidating the signal transductionmechanism requires further
in-depth studies.
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