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Abstract  
Electroacupuncture at Shangjuxu (ST37) and Tianshu (ST25) can improve visceral hypersensitivity 

in rats. Colorectal distension was used to establish a rat model of chronic visceral hypersensitivity. 

Immunohistochemistry was used to detect P2X2 and P2X3 receptor expression in dorsal root 

ganglia from rats with chronic visceral hypersensitivity. Results demonstrated that abdominal 

withdrawal reflex scores obviously increased following establishment of the model, indicating 

visceral hypersensitivity. Simultaneously, P2X2 and P2X3 receptor expression increased in dorsal 

root ganglia. After bilateral electroacupuncture at Shangjuxu and Tianshu, abdominal withdrawal 

reflex scores and P2X2 and P2X3 receptor expression decreased in rats with visceral 

hypersensitivity. These results indicated that electroacupuncture treatment improved visceral 

hypersensitivity in rats with irritable bowel syndrome by reducing P2X2 and P2X3 receptor 

expression in dorsal root ganglia. 
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Research Highlights 
(1) P2X2 and P2X3 receptors participated in visceral hypersensitivity in primary afferent neurons of 

dorsal root ganglia in rats.  

(2) Electroacupuncture reduced visceral hypersensitivity in rats with chronic visceral hypersensitivity.  

(3) Electroacupuncture improved visceral hypersensitivity in rats with chronic visceral 

hypersensitivity by regulating P2X2 and P2X3 receptor expression in dorsal root ganglia. 

 
INTRODUCTION 
    

Chronic visceral hypersensitivity is a 

pathophysiological characteristic of irritable 

bowel syndrome
[1-2]

. Each level in the 

brain-gut axis, i.e. neurotransmitters in the 

periphery, spinal cord, and central nervous 

system, all participate in the occurrence of 

visceral hypersensitivity
[3-5]

. Sensory signals 

in the intestinal tract are transferred into the 

central nervous system mainly through 

nociceptive and somatic pathways. 

Nociceptive sensations are transferred into 

the posterior horn of the spinal cord via 

sympathetic fibers, and then into somatic 

sensation projection areas via an afferent 

pathway in the spinal cord. Physiological
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sensations from the gastrointestinal tract are transferred 

to the central nervous system via the vagus nerve 

allowing adjustment of gastrointestinal secretory and 

motor functions
[6]

. Visceral sensations are then 

transferred to secondary sensory neurons through 

nodose ganglion and spinal dorsal root ganglion. Of 

these, common visceral sensations are transferred via 

nodose ganglion, but afferent pain sensations are 

propagated via dorsal root ganglion
[7-8]

.  

 

Adenosine triphosphate transfers information via P2 

purinergic receptors
[9-10]

. The P2 purinergic receptor, is a 

membrane bound receptor and can selectively combine 

with extracellular adenosine triphosphate to produce 

various biological effects. Of the purinergic receptors, the 

P2X receptor is a ligand-gated ion channel, and plays an 

important role in visceral pain
[11]

. Epithelial cells in tubular 

and saccular organs release adenosine triphosphate 

when affected by intense stimulation. P2X receptors 

then stimulate submucosal plexi to induce pain signal 

transduction to the brain
[12-14]

. P2 purinergic receptors 

can be divided into P2X and P2Y receptor subtypes 

according to their pharmacological properties
[15]

. P2X 

receptors are ligand gated, nonselective, cation 

channels and contain seven subtypes (P2X1–7). These 

receptors are permeable to Na
+
, K

+
 and Ca

2+
 following 

activation by adenosine triphosphate. P2Y receptors 

are G protein coupled, and nine subtypes have been 

cloned from human tissues. P2X receptors are involved 

in the peripheral response to nociceptive and 

non-nociceptive stimuli. Tissue damage, visceral 

dilatation and sympathetic activation can induce 

adenosine triphosphate release, and then activate 

primary afferent neurons by affecting P2X receptors
[16]

. 

Adenosine triphosphate released by neurons onto 

primary afferent nerve terminals and secondary 

neurons can regulate neurotransmitter release, activate 

postsynaptic neurons and participate in information 

transfer
[12, 17-18]

. P2X and P2X3 receptor expression are 

highest at the periphery
[19]

. At the spinal cord level, the 

P2X receptor on primary afferent nerve terminals can 

control neurotransmitter release and participate in 

synaptic plasticity changes in the spinal cord dorsal 

horn
[20-21]

. Recent studies have confirmed that 

adenosine triphosphate plays an important role in 

visceral pain signal transduction and visceral 

hyperalgesia via P2X and P2Y receptors, and adjusts 

intestinal movement and gastrointestinal secretion
[22-24]

. 

Intrathecal injection of selective P2X1, P2X3 and P2X2/3 

receptor antagonist trinitrophenyl adenosine 

triphosphate decreased visceral hypersensitivity in 

rats
[25]

. P2X receptors, especially P2X2 and P2X3 

receptors, are involved in conduction and modulation of 

nociceptive information in both the peripheral and 

central nervous systems
[12, 17]

.  

 

Acupuncture and moxibustion in treatment of irritable 

bowel syndrome has a very long history and has been 

extensively used clinically
[26-28]

. Tianshu (ST25), the 

Front-Mu point of the large intestine, can regulate the 

intestine and fu-organs. Shangjuxu (ST37), the Lower 

He-Sea point of the large intestine, can regulate the 

intestine and fu-organs. Their combination is an effective 

prescription for the treatment of diarrhea and abdominal 

pain
[29]

. Recent animal studies confirmed that 

acupuncture and moxibustion have good therapeutic 

effect on enteropathies, such as ulcerative colitis
[30-33]

 

and Crohn disease
[34-36]

. Numerous studies
 
showed that 

acupuncture induced adenosine triphosphate release in 

skin keratinocytes, fibroblasts and other cells, and 

adenosine triphosphate occupied specific receptor 

subtypes of skin sensory nerve endings
[37-40]

. Sensory 

nerve pulses reach the spinal cord, brainstem, 

hypothalamus and upper cortex via the ganglia. Neurons 

in the brainstem and hypothalamus control autonomic 

nerve function, including cardiovascular, gastrointestinal 

tract, respiratory tract, urogenital and muscle-skeletal 

activities. Pulses emitted by sensory nerves connected 

to interneurons adjusted motor neuron activity in the 

brainstem and hypothalamus, resulting in altering 

autonomic function. In particular, activated sensory 

neurons suppressed neural pathways in the cerebral 

cortex pain region via interneurons
[37-40]

. This study 

investigated the relationship between P2X2 and P2X3 

receptors in dorsal root ganglia and visceral 

hypersensitivity. The regulatory effect of 

electroacupuncture at Shangjuxu and Tianshu on P2X2 

and P2X3 receptors was also investigated to discover the 

mechanisms underlying electroacupuncture as a 

possible treatment for visceral hypersensitivity in irritable 

bowel syndrome.   

 

 

RESULTS 
 
Quantitative analysis of experimental animals 
Twenty-four 8-day-old rats were randomly assigned to 

normal, model and electroacupuncture groups. A rat 

model of chronic visceral hypersensitivity was 

established in the model and electroacupuncture groups. 

After model establishment, rats of the 

electroacupuncture group received electroacupuncture 

bilaterally at Shangjuxu and Tianshu. All rats were 

included in the final analysis.  
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Electroacupuncture at Shangjuxu and Tianshu 
decreases abdominal withdrawal reflex scores in 
rats with visceral hypersensitivity  
Abdominal withdrawal reflex scores significantly increased 

under colorectal distension at different intensities (2.66, 

5.32, 7.98, 10.64 kPa; P < 0.01), indicating successful 

model establishment. After bilateral electroacupuncture at 

Shangjuxu and Tianshu, abdominal withdrawal reflex 

scores were significantly lower in the electroacupuncture 

group than in the model group (P < 0.05), suggesting that 

electroacupuncture could lessen visceral hypersensitivity 

in a rat model of irritable bowel syndrome.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electroacupuncture at Shangjuxu and Tianshu 
diminishes P2X2 receptor expression in dorsal root 
ganglia of rats with visceral hypersensitivity 
Immunohistochemistry revealed that P2X2 receptor 

expression increased in rat dorsal root ganglia with 

irritable bowel syndrome (P < 0.01), suggesting P2X2 

participated in visceral hypersensitivity. P2X2 receptor 

expression was reduced in rat dorsal root ganglia from 

animals subjected to model establishment following 

bilateral electroacupuncture at Shangjuxu and Tianshu 

(P < 0.05), suggesting that electroacupuncture regulated 

visceral hypersensitivity via the P2X2 receptor pathway 

(Figure 2). 

 

Bilateral electroacupuncture at Shangjuxu and 
Tianshu diminishes P2X3 receptor expression in 
dorsal root ganglion of rats with visceral 
hypersensitivity 
Immunohistochemistry revealed that P2X3 receptor 

expression increased in dorsal root ganglia from rats with 

visceral hypersensitivity (P < 0.01), suggesting that P2X3 

participated in visceral hypersensitivity. However, P2X3 

receptor expression was reduced in model rats following 

electroacupuncture (P < 0.05), suggesting that 

electroacupuncture regulated visceral hypersensitivity 

using the P2X3 receptor pathway (Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1  Effect of electroacupuncture (EA) on abdominal 
withdrawal reflex (AWR) scores in rats.  

High AWR score represents high visceral hypersensitivity. 

Data are expressed as mean ± SD, eight rats in each 
group. One-way analysis of variance was used to compare 
the intergroup difference. aP < 0.01, vs. normal group 

(NC); bP < 0.05, vs. model group (MC).  
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Figure 2  Effect of electroacupuncture on P2X2 receptor 
expression in rat dorsal root ganglia.   

(A) Immunohistochemistry of P2X2 receptor expression in 

the dorsal root ganglia from experimental rats (× 200). 
Arrows show P2X2 receptor expression. (A1–3) Normal 
group (NC), model group (MC) and electroacupuncture 

group (EA), respectively.  

(B) P2X2 receptor expression. Data are expressed as  
mean ± SD; eight rats in each group. aP < 0.01, vs. NC; bP < 
0.05, vs. MC. Least significant difference t-test was used for 

intergroup comparison.  
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Figure 3  Effect of electroacupuncture on P2X3 receptor 
expression in rat dorsal root ganglia.  

(A) Immunohistochemistry of P2X3 receptor expression in 
rat dorsal root ganglia (× 200). Arrows show P2X3 receptor 
expression. (A1–3) Normal group (NC), model group (MC) 

and electroacupuncture group (EA), respectively.  

(B) P2X3 receptor expression. Data are expressed as  
mean ± SD; eight rats in each group. aP < 0.01, vs. NC; bP < 
0.05, vs. MC. Least significant difference t-test was used for 

intergroup comparison.  
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DISCUSSION 
 

A rat model of visceral hypersensitivity thought to 

replicate irritable bowel syndrome was established in 

accordance with a previously published method
[41]

. 

Neonatal rats received rectal distention, and when adult, 

displayed visceral hypersensitivity. Animals also showed 

changed stool character, which is a similar manifestation 

to human irritable bowel syndrome. P2X receptors are 

nonselective cation channels, and when activated can 

cause transmembrane ion influx resulting in cell 

depolarization. adenosine triphosphate/P2X receptors 

have exhibited different effects in peripheral and central 

mechanisms of pain
[42]

. P2X1-6 receptors were visible in 

dorsal root ganglion, but the P2X3 receptor is the most 

abundant. P2X2 receptor expression could be detected 

in dorsal root ganglion, but expression was lower than 

that of the P2X3 receptor
[41]

, which is consistent with 

results from this study. P2X purinergic receptor 

expression is abundant in nociceptors
[43]

. Furthermore, 

cloned P2X3 receptor subunit expression was only 

detected in sensory neurons, and only in 

small-diameter dorsal root ganglion cells associated 

with nociceptive sensations
[44]

.  

 

Results from the present study demonstrated that P2X2 

and P2X3 receptors were expressed in dorsal root 

ganglion of rats with visceral hypersensitivity, indicating 

that P2X2 and P2X3 receptors mediated the onset of 

visceral hypersensitivity via dorsal root ganglion. 

Electroacupuncture could decrease visceral 

hypersensitivity in rats by reducing P2X2 and P2X3 

receptor expression in dorsal root ganglion.  

 

Numerous studies
[26-28]

 have confirmed that acupuncture 

at Shangjuxu and Tianshu in the treatment of irritable 

bowel syndrome can obtain good outcomes. 

Acupuncture at Shangjuxu and Tianshu could diminish 

visceral hypersensitivity, and reduce abdominal 

withdrawal reflex scores in rat models of irritable bowel 

syndrome induced by colorectal stimuli
[45-46]

. 

Acupuncture at Shangjuxu and Tianshu exerts effects by 

regulating brain-gut peptide expression in the intestine, 

spinal cord and brain, such as serotonin, c-fos gene, 

hypothalamic adrenocorticotropin, enkephalin, endorphin 

and dynorphin, vasoactive intestinal peptide, substance 

P, prokineticin-1 and prokineticin receptor-1
[45, 47-52]

. 

Positron emission tomography revealed that 

electroacupuncture at Tianshu lessened abdominal pain, 

abdominal distention and abdominal discomfort by 

reducing glucose metabolic rate in the brain. Results 

from this study demonstrated that electroacupuncture at 

Shangjuxu and Tianshu could decrease P2X2 and P2X3 

expression in dorsal root ganglia. This observation infers 

that P2X2 and P2X3 receptors are crucial for the effect of 

electroacupuncture at Shangjuxu and Tianshu in the 

treatment of visceral hypersensitivity in rats.  

 

In summary, electroacupuncture at Shangjuxu and 

Tianshu controlled P2X2 and P2X3 receptor expression in 

dorsal root ganglia of rats subjected to a model of 

irritable bowel syndrome. This acupuncture also 

contributed to the improvement of visceral 

hypersensitivity induced by this model. These findings 

may illustrate the effectiveness of electroacupuncture for 

the treatment of irritable bowel syndrome. 

 
 
MATERIALS AND METHODS 
 
Design 
Randomized, controlled animal study.  

 

Time and setting  
Experiments were performed from May to September 

2011. Model establishment, treatment, and sample 

collection were conducted at the Experimental Animal 

Department, Shanghai Medical College, Fudan 

University, China. Index detection was conducted at the 

Three-Level Laboratory of Acupuncture and Immunity, 

State Administration of Traditional Chinese Medicine.  

 

Materials  
A total of 24, specific pathogen free, male, neonatal, 

Sprague-Dawley rats aged 8 days were supplied by the 

Experimental Animal Department, Shanghai Medical 

College, Fudan University, China (animal license No. 

SCXK (Hu) 2009-0019). Eight neonatal rats and a female 

suckling rat were housed in a plastic cage with a 12-hour 

light/dark cycle at 22 ± 2°C and humidity of 50–70%. The 

suckling rat was allowed free access to water and food. 

All protocols were in accordance with Guidance 

Suggestions for the Care and Use of Laboratory Animals, 

formulated by the Ministry of Science and Technology of 

China
[53]

.  

 

Methods  
Establishment of a rat model of visceral 

hypersensitivity mimicking irritable bowel syndrome 

A rat model for visceral hypersensitivity in irritable bowel 

syndrome were induced according to a previously 

published method
[53]

. The self-made saccule coated with 

vaseline was slowly inserted into the descending colon 
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via the anus to a depth of about 2 cm. Saccule distension 

(0.2 mL) occurred for 1 minute. One hour later, the same 

stimulus was repeated once for 2 minutes. Model 

induction lasted for 14 consecutive days. Stool character 

was observed and abdominal withdrawal reflex was 

scored to evaluate the sensitivity of intrarectal distension 

in rats and to identify whether model establishment was 

successful. Rats were housed for 6–8 weeks. Rats in the 

normal group only underwent handling, gripping and 

massaging in the perineal region.  

 

Electroacupuncture stimuli 

The day after model induction, electroacupuncture was 

conducted using a Han’s acupoint nerve stimulator 

(Nanjing Gensun Technology, Nanjing, Jiangsu Province, 

China) at Tianshu (0.2 cm lateral to the intersection of 

upper 8/13 and lower 5/13 from xiphoid to symphysis) 

and Shangjuxu (intersection of upper 6/16 and lower 

10/16 of lateral condyle of tibia and lateral malleolus,  

0.1 cm lateral to crista anterior tibiae)
[54]

 for 20 minutes. 

The depth of needling was 5 mm. The frequency of 

sparse and dense waves was 2–100 Hz, with a current of 

2 mA, once a day, for 7 consecutive days. Within 60 

minutes after the last electroacupuncture, colorectal 

distension was performed. Simultaneously, abdominal 

withdrawal reflex was observed to evaluate the effect of 

electroacupuncture in each group. Stimulus method: the 

self-made saccule was connected to a T-valve. One end 

was connected to a 10-mL syringe and the other end was 

connected to a blood pressure monitor (Shanghai 

Medical Instruments Co., Ltd., Shanghai, China). After 

the saccule was inserted, stimuli at 2.66, 5.32, 7.98, or 

10.64 kPa were given. Each stimulus lasted for about 20 

seconds with a 5-minute interval. Each stimulus intensity 

was repeated three times, and the average was 

calculated. Reactions were scored in accordance with a 

previous method
[55]

. Scores were used as follows: 0 

score: no behavior reaction; 1: movement standstill and 

transient head movement; 2: contraction of abdominal 

muscles during stimuli; 3: raised abdomen; 4: body 

raised, elevation of pelvic cavity and scrotum.  

 

Sample collection of dorsal root ganglion  

After abdominal withdrawal reflex scoring, rats were 

intraperitoneally anesthetized with 10% chloral hydrate. 

Saline (100 mL) was rapidly perfused into the ascending 

aorta through left ventricle intubation, followed by 4% 

paraformaldehyde (300 mL) at 4°C. Bilateral dorsal root 

ganglia at L6–S3 were dissociated and collected under an 

anatomical microscope (SZX10; Olympus, Tokyo, Japan). 

Tissue was dehydrated, embedded in paraffin, and then 

sliced into 5-μm thick sections.  

Immunohistochemistry for P2X2 and P2X3 receptor 

expression in rat dorsal root ganglia  
After dewaxing, antigen was retrieved by microwave 

heating. Tissue was incubated in mouse anti-rat P2X2 

and P2X3 monoclonal antibody (1:400; Alomone Labs, 

Israel) at 37°C for 2 hours, and then washed in 0.01 M 

PBS (pH 7.2–7.6) five times, at 5 minutes each. Using a 

goat anti-rabbit/rat immunohistochemistry kit [Gene Tech 

(Shanghai) Co., Ltd., Shanghai, China], tissues were 

incubated with the A liquid in a wet box for 30 minutes at 

room temperature, immersed in 0.01 M PBS three times 

(5 minutes), followed by development in 

3,3’-diaminobenzidine. Staining was terminated using 

PBS (0.01 M) or distilled water under a light microscope 

(Olympus). Tissue was stained with hematoxylin, treated 

with 1% acidic alcohol for color separation, dehydrated, 

permeabilized, and then mounted with neutral gum. PBS 

was used as a negative control. Images were collected 

from three fields randomly selected under a 400 × light 

microscope. Mean value of integral absorbance was 

calculated using Motic Med 6.0 image analysis (Beijing 

Maikeaodi Image Technique Co., Ltd., Beijing, China).  

 

Statistical analysis  
All data were analyzed using SPSS 18.0 software (SPSS 

Inc., Chicago, IL, USA), and were expressed as mean ± 

SD. One-way analysis of variance was used for 

intergroup comparison. Least significant difference t-test 

was utilized for paired comparison among multiple 

means. A value of P < 0.05 was considered statistically 

significant.  
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