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Abstract
AIM: To investigate the effect and mechanism of 
electro-acupuncture (EA) at ST25 and ST37 on irritable 
bowel syndrome (IBS) of rats. 

METHODS: A total of 21 male Sprague-Dawley rats 
were randomly divided into normal group, model group 
and EA group. A rat model of IBS was established by 
constraining the limbs and distending the colorectum 
of rats. Rats in EA group received bilateral EA at ST25 
and ST37 with a sparse and intense waveform at a 
frequency of 2/50 Hz for 15 min, once a day for 7 d 
as a course. Rats in normal and model groups were 
stimulated by distending colorectum (CR). An abdominal 
withdrawal reflex (AWR) scoring system was used to 
evaluate improvements in visceral hypersensitivity. 
Toluidine blue-improved method, immunohistochemistry 
and radioimmunoassay were used to observe mucosal 
mast cells (MC), changes of substance P (SP) and 
substance P receptor (SPR) in colon and change of 
corticotropin-releasing hormone (CRH) in hypothalamus.

RESULTS: The threshold of visceral sense was 
significantly lower in model group than in normal group, 

and significantly higher in EA group than in model 
group. The number of mucosal MC was greater in model 
group than in normal group and significantly smaller 
in EA group than in model group. The CRH level in 
hypothalamus of rats was significantly higher in model 
group than in normal group, which was remarkably 
decreased after electro-acupuncture treatment. The SP 
and SPR expression in colon of rats in model group was 
decreased after electro-acupuncture treatment. 

CONCLUSION: EA at ST25 and ST37 can decrease 
the number of mucosal MC and down-regulate the 
expression of CRH in hypothalamus, and the expression 
of SP and SPR in colon of rats with IBS.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Irritable bowel syndrome (IBS) is a common bowel 
disorder characterized by recurrent abdominal pain or 
discomfort associated with altered bowel habits in the 
absence of  structural pathology[1]. Since IBS is diagnosed 
based on its symptoms and its pathophysiology is 
unclear, its treatment outcome remains unsatisfactory[2,3]. 
Our previous study showed that electro-acupuncture 
(EA) is effective against IBS[4]. However, its mechanism 
of  action needs to be further studied.

IBS patients often describe a correlation between 
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stressful life events and the onset or exacerbation of  
their gastrointestinal symptoms, and seem more sus-
ceptible to stressful events in daily life[5]. The central 
nervous system response to stressful events modulates 
the autonomic nervous system outflow and activates 
the hypothalamic-pituitary-adrenal axis[6]. Dysfunction 
of  these systems has been proposed to be an etiologi-
cal factor for IBS[7,8]. It has been reported that there is 
a difference in hormone level involving stress response 
between IBS patients and healthy subjects[8]. Central re-
lease of  corticotropin-releasing hormone (CRH) plays 
an important role in the stress response[9], inducing a 
higher adrenocorticotropic hormone (ACTH) level and a 
more profound enhancement of  colonic motility in IBS 
patients than in healthy controls[10]. It has been shown 
that CRH increases rectal sensitivity[11]. Thus, alterations 
in neuroendocrine response to stress may be of  impor-
tance in the pathophysiology of  IBS[12].

Visceral hypersensitivity is highly prevalent in IBS 
patients, and activation of  intestinal mast cells (MC) may 
play a role in visceral hypersensitivity because they are in 
close proximity to gastrointestinal mucosal sensory nerve 
terminals containing neuropeptides, and a bidirectional 
pathway connecting the central nervous system, gut and 
MC have been demonstrated. MC at the ileocecal junction 
may be a mediator of  the gut and nervous system in 
IBS[13] and substance P (SP) is a gastrointestinal peptide 
hormone. Both of  them reside in the gastrointestinal 
tract and central nervous system. SP is also an interactive 
signaling molecule between the nervous and immune 
systems[14] and can modulate the function of  intestinal 
mucosal MC by regulating neurosecretion and paracrine 
secretion.

This study was to explore the effect of  EA at ST25 
and ST37 on IBS by observing the MC count, the CRH 
level in hypothalamus, and the expression of  SP and 
SPR in colon of  rats.

MATERIALS AND METHODS
Animals
Twenty-one male Sprague-Dawley rats (SPF class), 
weighing 185-215 g, were supplied by Experimental 
Animal Center of  Shanghai University of  TCM, and 
randomly divided into normal group, model group and 
EA group according to their weights, 7 in each group. All 
rats were housed at a constant temperature and a humidity 
environment with free access to food and water. All 
studies were performed in accordance with the proposals 
of  the Committee for Research and Ethical Issues of  the 
International Association and approved by the Committee 
on the Use of  Human and Animal Subjects in Teaching 
and Research, Shanghai University of  TCM.

Establishment of rat model of IBS 
An experimental rat model of  IBS was established as 
previously described[15,16]. On the second day after the 
rats were fasted, experiment was begun. Rats in the 

normal group were given grabbing around the anus, 
while rats in the other two groups were stimulated 
by distending colorectum (CR). Limbs of  the rats 
were fixed with medical adhesive tapes to limit their 
movements. The fixed rats could crawl without using 
their rear limbs. CR was distended before the limbs of  
rats were constrained and after the medical adhesive 
tapes were removed. The finger of  a disposable rubber 
glove was tightly fixed onto the end of  a polyethylene 
tube with 4 holes (0.5 cm apart) using medical silk thread 
as a 4 cm-long balloon. The other end of  the tube was 
connected to a 10 cm-long rubber tube with a tri-channel 
valve connected to a syringe and sphygmomanometer. 
Vaseline was smeared on surface of  the balloon which 
was slowly inserted into 5 cm of  the rat anus along the 
physical curve of  CR. The fixed time was 2 h each day, 
and CR was distended for 3 min, once every other day 
for 8 d. The whole modeling time was 15 d.

Treatment
Rats in the EA group were treated with EA at bilateral 
ST 25 and ST 37, once a day for 7 d as a course. Needles 
were pricked 0.3 cm in depth with a dense-sparse 
waveform at a frequency of  2/50 Hz and retained for  
15 min. Rats in the normal and model groups received 
no EA treatment.

Contraction reaction in rat abnormal scoring test
The abdominal withdrawal reflex (AWR) scoring 
criteria[14] are shown in Table 1. Rats in the model group 
were fasted in afternoon of  the previous day. Vaseline 
was smeared on surface of  the balloon which was slowly 
inserted into 5 cm of  the rat anus according to the 
physical curve of  CR and retained for 5 min. The test 
was begun when the rats became adapted.

After air was added into the balloon with a syringe, 
the rat rectum was stimulated and different degrees 
of  contraction reaction were observed. The pressure 
(mmHg) during behavior response scored as 1, 2, 3, 
and 4 was recorded and expressed as the threshold 
of  sensitivity. Each score was tested three times, and 
each rat was tested by two persons not participating in 
this research. Means were calculated (6 values in total). 
Three-minute intervals were set between each two tests 
for the full adaptation of  rats.
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Score 0 No behavioral response to CRD
Score 1 Immobile during distension of CR and occasional clicking 

the head at onset of the stimulus
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

AWR: Abdominal withdrawal reflex; CRD: Colorectal distension; CR: 
Colorectum.

Table 1  AWR[14] scoring criteria
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Observation using toluidine blue-improved method
Samples were taken from the descending colon (5 cm 
above anus) and cecum, cleaned with normal saline, fixed 
with 10% formalin, dehydrated, paraffin-embedded, cut 
into sections and stained with toluidine blue-improved 
(TBI) method, deparaffinized and rehydrated, dipped 
in toluidine blue for 30 min. Two or three drops of  
glacial acetic acid were added into the samples until the 
presence of  pretty clear nuclei and granulation. The 
samples were dried with cold air, cleaned in xylene, 
mounted onto Permount or Histoclad, and observed 
under a microscope (Olympus-BH2, × 100 and × 400). 
Three high-power fields (× 400) were randomly selected 
and the number of  MC was counted and expressed as 
mean.

Radioimmunoassay for CRH 
Sample preparation: All rats were killed by dislocating 
cervical vertebra, with their brain taken out and hypo-
thalamus isolated in ice bath. The hypothalamus was 
rinsed with 0.9% sodium chloride and restored in a liq-
uid nitrogen container. The hypothalamus was taken out 
from the liquid nitrogen container, weighed and labeled. 
One milliliter 1 mol/L glacial acetic acid was added and 
homogenized for 100 min, then 0.8 mL 1 mol/L NaOH 
was added and centrifuged for 20 min at 4000 r/min. 
The supernatant was stored at -20℃ for radioimmuno-
assay. The sample (50 μL) was incubated for 24 h at 4℃. 
Then, 500 μL separating-medium was added into each 
tube, incubated at room temperature for 45 min, centri-
fuged for 20 min at 4000 r/min. The supernatant was 
aspirated and the results were calculated.

Immunohistochemistry for SP/SPR: Sample sections 
were deparaffinized in xylene for 10 min, and dehydrated 
in 95%, 90%, 70% ethanol for 2 min. Primary antibody 
was bound to the specific rabbit anti-rat antigen diluted 

at 1:150, at 4℃ for 18 h. The samples stained with the 
envision immunohistochemistry method served as a 
positive control, while PBS-alternated primary antibody 
served as a negative control. Brown and dark brown 
granulation was observed with a background of  purple 
blue. The positive expressing areas of  SP and SPR under 
three fields were averaged.

Statistical analysis
Experimental data were expressed as mean ± SD. 
Statistical analyses were performed using SPSS 13.0 (SPSS 
Inc. Wacker Drive, Chicago, Illinois). Differences in 
mean were compared by one way ANOVA. P < 0.05 was 
considered statistically significant.

RESULTS
Contraction reaction in rat abnormal scoring test
The threshold pressure was remarkably lower in model 
group than in normal group, and obviously higher in EA 
group than in model group (P < 0.01, Table 2).

Effect of EA on CRH in hypothalamus of rats 
The CRH level was significantly higher in hypothalamus 
of  rats in model group than in normal group (P < 0.05), 
which was significantly decreased after EA treatment 
(P < 0.05). No significant difference was found in CRH 
level between normal and EA groups (Table 3).

MC in rat colonic membrane 
The number of  MC was greater in model group than 
in normal group (P < 0.05, Table 3) and smaller in EA 
group than in model group (P < 0.05). The plasma of  
MC was stained purple, while nuclei were stained dark 
blue, scattered in mucous and submucous layers, or 
gathered into groups or lined up. The cells were round, 
oval, shuttle-like, and erose in shape. Small cells had little 
plasma and were clear in shape, while big cells had more 
plasma and were unclear in shape.

SP and SPR expression in colon tissue of rats 
The expression level of  SP and SPR was higher in model 
group than in normal group (P < 0.05), which was 
decreased after EA treatment (P < 0.05, Table 4, Figure 1).

DISCUSSION
IBS is a prevalent functional gastrointestinal (GI) disorder 

Group                              Threshold pressure (mmHg)

  Score 1   Score 2   Score 3   Score 4

Normal group 23.38 ± 3.15 41.26 ± 3.58 68.00 ± 8.97 86.35 ± 10.01
Model group 15.50 ± 3.25b 23.76 ± 3.91b 37.43 ± 6.75b 57.95 ± 5.45b

EA group 21.81 ± 1.93d 34.02 ± 3.87b,d 50.50 ± 7.28b,d 63.23 ± 6.24b,d

Table 2  Threshold pressure of rat contraction reaction in different groups (n  = 7) (mean ± SD)

bP < 0.01 vs normal group; dP < 0.01 vs model group.
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Group CRH level (pg/mg) MC count in each visional field 

Normal group      42.68 ± 4.39 2.19 ± 0.31
Model group      66.63 ± 18.19a  10.0 ± 1.21a

EA group      42.81 ± 7.44c    4.81 ± 0.63a,c

aP < 0.05 vs normal group; cP < 0.05 vs model group. EA: Electro-acupuncture; 
MC: Mast cells..

Table 3  Corticotropin-releasing hormone level in hypothalamus 
of rats and MC count in colonic membrane of rats in different 
groups (n = 7) (mean ± SD)
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characterized by chronic or recurrent abdominal pain or 
discomfort associated with altered bowel habits[16].

IBS is presumed to be a disorder of  the brain-gut 
link[17]. Psychological stress induces colonic segmental 
contractions which are exaggerated in IBS patients[18,19]. 
Stress can alter GI function. However, the mechanism 
underlying stress-induced intestinal response is still 
unclear. Epidemiological data show that psychological 
stress is one of  the most important etiological factors 
for IBS. Mental stress is one of  the factors for the in-

duction or aggravation of  the symptoms of  IBS[20]. Vis-
ceral hypersensitivity and dysregulation of  central pain 
perception in the brain-gut axis play a pivotal role in the 
pathophysiology of  IBS.

The central nervous system response to stress 
modulates the autonomic nervous system outflow and 
activates the hypothalamic-pituitary-adrenal axis[6]. 
Dysfunction of  these systems has been proposed to be 
an etiological factor for IBS[7,8]. In addition, CRH, which 
plays an important role in the stress response[9], induces 

Group                    SP expression                  SPR expression

Optical density Expressing area (μm2) Optical density Expressing area (μm2)

Normal group   14.21 ± 0.64     1772.77 ± 176.34   14.86 ± 0.48     362.65 ± 41.96
Model group   18.21 ± 1.07a     3157.31 ± 304.95a   16.36 ± 1.14a     532.83 ± 105.60a

EA group   16.29 ± 0.95a,c     2020.09 ± 116.31a,c   13.71 ± 0.70a,c     340.02 ± 29.61c

Table 4  SP and SPR expression in colonic membrane of rats in different groups (n  = 7) (mean ± SD)

aP < 0.05 vs normal group; cP < 0.05 vs model group. SP: Substance P; SPR: Substance P receptor.

A B

C D

E F

Figure 1  Expression of substance P and its receptor in colonic tissue of rats in normal group (A, D), model group (B, E) and EA group (C, F) (× 400).
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a higher adrenocorticotropic hormone (ACTH) level 
and a more profound enhancement of  colonic motility 
in IBS patients than in healthy controls[10]. It has been 
shown that CRH increases rectal sensitivity[11]. Thus, 
alterations in neuroendocrine response to stress may be 
of  importance in the pathophysiology of  IBS[12].

It was reported that CRH injected into the intra-
cerebral ventricle of  rats exerts a stimulatory effect on 
colonic motor function by inducing spike burst activities 
in the proximal colon, accelerating transit, and inducing 
defecation[21-23]. Use of  nonselective CRH1 (NBI-359565) 
receptor antagonists showed that colonic motor func-
tion induced by CRH is delayed in rats, suggesting that 
central CRH combined with CRH1 receptor can regulate 
the colon function[23]. In the study by Fukudo et al[10], the 
descending colon motility induced by CRH was greater 
in IBS patients than in health subjects, CRH produced 
duodenal phase Ⅲ motor activities in 80% of  healthy 
subjects and duodenal dysmotility in 40% of  IBS pa-
tients, the time of  abdominal symptoms evoked by CRH 
was significantly longer in IBS patients than in healthy 
subjects, the plasma ACTH level induced by CRH was 
significantly higher in IBS patients than in healthy sub-
jects, indicating that human intestinal motility is prob-
ably modulated by exogenous CRH. The brain-gut in 
IBS patients may have an exaggerated response to CRH. 
Intravenous injection of  CRH can promote the viscera 
sensibility in rats, which can be inhibited by CRH1 re-
ceptor antagonists[23]. This study showed that the CRH 
expression level in hypothalamus of  rats was signifi-
cantly higher in model group than in normal group (P < 
0.05), which was remarkably  decreased (P < 0.05) after 
EA treatment. No distinct difference in CRH expression 
was found between normal and EA groups, suggesting 
that EA therapy can inhibit the expression of  CRH in 
hypothalamus of  rats.

Recently, the role of  probiotics in intestinal ecosys-
tems has received great attention because of  their ben-
eficial effects on human and animal gut health[24]. It has 
been shown that probiotics can improve inflammation in 
some IBS patients and alleviate IBS symptoms such as 
pain[25]. It has been demonstrated in animal studies that 
neonatal intervention with probiotics can protect against 
short and long term consequences of  impaired intestinal 
barrier function and gut-associated immune dysfunction 
induced by neonatal stress, reduce elevated corticos-
terone levels in pups with early psychological trauma 
(maternal deprivation), suggesting that normalization of  
HPA-axis activity is mediated by the effect of  probiotics 
on gut function[26-30]. Further study is needed to explore 
the relation between acupuncture and probiotics used in 
treatment of  IBS.

The pathological mechanism of  IBS is not clear, but 
it is believed to be associated with alterations in mentality, 
GI motility, and visceral sensitivity, etc. Recently, 
researchers have suggested the role of  inflammatory cells 
in the pathogenesis of  IBS[31]. Mucosal MC are located 
throughout the gut in close proximity to enteric nerves, 
and secrete numerous inflammatory substances including 

histamine, cytokines, proteases, and eicosanoids that are 
known to sensitize visceral sensory nerve fibers. That is 
why some researchers have become interested in them.

SP is closely related with the pathological change in 
IBS, which plays a role in stress, intestinal infection, and 
visceral hypersensitivity in the development of  IBS[31,32]. 
Meanwhile, SP is a gastrointestinal peptide hormone 
existing in the central nervous system and gastrointestinal 
tract, and a signaling molecule connecting the nervous 
system to the immune system. Wang et al[33] reported that 
the expression of  SP and c-fos protein in the enteric and 
central nervous systems of  the rat model of  constipation-
predominant IBS is abnormal, suggesting that abnormal 
changes in SP may be involved in the pathogenesis of  
IBS, and SP containing the neural pathway may be one 
of  the neural pathways that play an important role in the 
regulation of  gastrointestinal function.

SP in the intestinal tract is mainly produced by 
nerve terminal and endocrine cells such as MC. SP in 
combination with its receptor exerts its effect on the 
homologous effector cells of  stomach and intestine, 
leading to complicated physiologic functions such 
as gastrointestinal motility, sensibility, secretion and 
absorption. In the enteric nervous system, SP, as an 
enteric nervous system of  neurotransmitters, can 
increase gastrointestinal motility, promote contraction 
of  alimentary tract smooth muscle, reinforce colon 
progradation, and stimulate water and electrolyte 
secretion in small intestine and colon. Some researchers 
believe that mucosal MC can restore the function and 
paresthesia of  intestinal tract, while others hold that 
there is an amplifying ring among SP, MC and sensory 
neurofibra. Releasing of  neuropeptides from sensory 
nerve ending, such as SP, has a direct effect on target 
organs. SP in combination with its special receptor on 
the surface of  mucosal MC can activate and degranulate 
MC, releasing histamine and influencing sensorineural 
function, which promotes SP and local blood vessels to 
release nerve growth factor. In this study, the increased 
expression of  SP was closely related with the number 
of  MC in lamina propria of  rats with IBS. It was 
reported that MC are associated with neurofibra by 
membrane-membrane touch[34]. The number of  MC 
and degranulated MC is greater in IBS patients than 
in healthy subjects and the activated MC are adjacent 
to the inner-intestinal neuroplexus[13,35]. Our previous 
study showed that MC in colonic mucosa and c-fos 
positive cells are significantly increased, EA at ST-25 
and Tegaserod injected into stomach can inhibit the 
proliferation and activation of  MC in the colon, and 
regulate the secretion of  SP, SPR, VIP, and VIPR, 
but the effect of  EA is obviously better than that of  
Tegaserod[36]. In this study, the number of  MC, the 
optical density and positive expressing areas of  SP, 
SPR were greater in rats with IBS than in normal rats, 
indicating that MC, SP and SPR are closely related with 
the development of  IBS (P < 0.05). However, MC, SP 
and SPR were decreased after EA treatment (P < 0.05), 
suggesting that EA at ST25 and ST37 can effectively 
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adjust the dysfunction of  MC and down-regulate the 
expression of  SP and SPR.

In conclusion, dysfunction of  the central and enteric 
nervous systems leads to IBS. EA at ST25 and ST37 can 
decrease the number of  MC, the expression of  SP and 
SPR in colon, and the CRH level in hypothalamus of  
rats. 
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