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Abstract

AIM: To investigate the functional mechanism of corticotropin-releasing hormone in the colon, spinal cord and hypothalamus when regulated by electroacupuncture for the treatment of chronic visceral hypersensitivity Rats with irritable bowel syndrome (IBS).
METHODS: A rat model with chronic visceral hypersensitivity was generated according to the internationally accepted method of colorectal balloon dilatation developed by AL-chaer et al In the seventh week after the modeling procedure, the rats were randomly divided into a model group(MG), electroacupuncture group (EA), and sham electroacupuncture (S-EA) for the electroacupuncture intervention, whereas no therapeutic intervention was conducted for the normal group. After treatment, the abdominal withdrawal reflex (AWR) score was used to assess the behavioral response of visceral hyperalgesia, and immunohistochemistry (EnVision method), ELISA, and fluorescence quantitative PCR methods were applied to detect the expression of corticotropin-releasing hormone (CRH) protein and mRNA in the colon, spinal cord, and hypothalamus.  

RESULTS: 

(1) The sensitivity of the rats to the colorectal distension stimulus applied at different strengths (20 mmHg, 40 mmHg, 60 mmHg, and 80 mmHg) varied, being increased with an increasing stimulus strength, resulting in increasing AWR scores in each group. Compared with NG, the AWR score of MG was significantly increased (P < 0.01). After conducting EA, compared with MG, the AWR scores of the rats were decreased; (2) Compared with NG, the relative expression of CRH mRNA in the colon, spinal cord, and hypothalamus of the rats in MG was significantly increased (P < 0.01). The expression of CRH mRNA in the colon and spinal cord of the rats in EA and S-EA was decreased to varying degrees, showing a P > 0.05 compared with NG. However, the decrease in EA compared with MG was statistically significant (P < 0.01); and (3) the average optical density of CRH expression in the colon of the rats in MG was significantly enhanced compared with NG (P < 0.05), while the average optical density of CRH expression in the rats in EA and S-EA was significantly decreased compared with MG (P < 0.01, P < 0.05). Compared with MG, the CRH concentration in the spinal cord of the rats in EA was significantly reduced (P < 0.01), and there was no significant change in S-EA (P > 0.05).  
CONCLUSION: Electroacupuncture at the Shangjuxu acupoint was able to significantly reduce the visceral hypersensitivity of IBS rats and regulated the expression of CRH protein and mRNA in the colon,spinal cord and hypothalamus at different levels, playing a therapeutic role in IBS rats with visceral hypersensitivity.
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Core tip: Visceral hypersensitivity is enhanced in irritable bowel syndrome (IBS) rats. Electroacupuncture at Shangjuxu can significantly reduce the visceral hypersensitivity to colorectal distension in IBS rats, with a reduced pain threshold being observed. The expression of corticotropin-releasing hormone (CRH) protein and mRNA in the target organ and central nervous system of these rats is abnormal to varying degrees, and electroacupuncture at Shangjuxu can regulate the expression of CRH protein and mRNA in the target organ (colon) and central nervous system (spinal cord and hypothalamus) at different levels, exerting a therapeutic effect on the visceral hypersensitivity of IBS rats.

Liu HR, Fang XY, Wu LY, Li J, Weng ZJ, Guo XX, Li YG, Wu HG. Effects of electroacupuncture on corticotropin-releasing hormone expression in the colon target organ and central nervous system of rats with chronic visceral hypersensitivity. World J Gastroenterol 2015; In press
INTRODUCTION

Irritable bowel syndrome (IBS) is a common gastrointestinal disease characterized by chronic and recurrent lower abdominal pain and discomfort as well as altered bowel habits. However, there are no associated organic changes. Due to its high incidence, IBS causes major economic losses to both patients and society. The drug therapies applied in modern medicine primarily focus on symptomatic treatment, and no effective drug is currently available to treat this condition. In Traditional Chinese Medicine, acupuncture therapy has a long history, and there is rich clinical experience in using this method to treat syndromes similar to IBS. Acupuncture can effectively inhibit chronic visceral hypersensitivity during growth and development in rats, which is a potentially effective treatment for IBS[1-3]. Our research group has many years of clinical experience in the treatment of IBS using acupuncture therapy[4-6], and the Shangjuxu acupoint (ST 37) is one of the key acupoints commonly used in clinical practice. The Shangjuxu acupoint is lower confluent point of large intestine meridian and is a major acupoint targeted in the clinical treatment of abdominal pain and diarrhea. 
Visceral hypersensitivity is considered an important pathophysiological characteristic of IBS, whose pathological mechanism is associated with a variety of neurotransmitters[7,8]. Acupuncture plays a regulatory role in relation to a number of related neurotransmitters[9-11], among which hypothalamic corticotropin-releasing hormone (CRH) is a major transmitter of the stress response in the brain-gut axis, playing an important role in the occurrence of visceral hypersensitivity in IBS[12-14]. With the deepening understanding of the mechanism of action of acupuncture treatment for IBS, it has been demonstrated that electroacupuncture can regulate the expression of hypothalamic CRH in IBS[15-16]. This study was performed to investigate the regulatory effect of electroacupuncture at Shangjuxu acupoint on visceral hypersensitivity in IBS rats and its impact on the expression of CRH and its receptors in the target organ (colon) and central nervous system (spinal cord and hypothalamus). From this perspective, the functional mechanism of electroacupuncture at Shangjuxu in the treatment of visceral hypersensitivity in IBS was elucidated, followed by an in-depth analysis of the connotations of treatment of IBS via Shangjuxu acupoint in neurobiology.

MATERIALS AND METHODS

Animal care and use 
The animal protocol was designed to minimize pain or discomfort to the animals. A total of six litters of male, newborn Sprague-Dawley (SD) rats (5 d after birth) of specific-pathogen-free (SPF) grade were selected. There were 5 to 8 neonatal rats in each litter. Every litter of rat pups was co-reared with a lactating female rat, and the lactating rats were fed food and water ad libitum. The rats were reared under a 12 h light/dark cycle, at room temperature of 20 ± 2 ℃ and a relative humidity of 50%-70%. Neonatal rats that showed no adverse reactions after three days were included in the experiment. All experiments on animals were in line with the guidelines established by the International Association for the Study of Pain (IASP).

All 8-day-old neonatal rats were randomly divided into NG and MG. The rats in NG were raised normally, without any stimulation, while the neonatal rats in MG were subjected to colorectal distension (CRD) stimulation. The preparation of the rat model with chronic visceral hypersensitivity was performed according to the procedure of AL-chaer et al[14]. As detailed in this procedure, a small amount of liquid paraffin was first smeared on the balloon surface, which was then slowly inserted from the anus along the physiological curvature of the rat rectum at a depth of approximately 2 cm, to reach the descending colon of the rat. The balloon was subsequently inflated to a volume of approximately 0.2 mL with a syringe and left inflated for 1 min before the air was released. The same stimulus was applied again after 1 h. After the stimulation was complete, the balloon was removed. This modeling procedure was performed once a day for 14 d. All animals were euthanized by barbiturate overdose (intravenous injection, 150 mg/kg pentobarbital sodium) for tissue collection.
Behavioral response

The abdominal withdrawal reflex (AWR) score was semi-quantitatively evaluated for the rats received the CRD stimulation after six weeks of continuous rearing following the modeling procedure. Two normal rats and two modeling rats were also randomly selected for colon histological observations to determine whether the modeling was successful. Within 90 min after the treatment was complete, CRD stimulation and AWR scoring were performed on the rats. The balloon was slowly inserted through the anus into the colon, and CRD stimuli of four different strengths (20, 40, 60 and 80 mmHg) were applied, with each CRD stimulation lasting for 20 s, with an interval of 5 min before the next stimulation. Stimulation at each strength was repeated three times. The AWR scores were obtained by two different technicians. The average (integer) of the AWR score based on the observation of each CRD stimulation served as the AWR score for the CRD stimulation at that strength.

The standard for AWR scoring was based on the AWR scoring system of AL-chaer et al[17]: 0: No behavioral response to the CRD; 1: The rat occasionally turned its head at the beginning of the stimulus and remained motionless during the CRD; 2: Slight contraction was observed in the abdominal muscles, with no abdominal lift; 3: Strong contraction was observed in the abdominal muscles, with abdominal lift, but no pelvic or scrotum lift;4: The body was arched, with pelvis and scrotum lift.
Grouping and treatment

Based on a confirmed successful model, in the seventh week after the modeling procedure, the rats were randomly divided into MG, EA and S-EA to conduct the therapeutic intervention, while the normal rats served as the normal control group. The rats in NG and MG did not receive treatment, and the same fixation procedure was performed as in the treatment groups. For EA, electroacupuncture was performed at the bilateral Shangjuxu of the rats, with a 0.25 mm needle with a length of 13 mm being introduced to a depth of 5 mm. The acupuncture procedure was manipulated with a connected Han's Acupoint Nerve Stimulator to provide a sparse-dense wave at a frequency of 2/100 Hz for 20 min once per day for 7 d. For S-EA, electroacupuncture was performed at the bilateral Shangjuxu of the rats, with a 0.25 mm needle with a length of 13 mm introduced to a depth of 5 mm. The acupuncture procedure was not manipulated in this case, where a Han's Acupoint Nerve Stimulator without any power was connected. The course of this procedure also lasted for 20 min, once daily for 7 d.

Preparation for ELISA before the experiment

After adding 100 μL of a standard and 100μL of a sample that had been appropriately diluted to the corresponding well of the plate (R and D systems, United States), the plate was incubated for 20 minutes and then washed, and 100 μL of biotin anti-rat CRH was then added to each well. After washing, 100 μL of TMB coloration solution was added.the OD value at 450 nm was read within 15 minutes (Thermo Multiskan -MK3, Finland). CRH (ng/mL) = the concentration determined from the standard curve × the dilution factor of the sample.

Fluorescence quantitative PCR

TRIzol (Life Technologies, Carlsbad, CA, United States) was used to acquire total RNA from the tissues according to the manufacturer’s protocol. Total RNA was extracted from tissue homogenates. The sample concentrations, purities and integrities were also determined. A total RNA equivalent was used to reverse-transcribe cDNA via real-time PCR using the SYBRGreen PCR kit (Shanghai Ruijie Biological Engineering Company, Shanghai, China). ABI Prism 7500 SDS software was used to analyze the mRNA expression level of the target gene. The relative mRNA expression of a target gene = 2-ΔΔCT × 100%; ΔCT = the CT value of the target gene – the CT value of the internal reference (GAPDH). The sequences of primers were as follows:β-actin 5'- CCGAGGGCCCACTAAAGG -3’(sense)，5'- GCTGTTGAGTCACAGGAGCAA–3’(antisense)；CRH  5'- TGGCCTGCAGTGCAATGC -3’(sense)，5'- CCTGGCACTCAGAATAATTCACAC–3’(antisense).
Detection of CRH expression in the colon via immunohistochemistry (EnVision method)

Tissue sections were deparaffinized and rehydrated in water, then heated for antigen retrieval. After endogenous peroxidase was inhibited with 0.3% H2O2, a primary antibody against CRH(Abcam(Hong Kong) Ltd) was added dropwise to an appropriate dilution, followed by incubation at 37 ℃ for 2 h. The working solution of the DAB agent [Gene Tech (Shanghai) Co., Ltd., Shanghai, China] for EnVision color development was added dropwise, and the developing time was controlled under a light microscope. The slides were dehydrated, cleared, and mounted for observation. 
Statistical analysis

The statistical analysis of all experimental data was performed using SPSS 18.0 statistical software (SPSS, United States).The quantitative data showing a normal distribution in the normality test are presented as the mean ± standard deviation (mean ± SD). The differences between groups were compared using one-way analysis of variance (ANOVA). The least significant difference (LSD) method was applied for comparisons between groups in the case of homogeneity of variance, while Dunnett's T3 was applied for comparisons between groups in the case of heterogeneity of variance. A difference showing a P < 0.05 was considered statistically significant. The data were not normally distributed are presented as M (Q25-Q75), and ANOVA was performed after rank transformation. The statistical methods of this study were reviewed by Xiao-Yi Fang from Shantou University Medical College. 

RESULTS

AWR scores of the rats in each group after treatment

To evaluate changes in visceral sensitivity caused by CRD in rats , as well as therapeutic effect of electroacupuncture for this visceral hypersensitivity, we measured AWRs to CRD after electroacupuncture treatment.,In this study, internationally accepted AWR scoring was used to determine the change in the sensitivity to visceral pain.As shown in Figure 1, the sensitivities of the rats to CRD stimulation at strengths of 20 mmHg, 40 mmHg, 60 mmHg, and 80 mmHg were different. With an increasing stimulus strength, the AWR scores of each group also increased.As shown in Figure 1A-1D, Compared with NG, the AWR score of MG was increased significantly (P < 0.01). For the rats in S-EA and EA, compared with MG, the AWR scores of the rats were decreased, with a P > 0.05 being obtained when S-EA was compared with MG, indicating no significant difference between them. In contrast, P < 0.01 was obtained when EA was compared with MG and when S-EA and EA were compared, indicating statistically significant differences.The results suggested that electroacupuncture at Shangjuxu could effectively increase the pain threshold of rats with chronic visceral hypersensitivity.
Positive expression of CRH in the colons of the rats 

Through the above experiment,Electroacupuncture effectively relieved IBS visceral pain in rats with visceral hypersensitivity. to observe whether this effect of electroacupuncture achieved by regulating the expression of CRH protein in colon, we performed further experiment by the means of immunohistochemistry.CRH was expressed in the mucosa epithelium, stroma, epithelial proximal glands, submucosa, and muscularis, as shown in Figure 2. CRD apparently up-regulated CRH expression in normal rat,which was similar to previous studies.Compared with NG, the average optical density of CRH expression in the colon of the rats in MG was significantly enhanced (P < 0.05). Compared with MG, the average optical density of CRH expression in EA and S-EA was significantly reduced (P < 0.01, P < 0.05), suggesting that electroacupuncture at Shangjuxu could reduce the average optical density of CRH expression in the colon of the IBS rats, as shown in Table 1.

CRH contents in the spinal cord and hypothalamus of the rats in each group

Although above experiment had found that  CRH proteins vlevels of peripheral colon were involved in pain modulation of electro-acupuncture on visceral pain, Whether levels of CRH in the Central Nervous System also played a role remained unknow. therefore, we measured the expression of CRH protein in the spinal cord and hypothalamus.Compared with NG, the content of CRH in the spinal cord of the rats in MG was significantly enhanced (P < 0.01). Compared with MG, the content of CRH in the spinal cord in EA was significantly reduced (P < 0.01), and S-EA showed no significant change (P > 0.05), suggesting that electroacupuncture at Shangjuxu could reduce the abnormally elevated expression of CRH in the spinal cord of the IBS rats, as shown in Figure 3A and Table 2. Similar findings were obtained in the hypothalamu,Compared with NG, the content of CRH in the hypothalamus of the rats in MG was significantly enhanced (P < 0.01). Compared with MG, the content of CRH in the hypothalamus of the rats in EA was significantly reduced (P < 0.01), and S-EA showed no significant change (P > 0.05), suggesting that electroacupuncture at Shangjuxu could down-regulate the abnormally elevated expression of CRH in the hypothalamus of the IBS rats, as shown in Figure 3B and Table 2.There are changes in the expression of CRH from peripheral colon to the central, which may be an important pathway of electroacupuncture analgesia, But sufficient evidence still was lack to prove this specificity.

mRNA expression of CRH in the colon, spinal cord, and hypothalamus: fluorescence quantitative PCR

In the peripheral colon and central spinal cord and hypothalamus,CRH are involved in the modulation of visceral pain in rats with IBS, Meanwhile, electroacupuncture has played a significant analgesic effect which depends on CRH protein expression.Whether CRH mRNA changes in this session has not been observed, which is particularly important, the expression of CRH mRNA  in colon,spinal cord and hypothalamuseach will be measured. Compared with NG, the relative mRNA expression of CRH in the colon of the rats in MG was significantly enhanced (P < 0.01), while the expression in EA and S-EA decreased to varying degrees, showing a P > 0.05 compared with NG. Compared with MG, the expression in EA was significantly reduced (P < 0.01), with a statistically significant difference being obtained, while no statistically significant difference could be detected between S-EA and MG. These results suggest that electroacupuncture at Shangjuxu could down-regulate the abnormally elevated expression of CRH mRNA in the colon of the IBS rats. The relative expression of CRH mRNA in the spinal cord of the rats in each group showed an overall non-normal distribution. Compared with NG, the relative expression of CRH mRNA in the spinal cord of the rats in MG was significantly enhanced (P < 0.01), whereas it was significantly reduced in EA, showing a P < 0.01 compared with MG, and no significant difference was observed compared with NG (P > 0.05). These results suggest that electroacupuncture at Shangjuxu was able to down-regulate the abnormally elevated expression of CRH mRNA in the spinal cord of the IBS rats. The relative expression of CRH mRNA in the hypothalamus of the rats in each group showed an overall non-normal distribution. Compared with NG, the relative expression of CRH mRNA in the hypothalamus of the rats in MG was significantly enhanced (P < 0.01), whereas it was significantly reduced in EA, showing a P < 0.01 compared with MG. Additionally, a certain degree of reduction was observed in S-EA, showing a P < 0.05 compared with MG, though the difference was still significant compared with NG (P < 0.01). These results suggest that electroacupuncture at Shangjuxu could significantly down-regulate the abnormally elevated expression of CRH mRNA in the hypothalamus of the IBS rats. The detailed data are shown in Table 3.
DISCUSSION

IBS is a common digestive diseases with clinical manifestations of abdominal pain and bloating, as well as altered bowel habits and stool abnormalities. In recent years, abnormal visceral hypersensitivity has come to be considered an important pathophysiological characteristic of IBS. The manifestations of a decreased pain threshold and increased sensitivity of the rectum in IBS patients have been confirmed by large amounts of clinical and experimental data. However, the neurobiological mechanism of visceral hypersensitivity in IBS has not yet been fully elucidated. In recent years, the pathophysiological characteristics of visceral hypersensitivity in patients with IBS have been attracting increasing attention. A clinical study revealed that the capacity to cause bowel sensation in patients with IBS and their pain threshold are significantly lower than those of normal people, indicating visceral hypersensitivity[18]. IBS patients show a significantly reduced tolerance of balloon dilatation in the colon and rectum, displaying increased pain intensity[19]. Some scholars believe that this sensitivity may be related to enhanced sensation in the peripheral or central nervous system, and it may also be related to abnormalities in the processing and integration of the incoming signal in the brain[20]. The interactions between the brain and gut are achieved through the brain-gut axis. A variety of stressors affecting the central nervous system and gut stimulate the brain-gut axis, which will subsequently regulate the response caused by the stressors through the individual or combined effects of multiple mechanisms involving neural pathways, immunology and endocrinology[21-23], ultimately resulting in visceral sensory abnormalities[24]. In recent years, studies have found that the Shangjuxu acupoint can regulate the motility, absorption and secretion functions of the large and small intestines, exhibiting a two-way adjusting effect on gastrointestinal function. This acupoint can also be targeted to treat diarrhea or constipation and other intestinal bowel dysfunction syndromes with a satisfactory efficacy[25-27]. Our research team has confirmed the efficacy of acupoints such as Shangjuxu in the treatment of IBS in previous clinical studies, and it can also regulate the immune function of patients[28-29]. Therefore, studying the application of the theory of electroacupuncture at Shangjuxu (lower confluent point of large intestine meridian) in the treatment of IBS and its neurobiological connotations is of significance. 
Abnormalities in the visceral sensory pathway may lead to visceral hypersensitivity, including excessive sensitization at the level of spinal cord, an abnormal response in the cortex, and a deficiency of the pain suppression system. In addition, stress/anxiety may be involved in the development of visceral hypersensitivity, and hypothalamic corticotropin-releasing hormone (CRH) is a key factor in this interaction, though the limbic system and the locus coeruleus-norepinephrine system also play an extremely important role. The distribution of CRH-R1 is consistent with the distribution of CRH, while CRH-R2 is located in the heart, skeletal muscle, gastrointestinal tract, and epithelial cells in cerebral blood vessels and the choroid plexus[30]. The distribution of CRH and its receptors in the gastrointestinal tract suggests that they may be closely associated with IBS. Experimental results showed that the levels of corticosteroids and the inflammatory cytokines IL-6 (in conjunction with its soluble receptor) and IL-8 are elevated in all patients with IBS (exhibiting diarrhea and constipation, alternating between the two conditions). Following CRH stimulation, an increase in the release of corticosteroids in IBS patients can be observed[31], suggesting that elevated release of CRH may increase the incidence of IBS. While under stress, the specific movements of the intestinal efferent autonomic nervous system of both IBS patients and healthy control subjects were found to be altered, but only IBS patients showed an increased visceral sensation[32]. A recent clinical study demonstrated that intravenous injection of a CRH receptor antagonist, α-helical CRH, could significantly reduce diarrhea-predominant visceral hypersensitivity in IBS patients[33]. Additionally, outer peripheral injection of CRH can improve sensitivity to balloon dilatation in the colon and reduce the pain threshold of patients, similar to the visceral hypersensitivity observed in IBS[34], and the release of CRH in the central nervous system caused by anxiety and stress may also enhance intestinal sensitivity to pain[35]. Animal studies have shown that visceral hypersensitivity induces significant expression of CRH in the hypothalamus of IBS rats[36,37]. CRH was weakly expressed in the brain and spinal cord of the rats in the control group and highly expressed in the rat model of visceral hypersensitivity. Furthermore, in sections of brain, positive CRH expression was widely detected in the hypothalamus, and the lower part of the third ventricle also showed a high level of expression. In sections of the spinal cord, positive neurons also exhibited significant expression, but the distribution of CRH-positive neurons was sparser than in sections of brain, and the area of positive expression was decreased compared with brain sections. When under stress, CRH regulates behavior and autonomic responses through binding to different parts of the CRH-R1 and CRH-R2 receptors. Some studies have shown that the CRH-R1 signaling pathway is associated with stress-related changes in the function of the colon and visceral hypersensitivity[38]. CRH stimulates colonic motility and causes visceral hyperalgesia, mainly through interacting with CRH-R1[33,39]. Recently, it was reported that the application of non-selective CRH receptor antagonists may improve the changes in colonic motility and the pain response evoked by rectal electrical stimulation in IBS patients[40].

A large number of clinical and fundamental studies have demonstrated that acupuncture plays a specific conditioning and balancing role in the physiological functions and metabolic activity of each system and organ in the body via the corresponding acupoint. This conditioning and balancing role is the basis for the treatment of all diseases using acupuncture. Acupuncture can produce a variety of benign bidirectional regulatory effects on the body. This regulation is achieved through a series of biological changes produced after the acupuncture signal activates the neuroendocrine system, which is reflected in various systems, such as the respiratory, digestive and cardiovascular systems[15,16]. As the center of endocrine regulation and autonomic nerves, the hypothalamus represents the ultimate common pathway for the activities occurring in the hypothalamic-pituitary-adrenal (HPA) axis. Zhu et al[41] experimentally investigated the impact of electroacupuncture at Shangjuxu on CRH/CRH-R1 mRNA levels in the locus coeruleus (LC), showing that restraint stress could increase the contents of CRH in LC neurons and simultaneously up-regulate the expression of CRH-R1 mRNA in LC neurons, leading to an increase in the synthesis of CRH-R1, while electroacupuncture at Shangjuxu could both reduce the release of CRH in LC neurons and down-regulate the expression of CRH-R1 mRNA to interfere with the synthesis of CRH-R1, thereby inhibiting the binding of CRH to CRH1R and weakening the CRH-induced colon stress response. In this study, an internationally recognized animal model of IBS chronic visceral hypersensitivity was employed[17], and the results showed that the AWR score of the rats in MG was abnormally elevated, indicating the existence of visceral hypersensitivity in the IBS model rats, with a reduced pain threshold being observed. Electroacupuncture at Shangjuxu can effectively reduce the abnormally elevated pain threshold of the rats with chronic visceral hypersensitivity, playing a therapeutic role.

The results of this study showed that the average optical density of CRH expression in the colon and the CRH concentration in the spinal cord and hypothalamus of the rats with IBS were abnormally elevated (compared with NG, P < 0.01), and the average optical densities of CRH expression in EA and S-EA were significantly reduced (P < 0.01, P < 0.05). The CRH concentrations in the spinal cord and hypothalamus of the rats in EA were significantly reduced (P < 0.01), with no significant change being observed in S-EA (P > 0.05). These results suggest that electroacupuncture at Shangjuxu can lower the abnormally elevated expression and the content of CRH in the target organ (colon) and central nervous system (spinal cord and hypothalamus) of IBS rats. Compared with the normal rats, the relative expression levels of CRH mRNA in the colon, spinal cord, and hypothalamus of the rats in MG were significantly increased (P < 0.01), whereas these levels were significantly decreased after the electroacupuncture treatment, showing significant differences compared with MG (P < 0.01). In contrast, expression in S-EA did not change significantly (P > 0.05). These results suggest that electroacupuncture at Shangjuxu can down-regulate the abnormally elevated expression of CRH mRNA in the colon, spinal cord, and hypothalamus of IBS rats.
COMMENTS

Background

Irritable bowel syndrome (IBS) is a common gastrointestinal disease characterized by chronic and recurrent lower abdominal pain and discomfort as well as altered bowel habits. The drug therapies applied in modern medicine primarily focus on symptomatic treatment, and no effective drug is currently available to treat this condition. Acupuncture therapy has a long history, and there is rich clinical experience in using this method to treat syndromes similar to IBS. This study was performed to investigate the regulatory effect of electroacupuncture at Shangjuxu acupoint on visceral hypersensitivity in IBS rats and its impact on the expression of corticotropin-releasing hormone (CRH) and its receptors in the target organ and central nervous system. From this perspective, the functional mechanism of electroacupuncture at Shangjuxu in the treatment of visceral hypersensitivity in IBS was elucidated.
Research frontiers

Visceral hypersensitivity is considered an important pathophysiological characteristic of IBS, whose pathological mechanism is associated with a variety of neurotransmitters. Acupuncture plays a regulatory role in relation to a number of related neurotransmitters, among which hypothalamic CRH is a major transmitter of the stress response in the brain-gut axis, playing an important role in the occurrence of visceral hypersensitivity in IBS. With the deepening understanding of the mechanism of action of acupuncture treatment for IBS, it has been demonstrated that electroacupuncture can regulate the expression of hypothalamic CRH in IBS.
Innovations and breakthroughs

CRH is a major transmitter of the stress response in the brain-gut axis, playing an important role in the occurrence of visceral hypersensitivity in IBS. From this perspective, the functional mechanism of electroacupuncture at Shangjuxu in the treatment of visceral hypersensitivity in IBS was elucidated, followed by an in-depth analysis of the connotations of treatment of IBS via Shangjuxu acupoint in neurobiology.
Applications

The functional mechanism of electroacupuncture at Shangjuxu in the treatment of visceral hypersensitivity in IBS was elucidated, followed by an in-depth analysis of the connotations of treatment of IBS via Shangjuxu acupoint in neurobiology,which can provide a scientific basis for clinical acupuncture treatment of irritable bowel syndrome.
Peer-review

In this paper, authors aim to investigate the levels of Corticotropin-Releasing Hormone in colon and CNS at different levels when regulated by electroacupuncture for the treatment of rats with irritable bowel syndrome. CRH is a classical major mediator of stress response in the brain-gut axis.
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Table 1 Average optical density of the positive target expression of corticotropin-releasing hormone in the colon tissue of the rats in each group

	Group
	n
	Average optical density of the positive target expression of CRH

	NG
	8
	0.3792 (0.3328-0.4272)

	MG
	8
	0.5044 (0.4283-0.5498) a

	EA
	8
	0.3743 (0.3524-0.4032)d

	S-EA
	8
	0.3818 (0.3349-0.4256) c


 aP < 0.05 vs the normal group; cP < 0.05 vs the model group; dP < 0.01 vs the model group. CRH: Corticotropin-releasing hormone.
Table 2 Average optical density of the positive target expression of corticotropin-releasing hormone in the spinal cord and hypothalamus of the rats in each group

	Group
	n
	Positive expression of CRH in the spinal cord (ng/L)
	Positive expression of CRH in the hypothalamus (ng/L)

	NG
	8
	104.8787 (97.3855-107.4352)
	50.3548 (44.8451-62.7847)

	MG
	8
	115.4573 (113.2975-116.6474)a
	99.9861 (97.3855-102.3663)a

	EA
	8
	107.0385 (106.5536-108.0523)b
	63.8866 (54.0573-66.9280)b

	S-EA
	8
	110.1239 (107.0826-112.9889)a
	84.9556 (68.7351-100.6032)a,c


aP < 0.05 vs the normal group; bP < 0.01 vs the model group; cP < 0.05 vs the Electroacupuncture group. CRH: Corticotropin-releasing hormone.
Table 3 mRNA expression of corticotropin-releasing hormone in the colon, spinal cord, and hypothalamus of the rats in each group
	Group
	 n
	Colon
	Spinal cord
	Hypothalamus

	NG
	8
	0.4656 ± 0.2948
	0.4684 (0.3211-0.6661)
	0.4174 (0.3540-0.5941)

	MG
	8
	 1.1474 ± 0.2220a
	3.0358 (1.8806-3.5932)a
	5.1351 (4.4917-5.2711)a

	EA
	8
	0.6667 ± 0.1415d
	0.4748 (0.2972-1.0029)a
	0.2892 (0.2181-0.3513)a

	S-EA
	8
	0.9861 ± 0.5395
	2.0223 (1.4990-2.9099)a
	3.4474 (3.3225-3.6267)a,d,e 


aP < 0.05 vs the normal group; cP < 0.05, dP < 0.01 vs the model group; eP < 0.05 vs the Electroacupuncture group. 
Figure 1 Comparison of the abdominal withdrawal reflex scores of the rats in each group. Under CRD stimulation at the same strength; bP < 0.01 vs the normal group; dP < 0.01 vs the model group; fP < 0.01 vs the electroacupuncture group.
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Figure 2 Expression of corticotropin-releasing hormone in the colon tissue of the rats in each group (× 200).
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Figure 3 Corticotropin-releasing hormone contents in the spinal cord and hypothalamus of the rats in each group. aP < 0.05 vs the normal group; bP < 0.01 vs the model group; cP < 0.05 vs the Electroacupuncture group. 
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Figure 4 mRNA expression of corticotropin-releasing hormone in the colon, spinal cord, and hypothalamus of the rats in each group.
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