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Abstract 

AIM
To evaluate the role of P2Y1R in visceral hypersensitivity of irritable bowel syndrome.

METHODS 

The rat model of irritable bowel syndrome was led by intro-colonic administration of acetic acid (AA) and assessed by histology and Myeloperoxidase (MPO) activity assay. Then P2Y1R expression in the colonic tissue was detected by Western blotting. In order to explore the regulatory role of P2Y1R in visceral hypersensitivity, an agonist (MRS2365) and antagonist (MRS2179) of the P2Y1R were treated intro-colonic and effects were tested through a colorectal distension test (CRD), when the abdominal withdrawal reflex and abdominal electromyography were tested during the course. 

RESULTS

Model assessment tests showed an obvious inflammatory reaction that appeared on the 2nd day after the acetic acid injection, and the inflammatory reaction gradually recovered and showed almost no inflammation on the 7th day. The model finished at day 8 and showed a clear feature of IBS that there was no organic lesion. The average expression of P2Y1R was significantly higher in the AA group than in the naïve group (0.319 ± 0.02 vs 0.094 ± 0.016, p < 0.001). MRS2365 could effectively raise the colonic hypersensitivity status at intervention doses of 10 (AUC values from 0.30 ± 0.089 to 1.973 ± 0.127 mv·s, p < 0.01) and 100 μmol/L (AUC values from 0.290 ± 0.079 to 1.983 ± 0.195 mv·s, p < 0.01); MRS2179 could effectively reduce the hypersensitivity status at intervention dose of 100 μmol/L (from a mean baseline AUC values of 1.587 ± 0.099 mv·s to 0.140 ± 0.089 mv·s, p < 0.0001). Differences between the MRS2179 group (1.88 ± 1.45) and either MRS2365 group (3.96 ± 0.19) or the combined treatment of MRS2179 and MRS2365 group (3.28 ± 0.11) were significant (p < 0.01, respectively).

CONLUSION

P2Y1R played a regulatory role in visceral hypersensitivity in IBS-like rats. Specific antagonists of P2Y1R may have potential therapeutic value in treating abdominal pain in IBS.
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Core tip: P2Y1R is believed to be part of a high-sensitivity response to mechanical stimulation but whether it is involved in visceral hypersensitivity of irritable bowel syndrome is discussing. We detected its expression in the colon of a rat model of irritable bowel syndrome, and explored its regulatory role in visceral hypersensitivity by a specific agonist and an antagonist. The abdominal withdrawal reflex and electromyography test showed effective changes after intervention. It was interesting to note that combined treatment of the two drugs showed higher effects by the antagonist, which indicated that other P2 receptor might joined in the hypersensitivity of irritable bowel syndrome.
Wu J, Cheng Y, Zhang R, Liu D, Luo YM, Chen KL, Ren S, Zhang J. P2Y1R involved in visceral hypersensitivity in irritable bowel system like rat model. World J Gastroenterol 2017; In press
Introduction

Irritable bowel syndrome (IBS) is characterized by hypersensitivity and pain before defecation in the relative absence of colon inflammation or structural changes[1]. tudies have reported that visceral hypersensitivity could be mediated by purinergic signaling pathways, which participates in pain transmission[2-4] and would possibly induce the pain and discomfort experienced by patients with IBS[5,6]. 
 cleotides contribute to the sensation of pain in somatic and visceral organs[5-7]. Cells release adenosine triphosphate (ATP) and other nucleotides in response to a variety of stimuli via the mediation of a class of receptors termed P2[6]. P2 includes the ionotropic (P2XRs) and metabotropic (P2YRs) subtypes. P2XRs have been identified to contribute to pain transmission and be involved in many organic and functional gastroenterology disorders including IBS[7,8]. The mammalian P2Y1R cloned thus far are widely expressed in animal tissues[6]. Accumulating evidence has shown that P2Y1R can mediate nociceptive signaling[9] and studies[10-12] have suggested that P2Y1R may provide high-sensitivity system to mechanical stimulation in functional gastrointestinal disorders. However, whether P2Y1R participates in the generation and regulation of visceral hypersensitivity in IBS remains unknown. 
In this study, we produced a post-infectious IBS-like rat model by intra-colonic injection of acetic acid, and measured the changes of P2Y1R expression in the colon of this model. Moreover, to further explore the role of P2Y1R in the development of visceral hypersensitivity, a specific agonist (MRS2365) and antagonist (MRS2179) of P2Y1R were used to regulate the functional status of P2Y1R, and the abdominal responses were detected after this regulation.

Materials and methods
Animal preparation
Adult male Sprague-Dawley rats weighing 180-250 g were used. Breeding, maintenance and euthanization of the animals followed the ethical guidelines for the investigations of experimental pain in conscious animals[13], and the study was approved by Ethical Committee of Xi’an Jiaotong University. All animals were obtained from the standard animal laboratory at the Medical College of Xi’an Jiaotong University and were maintained at a consistent temperature of 20 ± 2℃ under a 12 h light/dark cycle with free access to food and water. 

Model preparation

A post-infectious IBS-like model (the AA group) was produced in this study. After an overnight fast, the rats were anesthetized with 10% chloral hydrate by intraperitoneal injection in a volume of 1 ml/kg. On day 1, colitis was induced by intracolonic injection of 1 ml 4% acetic acid at 8 cm proximal to the anus for 60 s. Then the rats recovered for 7 days from the colitis and the modeling finished on day 8. The PBS group was processed in the same manner except that 1 ml saline was injected instead of 4% acetic acid. The naive control group comprised rats that were untreated.
Model assessment 

The myeloperoxidase (MPO) activity assay was performed and histological sections of the distal colon were stained to determine the inflammatory condition and ensure the recovery from colitis at the 7th day. Then, abdominal responses and the stool features of the model were detected to assess the hypersensitivity and abdominal features. 

Colorectal distension procedure and detection of visceral hypersensitivity: The colorectal distension (CRD) was conducted to assess the visceral perception thresholds in the gut[10,14] and was reported to be the best method to elicit visceral hypersensitivity[15]. Conscious rats of AA, PBS and naive groups (n = 8) were studied on the 8th day of modeling. They were fixed in Bollman cages (steel tubes, length 18 cm, diameter 6 cm) where they could not move freely, turn around or escape. After 2 d adaptation, a disposable silicon balloon-urethral catheter (8F, B. Braun Med Ind. Malaysia) lubricated with liquid paraffin oil was inserted intrarectally 8 cm from the anus and was then fixed to the tail with adhesive tape. The balloon was distended with pre-warmed (37 °C) water. Ascending-limit phasic distension (0.2, 0.4, 0.6, 0.8, 1.0 and 1.2 ml) was applied for 30 s. Each volume was repeated 3 times at intervals of 5 minutes to obtain an accurate estimate. 
During the CRD, abdominal hypersensitivity was measured by the abdominal withdrawal reflex (AWR) and electromyography (EMG). AWR is a semi-quantitative scored test for IBS models to assess hypersensitivity[16]. The score was assigned as follows: 0 = no behavioral response to distension, 1 = brief head movements followed by immobility, 2 = contraction of abdominal muscle without lifting of abdomen, 3 = lifting of abdomen, and 4 = body arching and lifting of pelvic structure. 

EMG was also used to quantitatively measure visceral motor responses of conscious rats[17] during the CRD. The rats were first briefly anesthetized with diethyl ether inhalation, then fixed in the Bollman cages. A prepared bipolar silver electrode (diameter = 0.8 mm; SBT Co., Ltd., China) was used to link the rats to the biology function laboratory system. One end of the electrodes was sunk into the external oblique muscle 0.5 cm above the inguinal ligament. The other end was connected to a BL-420F biology function laboratory system (Chengdu Taimeng Technology Co., Ltd., China) such that activation of the muscle could be recorded and analyzed on a computer.

Total stool weight: Stools were collected every day after the rats were placed into the Bollman cage. Total stool weight (weight of fresh defecation) and dry weight (weight of feces air-dried for 24 h) were measured. Water content of the stool was calculated by the equation: Water content = (dry weight/net weight) x 100%.
MPO activity assay: The MPO activity assay was performed to quantify the inflammation in the distal colon according to the model preparation procedure described previously[17]. Six rats from each group (the AA group, PBS group and naïve control group) were randomly chosen to harvest distal colonic tissues on the 2nd and 7th day (3 rats per day for each group) after the injection of 4% acetic acid to produce the model. These two time points were selected according to a previous study[1] to represent the inflammatory phase and the subsiding phase, respectively. Briefly, an 8-cm segment of distal colon was collected via laparotomy, minced in 1 ml of 50 mmol/L potassium phosphate buffer (pH 6.0) containing 14 mM hexadecyltrimethylammonium bromide, homogenized and sonicated. The lysates were frozen and thawed three times and then centrifuged for 2 min at 4 °C at 15000 rpm. Aliquots of the supernatants were mixed with potassium phosphate buffer containing o-dianisidine-HCL (Sigma-Aldrich, St. Louis, MO, United States) and 0.0005% H2O2. The change in absorbance at 460 nm was spectrophotometrically determined. The MPO activity was expressed as units/g of wet tissue. An enzyme unit was defined as the conversion rate of 1 μmol of H2O2 per min at 25 °C.
Histological examination of inflammation: To examine the extent of colonic inflammation, histological tissues were collected at the selected time points (the 2nd and 7th day as mentioned above). The tissues were fixed in formalin for 12 h, and pathological sections were sliced at a thickness of 5 μm and processed for hematoxylin-eosin staining. The slides were observed under an optical microscope, and inflammatory cells were observed by a pathologist blinded to the treatments and time points.
P2Y1R expression in the AA model

Protein expression of the P2Y1R in distal colon of AA, PBS and naive rats (n = 8) were examined by Western blotting. Distal colonic tissue was collected under anesthesia with intraperitoneal injection of 10% chloral hydrate. The tissues were either used immediately or stored at -80 °C for later use. P2Y1R antibody was purchased from Santa Cruz Biotechnology (catalog sc-377324).

Brieﬂy, frozen sections of colonic tissue were trimmed and homogenized in RIPA buffer containing 50 mmol/L Tris-HCl (pH 7.4), 150 mmol/L NaCl, 1% NA-40, 0.25% sodium-deoxycholate, 1 mmol/L EDTA, 1 mmol/L PMSF, 1 mg/ml aprotinin, 1 mg/ml leupeptin, 1 mg/ml pepstatin, 1 mmol/L Na3VO4, and 1 mmol/L NaF. A total of 20 μg of protein from the intestinal homogenate was mixed with gel-loading buffer, boiled for 5 min, and loaded onto a 12% polyacrylamide gel. Electrophoresis was then conducted, and the protein was transferred to a nitrocellulose membrane. Then, the membrane was pre-incubated in 1 × Tris-buffered saline containing 5% skim milk at room temperature for 2 h. Subsequently, the membrane was incubated at 4 °C overnight with rabbit primary antibodies against either P2Y1R (1:500) or β-actin (1:1000, control) in 1 × Tris-buffered saline containing 5% skim milk. After washing, the membranes were incubated with anti-rabbit IgG (1:3000) at room temperature for 2 h. Bands were visualized with a SuperSignal Substrate Chemiluminescence Kit (Pierce 34077).

Changes of visceral hypersensitivity upon intervention with P2Y1R agonist or antagonist 

Drug preparation: The P2Y1R agonist MRS2365 (2157/1, R&D Systems China Co., Ltd., China) and the antagonist MRS2179 (ab120414, ABCAM Corporation) were dissolved in phosphate-buffered saline at concentrations of 0.1 to 100 μmol/L respectively, which had been proven effective in other studies[18,19]. The drugs were administered by intra-colonic instillation using a 0.2 cm diameter tube that was inserted into the colon 8 cm from the anus and held still for 10 minutes per day. All the rats were short narcotized by inhalation with ether before instillation of drugs and CRD were carried out when they recovered consciousness.
Drug concentration selection: Five groups of AA rats, 3 groups of PBS rats and 3 groups of naive rats (n = 8 for each) were set for MRS2365 or MRS2179 each. AA rats were random divided into: an untreated control group and 4 treated groups (0.1, 1, 10 and 100 μmol/L). PBS and naive groups were divided into an untreated control group and 2 treated groups (10 and 100 μmol/L). The drugs were administered for 7 d at 10 ml/kg body weight every day. CRD was carried out and EMG was observed at 2, 12, 24, 48, 72 and 168 h from the initiation of treatment to select the most effective concentrations. Our preliminary experimental results showed that distension volumes could cause abdominal responses beginning at 0.8 ml and get the highest response at 1.2 ml. So we chose 1.2 ml to examine the down-regulatory role of MRS2179 in CRD course, and 0.8 ml for the up-regulatory role of MRS2365. 
Drug intervention: AA rats were treated with either MRS2365 and/or MRS2179 at their selected concentrations. AA Rats were divided into four groups (n = 8): no treatment (PBS), MRS2179, MRS2365 (positive control) and combined treatment (first MRS2365, then MRS2179, positive control). The regimen lasted for 7 d, and drugs were administered at a volume of 10 ml/kg body weight every day. CRD was carried out under the distension volume of 1.2 ml. The AWR and EMG were observed at 2, 12, 24, 48, 72 and 168 h from the initiation of treatment . 
Statistical analysis

All examinations were performed in duplicate. Statistical analysis was performed using SPSS 17.0 software. Quantitative data were collected as the mean ± SE. The one-way ANOVA approach was used to compare two groups. Two-way ANOVA was used for multiple group comparisons. A value of p < 0.05 was regarded as statistically significant. 

Results

IBS model assessment
Because IBS characteristically appears with no inflammation or other organic problems in the colon, and a post-inflammatory model has been proven to demonstrate the major features of IBS after acute inflammation in the colon subsides[17], we chose to use this procedure to create a post-inflammatory animal model. The AWR score was significantly increased from distension volumes of 0.8 (3.0 ± 0.54) in the AA model compared with the two control groups and overlapped at 1.2 ml (4.0 ± 0.02) on a highest score of 4 which is the highest score that AWR defined (Two way ANOVA, p < 0.001, Figure 1a). The areas under the EMG curves (AUC) were significantly increased from volume of 0.8 (0.31 ± 0.11) to 1.2 ml (1.55 ± 0.15) in the AA rats compared with the control groups (p < 0.001, Figure 1b). The responses in PBS rats were also increased compared with naïve rats although there was no significant change (p = 0.224).

The water content of stools (Figure 1c) from naïve rats, PBS rats and AA rats were weighed and calculated to determine the stool features. Compared with naïve rats, there was an increase in the stool water content in the AA rats (55.1% ± 4.8% vs 25.6% ± 4.6%, one way ANOVA, p < 0.01, n = 8) noted, indicating much loser stools from the AA rats. No such effect was observed in the naïve rats and PBS rats (25.9% ± 5.4%).

The results of MPO activity assay(Figure 1d) of colonic tissue in the AA group showed that the enzyme activity was dramatically increased (1.153 ± 0.09 vs 0.190 ± 0.01 compared with naïve rats) on the 2nd day of modeling (one-way ANOVA, p < 0.001, n = 3); however, no significant difference was found between the PBS and naive group on the 2nd day of modeling and among the three groups on 7th day of modeling (one-way ANOVA, p = 0.861, n = 3). These two examinations indicated that an obvious inflammatory reaction appeared on the 2nd day after the acetic acid injection, and the inflammatory reaction gradually recovered and showed almost no inflammation on the 7th day. The model finished at day 8 and showed a clear feature of IBS that there was no organic lesion.

Histological examination (Figure 1e and f) showed that many inflammatory cells such as neutrophils and lymphocytes were found in the lamina propria of distal colonic tissues on the 2nd day of modeling. In contrast, No remarkable inflammatory features were observed in the two control groups on the 2nd day of modeling and in all the three groups (AA, PBS and naive rats) on the 7th day of modeling. 

High expression of P2Y1R 
Compared with naive rats (0.094 ± 0.016) and PBS rats (0.105 ± 0.013), the protein levels of P2Y1R in the distal colon of AA rats (0.319 ± 0.02) were significantly higher (One-way ANOVA, p < 0.001, Figure 2). The expression in PBS rats was higher than naive rats although there was not significant change (p = 0.398).

MRS2179 concentration selection

The AUC was detected by two-way ANOVA designing represented the dose of the drug used ranging from 0 to 100 μmol/L as the first factor and the time as the second factor. MRS2179 produced a dose-dependent analgesic effect in the CRD test on AA rats (p < 0.0001, Figure 3a). Significantly decreases were observed at concentrations of 0.1 to 100 μmol/L at 2 to 168 h time points. Maximal effects of MRS2179 were observed at 100 μmol/L at 72 h after administration (from a mean baseline AUC values of 1.587 ± 0.099 mv·s to 0.140 ± 0.089 mv·s). 

While on naive and PBS rats, MRS2179 on doses of 10 and 100 μmol/L was found to be effective after 48 h and 24 h (p < 0.05, respectively, Figure 3b and C). One-way ANOVA showed significant effects between AA rats and naive/PBS rats on doses of 10 and 100 μmol/L (p < 0.0001, respectively, Figure 3d and E), and effects between naive and PBS rats were not significant on the two doses (p = 0.872, p = 0.959, respectively, Figure 3d and E).
MRS2365 concentration selection
Two-way ANOVA indicated that MRS2365 produced a dose-dependent algesic effect in the CRD test on AA rats (p < 0.0001, Figure 4a). MRS2365 significantly increase AUC at concentrations of 0.1 to 100 μmol/L at 2 to 168 h time points. MRS2365 at 10 and 100 μmol/L showed the most effective increases. Maximal effects of MRS2365 were observed at 10 (AUC values from 0.30 ± 0.089 to 1.973 ± 0.127 mv·s, p < 0.01) and 100 μmol/L at 72 h (AUC values from 0.290 ± 0.079 to 1.983 ± 0.195 mv·s, p < 0.01). 

On naive and PBS rats, MRS2365 on doses of 10 and 100 μmol/L was found to be effective at 2 to 168 h time points (p < 0.05, respectively, Figure 4b and C). Significant effects were found between AA and naive/PBS rats on doses of 10 and 100 μmol/L (One-way ANOVA, p < 0.0001, respectively, Figure 4d and E), while effects between naive and PBS rats were not significant on the two doses (p = 0.792, p = 0.826, respectively).
MRS2179/MRS2365 intervention

The most effective concentrations above (MRS2179 at 100 μmol/L and MRS2365 at 10 μmol/L) were applied in the drug intervention experiments for the 4 groups. AWR scores (Figure 5a) showed that MRS2179 could significant decrease the abdominal responses (Two-way ANOVA, p < 0.0001). Differences between the MRS2179 group (1.88 ± 1.45) and either the untreated AA rats (3.88 ± 0.33), MRS2365 group (3.96 ± 0.19) or the combined treatment group (3.28 ± 0.11) were significant (p < 0.01, respectively). No difference was detected among untreated AA rats, MRS2365 treated rats and combined treated rats (p = 0.224 ,respectively).

Significant differences of AUC were also detected (Figure 5b). Compared with the untreated group, a significant decrease was detected in the MRS2179 group (Two-way ANOVA, p < 0.001), which started at a baseline value of 1.52 ± 0.22 mv·s at time 0 h, peaked to 0.21 ± 0.15 mv·s at 72 h and continued to persist to 168 h. A significant increase was detected in the MRS2365 group (p<0.001) which started at time 0 h (1.60 ± 0.20 mv·s), peaked at 72 h (2.98 ± 0.16 mv·s) and persisted to 168 h. 
Compared with MRS2179 group, the difference for MRS2365 groups and combined treated rats was significant (p < 0.001, respectively). Compared with combined treated rats, significant differences were detected for untreated AA rats (p<0.05) and MRS2365 group (p < 0.01).

Discussion

Colonic hypersensitivity in patients with IBS has been repeatedly confirmed[15,20,21], and lower colonic pain thresholds exist in most IBS patients[22]. This study investigated the possible role of P2Y1R in visceral hypersensitivity in a IBS-like model. Our results provided evidence that P2Y1R involved in generation of visceral hypersensitivity in IBS. 
This study was conducted in a post-inflammatory IBS like model that has been proven to demonstrate the major features of IBS after subsidence of the acute inflammation in the colon and thus can be used to measure abdominal behaviors in conscious rats[17]. The MPO activity assay and histological examinations in this study proved that inflammation appeared on the 2nd day of model induction but was totally absent on the 7th day. However, the examination of abdominal behaviors and visceral hypersensitivity showed stronger abdominal withdrawal reflex and abdominal electromyography responses during the colorectal distention procedure. The AA rats also had a higher stool water content. However, although the differences between naive rats and PBS rats were not significant, there were also tiny increase of EMG and AWR scores appeared in PBS rats, which was not supposed to be in our forecast. These may be caused by epithelial injury resulted by intubation because not any intubation was done here for naive rats, but PBS rats need to be treated by PBS in the anal of the colon.The differences were almost disappear when they were both treated with drugs by intubation in the following part of experiment. Overall, these results showed reserved hypersensitivity and abnormal fecal habits in this post-inflammatory IBS model, and these observations were similar with the reported visceral hypersensitivity in IBS patients. 
P2YRs have been claimed to be expressed on intrinsic sensory nerves in the gut[23,24], where sensory neurons can evoke enteric reflex activities and mediate visceral pain via the spinal cord and brainstem[25]. Up to now it is still remains unclear whether P2Y1R involves in generation and/or modulation of the lower pain thresholds of IBS. In this study, the higher expression of P2Y1R in the colon of AA rats emphasized their relationship with an elevated abdominal response towards mechanical stimuli. This occurrence may be related with excitation of sensory neurons located in submucosal and myenteric ganglia. Related studies[26,27] have suggested a possible mechanism that ATP might indirectly act on TRPV1Rs (which has received much attention in IBS) mediated by the P2Y1R in pain models of chronic ischemia. To further determine the role of P2Y1R, we studied changes of abdominal responses by its functional regulating.

Both agonists and antagonists of the P2Y1R have been shown to reduce pain and hypersensitivity. Ando et al[18] demonstrated that MRS2365 had analgesic efficacy on thermal pain threshold of neuropathic, acute pain and inflammatory pain. Chen et al[19] showed that MRS2179 could reverse tactile allodynia and spontaneous pain in a rat model of cancer-induced bone pain. They have indicated an bi-directional regulation of P2Y1R in pain. However, in our study, MRS2365 could effectively increase the colonic hypersensitivity status of AA rats, whereas MRS2179 led to a decrease in response to CRD test evoked visceral pain. The results showed an active role of P2Y1R in generation/modulation of visceral hypersensitivity in the AA rats. This is in accordance with some other reports which indicated that P2Y1R involving in the generation/modulation of nociceptive signals such as hypersensitivity in the gut[28-30]. It is not clear what exact role of P2Y1R in other pain events, but it will leads to high sensitivity in this IBS-like rats. Moreover，specific antagonists of P2Y1R may have potential therapeutic value in treating abdominal pain in IBS.
Combined treatment of MRS2365 and MRS2179 showed a down-regulated effect in AA rats. MRS2179 could not only effective rivalry the elevated abdominal responses led by MRS2365, but also cause some more decrease. As a result, MRS2365 is a specific agonist of P2Y1R, whereas MRS2179 is not just a competitive antagonist of P2Y1R, but also selective over other receptors, like P2X3R and P2Y2R[31,32]. Although we did not detect the expression of P2X3R and P2Y2R, our data suggested that besides P2Y1R, the receptors (which could be inhibited by MRS2179) might also play active roles in visceral hypersensitivity in the AA rats. 
Studies on pain events have suggested interesting relationship between P2Y1R and P2X3R. P2Y1R was co-expressed with P2X3R and TRPV1Rs[31,33] in small diameter neurons, and was indicated to be an “ATP counterbalance” following mutual activation of P2Y1R and P2X3R. In colon, an enhanced expression of P2X3R in colon-specific sensory neurons has been found and chronic functional visceral hyperalgesia was associated with potentiation of ATP evoked responses[34]. However, P2Y1R in this study showed an active role in causing visceral hypersensitivity, but not “counterbalance”. It might be in line with an explanation[10-12] that P2Y1R may provide a high-sensitive system to respond to minor touch-induced fluctuations in extracellular ATP mediated by P2X3R subjected to mechanical stimuli. It may fit with a recent study[35], suggesting that activation of P2Y1R could exerted inhibitory control on P2X3R expression and increased P2X3R-mediated nociceptive flinch behaviors by promoting activity of P2Y1R downstream p38. More research needs to clarify the mechanism of P2Y1R and P2X3R in pain of IBS.

P2Y2R is another subtype which has been demonstrated to dedicate to nociceptive events. Studies[30,36] have shown that P2Y1R and P2Y2R transcripts were detected in 80% and 49%-56% of retrogradely labeled colonic neurons respectively, and agonist of P2Y1R and P2Y2R can evoke comparable sensitization of sensory neurons. However, one study on IBS-D patients[37] suggested that P2Y2R was more likely related to IBS pain. And another study on rat lumbar dorsal root ganglion neurons[38] showed that TRPV1R was co-expressed with P2Y2R. It is controversial whether P2Y1R or P2Y2R is more important for IBS pain. Our data suggested that both receptors may involve in pain of the AA rats, but more research needs to be done.

Comorbidities or extra-intestinal symptoms are frequently in a sub-type of IBS patients. Some pain and hypersensitivity events in IBS patients, like chronic pelvic pain[39], primary headache[40] and higher reactivity to food antigens[41], might also related to purinergic signaling. More research needs to be done to figure out whether there are connections between P2 receptors and theses events, and it might help to understand the mechanism of P2Y1R involved in visceral pain in IBS.

Previous studies[29,42] indicated that P2Y1R may responsible not only for PI-IBS, but also inflammation, like IBD. This study was conducted in a post-infectious IBS-like model and it was a question whether the higher expression of P2Y1R in AA rats was caused by inflammation? The model has been proven to demonstrate the major features of IBS after subsidence of the acute inflammation in the colon and thus can be used to measure abdominal behaviors in conscious rats[17]. The remained high visceral sensitivity without inflammation was a precondition of the study. However, P2Y1R could not be discounted as a potential mechanism contributing to anti-inflammation. It has been indicated in previous studies[36,43] that P2YRs could sensitize visceral afferents to evoke increased firing of colonic sensory of neurons to gut distension which is typically during, or following, an inflammatory insult. To clarify the possible role of anti-inflammatory role of P2Y1 in this post-inflammatory IBS-like model, further investigation needs to be done in other IBS-like model which is not post infectious.

In conclusion, we provided the evidence that P2Y1R involved in generation and modulation of visceral hypersensitivity in IBS, and specific antagonists of P2Y1R may have potential therapeutic value in treating abdominal pain in IBS. A limitation of the study is the localization of P2Y1R in the colon of the IBS-like rats, which could help to better understand its role in visceral hypersensitivity. Moreover, studies on other P2 receptors, as well as their connections with other pain and hypersensitivity events in IBS, would help to strengthen our results.

COMMENTS

Background

Visceral hypersensitivity is considered to be a major feature of irritable bowel syndrome, the mechanism of which is not yet clear. P2Y1R is part of a high-sensitivity response to mechanical stimulation and is believed to dedicate in visceral hypersensitivity in IBS. In this study, the expression of P2Y1R was detected in a post-infectious IBS-like rat model, and the role of P2Y1R in the development of visceral hypersensitivity was detected by regulating its function.
Research frontiers

P2Y1R has been shown to mediate nociceptive signaling and suggested to provide high-sensitivity system to mechanical stimulation in functional gastrointestinal disorders, including irritable bowel syndrome. However, whether P2Y1R participates in the generation and regulation of visceral hypersensitivity in IBS remains unclear. The results of this study provide the evidence of P2Y1R in irritable bowel syndrome. 
Innovations and breakthrough

With conducted in a post-inflammatory IBS like rat model, we determined that P2Y1R involved in generation and modulation of visceral hypersensitivity in IBS. Moreover, specific antagonists of P2Y1R may have potential therapeutic value in treating abdominal pain in irritable bowel syndrome (IBS). 
Applications

P2Y1R may positively involve in generation and modulation of visceral hypersensitivity in IBS. Its specific antagonists may be a target in treating abdominal pain and other relative discomforts in IBS.

Terminology

IBS is one kind of functional gastrointestinal disorders, which is characterized by hypersensitivity and pain before defecation in the relative absence of colon inflammation or structural changes.
Peer-review

In the manuscript, the authors demonstrated that P2Y1Rs are involved in generation and modulation of visceral hypersensitivity in IBS. This study is interesting in its scientific question, and it contributes to the knowledge of the IBS.
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Figure 1 Model assessment was conducted using histological sections, MPO activity, stool water content and visceral hypersensitivity in the AA rats. A and b: The AWR score was significantly increased at distension volumes of 0.8, 1.0ml in the AA model compared with the two control groups and overlapped at 1.2 ml on a highest score of 4. The AUC significantly increased at volumes of 0.8, 1.0 and 1.2 ml in the AA rats compared with the control groups. No significant change was found in the PBS group compared with naïve rats. C: The water content of rats from the naïve PBS and AA groups were compared and contrasted (one-way ANOVA, p < 0.01). AA rats showed much loser stool, and the water content was much higher. D: Tissue MPO activity on the 2nd and 7th days of modeling. MPO activity of the AA group was increased on the 2nd day of modeling. No statistically significant difference was detected between the PBS and naive group on the 2nd day of modeling and on the 7th day of modeling among the AA, PBS and naive groups (one-way ANOVA, bp < 0.001 vs the control groups). e and f: Histology sections of colonic tissue from AA, PBS and naive rats on the 2nd day and the 7th day. On the 2nd day of modeling in the AA group, histological inflammatory features including mucosal hemorrhage, submucosal edema, and inflammatory infiltration in the lamina propria and submucosa were observed. No remarkable inflammatory features were observed in the two control groups on the 2nd day of modeling and in all the three groups (AA, PBS and naive rats) on the 7th day of modeling. bp < 0.01 vs the control groups. AWR: abdominal withdrawal reflex; AUC: area under the electromyography curves.
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Figure 2 Western blot analysis of P2Y1R expression in the AA, PBS and naive rats. The average expression of P2Y1R (as determined by densitometry) was significantly higher in the AA group than that of the control groups. No significant changes was found between PBS group and naive group. β-actin served as an internal control. ep < 0.001 vs the control groups.
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Figure 3 Concentration selection of MRS2179. A: Treatment with the specific P2Y1R antagonist MRS2179 evoked a pain-related visceral motor response in AA rats upon colorectal distension. Significantly decreases were observed at concentrations of 0.1 to 100 μmol/L at 2 to 168 h time points. MRS2179 at 100 µmol/L produced the most pronounced result. Maximal effects of MRS2179 were observed at 100 μmol/L at 72 h from a mean baseline AUC values of 1.587 ± 0.099 mvs to 0.140 ± 0.089 mvs; B: on naive rats, MRS2179 on doses of 10 and 100 μmol/L was found to be effective after 48 h, and (c) on PBS rats, MRS2179 on doses of 10 and 100 μmol/L was found to be effective after 24 h; D and E: AUC of naive, PBS and AA rats treated with MRS2179 on doses of 10 and 100 μmol/L, significant effects between AA rats and naive/PBS rats on doses of 10 and 100 μmol/L , and effects between naive and PBS rats were not significant on the two doses; F: AUC of AA rats treated with MRS2179(from doses of 0.1 to 100 μmol/L) at 72 h time point. ap < 0.05, bp < 0.01, ep < 0.0001 vs the control group. AUC: area under the electromyography curves.
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Figure 4 Concentration selection of MRS2365. A: Treatment with the specific P2Y1R agonist MRS2365 evoked pain elicited a visceral motor response in AA rats upon colorectal distension. The AUC was significantly increased in all of the MRS2365 groups (0.1, 1.0, 10 and 100 μmol/L) compared with that of the AA control group. The MRS2365 doses at 10 and 100 μmol/L elicited the most effective result. There was no significant difference between the concentrations of 10 and 100 μmol/L; B, C: On naive and PBS rats, MRS2365 on doses of 10 and 100 μmol/L was found to be effective at 2 to 168 h time points ; D, E: AUC of naive, PBS and AA rats treated with MRS2365 on doses of 10 and 100 μmol/L, significant effects were found between AA and naive/PBS rats on doses of 10 and 100 μmol/L, while effects between naive and PBS rats were not significant on the two doses; F: AUC of AA rats treated with MRS2365(from doses of 0.1 to 100 μmol/L) at 72 h time point. ap < 0.05, bp < 0.01, ep < 0.0001 vs the control group. AUC: area under the electromyography curves.
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Figure 5 Drug intervention in AA rats. A: AWR scores showed that MRS2179 could significant decrease the abdominal responses. Differences between the MRS2179 group and either the untreated AA rats, MRS2365 group or the combined treatment group were significant. No difference was detected between untreated AA rats and MRS2365 treated rats or combined treated rats. B: Significant differences of EMG curves were also detected. A significant decrease was detected in the MRS2179 group, which reached a peak at 72 h and continued to persist at 168 h. A significant increase was detected in the MRS2365 group peaked at 72 h. The difference between the MRS2179 and MRS2365 groups or combined treated rats was significant. Compared with combined treated rats, significant differences were detected for untreated AA rats and MRS2365 group. ap < 0.05, bp < 0.01, ep < 0.001 vs the untreated control group; dp < 0.01, fp < 0.001 vs the MRS2365 group; gp < 0.01, hp < 0.001 vs the combined treated group. AWR: abdominal withdrawal reflex; AUC: area under the electromyography curves.
