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Abstract

BACKGROUND

Serotonin receptor 2B (5-HT,; receptor) plays a critical role in many chronic pain
conditions. The possible involvement of the 5-HT,; receptor in the altered gut
sensation of irritable bowel syndrome with diarrhea (IBS-D) was investigated in
the present study.

AIM
To investigate the possible involvement of 5-HT,; receptor in the altered gut
sensation in rat model and patients with IBS-D.

METHODS

Rectosigmoid biopsies were collected from 18 patients with IBS-D and 10 patients
with irritable bowel syndrome with constipation who fulfilled the Rome IV
criteria and 15 healthy controls. The expression level of the 5-HT,, receptor in
colon tissue was measured using an enzyme-linked immunosorbent assay and
correlated with abdominal pain scores. The IBS-D rat model was induced by
intracolonic instillation of acetic acid and wrap restraint. Alterations in visceral
sensitivity and 5-HT,; receptor and transient receptor potential vanilloid type 1
(TRPV1) expression were examined following 5-HT,, receptor antagonist adminis-
tration. Changes in visceral sensitivity after administration of the TRPV1 antago-
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nist were recorded.

RESULTS

Here, we observed greater expression of the 5-HT,; receptor in the colonic mucosa of patients with IBS-D than in
that of controls, which was correlated with abdominal pain scores. Intracolonic instillation of acetic acid and wrap
restraint induced obvious chronic visceral hypersensitivity and increased fecal weight and fecal water content.
Exogenous 5-HT,; receptor agonist administration increased visceral hypersensitivity, which was alleviated by
successive administration of a TRPV1 antagonist. IBS-D rats receiving the 5-HT,; receptor antagonist exhibited
inhibited visceral hyperalgesia.

RESULTS

Moreover, the percentage of 5-HT,; receptor-immunoreactive (IR) cells surrounded by TRPV1-positive cells (5-HT,;
receptor I") and total 5-HT,; receptor IR cells (5-HT,; receptor I;) in IBS-D rats was significantly reduced by the
administration of a 5-HT,; receptor antagonist.

CONCLUSION

Our finding that increased expression of the 5-HT,; receptor contributes to visceral hyperalgesia by inducing
TRPV1 expression in IBS-D patients provides important insights into the potential mechanisms underlying IBS-D-
associated visceral hyperalgesia.

Key Words: Diarrhea-predominant irritable bowel syndrome; Serotonin receptor 2B; Transient receptor potential vanilloid type-
1; Visceral hypersensitivity; Abdominal pain

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Higher expression of the serotonin receptor 2B (5-HT,, receptor) was found in patients with irritable bowel
syndrome with diarrhea (IBS-D) than in that of controls, which was correlated with abdominal pain scores. Exogenous 5-
HT,, receptor agonist administration increased visceral hypersensitivity, which was alleviated by successive administration
of a transient receptor potential vanilloid type 1 (TRPV1) antagonist. IBS-D rats receiving the 5-HT,, receptor antagonist
exhibited inhibited visceral hyperalgesia. Hence, 5-HT,, receptor-induced visceral hyperalgesia may be mediated by TRPV1
channels, and the analgesic effect of 5-HT,, receptor antagonist could be used as a novel treatment for IBS-D.
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INTRODUCTION

Irritable bowel syndrome (IBS) is a chronic functional bowel disorder characterized by recurrent abdominal pain with
altered bowel habits that affects approximately 15% of the population worldwide[1]. IBS significantly impacts the quality
of life of patients. Although the pathogenesis of IBS is not completely understood, the role of abnormal visceral sensitivity
in IBS has recently emerged[2,3]. 5-Hydroxytryptamine (5-HT) is known to play a key role in the physiological states of
the gastrointestinal tract. Plasma 5-HT levels in IBS with diarrhea (IBS-D) patients were greater than those in healthy
controls[4], suggesting a possible role of 5-HT in the pathogenesis of IBS-D.

The serotonin receptor 2 (5-HT, receptor) family comprises three subtypes: 5-HT,,, 5-HT,; and 5-HT,.. All 5-HT,
receptors exhibit 46%-50% overall sequence identity, and all of these receptors preferentially bind to G, to increase
inositol phosphates and intracellular calcium mobilization[5]. 5-HT,; receptors are widely expressed throughout the gut,
and experimental evidence suggests that the primary function of 5-HT,; receptors is to mediate contractile responses to 5-
HT through its action on smooth muscle[6]. The 5-HT,; receptor is localized to both neurons of the myenteric nerve
plexus and smooth muscle in the human colon. The 5-HT,; receptor mediates 5-HT-evoked contraction of longitudinal
smooth muscle[6]. These findings suggest that the 5-HT),; receptor could play an important role in modulating colonic
motility, which could affect sensory signaling in the gut. Other laboratories have shown that the 5-HT,; receptor
participates in the development of mechanical and formalin-induced hyperalgesia[7,8]. A 5-HT,, receptor antagonist
reduced 2,4,6-trinitrobenzene sulfonic acid (TNBS) and stress-induced visceral hyperalgesia in rats[9,10]. However, the
role of the 5-HT,; receptor in IBS-D patients and in acetic acid- and wrap restraint-induced IBS-D rat models was not
investigated.
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Transient receptor potential vanilloid type 1 (TRPV1) is a receptor that responds to heat, acidosis, capsaicin, and
endovanilloids and is present on peripheral nerve endings, where its activation and signaling to the brain result in
nociception[11]. Upregulation and/or sensitization of TRPV1 is considered an important mechanism of visceral
hyperalgesia both in preclinical rat models and in patients with IBS[11,12]. The 5-HT,, receptor mediates 5-HT-induced
mechanical hyperalgesia by regulating TRPV1 function[13]. TRPV1 function is enhanced by 5-HT,; receptor activation in
mouse colon sensory neurons[14]. However, whether TRPV1 is involved in 5-HT,; receptor-induced visceral hyperalgesia
in IBS-D patients is unknown.

In this study, we demonstrated that 5-HT,; receptor-induced visceral hyperalgesia in IBS-D patients occurs via the
TRPV1 channel. 5-HT,, receptor expression was increased in the colonic mucosa of IBS-D patients and correlated with
abdominal pain scores. Administration of a 5-HT,; receptor agonist significantly enhanced visceral sensitivity, and this
increase was attenuated upon treatment with a TRPV1 antagonist. The number of 5-HT,; receptor- and TRPV1-positive
cells was greater in IBS-D rats than in control rats. Interestingly, a 5-HT,; receptor antagonist not only alleviated visceral
hypersensitivity but also decreased TRPV1 expression in IBS-D rats.

MATERIALS AND METHODS

Human subjects

A total of 15 healthy volunteers (9 women and 6 men; 51.1 + 10.3 years), 10 patients with IBS with constipation (IBS-C) (6
women and 4 men; 51.0 £ 11.5 years), and 18 patients with IBS-D (10 women and 8 men; 51.4 + 9.8 years) meeting the
Rome IV criteria were consecutively enrolled[15]. Patients who underwent colonoscopy for polyps and cancer
surveillance had negative results. Patients who were subjected to major abdominal surgery, who received nonsteroidal or
other anti-inflammatory drugs, or who had organic diseases, including celiac disease, psychiatric disorders, or allergic
diseases, were excluded. All participants had macroscopically normal bowel mucosa upon examination. In total, four
biopsy specimens were obtained from each participant from the rectosigmoid junction to standardize the site of sampling.
In all the patients, one biopsy sample was sent for hematoxylin and eosin (HE) histological analysis and immunohisto-
chemical staining. One biopsy sample was subjected to tissue immunofluorescence. Another two biopsy samples were
immediately placed into a prepared Eppendorf tube, frozen immediately on ice and stored at -80 °C for enzyme-linked
immunosorbent assay (ELISA) analysis.

Informed consent statement
The use of human tissue samples and clinical data was approved by the ethics committee of Dalian Friendship Hospital.
All donors were informed of the aim of the study and gave consent to donate their samples.

Symptom questionnaires

All patients and controls were asked to score abdominal pain over 2 wk using a previously described validated
questionnaire[16] since recollection was poor beyond this limit. Shorter periods may not have appropriately reflected the
usual clinical picture, and this timeframe has previously been shown to be a reliable predictor of average pain intensity
[17]. The severity of abdominal pain was graded as 0-4 based on the influence on daily activities of patients: 0, absent; 1,
mild (no influence on activity); 2, relevant (diverting from but not urgently necessitating modification of activity); 3,
severe (influencing activity to a marked extent, consequently requiring modifications); and 4, extremely severe
(precluding daily activity). The frequency of abdominal pain was graded as 0-4 according to the frequency of symptoms
per week: 0, absent; 1, up to 1 day/week; 2, 2 or 3 days/week; 3, 4-6 days/week; and 4, daily.

Drugs and chemicals

The 5-HT,; receptor agonist (BW723C86; Sigma-Aldrich, St. Louis, MO, United States) was diluted with saline. The 5-
HT,; receptor antagonist 2-amino-4-(4-fluoronaphth-1-yl)-6-isopropylpyridine (RS-127445; Tocris Bioscience, Ellisville,
Missouri, United States) was dissolved in 20% dimethylsulfoxide in physiological saline. The TRPV1 antagonist N-(3-
methoxyphenyl)-4-chlorocinnamide (SB366791; Sigma-Aldrich, St. Louis, MO, United States) was dissolved in 50%
dimethylsulfoxide in physiological saline. A human anti-5-HT,; receptor polyclonal antibody (MAB10322) was purchased
from R&D Systems (Minneapolis, MN, United States). Mouse anti-5-HT),; receptor (AB194333), anti-alpha smooth muscle
actin (AB5694) and rabbit anti-TRPV1 polyclonal antibodies (AB10296) were purchased from Abcam (Cambridge, MA,
United States). Rabbit anti-Ecadherin antibody (CST 3195) was purchased from Cell Biological Technology, Inc. (Boston,
United States). The rabbit anti-protein-encoding gene product (PGP) 9.5 (14730-1-AP) polyclonal antibody, rabbit anti-
pankeratin (26411-1-AP) polyclonal antibody, and mouse anti-TRPV1 polyclonal antibody (66983-1-Ig) were obtained
from Proteintech Group, Inc. (Chicago, United States). A 5-HT,; receptor ELISA kit was purchased from Jianglai Bio
(Shanghai, China). A RNA polymerase chain reaction (PCR) kit was purchased from Takara Biotechnology (Dalian,
China).

IBS-D model

Adult male Sprague-Dawley rats (180-200 g) were obtained from Shanghai SIPPR-BK Laboratory Animal Co., Ltd.
(Shanghai, China). Animals were housed with ad libitum access to food and water in standard rodent cages at 23 °C in a
temperature- and light-controlled room. IBS-D rats were established by intracolonic instillation of acetic acid and wrap
restraint as described by Williams et al[18] and Chen et al[19], with slight modifications. In brief, on the first day, after an
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overnight fast, the rats were anesthetized using ether, 1 mL of 4% acetic acid was instilled 8 cm proximal to the anus for
30 s, and then 1 mL of phosphate-buffered saline (PBS) was used to dilute the acetic acid and wash the colon. The rats
were not subjected to any treatment for the following 3 d. From Days 5 to 18, the rats were subjected to wrap restraint
stress for 2 wk (1 h per day).

Experimental protocol

The colorectal distension (CRD) test was carried out on Day 19 to evaluate visceral sensitivity, which was quantified
using abdominal withdrawal reflex (AWR) scores. The threshold intensity of CRD was measured in rats on the same day,
and the threshold intensity was determined as the pressure inducing the first abdominal contraction. Fecal weight and
fecal water content were recorded on the same day. Rats that met the criteria for visceral hypersensitivity and had
increased fecal weight and fecal water content were considered IBS-D rats.

The rats were divided into 6 groups, with 10 rats per group: (1) The normal control group included normal rats
without any treatment; (2) In the BW723C86 group, normal control rats were injected intraperitoneally with BW723C86
(25 pg/kg/d, 100 pL/injection) daily for seven days; (3) In the BW723C86 + SB366791 group, normal control rats were
injected intraperitoneally with SB366791 (10 mg/kg/d, 100 pL/injection) 30 min before BW723C86 was administered
daily for seven days; (4) IBS-D rats without any treatment; (5) In the IBS-D + Vehicle group, IBS-D rats were injected
intraperitoneally with 20% dimethylsulfoxide in physiological saline (100 pL/injection) daily for seven days; and (6) In
the RS-127445 group, IBS-D rats were injected intraperitoneally with RS-127445 (10 mg/kg/d, 100 pL/injection) daily for
seven days.

The doses and timings used in this study were chosen from previous studies[7,20]. At the end of the experiment,
visceral sensitivity was evaluated by measuring the behavioral responses of the AWR to CRD in every animal group. The
threshold intensity of CRD was measured in all the animal groups. Then, the animals were sacrificed, and distal colon
tissue was collected. The colon was divided into 3 parts: One sample was used for ELISA analysis, and one sample was
fixed in 4% paraformaldehyde for routine HE histological analysis, immunohistochemical staining and immunofluor-
escence. Under a stereomicroscope, another colon sample was gently peeled off, and the intestinal wall was peeled off
into the mucosal layer and the intestinal muscle layer. Then, the tissue was stored at -80 °C for quantitative real-time
reverse transcriptase polymerase chain reaction (RT-PCR). This study was approved by the Fudan University School of
Medicine Animal Care and Use Committee and was performed in accordance with the guidelines of the International
Association for the Study of Pain.

CRD test for visceral hyperalgesia

Briefly, rats were sedated with isoflurane for 1 min in a sealed cage connected to an animal anesthesia machine, and a
flexible balloon guide wire (received as a gift from the Vascular Intervention Department of Jinshan Hospital of Fudan
University) was then quickly inserted approximately 2.0 cm into the descending colon via the anus and firmly fixed with
adhesive tape. The rats were placed in a restraint chamber that prevented them from escaping or turning around and
allowed to adapt for 15 min. CRD was generated by slowly inflating the balloon to a constant pressure using a balloon
vasodilation catheter to control inflation. The balloon was inflated to 15, 30, 45 and 60 mmHg for 20 s, followed by a
resting interval of 5 min, and this process was repeated 3 times to achieve an accurate result. The responses of the animals
to CRD were carefully observed until pain-related behaviors were observed. AWR scores were graded on a scale of 0-4
[21] (0, normal behavior; 2, contraction of abdominal muscles; 3, lifting of the abdominal wall; 4, body arching and lifting
of pelvic structures). The final score was calculated from the mean scores of three data points.

Recordings of fecal weight and fecal water content

Fecal weight and fecal water content were recorded on Day 19 to evaluate the establishment of the IBS-D rat model. To
measure the fecal weight and fecal water content, the feces expelled by each rat were collected and recorded after 3 h. The
feces were weighed again after drying in an oven. Fecal water content = [wet fecal weight (g)-dried fecal weight (g)]/wet
fecal weight (g) x 100%[19].

Histological examination of the colon
For histological experiments, distal colon tissue from each rat was fixed in 4% paraformaldehyde, embedded in paraffin,
and cut into 4 pm sections. Sections were stained with HE and scored for histopathological structures by a pathologist.

ELISA

Mucosal samples and muscular samples were homogenized in a prepared ice-cold 100 nM Tris mixture containing
protease inhibitors (Beyotime, Shanghai, China) supplemented with 1 mmol/L phenylmethanesulfonyl fluoride. The
mucosal and muscular samples were centrifuged at 12000 x g for 15 min at 4 °C. The homogenates were centrifuged at
low temperature for 20 min at 3000 rpm. The protein concentration in the supernatant was detected on a Nanodrop 2000
(Thermo Fisher Scientific, Waltham, MA, United States). The concentrations of the 5-HT,; receptor in the supernatants
were detected via ELISA using specific kits (Jianglai bio, Shanghai, China). The detection range for this assay was 2.5-40
ng/mL. Each sample was measured in duplicate. Reactivity was assessed at 450 nm.

Quantitative real-time RT-PCR

Total RNA was extracted from colon samples with TRIzol reagent (Tiangen Biotech, Beijing, China). SYBR Green
quantitative RT-PCR was performed to determine the expression of the 5-HT,; receptor and TRPV1 genes with a 7900HT
Fast real-time PCR system (Applied Biosystems, Foster City, CA, United States) according to the instructions of the SYBR
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Premix EX Taq Kit (Takara Biotechnology, Dalian, China). Control quantitative reactions were performed in the absence
of cDNA template. B-Actin was used as the reference gene. The primer sequences are shown in Table 1.

Immunohistochemistry

Biopsy samples from participants and colon tissues from rats were fixed in 4% formalin, and 4 pm thick sections were
used for immunohistological analyses. Following routine deparaffinization, rehydration and antigen retrieval, the
sections were incubated with a rabbit anti-TRPV1 polyclonal antibody (1:300, AB1029) and mouse anti-5-HT,; receptor
(1:500, AB194333) overnight at 4 °C. Next, the sections were incubated at room temperature for 2 h with a horseradish
peroxidase-conjugated secondary antibody (Jingmei Biological Engineering Co., Shenzhen, China). Visualization
involved the use of diaminobenzidine as a chromogen. Subsequently, the slides were counterstained with hematoxylin
and examined under a light microscope (Olympus, Tokyo, Japan).

Tissue immunofluorescence

Colonic tissue samples collected from rats and biopsy samples from participants were perfused with saline followed by
fixative containing 4% paraformaldehyde. Sections of colonic tissues were incubated with a rabbit anti-TRPV1 polyclonal
antibody (1:300, AB1029), mouse anti-5-HT,; receptor (1:200, AB194333) or human anti-5-HT,; receptor polyclonal
antibody (1:200, MAB10322) overnight at 4 °C, followed by donkey anti-rabbit and anti-mouse secondary antibodies at a
dilution of 1:200 (Sigma). Sections of colonic tissues from rats were costained with mouse anti-5-HT,; receptor (1:100,
AB194333), mouse anti-TRPV1 (1:200, Proteintech), rabbit anti-E-cadherin (1:400, CST 3195), rabbit anti-pankeratin
(1:1500, Proteintech), anti-alpha smooth muscle actin (1:100, AB5694), and rabbit anti-PGP9.5 (1:1000, Proteintech)
primary antibodies; FITC-conjugated goat-anti-rabbit-immunoglobulin G (IgG) antibody (1:200, Sigma); FITC-conjugated
goat-anti-mouse-IgG antibody (1:200, Sigma); and FITC-conjugated goat-anti-guinea pig-IgG (1:200, Jackson
ImmuoResearh). All the antibodies were diluted in PBS containing 1% BSA. The specimens were identified via a confocal
microscope (Carl Zeiss AG, Jena, Germany). The digitized images were captured by using an automated acquisition
system (TissueFAXS Plus, TissueGnostics GmbH, Austria). Then, 5-HT,; receptor-immunoreactive (IR) cells surrounded
by TRPV1-positive in one-third or more of the 5-HT,; receptor-immunoreactive circumference were counted (5-HT,;
receptor I*) and expressed as a percentage of total 5-HT,; receptor IR cells (5-HT,; receptor I;) in the fields analyzed (5-
HT,; receptor I*/5-HT,, receptor I). The data for each group were collected from 10 slides. A t test for two proportions
was used to test the level of significance.

Statistical analysis

Depending on the distribution of the variables, Student's t-test, Chi-square test, or Wilcoxon rank sum was used to test for
differences in parameters between groups. Continuous variables are presented as arithmetic mean * SD. Categorical
variables are presented as numbers (percentages). Associations between two parameters were analyzed via Spearman's
rank correlation. All statistical analyses were performed using R software (version 4.1.0) and GraphPad Prism (version
6.0). The statistical significance level was set at P < 0.05 (both sides).

RESULTS

Group characteristics

The clinical characteristics of the IBS-D patients, IBS-C patients and control subjects are described in Table 2. No
significant differences in age or sex were evident among the three groups. A total of 18 patients with IBS-D were
examined, and the mean scores of severity of abdominal symptoms were significantly greater in IBS-D patients than in
controls (P < 0.001). The mean frequency of abdominal symptoms was significantly greater in IBS-D patients than in
controls (P < 0.001). The mean scores of severity of abdominal symptoms in the IBS-C patients were significantly greater
than that in the controls (P < 0.001). The mean frequency of abdominal symptoms in IBS-C patients was markedly greater
than that in control patients (P < 0.001). We observed no significant differences between the IBS-D and IBS-C groups.

Measurement of the 5-HT, receptor in the intestinal mucosa

Compared with healthy controls, IBS-D patients exhibited significant upregulation of the 5-HT,; receptor in the intestinal
mucosa (IBS-D: 11.78 + 1.67 ng/mg protein vs healthy controls: 5.22 + 1.95 ng/mg protein, P < 0.001) (Figure 1A).
Compared with healthy controls, IBS-C patients also exhibited slight upregulation of the 5-HT,; receptor in the intestinal
mucosa, but there was no significant difference between the IBS-C group and healthy controls (IBS-C: 6.08 + 1.75 ng/mg
protein vs. healthy controls: 5.22 + 1.95 ng/mg protein, P = 0.42) (Figure 1A). Therefore, we selected the IBS-D group as
our research group.

Correlation analysis

In patients with IBS-D, there was a significant correlation between mucosal 5-HT,; receptor levels and both the severity
and frequency of abdominal pain (r = 0.71, P = 0.001 and r = 0.68, P = 0.001, respectively) (Figure 1B and C); however, this
correlation was not observed in the control group.

Immunohistochemistry findings

As shown in Figure 1D, the immunohistochemical data confirmed the abundant expression of the 5-HT,; receptor in
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Table 1 Gene primer sequences (5°-3’)

Gene Primer sequences (5’-3’)

ACTB Forward GGCTGTATTCCCCTCCATCG
Reverse CCAGTTGGTAACAATGCCATGT

5-HT2B receptor Forward AGAACCAGGGGAATACAG
Reverse GGGAAATGGCACAGAGA

TRPV1 Forward TGAAGCCGTTGCTCAGAATAACTG
Reverse CTCAGGGTCTTTGAACTCGTT

5-HT g receptor: Serotonin receptor 2B; TRPV1: Transient receptor potential vanilloid type 1.

Table 2 Characteristics of the study subjects, n (%)

Clinical characteristics Subjects (n=43) IBS subtype (n = 28)
IBS (n = 28) Control (1 =15) P value IBS-D (1 =18) IBS-C (1 = 18) P value
Age 51.2 (10.2) 51.1 (10.3) 0.96 514 (9.8) 51.0 (11.5) 0.93
Sex 0.86
Male 12 (42.9) 6 (40.0) 8 (44.4) 4 (40.0) 1.00
Female 16 (51.7) 9 (60.0) 10 (55.6) 6 (60.0)
Severity of abdominal pain <0.001 0.49
Absent (0) 0(0.0) 8 (53.4) / /
Mild (1) 10 (35.7) 7 (46.7) 7 (38.9) 3 (30.0)
Relevant (2) 12 (42.9) 0(0.0%) 8 (44.4) 4 (40.0)
Severe (3) 6 (21.4) 0(0.0) 3(16.7) 3 (30.0)
Frequency of abdominal pain <0.001 0.88
Absent (0) 0(0.0) 9 (60.0) / /
Up to 1 day/week (1) 9 (32.1) 6 (40.0) 6(33.3) 3 (30.0)
2 or 3 days/week (2) 14 (50.0) 0(0.0) 9 (50.0) 5 (50.0)
4-6 days/week (3) 4(14.3) 0(0.0) 2 (11.1) 2 (20.0)
Daily (4) 1(3.57) 0(0.0) 1(5.6) 0(0.0)

Depending on the distribution of the variables, Student's t-test, Chi-square test, or Wilcoxon rank sum was used to test for differences in parameters
between groups. Continuous variables are presented as arithmetic mean + SD. Categorical variables are presented as numbers (percentages). IBS: Irritable
bowel syndrome; IBS-D: IBS with diarrhea; IBS-C: IBS with constipation.

human colonic mucosal epithelial cells. TRPV1 was also expressed in human colonic mucosal epithelial cells (Figure 1D).
The 5-HT,; receptor and TRPV1 were coexpressed in human colonic mucosal epithelial cells (Figure 1E).

The establishment of the IBS-D rat model

Visceral sensitivity was determined in animals on Day 19 by measuring the AWR scores in response to CRD. IBS-D rats
had higher mean AWR scores at pressures of 30, 45 and 60 mmHg but not at 15 mmHg (Figure 2A). Compared with those
in the normal control group, the threshold pressure in the IBS-D group also decreased (Figure 2B). Compared with that in
the normal control group, the water content of the feces in the IBS-D group was significantly greater (Figure 2C).
Additionally, the weight of the fecal pellets in the IBS-D group was greater than that in the normal control group
(Figure 2D). HE-stained sections showed no obvious differences in histopathological structure between the IBS-D rats and
normal control rats (Figure 2E). These results suggested that the IBS-D model was established successfully.

5-HT,, receptor and TRPV1 expression was upregulated in the IBS-D group

We investigated the changes in 5-HT,, receptor expression in the IBS-D rat group. A previous study showed that the 5-
HT,; receptor is located mainly in smooth muscle layers and the myenteric nerve plexus[6]. Our results showed that 5-
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Figure 1 Irritable bowel syndrome with diarrhea patients presented increased serotonin receptor 2B and transient receptor potential
vanilloid type 1 protein levels. A: Expression of the serotonin receptor 2B (5-HT,y) receptor protein in colonic biopsies of patients with irritable bowel syndrome
with diarrhea (IBS-D) (n = 18), patients with irritable bowel syndrome with constipation (n = 10), and control subjects (n = 15); B: Correlation between the severity of
abdominal pain and the 5-HT,g receptor level in patients with IBS-D (Spearman correlation coefficient = 0.71, P = 0.001); C: Correlation between the frequency of
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abdominal pain and the 5-HT,g receptor level in patients with IBS-D (Spearman correlation, r = 0.68; P = 0.001); D: Representative photomicrographs showing
positive 5-HT,; receptor and transient receptor potential vanilloid type 1 (TRPV1) immunoreactivity in two serial sections of biopsy tissues from healthy controls and
IBS-D patients. The magnification was 20 x; E: Double-label immunofluorescence analysis of the 5-HT,g receptor (green) and TRPV1 (red) in the colonic mucosa of
healthy controls and IBS-D patients. Merged image showing colocalization (yellow) of the 5-HT,g receptor and TRPV1 immunoreactivity. Magnification 20 x. 2P <
0.05. IBS-C: Irritable bowel syndrome with constipation; IBS-D: Irritable bowel syndrome with diarrhea; 5-HT,;: Serotonin receptor 2B; HC: Healthy controls; TRPV1:
Transient receptor potential vanilloid type 1.

A B s b C a
4 c [ 801
TR t|5°| ¢ 20 <
0 3 £ & 601
% 2 4 n *:J 404
[ 22 101 S
= £ g
< 1 23 ol 3 201
F £ =
0 30 45 60 0 0
. . Control 1BS-D
Colorectal distension (mmHg)
D a
2.5 7 I
2.0 1
2
=
S15 4
o215 -1
E
£1.0 1
O
h
1.5
0.0 T
Control 1BS-D

Figure 2 Validation of the establishment of an irritable bowel syndrome with diarrhea rat model. A: The irritable bowel syndrome with diarrhea
(I1BS-D) group had higher abdominal withdrawal reflex scores than did the normal control group, with colorectal distension pressures of 30, 45 and 60 mmHg but not
15 mmHg; B: The IBS-D group also had a decreased threshold pressure compared with that of the normal control group; C: The water content of the feces in the IBS-
D group and normal control group; D: The weight of fecal pellets in the IBS-D group and normal control group; E: Inflammation evaluation of the colon in IBS-D rats
and normal control rats using hematoxylin and eosin stain. No significant inflammation or abnormalities in structure were observed in IBS-D rats or normal control
rats. Magpnification 20 x; 2P < 0.05, °P < 0.01, °P < 0.001. IBS-D: Irritable bowel syndrome with diarrhea; HE: Hematoxylin and eosin; AWR: Abdominal withdrawal
reflex.

HT,; receptor immunoreactivity not only localized to the smooth muscle layer and myenteric nerve plexus but also to the
colonic mucosa layer (Figure 3A). Notably, the expression of the 5-HT,, receptor in the IBS-D group was greater than that
in the normal control group. The intestinal tissue of the 5-HT,; receptor in the IBS-D group was significantly upregulated
compared with that in the normal control group (Figure 3B and C). qRT-PCR revealed that the expression of 5-HT,;
receptor mRNA in the IBS-D group was significantly greater than that in the normal control group (Figure 3D and E).
Immunohistochemistry showed that TRPV1 was localized in the colonic mucosa layer, smooth muscle layer, and
myenteric nerve plexus (Figure 3F). qRT-PCR revealed that the expression of TRPV1 mRNA in the IBS-D group was
greater than that in the normal control group (Figure 3G and H). These results indicated that upregulated 5-HT,; receptor
and TRPV1 expression were involved in the pathogenesis of IBS-D.

Involvement of the 5-HT,, receptor in visceral hyperalgesia in IBS-D patients

The 5-HT,; receptor was reported to participate in the pathophysiology of peripheral hyperalgesia[8]. The role of the 5-
HT,; receptor in visceral hyperalgesia in IBS-D rats was investigated in our study. The 5-HT,; receptor antagonist RS-
127445 was injected intraperitoneally into IBS-D rats. The results showed that, compared with vehicle, RS-127445
treatment induced a marked decrease in AWR and increased the threshold pressure (Figure 4A and B). Immunohisto-
chemistry, qRT-PCR, and ELISA results demonstrated that 5-HT,; receptor protein and mRNA expression was downreg-
ulated in RS-127445-treated IBS-D rats (Figures 4C and 5A-D). Moreover, the 5-HT,; receptor agonist BW723C86 was
injected intraperitoneally into healthy control rats once daily for 7 consecutive days. Interestingly, the results showed that
the application of the 5-HT,; receptor agonist BW723C86 induced a marked increase in AWR scores and a decrease in
threshold pressure in healthy rats compared with those in normal control rats (Figure 5E and F). These results
demonstrated that the 5-HT,; receptor participated in the pathophysiology of visceral hyperalgesia in IBS-D rats.

5-HT,, receptor-induced visceral hyperalgesia was mediated via TRPV1

A previous study reported that a 5-HT,; receptor agonist induces mechanical hyperalgesia by regulating TRPV1 function
[13]. In mouse colon sensory neurons, 5-HT,; receptor activation enhances TRPV1 function[14]. We hypothesized that 5-
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Figure 3 Increased serotonin receptor 2B and transient receptor potential vanilloid type 1 levels in the irritable bowel syndrome with
diarrhea group. A: Immunohistochemical staining revealed the expression of the serotonin receptor 2B (5-HT , receptor) in the colon tissue in irritable bowel
syndrome with diarrhea (IBS-D) rats and normal control rats; Magnification 20 x; B: Expression of 5-HT, receptor protein in the colonic mucosa layer of the IBS-D
group and normal control group; C: Expression of 5-HT, receptor protein in the colonic muscular layer of the IBS-D group and normal control group; D: Levels of 5-
HT,g receptor mRNA in the colonic mucosa layer from the IBS-D group and normal control group; E: Levels of 5-HT,g receptor mRNA in the colonic muscular layer
from the IBS-D group and normal control group; F: Immunohistochemical staining showing the expression of transient receptor potential vanilloid type 1 (TRPV1) in
the colon tissue in IBS-D rats and normal control rats. Magnification 20 x; G: Levels of TRPV1 mRNA in the colonic mucosa layer from the IBS-D group and normal
control group; H: Levels of TRPV1 mRNA in the colonic muscular layer from the IBS-D group and normal control group. 2P < 0.05, °P < 0.001. IBS-D: Irritable bowel
syndrome with diarrhea; 5-HT,;,: Serotonin receptor 2B; TRPV1: Transient receptor potential vanilloid type 1.

HT,; receptor-induced visceral hyperalgesia in IBS-D patients is mediated via the TRPV1 channel. First, we detected the
coexpression of TRPV1 and the 5-HT,; receptor in colonic tissues. Immunofluorescence revealed that TRPV1 and the 5-
HT,; receptor were coexpressed not only in smooth muscle layers and the myenteric nerve plexus but also in the colonic
mucosa layer in humans and rats (Figures 1E, 6A and B). The percentage of 5-HT,; IR cells surrounded by TRPV1-positive
cells (5-HT,; receptor I') and total 5-HT,; receptor IR cells (5-HT,; receptor 1) in the IBS-D group was greater than that in
the normal control group (Figure 6C and D).

Second, we aimed to identify in which layer the receptor of 5-HT,; and TRPV1 mediates visceral hyperalgesia in the
IBS-D model. Then, 5-HT,; and TRPV1 were labeled with molecular markers of epithelial cells, peripheral nerve fibers
and smooth muscle cells via immunofluorescence to determine the functions of these receptors in visceral pain sensation.
Immunofluorescence staining demonstrated that 5-HT,; and TRPV1 were colocalized mainly in peripheral nerve fibers
and colon epithelial cells (Figure 7). The 5-HT,; receptor and TRPV1 were not colocalized in smooth muscle cells. Visceral
hypersensitivity is the most important pathophysiological alteration associated with visceral pain in IBS patients. The
expression of 5-HT,; and TRPV1 in peripheral nerve fibers and the colonic mucosa layer may be involved in the gut
sensation and visceral hyperalgesia observed in IBS-D patients.

Third, the TRPV1 antagonist SB366791 was administered to normal control rats 30 min before BW723C86, and the
results showed that the BW723C86-induced visceral hyperalgesia was alleviated by SB366791 (Figure 5E and F).

Fourth, qRT-PCR and immunohistochemistry were used to detect the expression of TRPV1 in RS-127445-treated IBS-D
rats. The results showed that injection of RS-127445 significantly decreased the expression of TRPV1 in the colonic tissues
of IBS-D rats compared with those of control IBS-D rats (Figure 8).
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Figure 4 RS12-7445 decreased the visceral sensitivity and serotonin receptor 2B levels in irritable bowel syndrome with diarrhea rats. A:
The irritable bowel syndrome with diarrhea (IBS-D) + Vehicle group had significantly greater abdominal withdrawal reflex scores than did the IBS-D + RS-127445
group with the same colorectal distension (CRD) pressure; B: The IBS-D + Vehicle group had significantly reduced threshold pressure than did the IBS-D + RS-
127445 group with the same CRD pressure; C: Immunohistochemical staining showing the expression of the serotonin receptor 2B receptor in the colon mucosa
layer and colon muscular layer of each group. Magnification 20 x; 2P < 0.05, °P < 0.01, °P < 0.001. IBS-D: Irritable bowel syndrome with diarrhea; 5-HT,g: Serotonin

receptor 2B; AWR: Abdominal withdrawal reflex.

DISCUSSION

The 5-HT,; receptor has generated considerable interest in the research community owing to its critical role in the
generation of hyperalgesic diseases. Previous studies have shown that peripheral and spinal 5-HT,; receptors have
pronociceptive effects and participate in the development and maintenance of formalin-induced hyperalgesia[22]. The 5-
HT,; receptor mediates 5-HT-induced mechanical hyperalgesia in mice[8]. Activation of the 5-HT,; receptor in meningeal
nociception causes neurogenetic inflammation and the generation of migraine pain[23].

In the present study, we investigated the potential involvement of the 5-HT,, receptor in the visceral pain of IBS-D
patients. Compared with those from control participants, colonic biopsies from patients with IBS-D revealed significant
upregulation of the 5-HT,; receptor. Moreover, enhanced expression of the 5-HT,; receptor was positively correlated with
the severity and frequency of abdominal pain symptoms. We instilled 1 mL of 4% acetic acid intracolonically and applied
wrap restraint stress to induce an IBS-D rat model. Compared with normal control rats, this rat model showed visceral
hypersensitivity and increased fecal weight and fecal water content, which was consistent with the clinical symptoms of
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Figure 5 RS§12-7445 decreased the serotonin receptor 2B levels in irritable bowel syndrome with diarrhea rats. Visceral sensitivity was
detected by the colorectal distension. A: Serotonin receptor 2B (5-HT, receptor) mRNA levels in the colonic mucosa layer were detected via quantitative
reverse transcriptase polymerase chain reaction (qQRT-PCR); B: Expression of the 5-HT, receptor in colon mucosa tissues from each group was detected by ELISA;
C: Expression of the 5-HT, receptor in colon muscular tissues from each group was detected by ELISA; D: 5-HT,, receptor mRNA levels in the colonic muscular
layer were detected via qRT-PCR; E: The Control + BW723C86 group had higher abdominal withdrawal reflex (AWR) scores than did the Control group, with
colorectal distension (CRD) pressures of 30, 45 and 60 mmHg but not 15 mmHg. Similarly, the Control + BW723C86 group had increased AWR scores with the same
CRD pressure compared with those of the Control + BW723C86 + SB366791 group; F: The Control + BW723C86 group had a decreased threshold pressure
compared with that of the Control group. Similarly, the Control + BW723C86 group had reduced threshold pressure with the same CRD pressure compared with
those of the Control + BW723C86 + SB366791 group. 2P < 0.05, °P < 0.01, °P < 0.001. IBS-D: Irritable bowel syndrome with diarrhea; 5-HT,5: Serotonin receptor 2B;
AWR: Abdominal withdrawal reflex.

IBS-D patients. Our findings showed that the 5-HT,; receptor was expressed not only in the colonic smooth muscle layers
and myenteric nerve plexus but also in the colonic mucosa layer in rats. Increased expression of the 5-HT,; receptor in
colon tissue was found in IBS-D rats compared with that in normal control rats. Previous studies demonstrated that the 5-
HT,; receptor was expressed in smooth muscle layers and the myenteric nerve plexus of human and mouse intestines[6].
To our knowledge, this is the first study to explore the expression of the 5-HT,; receptor in the colon mucosa layer in IBS-
D patients and rats. The upregulation of the 5-HT,; receptor in the colon mucosa layer may be involved in the gut
sensation and visceral hyperalgesia of IBS-D patients.

Considering that visceral hypersensitivity is the most important pathophysiological alteration associated with visceral
pain in IBS-D patients, we used a 5-HT,; receptor agonist (BW723C86). The administration of BW723C86 to normal
control rats significantly increased visceral hypersensitivity. A 5-HT,; receptor antagonist (RS-127445) significantly
decreased visceral hypersensitivity in IBS-D rats. In RS-127445-treated IBS-D rats, decreased mRNA expression of the 5-
HT,; receptor was found in colon tissues. These results suggested the involvement of the 5-HT,; receptor in visceral
hypersensitivity in rats. Our findings were consistent with previous work showing that RS-127445 inhibited visceral
hyperalgesia in both TNBS-induced and stress-sensitive rat models of visceral hypersensitivity[9,10]. Tegaserod, which is
effective at alleviating abdominal pain symptoms in IBS patients, is a potent 5-HT,; receptor antagonist[24]. Taken
together, these data support the use of 5-HT,; receptor antagonists as novel treatments for visceral hyperalgesia in IBS-D
patients.

Previous research has shown that 5-HT-induced excitatory effects in the human colon in vitro are mediated by the 5-
HT,; receptor. RS-127445 inhibited 5-HT-induced excitatory effects[6]. Other research revealed that RS-127445 concen-
tration-dependently reduced fecal output and peristaltic frequency in healthy mice[25]. A new study showed that the 5-
HT,; receptor on interstitial cells of Cajal in diabetic mice was decreased and associated with constipation. Activation of
the 5-HT,; receptor improved colonic motility and constipation in diabetic mice[20]. Taken together, these results
indicated that 5-HT,; receptor activation was related to gut motility. Considering that the 5-HT,; receptor induces colonic
motility, the upregulation of the 5-HT,; receptor may be related to the development of diarrhea in patients with IBS-D.
Additionally, it is conceivable that the upregulation of the 5-HT,; receptor may be relevant to the visceral hyperalgesia
that we observed in this study because disorders of muscle tone and colonic motility have been postulated to be related to
visceral hyperalgesia.

The 5-HT,; antagonist RS-127445 effectively alleviated pain in the IBS-D model. However, it is not clear in which kind
of cell these two receptors are located. It is also unclear in which layer of the colon the receptor of 5-HT,; and TRPV1
mediates visceral hyperalgesia in the IBS-D model. Because the same receptor plays different roles in different cells, 5-
HT,; and TRPV1 were labeled with molecular markers of epithelial cells, peripheral nerve fibers and smooth muscle cells
via immunofluorescence to determine the functions of these receptors in visceral pain sensation. The results demonstrated

3%9@) WJG | https://www.wjgnet.com 1442 March 14,2024 | Volume30 | Issuel0 |



Li ZY et al. 5-HT,; R induces visceral hyperalgesia in IBS-D

Mucosa layer

Control IBS-D + Vehicle - IBS-D + RS-127445

Muscular layer

-~

Control IBS-D + RS-127445

(
K WIG | https://www.wjgnet.c March 14,2024 | Volume30 | Issue10 |

JBaishideng®




Li ZY et al. 5-HT,z R induces visceral hyperalgesia in IBS-D

C a - D
301 | 25 - b a
|—E &; ] uL>"- ‘
s = & 20+
0 g o0 th B
g% T 3154
5 E —_ e 5 £ T S
%E ‘éE 104
gk 10 SE
29 a5 31
£g Eg
ing 0 T T se 0 T
Control IBS-D + IBS-D + Control IBSjD + IBS-D +
Vehicle RS-127445 Vehicle RS-127445

Figure 6 Double-label immunofluorescence analysis in the rat colon. A and B: Double-label immunofiuorescence analysis of serotonin receptor 2B (5-
HT,; receptor) (green) and transient receptor potential vanilloid type 1 (TRPV1) (red) in the colon mucosa layer (A) and muscular layer (B) in normal control rats,
irritable bowel syndrome with diarrhea (IBS-D) + Vehilce rats and RS-127445-treated IBS-D rats. Merged image showing colocalization (yellow) of the 5-HT,g receptor
and TRPV1 immunoreaction. Magnification 20 x; C: The data are the percentages of 5-HT,g receptor I* cells in the colon mucosa layer among the total 5-HT g
receptor-immunoreactive (IR) cells in the colon mucosa layer (5-HT,g receptor I;); D: The data are presented as the percentage of 5-HT,g receptor I* cells in the colon
muscular layer relative to the total 5-HT, IR cells in the colon muscular layer (5-HT,; receptor I;). 2P < 0.05, °P < 0.01. IBS-D: Irritable bowel syndrome with diarrhea;
5-HT,5: Serotonin receptor 2B; TRPV1: Transient receptor potential vanilloid type 1.
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Figure 7 Immunofluorescence analysis of colon tissues costained with serotonin receptor 2B (green fluorescence), transient receptor
potential vanilloid type 1 (red fluorescence), protein gene product 9.5 (purple fluorescence) and Pan-Keratin (purple fluorescence). A:
Serotonin receptor 2B (5-HT, receptor) receptor (green fluorescence), transient receptor potential vanilloid type 1 (TRPV1) (red fluorescence) and protein gene
product 9.5 (PGP9.5) (purple fluorescence) in the rat colon mucosa layer. Merged image showing colocalization (pink) of the 5-HT,g receptor, TRPV1 receptor and
PGP9.5 immunoreactivities in the rat colon mucosa layer; B: 5-HT.;, receptor (green fluorescence), TRPV1 (red fluorescence) and PGP9.5 (purple fluorescence) in
the rat colon muscular layer. Merged image showing colocalization (pink) of the 5-HT,g receptor, TRPV1 receptor and PGP9.5 immunoreactivities in the rat colon
muscular layer; C: The 5-HT,g receptor (green fluorescence), TRPV1 (red fluorescence) and Pan-Keratin (purple fluorescence) in the rat colon mucosa layer. Merged
image showing colocalization (pink) of the 5-HT,; receptor and TRPV1 and pankeratin immunoreactivities in the rat colon mucosa layer. Magnification 20 x. PGP9.5:
Protein gene product 9.5; 5-HT,: Serotonin receptor 2B; TRPV1: Transient receptor potential vanilloid type 1.

that 5-HT,; and TRPV1 were colocalized mainly in peripheral nerve fibers and colon epithelial cells. Visceral hypersens-
itivity is the most important pathophysiological alteration associated with visceral pain in IBS patients. The expression of
5-HT,; and TRPV1 in peripheral nerve fibers and the colonic mucosa layer may be involved in the gut sensation and
visceral hyperalgesia observed in IBS-D patients.
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Figure 8 RS12-7445 decreased the transient receptor potential vanilloid type 1 levels in colon tissues in irritable bowel syndrome with
diarrhea rats. A: Inmunohistochemical staining showing the expression of transient receptor potential vanilloid type 1 (TRPV1) in the colon mucosa layer and colon
muscular layer of each group. Magnification 20 x; B: Levels of TRPV1 mRNA in colon mucosa layer tissues were measured by quantitative reverse transcriptase
polymerase chain reaction (QRT-PCR); C: Levels of TRPV1 mRNA in colon muscular layer tissues were measured by qRT-PCR. 2P < 0.05. IBS-D: Irritable bowel
syndrome with diarrhea; TRPV1: Transient receptor potential vanilloid type 1.

TRPV1 channels are critical contributors to normal and pathological pain and are likely to be activated by inflam-
matory products in IBS[26]. Upregulation and/or sensitization of TRPV1 is considered an important mechanism of
visceral hyperalgesia both in preclinical rat models and in patients with IBS[27]. Our results indicated that TRPV1 was
upregulated in IBS-D patients and rats, which was consistent with previous findings[27]. A previous report showed that
TRPV1 activity is regulated by inflammatory mediators, including prostaglandins and bradykinin, likely through protein
kinase C (PKC)- or cAMP-dependent protein kinase-mediated phosphorylation of the receptor. Generally, protein kinase-
mediated phosphorylation of the TRPV1 receptor results in peripheral sensitization[28]. Data from a mouse model
suggested that 5-HT,; receptor activation may enhance the responsiveness of the TRPV1 receptor to temperature and acid
and thereby contribute to peripheral sensitization[14]. Serotonin signaling alterations in IBS may occur in part through
TRPV1 sensitization[29].

A previous study demonstrated that the administration of antagonists of 5-HT,;, PLCB, PKCe, and TRPV1 inhibited 5-
HT-induced mechanical hyperalgesia. In DRG neurons, 5-HT injection increased capsaicin- or 5-HT-induced calcium
signals, which were regulated by the 5-HT,;-PLCB-PKCe pathway. The possible mechanism is as follows: Injection of 5-
HT induces activation of 5-HT,,-PLCB-PKCe in the peripheral nociceptors, after which TRPV1 is relieved from PIP2
inhibition to produce peripheral sensitivity, which increases the number of neurons responding to 5-HT[13]. Thus, 5-HT,;
mediates 5-HT-induced mechanical hyperalgesia by regulating TRPV1 function[13]. In mouse colon sensory neurons, 5-
HT,; receptor activation enhances TRPV1 function[14]. Our present study demonstrated that 5-HT,; and TRPV1 are
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Figure 9 The visceral pain conduction pathway involves transient receptor potential vanilloid type 1. The expression of the serotonin receptor 2B
(6-HT,g) receptor and transient receptor potential vanilloid type 1 (TRPV1) increased in colon tissues from irritable bowel syndrome with diarrhea patients and rats.
The administration of a 5-HT,g receptor agonist increased visceral pain, which was alleviated by successive administration of a TRPV1 antagonist. Treatment with a
5-HT, receptor antagonist suppressed TRPV1. The sensation of pain is thus attenuated, and the pain threshold is increased. 5-HT,g receptor: Serotonin receptor 2B;
TRPV1: Transient receptor potential vanilloid type 1.

located mainly in peripheral nerve fibers and that the number of 5-HT,; receptor- and TRPV1-positive cells was
significantly greater in IBS-D rats than in normal control rats. The modulation of TRPV1 function by the 5-HT,; receptor
may increase afferent input from the colon and provide a peripheral mechanism for the development of visceral pain
symptoms in IBS-D patients. 5-HT,; receptor agonist-induced visceral hyperalgesia in normal rats was alleviated by a
TRPV1 antagonist. RS-127445 not only inhibited visceral hyperalgesia but also decreased the expression of TRPV1. These
results indicated that increased 5-HT,; receptor expression may participate in visceral hyperalgesia in IBS-D rats via
TRPV1 channels. However, the exact underlying mechanism requires further research.

CONCLUSION

In conclusion, our present study showed that the 5-HT,; receptor may participate in visceral hyperalgesia in IBS-D
patients. In addition, 5-HT,; receptor-induced visceral hyperalgesia may be mediated by TRPV1 channels (Figure 9). The
analgesic effect of RS-127445 in IBS-D rats could be used as a novel treatment for IBS-D.

ARTICLE HIGHLIGHTS

Research background

Patients with irritable bowel syndrome with diarrhea (IBS-D) experience a significant reduction in their quality of life.
While the exact pathogenesis of IBS-D remains incompletely understood, research indicates that serotonin receptor 2B (5-
HT,; receptor) plays a critical role in many chronic pain conditions. The role of 5-HT,; receptor in the altered gut
sensation of IBS-D was not investigated.

Research motivation
This study is to identify the role of 5-HT,; receptor in the altered gut sensation via transient receptor potential vanilloid
type 1 (TRPV1) channels in rat model and patients with diarrhea-predominant IBS.

Research objectives
This study aims to elucidate the role of the 5-HT,; receptor in both IBS-D patients and rat models induced by acetic acid
and wrap restraint. The findings are anticipated to offer novel insights into potential avenues for IBS-D treatment.

Research methods

Rectosigmoid biopsies were collected from IBS-D patients and healthy controls. The expression level of 5-HT,; receptor in
colon tissue was measured and correlated with abdominal pain scores in IBS-D patients. The IBS-D rat model was
induced by intracolonic instillation of acetic acid and wrap restraint. Alterations in visceral sensitivity, 5-HT,; receptor
and TRPV1 expression were examined following 5-HT,; receptor antagonist administration. Changes in visceral
sensitivity after the administration of the TRPV1 antagonist were recorded.
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Research results

A higher expression of 5-HT,; receptor was observed in the colonic mucosa of patients with IBS-D compared to controls,
correlating with abdominal pain scores. The IBS-D rats was successfully established through intracolonic instillation of
acetic acid and wrap restraint. Administration of the exogenous 5-HT,; receptor agonist increased visceral hypersens-
itivity, which was subsequently alleviated by successive administration of TRPV1 antagonist. IBS-D rats receiving the 5-
HT,; receptor antagonist displayed inhibition of visceral hyperalgesia. Additionally, the percentage of 5-HT,; receptor-
immunoreactive (IR) cells surrounded by TRPV1-positive cells (5-HT,; receptor I*) and total 5-HT,; receptor IR cells (5-
HT,; receptor ;) in IBS-D rats significantly decreased with the administration of 5-HT,; receptor antagonist.

Research conclusions

The increased expression of 5-HT,; receptor contributing to visceral hyperalgesia through the induction of TRPV1
expression in IBS-D, providing important insights into the potential mechanisms underlying IBS-D-associated visceral
hyperalgesia.

Research perspectives
The analgesic effect of RS-127445 in IBS-D rats suggests its potential as a novel treatment for IBS-D.
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