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Abstract
Recent studies have demonstrated the vital role of P2X4 receptors (a family of ATP-gated non-selective cation channels) 
in the transmission of neuropathic and inflammatory pain. In this study, we investigated the role of spinal P2X4 receptors 
in chronic functional visceral hypersensitivity of neonatal maternal separation (NMS) rats. A rat model of irritable bowel 
syndrome was established by neonatal maternal separation. Visceral sensitivity was assessed by recording the response of 
the external oblique abdominal muscle to colorectal distension. P2X4 receptor antagonist and agonist were administrated 
intrathecally. The expression of P2X4 receptor was examined by Western Blot and immunofluorescence. The effect of 
P2X4 receptor antagonist on expression of brain-derived neurotrophic factor (BDNF) was assessed by Western Blot. We 
found neonatal maternal separation enhanced visceral hypersensitivity and increased the expression of P2X4 receptor 
in spinal thoracolumbar and lumbosacral segments of rats. Pharmacological results showed that visceral sensitivity was 
attenuated after intrathecal injection of P2X4 receptor antagonist, 5-BDBD, at doses of 10 nM or 100 nM, while visceral 
sensitivity was enhanced after intrathecal injection of P2X4 receptor agonist C5-TDS at doses of 10 μM or 15 μM. In 
addition, the spinal expression of BDNF significantly increased in NMS rats and intrathecal injection of 5-BDBD sig-
nificantly decreased the expression of BDNF especially in NMS rats. C5-TDS failed to increase EMG amplitude in the 
presence of ANA-12 in control rats. Our results suggested the spinal P2X4 receptors played an important role in visceral 
hypersensitivity of NMS rats through BDNF.
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Introduction

Irritable bowel syndrome (IBS) is a common gastrointestinal 
disorder characterized by recurrent visceral pain and altered 
bowel habits. Pain associated with IBS represents chronic 
functional visceral hypersensitivity [1]. Many symptoms 
of IBS are attributable to visceral hypersensitivity. There 
is a general lack of effective treatment modalities for IBS; 
therefore, understanding the pathogenesis of IBS is a key 
imperative.

Studies have shown that adenosine triphosphate binds 
to P2X receptors and plays an important role in nocic-
eptive deficits caused by nerve injury and peripheral 
lesions [2, 3]. P2X is a subtype of the purine receptor, 
mainly expressed in the neurons that transmit nocicep-
tive information [4]. Different types of purinergic P2X 
receptors bind to ATP and open different ion chan-
nels, producing different sensory effects [5]. There are 
seven subtypes of P2X receptors, ranging from P2X1 
to P2X7. Tsuda M et al. found that P2X4 receptors in 
spinal microglia caused tactile hypersensitivity after 
nerve injury [6] and was involved in the development 
of nociceptive sensitization [7]. P2X subunits such as 
P2X4/6 and/or P2X4/7 might be involved in visceral 
pain [8]. Upregulation of brain-derived neurotrophic 
factor (BDNF) in DRG and spinal cord contributes to 
chronic nociceptive sensitization [9]. BDNF is synthe-
sized in the dorsal root ganglion and is released into 
the dorsal horn of the spinal cord, where it binds to 
TrkB receptors on secondary sensory neurons [10–12]. 
P2X4 receptor activation-mediated BDNF release has 
been shown to induce neuropathic pain [7, 13]. Although 
chronic visceral pain is different from neuropathic pain, 
there may be some similarities in the pathogenesis of 
these two types of pain. Studies suggest that P2X4 may 
participate in the development of visceral hypersen-
sitivity in some visceral pain models [8]. However, it 
is unclear whether the P2X4 receptors play a role in 
mediating chronic functional visceral pain induced by 
neonatal maternal separation (NMS).

The objective of this research was to explore the role of 
the spinal P2X4 receptor in chronic visceral pain induced 
by NMS and to understand its mechanism. First, a rat 
model of IBS was established by NMS and visceral hyper-
sensitivity was assessed by recording electromyography 
(EMG) of the external oblique muscle of abdomen in 
response to colorectal distension. Second, the expressions 
of P2X4 receptor and BDNF were examined by West-
ern Blot and immunofluorescence. Finally, EMG and 
the expression of BDNF were examined after intrathecal 
injection of P2X4 agonists and antagonists.

Methods

Animals

Neonatal male Sprague–Dawley rats were provided by the 
Department of Experimental Animal Center, Fujian Medi-
cal University (Fujian Province, China). The neonatal rats 
were reared with their mothers until they were 21 days old. 
After separation from the mother rats, the weaned rats were 
raised for 8 weeks with ad libitum access to food and water. 
After intrathecal intubation, the rats were housed individu-
ally. All animal experiments were performed according to 
the guidelines of the International Association for the Study 
of Pain [14]. All animal experiments were approved by the 
Animal Care and Use Committee, and the study protocol 
was approved by the Fujian Medical University.

NMS procedure

A modified version of the previously described NMS pro-
cedure was employed [15, 16]. In brief, the litters were ran-
domly assigned to NMS and control groups. In the NMS 
group, litters were taken away from the home cage and placed 
in a separate, clean cage for 3 h. The cages were placed on 
a heating pad (30–33 °C) to keep the litters at a temperature 
similar to the external body temperature of adult female rats. 
Then, the litters were returned to their mothers. This proce-
dure was repeated on postnatal days 3–21. The control litters 
were kept undisturbed in the home cage with their mothers.

Assessment of visceral hypersensitivity

Visceral hypersensitivity was assessed by EMG of the external 
oblique muscle of abdomen in response to colorectal distension 
(CRD) (40 and 60 mmHg) as described in previous studies by 
an experimenter blinded to the treatment [17]. EMG was per-
formed 30 min after intrathecal injection. Briefly, animals were 
lightly anesthetized with isoflurane using an anesthesia machine 
(VMR, Matrix, USA). An inflatable balloon (constructed from 
No. 7 latex, 6 cm in length) was used to apply the CRD stimu-
lus. After the animal was anesthetized, two silver bipolar elec-
trodes were inserted into the external oblique muscle of the 
abdomen. A collapsed balloon was inserted into the colon lubri-
cated with glycerol. The balloon was inflated to each CRD pres-
sure for 10 s and then rested for 4 min. For each CRD, EMG 
was recorded three times. The average magnitude of the three 
recordings was used as the magnitude of EMG activity. The 
magnitude of EMG activity was measured by a RM6240BD 
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multi-channel physiological signal acquisition and processing 
system (Chengdu Instrument Factory, Chengdu, China). EMG 
data recorded for 10 s before CRD (baseline) and 10 s dur-
ing CRD (response) were used for calculation. The responses 
were normalized to the percent increase in EMG amplitude over 
baseline during CRD. To avoid interference from other factors, 
a single blind operation was adopted in the experiment. Rats 
were housed in a quiet environment with relative humidity of 
40–70% and room temperature of 23-27ºC.

Spinal intrathecal injection

Lumbosacral intrathecal catheters were implanted using the 
approach described earlier [18]. A spinal cord puncture was 
made between L5–L6 spinal segments using a 12G needle. A 
polyethylene (PE10) catheter was implanted into the intrath-
ecal space of the spinal cord. The catheter was filled with 
sterile phosphate buffered saline. Using the implanted cath-
eter, the drugs or vehicle was intrathecally injected into the 
cerebrospinal fluid space surrounding the lumbosacral spinal 
cord. Other tests were performed 30 min after intrathecal 
injection. Spinal intrathecal injection experiments and EMG 
experiments were performed by different experimentalists in 
assessor-blinded manner.

Immunofluorescence

The NMS rats were administered deep anesthesia and then 
fixed by transcardial perfusion with phosphate-buffered 
saline (PBS) and 4% paraformaldehyde in PBS. After the 
perfusion fixation, thoracolumbar (T13–L2) and lumbosacral 
(L6–S2) spinal cord segments were removed and post-fixed 
in 4% paraformaldehyde overnight, then replaced with 30% 
sucrose. Transverse spinal Sects. (20 μm) were cut with a 
freezing microtome and processed for immunofluorescence. 
All sections were blocked with 5% donkey serum in 0.3% 
Triton for 60 min at room temperature. For double immuno-
fluorescence, sections were incubated overnight at 4 °C with 
primary antibody (anti-P2X4, 1:200, Invitrogen; NEUN, 1: 
300, Millipore/GFAP (1: 300,CST) / anti-iba-1, 1:10,000, 
Woko). Then, the sections were incubated for 1 h with second 
antibody (Goat anti-Rabbit 1:300, Abcam; Goat anti-Mouse 
1:300, Abcam). The images of stained sections were captured 
with fluorescence microscope (TCS SP8, Germany).

Western Blotting

Western Blotting was performed after 8 weeks of rat age and 
2 h after intrathecal administration. Equal amounts of pro-
tein (50 μg) from the spinal thoracolumbar and lumbosacral 
segments of rats were submitted to the gel for separation. 
The proteins were transferred to polyvinylidene difluoride 
membranes (Invitrogen, Carlsbad, CA). Membranes were 

incubated with the following primary antibodies: rabbit 
anti-P2X4 (1:50, Santa Cruz Biotechnology Inc) and rab-
bit anti-GAPDH (1:3,000; Bioworld Technology, St. Louis 
Park, MN). Then the membranes were washed and incu-
bated with peroxidase-conjugated anti-rabbit IgG (1:1,000; 
Abcam, Cambridge, MA). Bands were visualized using 
an ECL system. This experiment was conducted using an 
assessor-blinded method.

Statistical analysis

All data are expressed as mean ± SEM. The two independ-
ent samples t-test was used to determine whether there was 
a significant difference in the response to CRD pressure 
between NMS and control rats. CRD data, after intrathe-
cal injection of compounds, were analyzed by one-way 
repeated-measures ANOVA, followed by Bonferroni post 
hoc test. CRD data, before and after injection, were com-
pared and analyzed using the paired t-test. Western Blot 
results were analyzed by the two independent samples t-test. 
For all analyses, significance was assumed at P < 0.05.

Results

Neonatal maternal separation results in visceral 
hypersensitivity and increased expression of spinal 
P2X4 receptor

We established the chronic visceral hyperalgesia of rat 
model by NMS for 3 h daily during post-natal days 3–21. 
After about 8 weeks, we assessed visceral hypersensitivity 
by recording the amplitude of EMG under 40 and 60 mmHg 
CRD pressure. The magnitude of EMG to graded CRD pres-
sure was significantly higher in NMS rats as compared to 
that in control rats (P < 0.05; Fig. 1). The magnitude of 
EMG in NMS rates significantly increased by 107% under 
40 mmHg CRD and by 72% under 60 mmHg CRD as com-
pared to control rats. These results suggested that NMS sig-
nificantly increased the visceromotor response to CRD and 
induced visceral hypersensitivity in rats.

To illustrate the role of P2X4 receptor in NMS-induced 
visceral hypersensitivity, the expression of P2X4 receptor 
was examined by Western Blotting. The result showed a 
significant increase in the expressions of P2X4 receptor 
in the spinal thoracolumbar (TL) and lumbosacral (LS) 
segments of NMS rats (Fig. 1). The relative density of 
P2X4 receptor in spinal TL segments of control rats was 
0.80 as against 0.97 in NMS rats (P < 0.05). The relative 
density of P2X4 receptor in spinal LS segments of con-
trol rats was 0.85 as against 0.99 in NMS rats (P < 0.05). 
These results suggest that NMS increases the expression 
of spinal P2X4 receptor. Immunofluorescence results 
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showed co-expression of P2X4 receptors and neurons in 
spinal cord of NMS rats (Fig. 2). However, in NMS rats, 
P2X4 did not co-localize with astrocytes and microglia.

P2X4 receptor antagonist attenuates visceral 
hypersensitivity

In order to demonstrate the role of P2X4 receptor in vis-
ceral hypersensitivity, the EMG response to CRD was 
examined 30 min after intrathecal injection of P2X4 antag-
onist 5-(3-bromophenyl)-1,3-dihydro-2H-benzofuro[3,2-
e]-1,4-diazepin-2-one (5-BDBD). The results showed that 
only 100 nM 5-BDBD attenuated EMG in control rats 
(Fig. 3). However, 10 nM and 100 nM 5-BDBD signifi-
cantly attenuated EMG in NMS rats (Fig. 3). After intrath-
ecal injection of 10 nM 5-BDBD, the magnitude of EMG 
significantly decreased by 21% under 40 mmHg CRD and 
by 29% under 60 mm Hg CRD in NMS rats. After injec-
tion of 100 nM 5-BDBD, the magnitude of EMG was sig-
nificantly decreased by 44% under 40 mmHg CRD and 
by 34% under 60 mmHg CRD in NMS rats. These results 
suggest that P2X4 receptor antagonist attenuates visceral 
hypersensitivity in NMS rats.

P2X4 receptor agonist enhances visceral 
hypersensitivity

Furthermore, we also verified the effect of P2X4 receptor 
agonist on visceral hypersensitivity. C5-TDS, the P2X4 
receptor agonist, was intrathecally injected into the con-
trol and NMS rats, and visceromotor response to CRD was 
tested 30 min later. The results showed that only 15 μM 
C5-TDS enhanced visceral sensitivity in the control rats 
(Fig. 3). However, 10 μM and 15 μM C5-TDS both sig-
nificantly enhanced visceral sensitivity in the NMS rats 
(Fig. 3). After intrathecal injection of 15 μMC5-TDS in 
control rats, the magnitude of EMG was significantly 
increased by 34% under 40 mmHg CRD and by 20% under 
60 mmHg CRD (P < 0.05, Fig. 3). After intrathecal injec-
tion of 10 μM C5-TDS in NMS rats, the magnitude of 
EMG was significantly increased by 38% under 40 mmHg 
CRD and by 25% under 60 mmHg CRD (P < 0.05, Fig. 3). 
After intrathecal injection of 15 μM C5-TDS, the mag-
nitude of EMG significantly increased by 50% under 
40 mmHg CRD and by 31% under 60 mmHg CRD in 
NMS rats (P < 0.05, Fig. 3). These results suggest that 
P2X4 receptor agonist enhances visceral hypersensitivity.

Fig. 1   NMS results in visceral hypersensitivity and increased expres-
sion of spinal P2X4 receptors. (a) & (b) The original graph and 
statistical chart of EMG amplitude in rats (n=12, *P<0.05, vs con-
trol rats.) (c) & (d) The original graph and statistical chart of P2X4 

expression at the spinal TL and LS segments in rats (n=3. *P<0.05, 
vs control rats. EMG: electromyography; CRD: colorectal distension; 
NMS: neonatal maternal separation; TL: thoracolumbar. LS: lum-
bosacral)
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NMS upregulates the expression of BDNF via spinal 
P2X4 receptor activation

To explore the effect of BDNF on visceral hypersensitivity, 
the expression of BDNF was detected in NMS rats. Results 
showed that BDNF was obviously increased in spinal TL 
and LS segments of NMS rats (Fig. 4). In TL segments, the 
relative density of BDNF was 0.62 in control rats, while it 
was 0.80 in NMS rats; the between-group difference was sta-
tistically significant (P < 0.05). In LS segments, the relative 
density of BDNF was 0.85 in control rats, while it was 0.99 
in NMS rats; the between-group difference was statistically 
significant (P < 0.05).

To investigate the relationship between BDNF and P2X4 
receptor in visceral hypersensitivity, the effect of P2X4 
receptor antagonist 5-BDBD on the expression of spinal 
BDNF was tested in control and NMS rats (Fig. 4).

After intrathecal injection of 100 nM 5-BDBD in con-
trol rats, the relative density of BDNF decreased from 1.01 
to 0.89 in the TL and from 0.96 to 0.75 in the LS region 
(Fig. 4). The respective percentage decrease was 11.8% in 
TL and 21.7% in LS (P < 0.05), as compared with that in 
the vehicle group.

After intrathecal injection of 100 nM 5-BDBD in NMS 
rats, the relative density of BDNF decreased from 1.19 to 

0.71 in spinal TL region and from 1.09 to 0.79 in spinal 
LS region (Fig. 4). The respective percentage decrease 
was 39.9% in TL and 27.5% in LS region (P < 0.05), as 
compared to that in the vehicle group.

We also found that 5-BDBD decreased BDNF more sig-
nificantly in TL (39.9 ± 8.1) and LS (27.5 ± 5.5) region of 
NMS rats, as compared to that in the control rats (Table. 
1). In control rats, 5-BDBD decreased BDNF more sig-
nificantly in LS (21.7 ± 6.8) as compared to that in TL 
(11.8 ± 1.4). However, in NMS rats, 5-BDBD decreased 
BDNF more significantly in TL as compared to that in LS. 
In addition, in TL but not in LS segment, the decrease in 
percentage of BDNF was significantly higher in NMS rats 
as compared to that in the control rats (Table. 1).

For further verification that spinal P2X4 receptor pro-
motes NMS-induced hypersensitivity via BDNF, C5-TDS 
was intrathecal injected after ANA-12 (an antagonist of 
TrkB receptor). EMG was measured first, then 10 μL 
ANA-12 (20 mmol) was administered, 3 min later, 15 μL 
5-BDBD (15 μmol) was intrathecally injected, and EMG 
was measured again after 30 min interval. C5-TDS failed 
to increase EMG amplitude by pretreatment with ANA-12 
in control rats (Fig. 5). Collectively, these results suggest 
that spinal P2X4 receptor induced visceral hypersensitiv-
ity through the release of BDNF.

Fig. 2   Double immunofluorescence labeling of P2X4R (red) and neurons/astrocytes/Iba-1(green) in NMS groups. Most P2X4R-positive cells are 
double-labeled (yellow) with neurons
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Discussion

In this study, our results revealed that the P2X4 receptor may 
play an important role in NMS-induced hypersensitivity. Firstly, 
NMS induced visceral hypersensitivity and increased the expres-
sion of P2X4 receptors on spinal neuronal cells. Secondly, 
P2X4 receptor antagonist attenuated visceral hypersensitivity, 
while P2X4 receptor agonist enhanced visceral hypersensitiv-
ity. Thirdly, the expression of spinal BDNF was significantly 
enhanced in NMS rats when compared with that in control 
rats. The expression of BDNF was decreased by P2X4 receptor 
antagonist in both NMS and control rats, and the percentage 
decrease in NMS rats was significantly higher than that in con-
trols. Finally, the enhanced effect of P2X4 receptor agonist on 
EMG was blocked by TrkB receptor antagonist ANA-12.

Purine receptors are widely distributed in various tissues 
in the body. These combine with ATP to provide energy to 
the body directly, and these also participate in the body's 

physiological response as a signal molecule receptor [19]. 
Numerous studies have shown that ATP plays an important 
role in the pain associated with peripheral nerve injury by 
binding to the P2X receptor [19, 20]. When the noxious 
stimulation acts on the nerve endings, the cells release ATP 
to activate different P2X receptors, which results in differ-
ent sensory reactions [20–22]. The effect of resveratrol on 
gp120-induced neuropathic pain was mediated by the P2X7 
receptor in the DRG of rats [23]. P2X3Rs were intercon-
nected at the presynaptic level to control synaptic activities 
in the right insular cortex, thus contributing to visceral pain 
of neonatal maternal deprivation rats [24]. P2X4 is likely to 
participate in the development of neuropathic pain [25–27]. 
Other research suggested that acetic acid induced visceral 
pain could increase the expression of P2X4 receptors in trac-
tus solitarius and the dorsal horn of the thoracic cord, which 
peaked at 60 min [28]. In the present study, the expression of 
spinal P2X4 receptor in NMS rats was significantly higher 

Fig. 3   The roles of P2X4R’ antagonist and agonist in rats.(a) & (b) 
The effects of 5-BDBD on EMG amplitude in control and NMS rats.
(c) & (d) The effects of C5-TDS on EMG amplitude in control and 

NMS rats (n=6, *P<0.05, **P<0.01 vs before. CRD: colorectal dis-
tension; NMS: neonatal maternal separation)
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than that in control rats. Therefore, we speculate that P2X4 
may also be involved in the development of functional vis-
ceral hypersensitivity of NMS.

Our results demonstrated an increase in the expression 
of P2X4 on spinal cord. Further experiments showed that 
the antagonist of P2X4 receptor attenuated visceral hyper-
sensitivity, while agonists of P2X4 receptor aggravated 
visceral hypersensitivity. These results suggest that the spi-
nal P2X4 receptor is involved in visceral hypersensitivity. 
The results of this study are consistent with allodynia after 
nerve injury [29]. The location of P2X4 receptor expression 
induced by injurious stimuli is controversial. Some stud-
ies showed that hyperalgesia in IBS and inflammatory pain 
were associated with neuronal activity [30, 31]. But other 

results suggested that harmful stimuli might activate small 
glial cells to express large amounts of P2X4 receptors, which 
induces chronic or neuropathic pain [25, 29, 32]. Our study 
confirms that P2X4 receptors in NMS rats are predominantly 
expressed on neurons, but not on astrocytes or microglia. 
Nerve injury induces expression of transcription factor IRF5, 
which in turn upregulates spinal microglial P2X4 recep-
tors expression [6, 33, 34]. In contrast, we did not detect 
an increase in P2X4 receptors in microglia of NMS rats, 
but found abundant expression of P2X4 receptors on spinal 
cord neuronal cells, demonstrating a different mechanism for 
visceral pain and neuralgia. In addition, there is also a study 
that shows the expression of P2X4 receptors on L4–S4 rat 
DRG neurons increased obviously in visceral pain model 
[6]. However, we did not detect P2X4 receptors on DRG 
neurons in this experiment.

Activation of P2X4 receptor induces the release of some 
biological factors and inward flow of sodium or calcium 
ions, which in turn results in central pain hypersensitivity 
[35]. It was reported that the biological factor that promotes 
dysmenorrhea might be BDNF [9]. Research confirmed that 
microglia P2X4R regulated EAAT3 expression through the 
BDNF-TrkB signaling pathway and played a role in IS-
induced trigeminal neuralgia model [13].

BDNF acts on certain neurons of the central nervous sys-
tem and the peripheral nervous system, which supports the 

Fig. 4   The expression of spinal 
BDNF in rats. (a) & (b)The 
original graph and statistical 
chart of BDNF expression at 
the spinal TLand LS segments 
in rats. (c) & (d) The original 
graph and statistical chartof 
BDNF expression at TL and 
LS segments after intrathecal 
injection of 100 nM5-BDBD 
in control rats. (e) & (f) The 
original graph and statistical 
chartof BDNF expression at TL 
and LS segments after intrathe-
cal injection of 100 nM5-BDBD 
in NMS rats ( n=3. *P< 0.05, 
vs control rats. NMS: neonatal 
maternal separation. TL: thora-
columbar. LS: lumbosacral )

Table 1   Western blot analysis of the reduction percentage of BDNF 
density after intrathecal administration of 5-BDBD in rats

* P < 0.05 vs. control. #P < 0.05 vs. TL. NMS: neonatal maternal sepa-
ration
TL: thoracolumbar. LS: lumbosacral

The reduction percentage of BDNF density

Groups n TL (∆%) LS (∆%)
Control 3 11.8 ± 1.4 21.7 ± 6.8#

NMS 3 39.9 ± 8.1* 27.5 ± 5.5*#
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survival of existing neurons and promotes the growth and 
differentiation of new neurons and synapses [36, 37]. Fur-
thermore, BDNF is important for long-term memory [38]. 
As a signal molecule between microglia and neurons, BDNF 
can induce hyperalgesia [39]. Our results showed that the 
spinal expression of BDNF in NMS rats was significantly 
greater than that in the control rats. After injection of P2X4 
receptor antagonist, the BDNF expression decreased more 
significantly in NMS rats as compared to that in the con-
trol rats. ANA-12 has been proven to be a selective TrkB 
antagonist, and it is used in the study of BDNF/TrkB signal 
transduction [40, 41]. We found activation of spinal P2X4 
receptor by C5-TDS failed to induce visceral sensitivity in 
the presence of ANA-12 in control rats, indicating P2X4 
receptor plays a role through BDNF. Therefore, we inferred 
that P2X4 receptor could induce visceral pain in NMS rats 
through BDNF. Studies have shown that there are gender 
differences in P2X4 receptor-BDNF signal-driven pain 
hypersensitivity, this signaling drives pain hypersensitivity 
in males, but not in females [42]. Therefore, we selected only 
male rats as the subjects in this experiment.

The afferent nerve of colorectum projects to the spinal 
cord thoracolumbar (T13-L2) and lumbosacral (L6-S2) 
segments [43]. In control rats, the colorectal sensation is 
mainly transmitted through the pelvic nerve to the LS seg-
ment, but rarely transmitted through the hypogastric nerve 
fibers to the TL segment. Our previous results showed that 
the spikes of afferent nerve fibers in the TL and LS seg-
ments were significantly increased in the IBS rats [44]. 
In this study, P2X4 receptor and BDNF expression were 
increased in both TL and LS. It was interesting that the 
inhibitive percentage of 5-BDBD for BDNF was signifi-
cantly higher in TL of NMS rats as compared to that in 

controls the inhibitive percentage of 5-BDBD for BDNF 
was significantly higher in TL of NMS rats as compared to 
that in controls. Moreover, in NMS rats, the BDNF expres-
sion was decreased more significantly by P2X4 antagonist 
in TL as compared to that in LS. However, in control rats, 
the BDNF expression was decreased more significantly 
by P2X4 antagonist in LS as compared to that in TL. We 
speculate the underlying reason could be that P2X4 recep-
tor is activated more in TL as compared to that in LS of 
NMS rats. These results indicate that the P2X4 receptor 
activation-mediated release of BDNF in TL plays a more 
important role in visceral hypersensitivity of NMS rats as 
compared to that in LS.

Conclusions

In summary, spinal P2X4 receptors play a key role in vis-
ceral hypersensitivity through BDNF in NMS-induced IBS, 
which provides a potential target for treatment of IBS.
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