
Abstract. Background/Aim: This study aimed to investigate
the role of NOTCH receptor 1 (NOTCH1)-mediated activation
of microglia in the L5-S2 spinal dorsal horn in chronic
prostatitis pain. Materials and Methods: Rats were divided
into chronic prostatitis (CP) group and control group.
Complete Freund’s adjuvant was injected into the prostate,
and prostate pathology and pain-related behavior were
monitored to assess the successful establishment of the CP-
related pain model. The dorsal horn of the L5-S2 spinal cord
was collected for the detection of ionized calcium-binding
adapter molecule 1 (IBA-1) and NOTCH1 expression by
quantitative real time polymerase chain reaction and the
detection of tumor necrosis factor-α (TNF-α) and
interleukin-1β (IL-1β) by enzyme-linked immunosorbent
assay. Electrical excitability was assessed with whole-cell
patch clamp. In addition, NOTCH1 receptor inhibitor or
inhibitor of microglial cell activation was injected into the
subarachnoid space, and the pro-inflammatory cytokines in
the spinal cord were detected. Results: In the CP group, the
expression of NOTCH1, IBA-1, TNF-α and IL-1β began to
increase at 4 days, peaked at 12 days, and began to decline
at 24 days, and it was significantly higher than in the control
group (p<0.01). Inhibition of microglia or NOTCH1 receptor
markedly reduced the content of TNF-α and IL-1β in the
spinal cord (p<0.05). At 4, 12 and 24 days, the amplitude
and frequency of neuronal action potential increased and the
threshold decreased markedly as compared to the control

group (p<0.05), and spontaneous action potential was noted.
Conclusion: NOTCH1 mediates the activation of microglia
in the L5-S2 spinal cord, leading to the secretion of
inflammatory factors and enhanced electrical excitability of
neurons, which is related to persistent and refractory chronic
prostatitis-related pain.

Chronic prostatitis (CP) is a persistent and refractory disease
seen at the Department of Urology, and often affects male
reproduction. Currently, the incidence of CP is about 8.2%
in males and patients with CP account for about 30% of
outpatients. Moreover, type IIIA chronic aseptic
prostatitis/chronic pelvic pain syndrome (CPPS) (type IIIb)
accounts for about 90% of CP in clinical practice (1).
However, the etiology of CP is still poorly understood, and
current treatments for CP have limited efficacy. Long-lasting
disease in these patients may cause severe somatopsychic
disturbance which is still refractory to available treatments
(2). Therefore, the diagnosis and treatment of CP have been
a great challenge in the field of urology and the pathogenesis
of CP has been a hot topic in this field. CP-related pain often
manifests as persistent visceral referred pain, and pain-
related symptoms may persist after the resolution of
prostatitis. There is evidence showing that abnormal neural
regulation is involved in the pathogenesis of CP related pain
(3). Studies have shown that the pathogenesis of CP/CPPS
in males and interstitial cystitis/bladder pain syndrome in
females is related to inflammation, immunity, and
neuropathology. Minimally invasive treatments (including
spinal cord and peripheral nerve stimulation) may become
promising for the treatment of refractory CP-related pain (3).
Spinal microglia are important immune cells in the central
nervous system (CNS), and they can cause pain by secreting
inflammatory mediators in response to the activation of
NOTCH signaling pathways (4). Our previous pilot study
also reveals that NOTCH1 is involved in the transmission of
signals in the glial cells, which mediates neuropathic pain
and NOTCH1 is one of the key molecules regulating pain
(unpublished data). However, the role of NOTCH1-mediated
microglial activation in persistent pain related to CP remains
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unclear. This study aimed to investigate whether NOTCH1
induces microglia in the L5-S2 segment of the spiral cord to
secrete inflammatory cytokines and subsequently induce
central pain sensitization in a rat model of CP-related pain.
Our findings may be helpful to elucidate the role of
neuroinflammation in the pathogenesis of CP-related pain.

Materials and Methods
Grouping. The rat model of CP-related pain was established
according to a previously reported study (5, 6). Adult male specific
pathogen-free rats (200±25 g) were purchased from the Animal
Experiment Center of the Army Military Medical University
(Chongqing, PR China), and randomly divided into a CP group (n=6
at each time point) and a control group (n=6 at each time point).
This study was approved by the Ethics Committee of Guiqian
International General Hospital (no. 2019-0160). All the animal
procedures were conducted according to the Guidelines of the
International Council for Laboratory Animal Science.

Establishment of CP-related pain model. Rats were intraperitoneally
anesthetized with 1% pentobarbital sodium (0.3 ml/100 g
bodyweight), and the prostate was exposed through a small middle
incision (1 cm) in the lower abdomen. In the CP group, 10 μl
complete Freund’s adjuvant (CFA) (Sigma, St. Louis, MO, USA)
was injected at both sides of the prostate. In the control group, an
equal amount of normal saline was injected. Then, the wound was
closed. Histological examination and assessment of pain-related
behaviors were carried out, aiming to evaluate the successful
establishment of a CP-related pain model. 

Evaluation of pain-related behavior. At 0, 4, 12 and 24 days, pain
related behaviors were examined. In brief, rats were placed in a
plexiglass box (2 cm×12 cm×22 cm) with 3-mm bottom plate.
Animals were allowed to acclimatize to the environment for 30 min,
and then a thermal stimulator (12 V, 50 W) was used to stimulate the
pelma of the rats over a 5-mm spot. The time to paw withdrawal was
recorded as thermal withdrawal latency. Each stimulation was no
longer than 30 s, and 30 s was recorded as the time to withdrawal if
the time was longer than 30 s. The interval between making two
measurements was at least 10 min. The examination was done five
times per animal. The maximum and minimum values were
removed, and the average was calculated from the remaining values.

Histological examination. At 0, 4, 12 and 24 days after CFA
injection, rats (n=6 at each time point) were anesthetized by
intraperitoneal injection of 1% pentobarbital sodium at 0.3 ml/100
g bodyweight, and then the heart was perfused with 200 ml of 0.9%
normal saline and then with 300 ml of 0.01 mol/l phosphate buffer
solution containing 4% paraformaldehyde at 48˚C. The left and right
prostate tissues were collected after laparotomy, then fixed in 4%
paraformaldehyde at 4˚C overnight, embedded in paraffin and
sectioned for pathological examination. The sections were observed
under a light microscope.

Intrathecal injection of NOTCH1 antagonist and inhibitor of
microglial cells. An intrathecal catheter was placed as previously
reported (7). In brief, in an independent experiment, rats were
anesthetized by intraperitoneal injection of 1% pentobarbital

sodium, and then the occipito-axial ligament was exposed after
injection of CFA into the prostate. A PE-10 tube was carefully
inserted into the subarachnoid space (about 6 cm in length). If
cerebrospinal fluid was present in the tube, the outlet of this tube
was sealed, followed by wound closure. The PE-10 tube was fixed
to the skin. Animals were allowed to recover over the following 7
days. Animals without movement disorder after operation were
used in subsequent experiments. Animals were divided into three
groups (n=6 per group): i) NOTCH1 receptor antagonist group:
animals were injected with tangeretin (Sigma) at 0.1 mmol/l; ii)
Microglial inhibition group: animals were injected with
minocycline (Sigma) at 5 mmol/l; iii) Control group: artificial
cerebrospinal fluid (pH 5.5; Coolaber, Shanghai, PR China) of
equal volume was injected (15 μl). Intrathecal injection was
performed once daily for 5 consecutive days. After injection, the
tube was flushed with 5 μl of artificial cerebrospinal fluid and the
injection was completed within 5 min for all animals. The spinal
cord tissues were collected 5 days later and processed for the
determination of TNF-α and IL-1β by ELISA.

Determination of mRNA expression of NOTCH1 and IBA-1 by
quantitative real time polymerase chain reaction. In the CP group,
rats were decapitated after anesthesia at 0, 4, 12 and 24 days after
CFA injection. The L5-S2 segments of the spinal cord were removed
from the posterior horn on both sides. The spinal cord tissues were
weighed and then processed for the extraction of total RNA. The
purity of total RNA was determined by spectrophotometry at 260 nm
and 280 nm (ratio of A260 to A280 at 1.8-2.0). Then 2 μg of total
RNA was processed for reverse transcription into cDNA under
following conditions: 70˚C for 5 min → 37˚C for 60 min → 70˚C
for 10 min. Furthermore, 20 ng of cDNA was used for the detection
of target genes by quantitative real time polymerase chain reaction
under the following conditions: 50˚C for 30 min, 95˚C for 15 min,
94˚C for 15 s, 56˚C for 15 s, 72˚C for 30 s, for a total of 40 cycles.
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as
the internal reference. A standard curve was drawn, and the
expression of target genes was normalized to that of GAPDH. The
primers used in the present study were as follows: IBA-1:
TTGATCTGAATGGCAATGGA (forward) and CCTCCAATTA
GGGCAACTCA (reverse); NOTCH1: CATCACCTGCCTGTTA
GGAG (forward) and ACACATGGCAACATCTAACCC (reverse);
GAPDH: TTTAACTCTGGTAAAGTGGATATTGTTG (forward)
and ATTTCCATTGATGACAAGCTTCC (reverse). 

Detection of TNF-α and IL-1β contents by enzyme-linked
immunosorbent assay (ELISA). At 0, 4, 12 and 24 days after CFA
injection, the spinal dorsal horn of L5-S2 segments was collected,
and then lysed in 0.5 ml of lysis solution (50 mMTris, 150 mM
NaCl, 1% Triton X 100, 0.5% sodium deoxycholate, 1 mM of
phenylmethanesulfonyl fluoride (Shanghai Sangong, Shanghai, PR
China), 0.1% sodium dodecyl sulfate, 10 mM sodium fluoride and
1 mM sodium sulfate) on ice. After homogenization on ice,
centrifugation was performed at 1,200 g/min for 10 min. The
supernatant was collected for the detection of IL-1β and TNF-α by
ELISA [Rat IL-1 beta ELISA Kit (ab255730) and Rat TNF alpha
ELISA Kit (ab236712); Shanghai Sangong].

Measurement of neuronal electrical excitability by patch clamp. At
0, 4, 12 h and 24 h, animals were sacrificed, and the L5-S2
segments were collected and sliced for the detection of neuronal
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electrical excitability with the whole-cell patch clamp method. In
brief, the spinal cord was quickly collected from animals after
anesthesia, and L5-S2 slices (500 μm in thickness) were obtained
with a microtome. These slices were incubated with artificial
cerebrospinal fluid at a constant temperature. Then an electrode (5-
8 MΩ) was used to clamp the superficial neurons of the dorsal horn
and the electrophysiological characteristics of neurons were
measured after the data stabilized. The whole-cell recording mode
was used under Clampex sampling. A series of step currents (−50
− +140 pA; step=10 pA, duration=1,000 ms) were administered to
induce electrical activity from hyperpolarization to depolarization
with a current clamp (I=0), the voltage–current curve was obtained,
and the evoked action potential (AP) was observed when the
membrane potential exceeded the threshold. The basic parameters
regarding electrical excitability of neurons (resting membrane
potential, threshold, and amplitude of AP) were recorded. The
spontaneous electrical activity of neurons was observed under the
Gapfree continuous recording mode and compared with normal
controls. Increased electrical excitability indicates enhanced
sensitivity to central pain. 

Statistical analysis. All data are expressed as the mean±standard
deviation. Statistical Product and Service Solutions version 13.0
(IBM, Armonk, NY, USA) was used for the statistical analysis.
Quantitative data are expressed as mean±standard deviation, and
qualitative data are expressed as median. Comparisons of data with
normal distribution were made among groups with one-way analysis
of variance. A value of p<0.05 was considered statistically significant.

Results

Prostate pathology and pain-related behaviors. In the CP
group, cell degeneration, necrosis and shedding were
observed; a large number of lymphocytes and monocytes
infiltrated the stroma, and some lymphocytes clustered in the
prostate. In the control group, the prostate structure remained
intact without obvious infiltration of inflammatory cells
(Figure 1). This indicated that CFA caused prostatitis in the
rats. In the CP group, the thermal withdrawal latency was
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Figure 1. Pathological examination of the prostate at 0 (A), 4 (B), 12 (C) and 24 (D) days in rats after induction of chronic prostatitis (hematoxylin
and eosin: ×100). 



significantly shortened as compared to the control group
(p<0.01). This indicated hyperalgesia in the rats after CFA
injection. The above findings suggest the successful
establishment of CP (Table I). 

mRNA expression of NOTCH1 and IBA-1. Results showed the
mRNA expression of IBA-1 and NOTCH1 in the L5-S2
segments of CP group was significantly higher than in the
control group at 4, 12 and 24 days after CFA injection
(p<0.01). Moreover, it peaked at day 12. This indicate that
the microglial cells in the L5-S2 segments of CP rats were
activated, and this was accompanied by NOTCH1 activation
(Table II).

TNF-α and IL-1β in L5-S2 spinal cord segments. TNF-α and
IL-1β in L5-S2 spinal cord segments were determined by
ELISA. The results showed TNF-α and IL-1β began to
increase at 4 days, peaked at 12 days and began to decrease
at 24 days. At all time points after baseline, the levels of
TNF-α and IL-1β in the CP group were significantly higher
than in the control group (p<0.01) (Table III). After
intrathecal injection of NOTCH1 antagonist or microglial

inhibitor, TNF-α and IL-1β levels in L5-S2 spinal cord
segments were markedly lower than in the CP group
(p<0.01) (Table IV).

Electrical excitability. The whole-cell patch clamp method
was used to record electrical excitability. In the control
group, the resting membrane potential was -54.08±4.10 mV
(n=30); in the CP group, the mean resting membrane
potential was −52.22±4.99 mV (n=28), −55.12±4.76 mV
(n=39) and −54.20±4.67 mV (n=36) at 4, 12 and 24 days,
respectively. The series resistance was 10.78±3.78 MΩ in the
control group; in the CP group, it was 10.74±2.15 MΩ,
11.67±2.15 MΩ and 10.99±2.18 MΩ at 4, 12 and 24 days,
respectively. The membrane capacity was 10.79±2.29 pF in
the control group and was 11.63±3.15 pF, 12.12±3.07 pF and
12.10±3.11 pF in the CP group at 4, 12 and 24 days,
respectively. The passive membrane electrophysiological
characteristics of neurons remained unchanged after
induction of CP (p>0.05). 

In the current clamp-recording mode, step currents were
administered to neurons to induce electric activity from
hyperpolarization to depolarization, and then the AP was
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Table I. Thermal withdrawal latency (s) in rats after induction of
chronic prostatitis (CP) and in controls (n=6 at each point).

                                                     Time point (days)

Group                0                        4                       12                       24

Control     22.56±1.50        22.14±1.60        22.79±1.18        22.58±1.37
CP             22.27±1.65      14.61±0.90**    12.29±1.20**    14.01±1.36**

Significantly different at: **p<0.01 vs. Control.

Table III. Levels of tumor necrosis factor-α (TNF-α) and interleukin-1β
(IL-1β) in L5-S2 spinal cord segments in rats after induction of chronic
prostatitis (CP) and in controls (n=6 at each point).

Variable         Time point       Control group                     CP group
                          (days)

TNF-α                  0                 0.446±0.041                    0.451±0.037
(ng/ml)                 4                 0.448±0.031               0.672±0.038**ss

                             12                0.454±0.035             0.790±0.038**ss#t
                             24                0.439±0.029               0.772±0.034**ss

IL-1β                    0                 0.362±0.028                    0.347±0.028
(ng/ml)                 4                 0.372±0.026               0.491±0.037**ss

                             12                0.350±0.027              0.591±0.026**ss#
                             24                0.362±0.017               0.555±0.025**ss

Significantly different at: **p<0.01 vs. Control; ssp<0.01 vs. 0 d;
#p<0.05 vs. 4 d; tp<0.05 vs. 24 d.

Table IV. Levels of tumor necrosis factor-α (TNF-α) and interleukin-
1β (IL-1β) in L5-S2 spinal cord segments after inhibition of NOTCH
receptor signaling pathway using NOTCH receptor 1 inhibitor
tangeretin or inhibition of microglial cells with minocycline.

Variable                  CSF                    Tangeretin              Minocycline

IL-1β               0.581±0.028          0.401±0.027**        0.492±0.035**
(ng/ml)

TNF-α             0.671±0.023          0.381±0.033**        0.401±0.022**
(ng/ml)

CSF: Artificial cerebrospinal fluid. **Significantly different at p<0.01
vs. CSF.

Table II. mRNA expression of NOTCH receptor 1 (NOTCH1) and
ionized calcium binding adapter molecule 1 (IBA-1) in L5-S2 spinal
cord segments in control rats and after induction of chronic prostatitis
(CP) (n=6 at each point).

Variable         Time point       Control group                     CP group
                          (days)

NOTCH1              0                 0.330±0.036                    0.329±0.039
                              4                 0.391±0.034               0.695±0.028**ss

                             12               0.371±0. 029           0.895±0. 035**ss#t
                             24               0.359±0. 032             0.635±0. 036**ss

IBA-1                    0                0.407±0. 033                  0.395±0. 035
                              4                 0.392±0.041              0.711±0. 034**ss

                             12                0.399±0.039            0.897±0.029**ss#t
                             24                0.431±0.037               0.856±0.030**ss

Significantly different at: **p<0.01 vs. Control; ssp<0.01 vs. 0 d;
#p<0.05 vs. 4 d; tp<0.05 vs. 24 d.



recorded (Figure 2). The amplitude, frequency, and threshold
of AP at different time points in both groups are shown
(Table V). The results showed the amplitude and frequency
of AP increased significantly, but the threshold reduced
markedly compared to the control group (p<0.05), and
spontaneous AP was observed (Figure 3). 

In the current clamp mode, the membrane potential of
neurons fluctuated autonomously when the clamp voltage
was maintained at about −50 mV. The amplitude of
membrane potential fluctuated slightly in the control group
and CP group at 4 days. However, fluctuation was evident in
the CP group at 12 and 24 days; significant fluctuation was
observed in several neurons, and even spontaneous AP was
generated at the threshold.

Discussion

A relatively recent epidemiological study showed that the
incidence of prostatitis-related symptoms in men under 50
years of age was as high as 11.5%, with type IIIa/CPPS (type
IIIb) accounting for about 90% of prostatitis in clinical

practice (8). The etiology and pathogenesis of CP-related
pain are still unclear. Long-term pain may cause severe
physical and mental disorders in patients with CP. Currently,
no effective treatment has been developed for CP-related
pain, and the diagnosis and treatment of CP-related pain
have become a challenge in the field of urology (9).
Therefore, the investigation of pathogenesis of CP-related
pain is extremely important for the development of
therapeutic strategies for this disease.

Bryk et al. proposed the well-known UPOINT
classification system for prostatitis, which provides a new
way for the diagnosis and treatment of CP, and has been
widely recognized and used. UPOINT classifies patients into
six domains: Urinary, psychosocial, organ-specific,
infectious, neurological/systemic and tenderness of skeletal
muscles. As shown by this classification system, CP-related
pain is often characterized by refractory perineal pain and
discomfort to varying degrees, frequently accompanied by
bladder and urethral dysfunction, which is the main reason
for a hospital visit in these patients (9). Although some
studies have been conducted to investigate the pathogenesis
of CP-related pain and the therapies of CP-related pain have
improved in recent years, the quality of life of patients with
CP remains unchanged and they still display pain and urinary
symptoms (10). Therefore, the pathogenesis of CP-related
pain may not be confined to prostate infection, abnormal
regulation of CNS may also be involved (11). CP-related
pain often has two clinical characteristics: i) Pain is
generalized. Pain is not confined to the prostate, it involves
the areas innervated by the L5-S2 spinal cord segments
which are related to bladder and urethral function.
Spontaneous pain can occur in parts without primary lesions,
and muscular dysfunction of the bladder and urethra may be
present to varying degrees, suggesting the characteristics of
visceral referred pain; ii) Pain is persistent. In clinical
practice, some patients still present CP-related pain after the
resolution of prostatitis. Therefore, CP-related pain may be
a type of persistent visceral referred pain, and its
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Figure 2. Action potential characteristics of L5−S2 neurons after
induction of chronic prostatitis (CP) in rats. A series of step currents
(−50 to +140 pA, step=10 pA, duration=1,000 ms) were administered
to induce electrical activity from hyperpolarization to depolarization
with a current clamp (I=0), and the voltage–current curve was
obtained, an evoked action potential (AP) was observed when the
membrane potential exceeded the threshold. The resting membrane
potential, threshold and amplitude of AP were recorded.

Figure 3. Spontaneous electrical activity of L5−S2 neurons 12 days
after chronic prostatitis (CP) was induced in rats. At days 12 and 24,
the fluctuation in electrical activity was evident in the CP group,
significant fluctuation was observed in several neurons, and even
spontaneous AP was generated at the threshold.



pathogenesis is closely related to the changes of nerves in
the spinal cord that innervate the prostate (12). In our
previous study, a rat model of stable prostate pain was
successfully established, and results showed the glial cells in
the L5-S2 segments were activated in rats with CP-related
pain, which was closely related to central hyperalgesia and
had the involvement of visceral referred pain in CP (13, 14).

The dorsal horn of the spinal cord is an important center for
pain modulation and integration. Study has shown that pain
modulation is related to not only the neural network, but also
to astrocytes and microglia (15). Pain signals can activate glial
cells and neurons through a variety of inflammatory cytokines
and miRNAs in exosomes, which is a key factor for the
generation and maintenance of chronic neuropathic pain (16).
Microglial cells are widely distributed in the CNS. Under
physiological conditions, microglial cells are considered the
‘quiescent’ cells of the CNS. However, when the CNS is
stimulated by trauma, ischemia, infection and other harmful
stimuli, microglial cells may be immediately activated to
produce pain modulators or pain-sensitizing substances, such
as brain-derived neurotrophic factor, ILs, TNF and other
inflammatory cytokines. These cytokines may increase the
local synaptic plasticity and synaptic efficiency, and the
elevated production of these factors can cause pain
sensitization of neurons (17), which is involved in the
regeneration of nociceptors after nerve injury. In animal
models of nerve injury and pain, the production of
inflammatory cytokines increases significantly in glial cells.
Hypersensitivity in rats with pathological pain is inhibited
after intrathecal injection of transcription factors or antagonists
of inflammatory factors (18). In addition to the production of
inflammatory factors, there is interaction between microglia
and neurons. Microglia can affect the activity of neurons.
Study has revealed that inhibiting the activation of microglial
cells can compromise pain hypersensitivity (19). In a model
of sciatic nerve inflammatory injury, intrathecal injection of
minocycline (an inhibitor of microglial activation) inhibited
mechanical hyperalgesia (20). In addition, the activation of
glial cells has an involvement of specific signal pathways.
Recently, the role of NOTCH in the activation of neurons and
glial cells has attracted great attention in the field of pain.
Inhibition of key signaling pathways may regulate the

generation and tolerance of chronic neuropathic pain (21). 
The NOTCH signaling pathway is highly conservative,

can regulate cell differentiation and proliferation, and plays
a key role in the regulation of embryonic development and
cell fate. There are four NOTCH receptors (NOTCH 1-4)
and multiple ligands in mammalian nervous systems:
JAGGED1 and 2, and DELTA1, 3 and 4. These are single
transmembrane proteins. The extracellular segments of
NOTCH and its ligand have a repeat region of epidermal
growth factor, which can be modified by glycosylation.
NOTCH receptor also has several regions to keep the
receptor inactivated in the absence of ligands. After the
binding of receptor to ligand, the γ-secretase complex can
cleave the transmembrane segment of NOTCH, then the
intracellular segment of NOTCH is released into the
cytoplasm, and the extracellular segment of NOTCH enters
the ‘signal sending cells’ (ligand-expressing cells) through
endocytosis together with the ligand. Ligands can also be
cleaved by the γ-secretase, which then transduces signals
into cells (22). There is evidence showing that NOTCH can
activate inflammatory cells to produce inflammatory
mediators, playing a role in pain modulation (23). 

In 2006, Mizuguchi et al. found that the NOTCH signaling
pathway was an arbiter of neuronal excitation or inhibition,
and involved in pain sensitization, but the specific mechanism
was and still is unclear (24). NOTCH-mediated pain
sensitization may be related to the classic mechanism of
chronic pathological pain reported by Woolf and Salter (25).
The physiological response to pain is a normal response in
which peripheral nociceptive signal is transmitted to the
cerebral cortex to produce the sensation of pain. In the early
stage of pathological pain, the intracellular signal transduction
pathway is activated via phosphorylation of receptors and
channels, which reflects the post-translational change.
However, chronic neuropathic pain is characterized by the
long-term and continuous alterations of receptors, ion channels
and intracellular signal transduction, which involves the
expression of neurotransmitters, synaptic connections,
neuronal structure, and survival and reflects nuclear
transcription and translation. The activation of signal pathways
in turn affects nuclear transcription and translation, which is
regarded as an important process related to changes of neural
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Table V. Characteristics of neuronal action potential in L5-S2 spinal cord segments after induction of chronic prostatitis (CP) in rats and in controls.

Group                 Time point (days)               No. of measurements              Amplitude (mV)                 Frequency (n)                  Threshold (mV)

Control                            25                                    93.67±8.50                            1.99±0.08                         −17.1±3.31
CP                                     4                                            29                               103.04±11.82*                     7.98±1.32*                      −22.41±3.04*
                                        12                                           39                               115.87±12.61*                    10.21±1.29*                     −32.31±5.54*
                                        24                                           40                               119.80±12.64*                     9.55±1.58*                      −30.30±5.15*

*Significantly different at p<0.05 vs. Control group.



plasticity. The NOTCH signaling pathway participates not
only in the proliferation and differentiation of neural stem
cells, but also in learning and memory related to neurons in
the embryonic stage. In adult mammals, NOTCH expression
increases significantly after nerve injury, and is involved in
glial cell activation and neural remodeling; and inhibiting the
NOTCH signaling pathway has been found to exert analgesic
effect (26, 27). In recent years, increasing attention has been
paid to the role of the NOTCH signaling pathway in the
pathogenesis of pain. NOTCH1 signaling is also involved in
the neural plasticity of adult animals (28). The activation of
NOTCH1 signaling in the dorsal horn of spinal cord increases
the excitability of neurons, while its inhibition inhibits the
excitability of neurons (29). In addition, the activation of
NOTCH1 signaling can promote the differentiation of neural
stem cells into astrocytes and microglia, which is related to
synaptic remodeling and nerve regeneration (30). In an animal
model of peripheral nerve injury, the activation of NOTCH1
signaling also activated glial cells, suggesting its important
role in the plasticity of the adult nervous system after injury
(31, 32). Moreover, NOTCH1 signaling is also involved in a
variety of inflammatory responses to injury, in which it may
interact with other inflammatory pathways (33). The NOTCH1
signaling pathway also affects neuronal excitability as well as
the regeneration and activation of glial cells. There is evidence
showing that the NOTCH1 signaling pathway may also
regulate the expression of membrane receptors, ion channels,
and neurotransmitters, as well as synaptic plasticity (34, 35),
but these mechanisms need to be further studied. 

CP-related pain, as a common inflammatory visceral pain,
has a high incidence and is often refractory to available
treatments. It is very important to investigate the relationship
and interaction among neuroimmune, peripheral and central
mechanisms of pain, which is helpful for the elucidation of
pathogenesis of CP-related pain and for the identification of
targets for the development of pharmacotherapeutics.

In the present study, our results showed NOTCH1
expression and IBA-1 expression increased in the spinal cord
of rats with CP-related pain; inhibiting microglial activation
and NOTCH1 signaling pathway significantly reduced the
production of inflammatory cytokines, thereby relieving CP-
related pain. 

Conclusion

Our study confirmed the abnormal neurological regulation at
the L5-S2 level of the spinal cord in CP-related pain, and the
activation of microglial cells in the spinal cord plays an
important role in the occurrence and maintenance of pain
related to the activation of NOTCH1 signaling pathway in
the spinal cord. Based on our findings, we speculate that the
activation of the NOTCH1 signaling pathway may induce the
activation of microglial cells, leading to the secretion of a

large amount of inflammatory cytokines, which is involved
in the transmission of nociceptive signals and pain
modulation and plays a key role in central hyperalgesia. 
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