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Effects of nicorandil on p120 expression in the spinal cord and
dorsal root ganglion of rats with chronic postsurgical pain
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Abstract. Chronic postsurgical pain (CPSP) has a high inci-
dence, but the underlying mechanism is not well understood.
Accumulating evidence has suggested that central sensiti-
zation is the main mechanism of pain. To study the role of
p120 in CPSP, a skin/muscle incision and retraction (SMIR)
model was established, and immunofluorescence staining and
western blotting were performed to analyze the expression of
p120 in the spinal cord and dorsal root ganglion (DRG). The
results demonstrated that SMIR increased the expression of
p120 in the DRG and the spinal cord compared with the naive
group. Furthermore, it was demonstrated that p120 was mainly
distributed in the glial fibrillary acidic protein-positive astro-
cytes in the spinal cord, and in the neurofilament 200-positive
medium and large neurons in the DRG. Our previous studies
have shown that adenosine triphosphate-sensitive potassium
channel (KATP) agonists can reduce postoperative pain in
rats. Therefore, the changes in pl120 were observed in the
DRG and spinal cord of rats following the intraperitoneal
injection of nicorandil, a KATP agonist. It was demonstrated
that nicorandil administration could relieve mechanical pain
experienced following SMIR in rats, and decrease the expres-
sion of p120 in the DRG and spinal cord. The results revealed
that p120 may contribute to the prophylactic analgesic effect of
nicorandil, thus providing a novel insight into the mechanism
of CPSP prevention.

Introduction

It has been reported that 8-34% of patients experience chronic
postsurgical pain (CPSP) following surgery, which results in
a decrease in the quality of postoperative daily life (1). This
is a difficult clinical problem. The mechanism underlying the
transformation of acute pain to chronic pain following tissue
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damage remains to be elucidated. An improved understanding
of this mechanism is the key for clinically preventing CPSP.

Growing evidence has indicated that nerve damage causes
the resting astrocytes of the spinal cord to enter into an active
state, which is necessary for the development and maintenance
of pain (2-4). The astrocytes in the central nervous system
(CNS) form a highly interconnected network via gap junctions
or adherens junctions (5). In some pain models, there is an
increase in the number of gap junction channels and a series of
junction proteins, such as connexin43 (Cx43) and p120, leading
to the secretion of various types of cytokines that are involved
in inducing pain (6). The role of Cx43 in chronic pain has been
studied previously (7-9). The purpose of the present study was
to explore the role of p120 in the maintenance of CPSP by
detecting the expression of p120 in the DRG and spinal cord
of rats with CPSP.

Our previous studies have shown that adenosine triphos-
phate-sensitive potassium channel (KATP) agonists may
relieve postoperative pain in rats by inhibiting the apoptosis of
vascular endothelial cells (10,11). KATP agonists can inhibit
touch-induced pain in a dose-dependent manner (11). Notably,
nicorandil is the first clinical KATP opener, which has been
reported to exhibit activities in models of inflammatory and
nociceptive pain (12,13). The present study attempted to extend
the investigation on the antinociceptive activity of nicorandil
by evaluating its effects on the expression of p120 and also to
evaluate the possible mechanisms involved in the antinocicep-
tive activity of this drug through the p120 pathway.

Materials and methods

Animals. A total of 42 male Sprague-Dawley rats (weight,
200-250 g; age, 8-10 weeks) were provided water and
feed ad libitum until 3 days prior to the experiment. The
rats were house with a 12 h light/dark cycle at 23+1°C
and 55-60% humidity. The rats were provided by the
Experimental Animal Center of Nantong University
(Nantong, China) and the study procedures were approved by
the Animal Care and Use Committee of Nantong University
(approval no. 20171015S1051122).

Experimental design and drugs. The rats were randomly
divided into seven groups (n=6/group). Naive group, no treat-
ment was performed; sham group, the rats received an incision
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through the skin and muscle; skin/muscle incision and retrac-
tion (SMIR) (14) group, the rats underwent 1-h retraction
following the skin/muscle incision; SMIR + nicorandil groups,
referring to the dose of nicorandil in the relevant litera-
ture (15-17), the rats were intraperitoneally injected with either
low (1.0 mg/kg), middle (1.5 mg/kg) or high dose nicorandil
(2.0 mg/kg) separately 0.5 h prior to the SMIR procedure;
SMIR + nicorandil (1.5 mg/kg ) + glibenclamide (10.0 mg/kg)
group, 0.5 h before SMIR modeling, a mixture of 1.5 mg/kg
nicorandil (cat. no. N3539; Sigma-Aldrich; Merck KGaA) and
10.0 mg/kg glibenclamide (cat. no. PHR1287; Sigma-Aldrich;
Merck KGaA) was injected intraperitoneally.

Behavioral testing. The mechanical withdrawal threshold
(MWT) was detected prior to, and 1, 3,7 and 14 days following
SMIR surgery. The rats were habituated to the testing environ-
ment for at least 30 min before testing. Mechanical allodynia
was assessed using the Up-Down paradigm (18) with von
Frey filaments (IITC Life Science, Inc.) ranging between
1.4 and 26 g. Shrinking, swinging or paw licking were
regarded as positive reactions. Each filament was presented
five times within 30 sec to determine the response threshold. If
the response was not elicited at least twice, the next ascending
von Frey filament was applied until at least two responses were
observed.

Immunofluorescence staining. On day 7 after SMIR, the
rats were anesthetized with isoflurane (induction with 3-4%,
maintenance with 1-2%) and perfused transcardially with PBS
followed by 4% paraformaldehyde in PBS (250 ml; pH 7.0).
After perfusion, the L3-L5 spinal cord and DRG tissues from
rats in the SMIR group were extracted and post-fixed in the same
fixative at 4°C overnight, and then placed in 20% and subse-
quently in 30% sucrose solution at 4°C overnight. After freezing
sequentially, the tissues were continuously sectioned at 6 ym
and stored at -20°C. These sections were selected randomly and
blocked with 5% serum antibody blocking solution (Beyotime
Institute of Biotechnology) for 2 h. The tissue slices were
then incubated independently with antibodies against p120
(1:300; Santa Cruz Biotechnology, Inc; cat. no. sc-23873),
glial fibrillary acidic protein (GFAP; 1:5,000; EMD Millipore;
cat. no. AG230), calcitonin gene-related peptide (CGRP;
1:800; Cell Signaling Technology, Inc.; cat. no. 14959), NeuN
(1:5,000; EMD Millipore; cat. no. SAB4300883), ionized
calcium-binding adapter molecule 1 (Ibal; 1:800; FUJIFILM
Wako Pure Chemical Corporation; cat. no. 019-19741) and
isolectin B4 (IB4; 1:1,000; Advanced Targeting Systems, Inc.;
cat. no. PR-02) at 4°C overnight, then co-incubated with Cy3-
or FITC-conjugated secondary antibodies (1:1,000, Jackson
ImmunoResearch Laboratories, Inc.; cat. no. 115-165-205,
115-095-205) in the dark for 2 h at room temperature. A
total of five sections were randomly selected from the spinal
cord and DRG of each rat. The localizations of p120 in the
spinal cord dorsal horn and DRG were examined under a
fluorescence microscope (Olympus Corporation) in the dark
to capture images.

Western blotting. The rats were anesthetized and sacrificed
as previously described, and the L3-L5 spinal cord and DRG
tissues were homogenized in sodium dodecyl sulfate (SDS)
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sample buffer containing a mixture of protease and phospha-
tase inhibitors (Sigma-Aldrich; Merck KGaA), and measured
with a bicinchoninic acid protein assay kit (Beyotime Institute
of Biotechnology). For separation, 30 ug total protein per
gel lane was loaded onto 10% gels (Beyotime Institute of
Biotechnology). The separated proteins were then transferred
onto nitrocellulose membranes. The membranes were incubated
for 2 h at room temperature in tris-buffered saline and Tween-20
blocking solution containing 5% skimmed milk, followed by
overnight incubation at 4°C in blocking solution containing
primary antibodies against the following proteins: p120 (1:300;
Santa Cruz Biotechnology, Inc.; cat. no. sc-23873) and GAPDH
(1:5,000; Sigma-Aldrich; Merck KGaA; cat. no. G2267).
Membranes were washed three times and incubated with the
anti-mouse or anti-rabbit peroxidase-conjugated secondary
antibodies (1:2,000; Jackson Immuno Research Laboratories,
Inc.; cat. nos. 115-035-003, 111-005-003, respectively) at
room temperature for 2 h. After washing, immunolabeling
was detected using the Tanon2500 gel imaging system (Tanon
Science and Technology Co., Ltd.) and hypersensitive ECL
chemiluminescence detection kit (Absin). ImageJ software
(version no. 1.8.0, National Institutes of Health) was used to
capture and analyze the intensity of the bands.

Statistical analysis. The data were presented as mean =+ stan-
dard error of mean of at least three experimental repeats. Data
were analyzed using one- or two-way analysis of variance
followed by Bonferroni's or Dunnett's post hoc test. P<0.05
was considered to indicate a statistically significant difference.

Results

SMIR induces persistent mechanical allodynia and nicorandil
attenuates mechanical allodynia. To study the mechanism
underlying CPSP, an SMIR model was established according to
a previous study (14) (Fig. 1A). As shown in Fig. 1B, the MWT
significantly decreased on postsurgical days 1, 3, 7 and 14
in the sham, SMIR + 1.5 and SMIR + 2.0 mg/kg nicorandil
groups, as compared with the SMIR group, in a time-dependent
manner. Whereas, no statistical difference was observed in the
MWT of the SMIR + 1.0 mg/kg nicorandil group compared
with the SMIR group (P>0.05). It was identified that the
anti-nociceptive effects of 1.5 and 2.0-mg/kg nicorandil
were more pronounced compared with 1.0 mg/kg nicorandil
(P<0.05), and no significant difference was observed between
1.5 and 2.0 mg/kg (P>0.05; Fig. 1B). These results suggested
that 1.5 and 2.0 mg/kg nicorandil may inhibit SMIR-induced
mechanical hyperalgesia, and that 1.5 mg/kg nicorandil may
be the most effective dose. Therefore, 1.5 mg/kg nicorandil
was used to determine whether the anti-nociceptive effects
of a KATP activator could be relieved by the KATP
blocker glibenclamide (10.0 mg/kg). As expected, injec-
tion of glibenclamide together with nicorandil reversed
the anti-mechanical nociceptive effects of nicorandil on
postsurgical days 1, 3,7 and 14. These findings suggested that
nicorandil may alleviate CPSP through activating KATP.

Effects of CPSP on expression of pI120 in the spinal cord and
DRG. To explore the role of p120 in central sensitization of
CPSP and its possible mechanism, changes in the expression
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Figure 1. Establishment of the SMIR model in rats and detection of MWT. (A) SMIR model was established; the saphenous nerve was pulled and displaced.
(B) Comparison of MWT in the sham, SMIR, Nic-treated groups and SMIR + Nic (1.5 mg/kg) + Gli group (n=6). "P<0.05, “"P<0.01, “*P<0.001 vs. SMIR
group; “P<0.03, #P<0.01, "*P<0.001 vs. SMIR + Nic (1.0 mg/kg) group; ¥P<0.05, ¥44P<0.001 vs. SMIR + Nic (1.5 mg/kg) group. SMIR, skin/muscle incision
and retraction; MW T, mechanical withdrawal threshold; Nic, nicorandil; Gli, glibenclamide.
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Figure 2. Expression of p120. (A) In the spinal cord, the expression of p120 was significantly higher in the SMIR group compared with in the naive group on
postsurgical days 3, 7 and 14. In the sham group, the expression of pl120 increased significantly on postsurgical day 7. Compared with on postsurgical day 7
in the sham group, the SMIR group exhibited significantly increased expression of p120 on postsurgical day 7. (B) In the DRG, compared with the naive
group, SMIR increased p120 expression on postsurgical days 3,7 and 14. In the sham group, p120 expression increased significantly on postsurgical day 7. No

significant difference was observed between the sham and SMIR groups on postsurgical day 7 (P>0.05). “P<0.05, “P<0.01,

Aok

P<0.001 vs. naive group; “P<0.05

vs. sham group. SMIR, skin/muscle incision and retraction; DRG, dorsal root ganglion.

of p120 in the spinal cord and DRG were examined on post-
surgical days 3,7 and 14 in the SMIR and sham groups. It was
identified that SMIR-induced CPSP enhanced the expression
of p120 in the spinal cord and DRG of rats compared with
in the naive group (Fig. 2A and B). There was also a high
expression of p120 on postsurgical days 7 and 14 in the sham
group (Figs. S1 and S2). As the 7th day after surgery may
be the turning point of the transformation from acute pain
to chronic pain, the present study selectively compared the
expression of pl120 on postsurgical day 7 in the sham group
with that in the SMIR group. The results demonstrated that the
expression of p120 in the spinal cord of the SMIR group was
higher compared with that of the sham group on postsurgical
day 7, whereas no significant difference was observed in DRG
between the two groups (Fig. 2A and B).

Immunofluorescence staining depicts localization of p120
in the spinal cord. To study the location of p120, spinal cord
sections of rats in the SMIR group at postsurgical day 7 were
stained with the neuronal marker NeuN, astrocyte marker
GFAP and microglia marker Ibal. Results revealed that
p120 was distributed in GFAP-positive astrocytes. However,
pl120-positive staining was not observed in the Ibal- and
NeuN-positive neurons (Fig. 3A-C).

Immunofluorescence staining demonstrates the localization
of p120 in the DRG. At postsurgical day 7, DRG tissue sections
were stained with p120, and the medium and large neuronal
marker NF200, or the medium and small neuronal markers
CGRP and IB4. The results revealed that p120 was mainly
distributed in the NF200-positive medium and large neurons,



4824

A SMIR

pi20

50 um
e

B smr p120

50 pwm

C swmR p120

HUANG et al: EFFECTS OF NICORANDIL ON p120 EXPRESSION

GFAP

Ibal

NeuN

Figure 3. Immunofluorescence staining. Immunofluorescence staining demonstrated that in the spinal cord, p120 (A) colocalizes with the GFAP-positive
astrocytes, but does not colocalize with (B) Ibal- or (C) NeuN-positive neurons. GFAP, glial fibrillary acidic protein; Ibal, ionized calcium binding

adapter molecule 1; SMIR, skin/muscle incision and retraction.

but not in the CGRP- and IB4-positive medium and small
neurons (Fig. 4A-C).

Effect of nicorandil on changes in expression of p120 in the
spinal cord and DRG. To study the mechanism underlying
the analgesic effect of KATP agonists, the present study
detected the changes in the expression of p120 in the spinal
cord and DRG following intraperitoneal injection of 1.5 mg/kg
nicorandil 0.5 h before SMIR. The changes in the expression
of pl120 were observed on postsurgical day 7. The results
suggested that SMIR promoted the expression of p120 in the
spinal cord and DRG, whereas nicorandil treatment decreased
the expression of p120 (Fig. 5A and B).

Discussion

In 2008, Flatters et al (14) developed the SMIR model to study
CPSP. In the current study, MWT was significantly decreased
following SMIR in a time-dependent manner compared with
the sham group, indicating that the pain model was effective.
Recently, the prevalence of CPSP has been increasingly
regarded as a public health problem; thus, the present study
established SMIR, simulating the state of CPSP in rats, to
explore the potential mechanism of action of nicorandil in
relieving pain.

The astrocytes in the spinal cord are considered to be the
key point for central sensitization (19,20), which is the main
mechanism of pain induction (21-23). Astrocytes in the CNS
form a highly interconnected network via complexes formed
by connexins, such as p120 and Cx43 (5,24). These complexes

are involved in the regulation of cell adhesion, migration,
invasion and proliferation (25). In some pain models, the
increased expression of a series of connexins, especially
Cx43, leads to the secretion of various types of cytokines,
and participates in the occurrence and development of
pain (26,27). A previous study examined the role of Cx43
in chronic pain (28); however, to the best of our knowledge,
the relationship between p120 and chronic pain remains to
be elucidated. p120 is known to exhibit a role in adhesion
among cells and in signal transduction in cells (29-32). It has
also been reported that p120 protects against post-traumatic
inflammation by regulating the adherens and tight gap
junctions (33,34). When the body is subjected to peripheral
stimulation, the DRG first senses this change and activates
the DRG neurons, which then transmit to the dorsal horn of
the spinal cord, causing abnormal neuronal excitability, which
leads to the sensation of pain in the brain (35). Therefore, the
present study selectively detected changes in the expression
of p120 in the spinal cord and DRG of rats with CPSP, and
examined the localization of p120 in the two tissues. Results
revealed that SMIR increased the expression of p120 in the
DRG and spinal cord compared with in the naive group.
Furthermore, p120 was mainly identified to be distributed
in GFAP-positive astrocytes in the spinal cord, and in the
NF200-positive medium and large neurons in the DRG. The
interaction between the astrocytes and neurons may regulate
synaptic transmission through p120, which contributes to
central sensitization of spinal cord pain signals (36), indi-
cating that p120 may be involved in the maintenance of CPSP
through astrocyte-neuron interaction.
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Figure 4. Immunofluorescence staining. Immunofluorescence staining demonstrated that in the DRG, p120 (A) colocalizes with the NF200-positive medium
and large neurons, but does not colocalize with (B) CGRP- or (C) IB4-positive neurons. DRG, dorsal root ganglion, CGRP; calcitonin gene-related peptide;

1B4, isolectin B4; SMIR, skin/muscle incision and retraction.
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Figure 5. Expression of p120. (A) In the spinal cord, the SMIR group had significantly increased expression of p120 compared with in the naive group, and the
SMIR + 1.5 mg/kg nicorandil group had significantly decreased p120 expression compared with in the SMIR group. (B) In the DRG, the expression of p120
was significantly increased in the SMIR group compared with in the naive group. Compared with in the SMIR group, the expression of p120 was significantly
decreased in the SMIR + 1.5 mg/kg nicorandil group. “P<0.01, **P<0.001 vs. naive group; *P<0.01, *P<0.001 vs. SMIR group. SMIR, skin/muscle incision

and retraction; DRG, dorsal root ganglion.

It has been demonstrated that KATP channels serve neurotransmitter release, and in providing neuroprotec-
critical roles in regulating membrane excitability and tion (37,38). Our previous studies demonstrated that KATP
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agonists can significantly reduce postoperative pain in rats
by inhibiting the apoptosis of vascular endothelial cells
around the incision (10,11). The KATP activator nicorandil
is a nitric oxide donor approved for the treatment of patients
with angina pectoris, which also exhibits activities in models
of inflammatory and nociceptive pain (12,13). Regarding the
cardiovascular actions of nicorandil, those that have been
investigated more extensively, it has been concluded that
this drug exhibits important differences when compared to
the traditional organic nitrates, possibly due to its ability to
open potassium channels (39). The present study provided
an additional demonstration of the antinociceptive activity of
nicorandil by demonstrating its activity in an SMIR model.
It was identified that the antinociceptive effect induced by
nicorandil was markedly attenuated by the KATP blocker
glibenclamide, providing solid evidence of an important
mechanism mediating the activity of nicorandil. In addition,
the present study identified that nicorandil could decrease the
expression of p120 in the DRG and spinal cord. Combined
with the effects of nicorandil on the expression of p120, it
was hypothesized that the antinociceptive activity of nicor-
andil may depend on the p120 pathway, thus expanding the
scope of the study of the analgesic effects of nicorandil.

In summary, high expression of p120 may be the key link in
central sensitization of CPSP. The regulation of p120 through
targeted intervention by KATP agonists may be an effective
strategy to inhibit central sensitization and may form the basis
of potential therapeutic approaches for the treatment of CPSP.
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