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Abstract. Carbenoxolone (CBX) is primarily used to relieve 
various types of neuropathic and inflammatory pain. However, 
little is known concerning the role of CBX in acute pain and its 
functional mechanisms therein and this was investigated in the 
present study. Rats underwent toe incision and behavioral tests 
were performed to assess mechanical hypersensitivity. The 
expression levels of pannexin 1 (Px1) and connexin 43 (Cx43) 
were detected using western blot analysis 2, 4, 6 or 24 h after toe 
incision, and the expression of TNF‑α, IL‑1β and P substance 
(SP) was determined by ELISA; Px1 and Cx43 expression 
was also examined by immunofluorescence staining. At 2, 
6 and 12 h post‑toe incision, the postoperative pain threshold 
was significantly reduced, which was subsequently recovered 
at 2 and 6 h post‑surgery following pretreatment with CBX 
or pannexin 1 mimetic inhibitory peptide. CBX reduced Px1 
levels at 4 and 24 h post‑incision. However, Cx43 levels were 
reduced by CBX as little as 2 h post‑surgery. Furthermore, 
CBX not only distinctly decreased the levels of Px1 and Cx43, 
but also reduced the co‑localization of Px1 or Cx43 with glial 
fibrillary acidic protein, 2 h after incision. It was also observed 
that the protein levels of inflammatory makers (IL‑1β, SP 
and TNF‑α) showed a tendency to decline at 2, 4, 6 and 24 h 
after incision. Collectively, the expression of Px1 and Cx43 in 
astrocytes may be involved in pain behaviors diminished by 
CBX, and CBX potentially reduces acute pain by decreasing 
Px1 and Cx43 levels. Px1 and Cx43 from spinal astrocytes 
may serve important roles in the early stages and maintenance 
of acute pain, while preoperative injection of CBX has the 
potential to relieve hyperalgesia.

Introduction

Postoperative pain is characterized by acute pain that occurs 
immediately after surgery. The duration is usually no more 

than 7 days, but when poorly controlled, can develop into 
chronic pain syndrome, which not only causes physical and 
mental distress to the patient, but also increases economic 
burden on the family and society in general (1). In previous 
years, the role of glial cells in the transformation from acute 
to chronic pain, as well as the maintenance of slow pain, has 
received increasing attention (2,3).

Gap junction (GJ)‑mediated coupling occurs among satel‑
lite glial cells and is facilitated by GJ proteins composed of 
two hemichannels (HC), including connexins (Cx), pannexin 
(Px) and innexin (Inx) (4,5). Previous studies have indicated 
that Px1 affects the activation of astrocytes by regulating the 
release of ATP and the flow of calcium (6,7). At the neuronal 
membrane, ATP binds to the ATP receptor to induce the 
production of glutamic acid. ATP and glutamic acid have been 
identified as important molecules for the transmission of pain 
signals in the spinal dorsal horn. Px1 is expressed in a variety 
of tissues, and mediates the propagation of the calcium wave, 
which may influence the maintenance of pain (8). As such, 
Px1 plays a vital role in the transmission and maintenance 
of pain. Previous studies reported that Px1 activated inflam‑
masome signaling, and that its inhibition reduced chronic 
pain and hypersensitivity in glial fibrillary acidic protein 
(GFAP)‑positive glia cells (9‑11), while its upregulation 
promoted the development of chronic pain (9).

Intrathecal administration of carbenoxolone (CBX), a gap 
junction blocker, can suppress central sensitization of existing 
neuropathic pain (12). CBX has been reported to suppress 
Cx expression, including that of Cx43 (13). Cxs are involved 
in inducing and maintaining chronic pain (14); Cx43 forms a 
hemichannel, resulting in the release of mediators, such as ATP 
and glutamate, into the extracellular space, which activate noci‑
ceptive neurons to induce pain. Moreover, non‑neuronal cells 
also initiate pain through the release of cytokines triggered by 
extracellular ATP binding to its receptor (15). However, another 
study revealed that a reduction in the expression of one GJ 
protein could cause an increase in that of another (16). Therefore, 
the present study aimed to determine whether Px1 and Cx43 are 
involved in the formation of acute pain, and whether this can be 
relieved by the intrathecal injection of CBX.

Materials and methods

Animals. Sprague‑Dawley rats of clean grade (n=102; 
weight, 200‑250 g, male) were provided by the Laboratory 
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Animal Center of Lanzhou Veterinary Research Institute, 
Chinese Academy of Agricultural Sciences. All experiments 
were performed in accordance with the guidance of The 
International Association for the Study of Pain (17), and 
approved by the Ethics Committee of The Second Hospital 
of Lanzhou University (approval no. D2019‑064; Lanzhou, 
China). The rats were kept at 22‑26˚C with a relative humidity 
of 45‑60% and a 12 h light/dark cycle. They had free access 
to food and water. The rats were randomly divided into the 
following five groups: i) Control group (C, n=6); ii) incision 
pain model group (IP, n=24); iii) normal saline group (NS, 
10 µl, n=24); iv) CBX treatment group (CBX, 100 µM, 10 µl, 
n=24); and v) pannexin‑1 mimetic inhibitory peptide treatment 
group (10panx, 100 µM, 10 µl, n=24). CBX and 10panx were 
purchased from APExBIO Technology LLC. With the excep‑
tion of the normal group, the rats in each group were further 
divided into four groups: i) 2 h post‑surgery (n=6); ii) 4 h 
post‑surgery (n=6); iii) 6 h post‑surgery (n=6); and iv) 24 h 
post‑surgery (n=6). The experimental process is shown in 
Fig. 1. The rationale for choosing the time points was based 
on previous literature (5,12,18). In the present study, rats were 
injected with 50 µM (0.3 µg/10 µl) or 100 µM (0.6 µg/10 µl) 
CBX intragastric, and the pain relief of acute IP was observed. 
Finally, it was verified that 100 µM (0.6 µg/10 µl) CBX could 
significantly relieve acute IP, so this concentration of CBX was 
selected. The rats in the control group received no treatment. 
The baseline mechanical withdrawal threshold (MWT) was 
measured for each rat. After MWT and thermal withdrawal 
latency (TWL) were measured at different time points, the 
rats were sacrificed by cervical dislocation under anesthesia 
with 1% pentobarbital sodium (intraperitoneal) and the lumbar 
enlargement of the spinal cord was removed.

Animal model establishment. A rat model of acute IP 
was established using the Brennan method (19). The rats 
were anesthetized in a transparent anesthesia box with 
2% sevoflurane inhalation in oxygen and then fixed on the 
operating table. A longitudinal incision of ~1 cm was made 
0.5 cm from the proximal heel of the foot to the toe. After 
cutting the skin and fascia, the muscle was located with forceps 
and cut longitudinally to avoid injury and comprising muscle 
integrity during the procedure. After hemostasis, the skin was 
sutured with two stitches of 3‑0 fine thread, keeping an even 
distance between the two stitches.

Behavioral examination
MWT detection. The rats were placed in a plexiglass box with 
a metal mesh bottom for 30 min. Once the rats had acclimated 
to these conditions (remaining relatively quiet), a series of 
standardized von Frey filaments were inserted through the 
metal grid, and used to vertically stimulate the skin near the 
incision of the left posterior claw, so that the filaments were 
continuously bent and maintained for 6‑8 sec. The time 
interval between each stimulation was >30 sec, and the initial 
stimulation intensity was 2.0 g. If three of the five stimuli 
instigated a rapid foot retraction or licking response, pain ‘X’ 
was recorded and a lower level of stimulation intensity was 
administered. On the contrary, if <three stimuli instigated this 
response, it was denoted as ‘O’, and a stimulus intensity of 
a higher level was used. When a different reaction occurred, 

the MWT was measured another four times in sequence. 
The last stimulus was recorded after six measurements. If 
the stimulus intensity was 15 or 0.4 g, the MWT value was 
directly denoted as 15 or 0.4 g. The investigators were blinded 
to the experimental grouping of the animals.

TWL. TWL was determined in accordance with the Hargreaves 
method (13). The rats were first allowed to adapt to the organic 
glass box for 10‑15 min. Thereafter, as a heat source, a thermal 
radiation stimulator was placed under the glass plate next to 
the incision of the rear claw. The shrinkage leg incubation 
period was determined as the time from the initial heat source 
stimulation to the retraction of the leg. The duration time of 
each stimulation was 30 sec, and the test was performed three 
times using the same stimulus intensity (measurement interval, 
5 min). The investigators were blinded to the experimental 
grouping of the animals.

Western blot analysis. After behavioral examination at 2, 
4, 6 or 24 h, the rats were sacrificed by cervical dislocation 
under anesthesia intraperitoneally with 1% pentobarbital 
sodium (50 mg/kg body weight), and the lumbar enlargement 
of the spinal cord was retrieved. The lumbar enlargement 
was lysed on ice with RIPA Lysis Buffer (cat. no. R0020, 
Solarbio) for 15 min and centrifuged at 4,025 x g at 4˚C for 
30 min. Part of the supernatant was taken and the protein 
concentration was measured by BCA method; 4X loading 
buffer was added into the rest of the supernatant for western 
blotting. The supernatant was incubated in boiling water for 
5 min. The mass of protein loaded per lane was 40 µg. The 
proteins were then subjected to 10% sodium dodecyl sulfate 
polyacrylamide gel electrophoresis, and then transferred onto 
a PVDF membrane, which was subsequently blocked for 2 h at 
room temperature using 5% skimmed milk powder dissolved 
into TBST with 0.05% Tween‑20 (TBST) solution. The 
membrane was incubated at 4˚C overnight with the following 
antibodies: Anti‑Px1 antibody (1:800; cat. no. ab139715; 
Abcam), anti‑Cx43 antibody (1:1,000; cat. no. ab11369; 
Abcam) and anti‑GADPH (1:5,000; cat. no. sc‑365062; Santa 
Cruz Biotechnology, Inc.). Then, the membrane was rinsed 
three times with TBST for 10 min each, and incubated with 
HRP‑conjugated goat anti‑mouse IgG (cat. no. 15014) and goat 
anti‑rabbit IgG (cat. no. 15015) secondary antibodies (1:8,000; 
ProteinTech Group, Inc.). The protein bands were visualized 
using ECL luminescent solution (Biosharp Life Sciences), and 
the gray value was analyzed using ImageJ software v1.52r 
(National Institutes of Health).

Immunofluorescence (IF) assay. An IF assay was performed 
2 h post‑surgery. After the behavioral test, the heart was 
exposed under deep anesthesia and the aorta was catheter‑
ized by apical puncture, followed by sequential infusion of 
250 ml normal saline and 500 ml paraformaldehyde (4%). The 
lumbago was exposed and removed, immersed in 4% parafor‑
maldehyde overnight, and then sequentially immersed in 20% 
and 30% sucrose solution for frozen sectioning. After drying 
at room temperature, the sections (3‑5 µm) were fixed with 4% 
paraformaldehyde for 15 min at room temperature, and then 
washed with PBS three times for 5 min each. Then, the sections 
were permeabilized with 0.5% TritonX‑100 for 10 min at room 
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temperature and washed with PBS three times for 5 min each. 
The sections were then immersed in citrate antigen retrieval 
solution, heated for 15 min at 95‑100˚C, washed with PBS 
and blocked with 10% bovine serum albumin for 1 h at room 
temperature.

Px1 and GFAP double staining, along with Cx43 and GFAP 
double staining (Px1, Cx43, GFAP, 1:100. GFAP, Affinity 
Biosciences), were performed. The sections were incubated 
at 4˚C overnight with the primary antibodies (anti‑GFAP, 1:100; 
cat. no. BF0345; Affinity Biosciences), followed by incubation 
for 1 h at 37˚C with FITC‑conjugated goat anti‑mouse IgG 
(H+L) (cat. no. S0007; 1:100; Affinity Biosciences) and goat 
anti‑rabbit IgG (H+L) secondary antibodies (cat. no. S0015; 
1:100; Affinity Biosciences). The sections were stained with 
DAPI solution at room temperature for 8 min and sealed with 
immunofluorescence quencher at room temperature (Beijing 
Solarbio Science & Technology Co., Ltd.) and images were 
captured under a fluorescence microscope (magnification, 
x200; Olympus Corporation).

ELISA. The levels of TNF‑α (cat. no. D731168), 1L‑1β 
(cat. no. D731007) and P substance (SP; cat. no. D751030) 
were analyzed using ELISA kits (all purchased from Sangon 
Biotech Co., Ltd.), according to the manufacturer's instructions. 
Blank, standard and sample wells were set. For each sample, 
50 µl standard substance was added to each standard well, 
and the sample was diluted five times with sample diluent 
prior to its addition to the sample well. After 30 min at 37˚C, 
each well was washed five times. Color developing agents A 
(50 µl) and B (50 µl) were then sequentially added to each 
well. Finally, the reaction was terminated by adding 50 µl 
termination reagent to each well. The absorption value of each 
well was measured using a microplate reader at a wavelength 
of 450 nm (Tecan Group, Ltd.).

Statistical analysis. Statistical analyses were performed using 
SPSS 20.0 software (IBM Corp), and the results are expressed 
as the mean ± SD. Figures were created using GraphPad Prism 
7.0 software (GraphPad Software, Inc.). The experimental data 

of MWT and TWL among different groups were analyzed 
using mixed ANOVA, followed by Bonferroni's post hoc test. 
Comparisons among multiple groups were performed using 
one‑way ANOVA, followed by Tukey's post hoc test. If the 
data had marked deviations from normality, Friedman's test 
was performed, followed by Bonferroni‑Dunn's test. P<0.05 
was considered to indicate a statistically significant difference.

Results

Effects of CBX on MWT and TWL in rats with IP. There were 
no significant differences between MWT and TWL among 
the different groups. The MWT was significantly decreased 
in the IP and NS groups compared with the control group 
(P<0.001; Table I), although there was no significance change 
between the IP and NS groups at any time point. Compared 
with the IP group, the MWT and TWL were significantly 
increased by CBX or 10panx 2 and 4 h after surgery (P<0.001; 
Tables I and II). In addition, TWL was increased by CBX and 
10panx 6 h after surgery compared with the IP group (P<0.001; 
Table II). The MWT in the 10panx group was similar to that in 
the CBX group. However, the TWL in the 10panx group was 
higher than that in the CBX group 2 and 24 h post‑surgery 
(P<0.05; Table II). Therefore, the results suggested that CBX 
significantly increased the pain threshold of rats experiencing 
acute IP, and that CBX enhanced the heat pain threshold to a 
higher degree than the MWT.

CBX significantly decreases Px1 and Cx43 expression. After 
surgery, Px1 was significantly upregulated in the spinal cords 
of the IP rats compared with the control group (P<0.001; 
Fig. 2). Moreover, Px1 levels in the IP rats showed a greater 
increase at 6 and 24 h post‑surgery than at 2 and 4 h. Thus, 
to a certain extent, Px1 was significantly increased in a 
time‑dependent manner. Compared with NS treatment, CBX 
significantly reduced Px1 levels at 4 and 24 h (P<0.05). 
However, the decrease in Px1 was most significant at 4 h 
post‑surgery (P<0.001). 10panx administration significantly 
reduced Px1 levels at 2, 4, 6 and 24 h compared with the NS 

Figure 1. Flow chart of the experimental process. The rat model of acute incision was established and CBX, 10panx or normal saline administrated. IP, incision 
pain; CBX, carbenoxolone; 10panx, pannexin‑1 mimetic inhibitory peptide; MWT, mechanical withdrawal threshold; TWL, thermal withdrawal latency; Px1, 
pannexin 1; Cx43, connexin 43; GFAP, glial fibrillary acidic protein; IF, immunofluorescence; WB, western blotting.
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group (P<0.05), which was most significant at 24 h post‑surgery 
(P<0.05). This could indicate that CBX and 10panx reduce 
Px1 levels via different molecular mechanisms. Furthermore, 
toe incision postoperatively increased Cx43 expression levels 
at 2, 6 and 24 h compared with the control group (Fig. 2). CBX 
significantly reduced the levels of Cx43 at 2 h post‑surgery, but 
led to an increase in these levels at 4, 6 and 24 h after surgery. 
10panx significantly decreased Cx43 levels at 4, 6 and 24 h 
post‑surgery compared with the NS group, suggesting that 
CBX pretreatment decreased Cx43 expression shortly after 
surgery.

Co‑localization of Px1/Cx43 and GFAP. An IF assay was 
performed to analyze the co‑localization of Px1 or Cx43 with 
GFAP 2 h after incision. Green indicates Px1 expression in 
Fig. 3 and Cx43 expression in Fig. 4, red indicates astrocytes, 
while yellow indicates the co‑localization of Px1 or Cx43 
with GFAP. As shown in Fig. 3, the co‑expression of Px1 and 
GFAP was most apparent in the IP group. Simultaneously, 
CBX markedly reduced the co‑expression of Px1 and GFAP 
in the intumescentia lumbalis compared with the IP group, 
which was higher than that in the 10panx group. It was also 
found that CBX treatment led to a slight decrease in the 
co‑localization of Cx43 and GFAP compared with the IP 
group (Fig. 4). Additionally, 10panx treatment appeared to 
lead to a more pronounced reduction in the co‑localization of 
Cx43 and GFAP compared with CBX group. Therefore, the 

results suggested that CBX induced astrocytes to express low 
levels of Cx43 and Px1 in rats with toe incision.

CBX reduces the expression levels of inflammatory markers at 
different time points after toe incision. Glia cells contribute to 
pain effects via the synthesis and release of a variety of inflam‑
matory mediators, including IL‑1β and TNF‑α (20,21). In the 
present study it was observed that IL‑1β expression levels were 
markedly increased at 2, 4, 6 and 24 h post‑surgery in the IP 
group compared with the control group (P<0.05), while the 
protein levels of SP were increased 2, 6 and 24 h after surgery 
in the IP group (P<0.05). However, incision only induced a 
significant increase in TNF‑α at the 2 h time point (P<0.05). 
These results implied that toe incision can induce an inflamma‑
tory response 2 h after surgery. Although a decline in the levels 
of inflammatory‑related markers was observed following CBX 
pretreatment (Fig. 5), this effect was not significant. Notably, 
10panx treatment led to a decrease in IL‑1β levels at 6 h 
(P<0.01) and 24 h (P<0.05) compared with the IP group, as well 
as a decrease in SP levels at 2 and 6 h (P<0.05), demonstrating 
that the inhibition of Panx1 could effectively reduce the levels 
of pro‑inflammatory factors increased by incision surgery.

Discussion

The preferred method of treatment for relieving postoperative 
pain currently involves the use of opioids, which are associated 

Table II. TWL at different time points of each group.

 TWL
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group Baseline, g 2 h 4 h 6 h 8 h

C 25.13±0.69 24.73±0.81 25.01±0.98 25.14±0.53 24.64±0.68
IP 25.13±0.69 5.54±1.15a 3.32±0.36a 5.98±0.55a 9.17±1.99a

NS 24.73±0.81 6.07±0.58a 3.32±0.57a 6.39±1.32a 9.12±0.46a

CBX 25.27±0.69 13.76±3.33b 17.08±2.73b 13.53±3.73b 18.74±0.90
10panx 24.68±0.65 18.57±2.64b,c 15.82±2.42b 13.77±2.70b 20.96±2.06c

Results are presented as the mean ± SD (n=6). aP<0.001 vs. C group; bP<0.001 vs. IP group; cP<0.05 vs. CBX group. TWL, thermal withdrawal 
latency; C, control group; IP, incision pain; NS, normal saline; CBX, carbenoxolone; 10panx, pannexin‑1 mimetic inhibitory peptide.

Table I. MWT at different time points of each group.

 MWT
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group Baseline, g 2 h 4 h 6 h 8 h

C 12.10±3.47 12.78±3.44 12.00±3.31 12.11±2.22 12.14±2.73
IP 12.10±3.47 2.03±0.97a 0.97±0.77a 1.73±1.13a 8.05±3.59
NS 12.78±3.44 1.92±1.09a 0.63±0.35a 2.31±0.63a 5.55±1.96
CBX 12.00±3.31 6.02±1.06b 7.95±1.48b 3.39±1.72 6.34±1.16
10panx 10.39±3.59 7.00±1.63b 5.94±1.73b 2.43±0.93 7.95±1.58

Results are presented as the mean ± SD (n=6). aP<0.001 vs. C group; bP<0.001 vs. IP group. MWT, mechanical withdrawal threshold; C, control 
group; IP, incision pain; NS, normal saline; CBX, carbenoxolone; 10panx, pannexin‑1 mimetic inhibitory peptide.
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with adverse side effects (22). The present study showed that 
CBX could relieve acute surgical pain with a higher specificity 
and reduced adverse effects. Thus, CBX may have potential to 
be used as an analgesic in the future.

As a GJ inhibitor, CBX has significant effects in pain 
reduction (23), ameliorating Px1 channel activity by regulating 
the first extracellular loop (16). In addition, CBX has been found 
to have potential effects on potentially suppressing neuropathic 
antitumor drug‑induced pain by blocking astrocyte GJs and 
inhibiting the increase of GFAP levels in the spinal cord (18). 
Collectively, the formation of astrocyte GJs could play a vital 
role in the transition of acute pain to chronic pain (24‑26). In 
the present study, it was found that inducing an IP model of 
pain led to an increase in Px1 levels 2, 4, 6 and 24 h after 

incision, as well as an increase in Cx43 levels at 2, 6 and 24 h. 
There are close correlations between the increased expression 
of PX channels and mechanical pain sensitization (10). In the 
present study, Px1 and Cx43 expression levels increased in the 
intumescentia lumbalis of rats post‑surgery. Additionally, the 
IF assay results revealed that Px1 and Cx43 expression was 
increased in astrocytes in the intumescentia lumbalis of IP 
rats, indicating that their expression in astrocytes was tightly 
associated with the production of acute pain. CBX and 10panx 
pretreatment led to an increase in the pain threshold to a similar 
degree at both 2 and 4 h post‑surgery, suggesting that CBX 
relieved acute pain possibly by inhibiting Px1 expression. At 6 
or 24 h post‑surgery, the expression levels of Px1 remained 
high compared with 2 h or 4 h post‑surgery. Simultaneously, 

Figure 2. Px1 and Cx43 expression in the spinal cords of IP model rats. Expression of Px1 and Cx42 in rats was detected via western blotting at (A) 2, (B) 4, 
(C) 6 and (D) 24 h post‑surgery. The scanning density of (E) Px1 and (F) Cx43 expression normalized to control. *P<0.05, **P<0.01 and ***P<0.001 vs. C group; 
#P<0.05, ##P<0.01 and ###P<0.001 vs. NS group; ΔP<0.05, ΔΔP<0.01 and ΔΔΔP<0.001 vs. CBX group. Data are presented as the mean ± SD. C, control group; 
IP, incision pain; NS, normal saline; CBX, carbenoxolone; 10panx, pannexin‑1 mimetic inhibitory peptide; Px1, pannexin 1; Cx43, connexin 43.
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Cx43 was significantly increased 24 h after incision compared 
with the control group. However, the pain threshold value had 
returned to within normal levels, implying that Px1 and Cx43 
play essential roles in the transition of acute to chronic pain.

A previous review indicated that astrocytes both cause and 
maintain chronic pain (27). GJ regulation, inflammatory factor 
releases and the activation of specific receptors in astrocytes 
have been reported to be involved in the development 

Figure 3. Co‑localization of Px1 and GFAP in IP model rats. Px1 (green) and GFAP (red) expression was analyzed using an immunofluorescence assay. 
Magnification, x200; scale bar, 10 µm. C, control group; IP, incision pain; CBX, carbenoxolone; 10panx, pannexin‑1 mimetic inhibitory peptide; Px1, pannexin 1; 
GFAP, glial fibrillary acidic protein.

Figure 4. Co‑localization of Cx43 and GFAP in IP model rats. Immunofluorescence assay was used to evaluate the co‑localization of Cx43 (green) and GFAP 
(red). Magnification, x200; scale bar, 10 µm. C, control group; IP, incision pain; CBX, carbenoxolone; 10panx, pannexin‑1 mimetic inhibitory peptide; Cx43, 
connexin 43; GFAP, glial fibrillary acidic protein.
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of pain (28). Px1 and Cx43 have been demonstrated to 
regulate the release of ATP and glutamate (29). Specifically, 
CBX‑induced ATP release is probably due to the involvement 
of Panx1 channels in umbilical vein endothelial cells. Cx43 is 
not involved in the process of ATP release (30). It was found in 
the present study that compared with the control group, IL‑1β, 
SP and TNF‑α exhibited relatively high expression levels 
in the intumescentia lumbalis of IP rats at 2, 4, 6 and 24 h 
post‑surgery.

Cx43 is specifically expressed in the astrocytes of 
mammals (26,31). In the present study, the protein expression 
levels of Cx43 in the CBX treatment group were significantly 
lower than those in the IP group at 2 h post‑surgery. Compared 
with inhibitors, CBX has high specificity, relatively few side 
effects, and it is easy to manufacture at a low price, thus it 
has the potential to become a new generation of targeted anal‑
gesics (32). 10panx is a mimic peptide of pannexin 1, which 
suppresses the formation of Px1 channels (33). A previous 
study suggested that 10panx inhibits neuronal death and the 
inflammatory response (34), and astrocytic Cx43 is report‑
edly involved in the development of neuropathic and chronic 
pain (35‑38).

Astrocytes also play important roles in inducing pain 
in acute pain models. A previous study indicated that 
astrocytes could cause pain via the release of TNF‑α and 
stromal cell‑derived factor 1 (39). Furthermore, IL‑1β serves 
important roles in the production of acute pain, contributing 
to increased calcium and glutamatergic activities (40). 
Blocking astrocyte activation has been reported to suppress 
and ameliorate pain sensitivity (41). Collectively, these find‑
ings indicate that CBX decreases acute pain by regulating 
Px1 and Cx43 hemichannels, as well as the inflammatory 

response, which the present study also demonstrated. The 
mechanism of action of CBX in astrocytes in acute pain, as 
well as the efficacy of CBX on acute pain caused by other 
factors, still requires further exploration. In the present 
study, the drug was administrated through intrathecal 
administration. Intrathecal administration is an important 
means of investigating drug mechanisms at the spinal cord 
level, which increases local drug concentrations (42). In 
addition, compared with an intrathecal catheter, intrathecal 
injection is not only simple and convenient with a high 
success rate, but also rarely results in spinal cord injury or 
secondary infection (42). In addition, poorly managed acute 
pain has the potential to progress to chronic pain (43). Taken 
together, Px1 and Cx43 in astrocytes could be implicated in 
pain behaviors improved by CBX and CBX has the potential 
to reduce acute pain by decreasing Px1 and Cx43 levels. Px1 
and Cx43 from spinal astrocytes may serve important roles 
in the early stages and maintenance of acute pain, while 
preoperative injection of CBX has the potential to relieve 
hyperalgesia.
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