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Abstract: Purpose: To investigate the role of chemokine in the anterior cingulate cortex (ACC) in a rat model of 
chronic neuropathic pain. Methods: 80 male Sprague-Dawley rats were randomly assigned into 4 groups (n = 20): 
the sham group, the control group, the PBS treatment group and the anti-CX3CL1 treatment group. In the sham 
group,  the unilateral infraorbital nerve was only exposed, but not ligated; in the control group, the unilateral infraor- 
bital nerve was exposed and ligated. In the sham and the control group, the behavioral test was undertaken and the 
protein expression of CX3CL1 and CD11b was compared. Results: Compared with the sham group, there was a sig- 
nificant reduction in the feeling threshold in the ipsilateral ION territory from 3 d to 14 d after CCI-ION in the control 
group (P<0.05). Rats given antibody in the anti-CX3CL1 treatment group showed an evident increase of the feeling 
threshold compared with the PBS group (P<0.05). Conclusion: The ACC may take part in the chronic neuropathic 
pain via associating with the activated microglial cells and increased expression of CX3CL1.
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Introduction

Chronic neuropathic pain can be contrasted to 
nociceptive pain, which is the type of pain which 
occurs when someone experiences an acute 
injury, such as smashing a finger with a ham-
mer or stubbing a toe when walking barefoot. 
This type of pain is typically short-lived and usu-
ally quite responsive to common pain medica-
tions in contrast to neuropathic pain, has the 
potential to drastically alter a person’s health 
and quality of life, and, unfortunately, it could 
not be relieved by the application of traditional 
drugs [1]. The mechanisms of chronic neuro-
pathic pain, which manifest as hyperalgia or 
hyperalgesia, include neurogenic inflammatory 
reactions, peripheral and central sensitization, 
and neuronal plasticity [2]. Numerous studies 
have demonstrated that the activation of glial 
cells in the spinal cord contributes to the devel-
opment and progression of chronic neuropathic 
pain [3-5].

Activated glial cells can release a variety of 
neurotransmitters and extracellular signaling 

molecules that influence neuronal cells, caus-
ing neuronal abnormalities (e.g., discharge that 
leads to neuropathic pain) [6, 7]. Verge et al. [8] 
found that neurons in the spinal cord can 
express the chemokine CX3CL1, which plays an 
important role in signal transduction between 
neurons and glial cells [9]. Little is known, how-
ever, about the role of glial cells in different 
regions of the brain.

Accordingly, the present study focused on the 
effects of glial cells and CX3CL1 in chronic neu-
ropathic pain in the anterior cingulate cortex 
(ACC).

Materials and methods

Experimental animals and grouping

The present study was conducted using 80 
clean-grade, adult male SD rats (body weight 
180~220 g) from the comparative medical 
experimental section of Jinling Hospital. The 
rats were randomly divided into four groups: 
sham group (sham group), pain model group 
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(CCI-ION group), PBS treatment control group 
(PBS group), and CX3CL1 neutralizing antibody 
treatment group (anti-CX3CL1 group).

Unilateral infraorbital nerve (CCI-ION): The rats 
were injected intraperitoneally with 2% sodium 
pentobarbital sodium 50 mg/kg. The anesthe-
tized rats were supine with their head and limbs 
secured. A 1 cm longitudinal incision of about 
1.5 mm thickness was made along the left side 
of the first molar gingival margin. Following the 
proximal incision, the infraorbital nerve was 
carefully separated from the distal orbital hole 

administration, alcohol was used to disinfect 
the wound; the wound was then wrapped in 
paraffin and sutured at the skin.

Dosing regimens

CX3CL1 neutralizing antibody is a monoclonal 
antibody that specifically binds to CX3CL1 in 
the ACC region to reduce the exposure of 
CX3CL1 to microglia and thereby attenuate the 
effect of CX3CL1 on microglia. Following CCI-
ION surgery, rats in the anti-CX3CL1 group were 
each given a single dose of CX3CL1 neutraliz-

Figure 1. Ctarges of EF50(g) in all rats. Comparison of EF50(g) in rats two 
different treaments: *P<0.05 vs Sham group.

using infraorbital nerve liga-
tion. The diameter was made 
slightly thinner, but was not 
reduced to a degree that would 
block membrane blood circula-
tion. The two ligation points 
were 2 mm apart, with 5.0 
postoperative suture wounds. 
The sham operation group only 
had their infraorbital nerve 
exposed with no ligation per-
formed, which resulted in the 
same postoperative wound. All 
experiments were performed 
in accordance with Interna- 
tional Pain Research Council 
guidelines and were approved 
by the Animal Ethics Commit- 
tee.

Anterior cingulate gyrus injec-
tion

Rats were injected intraperito-
neally with 2% sodium pento-
barbital sodium 50 mg/kg. 
After anesthesia, they were 
fixed on a stereotactic instru-
ment with the lower edge of a 
tooth rod below 3.3 mm. 
Following hair disinfection, the 
cranial fascia was cut, expos-
ing the Bregma point. The drug 
was injected at a rate of 10 
min into the left anterior cingu-
late gyrus of the ACC at the 
point of Bregma (before 2.6 
mm, to the left by 0.6 mm) 
using a 5 μL microinjector with 
a needle depth of 1.6 mm. The 
needle was withdrawn at the 
end of 5 min of dosing. After 

Figure 2. Charges of EF50(g) in all rats. Comparison of EF50(g) in rats two 
different treaments: *P<0.05 vs PBS group.
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ing antibody (50 mmol; R & D Systems) in the 
ACC using a 5 μL microinjector. Prior to admin-
istration, the neutralizing antibodies were dis-
solved in 0.9% sterile saline and tested via 
experimental dosing. Each rat was given 0.1 
pmol of the neutralizing antibody using a single 
administration [10]. The PBS group was given 
the same dose of PBS solution as the control. 
The antibodies produced the desired inhibitory 
effect. Antibodies were stored in a refrigerator 
at -80°C when not in use.

Behavioral determination

The sham group and were fixed at 9:00 am on 
the 1, 3, 5, 7 and 14 d after CCI-ION, and the 
rats were placed in a quiet room for 30 min-
utes. After being quiet, Von Frey fiber (Stoleing, 
USA) was used to stimulate the left infraorbital 
V2 region (ie, Tentacles Department of skin and 
its surrounding long hair parts) for 3 to 5 s. One 
of the following three kinds of behavior, can be 
regarded as positive reaction: 1) rapid retreat 
action, curling up the body to move closer to 

shed with 300-400 mL of saline. The brain was 
removed from the cortex of the anterior cingu-
late gyrus and stored in liquid nitrogen. The 
samples used for immunofluorescence were 
treated with 400-500 mL 4% paraformalde-
hyde. The brain tissue of the ACC area was 
removed and placed in 4% paraformaldehyde 
for 3 h, then transferred to 30% sucrose for 2 d. 
The anti-CX3CL1 group and PBS group were 
sacrificed 6 h after the behavioral test; the ACC 
area brain tissue was then removed. The speci-
mens used for Western blotting were those 
stored in liquid nitrogen.

Western blot

The ACC was homogenized with RIPA lysate 
containing protease inhibitor, phosphatase 
inhibitor, and PMSF. SDS-PAGE gel, 50 μg (10 
μL) per sample, was used for electrophoresis. 
The separated proteins, transferred to a mem-
brane and placed in 5% degreased milk at room 
temperature for 1 h forblocking. Rabbit anti-rat 
CX11XL1 (1:1000, Abcam), rabbit anti-rat 

the cage wall, or head and face 
hidden in the body, To avoid 
the stimulus; 2) aggressive 
behavior: fast grasping stimu-
lus; 3) asymmetric facial scr- 
atch: at least 3 consecutive 
scratching movements on the 
surface of the stimulus area, 
usually combined with retreat 
action. Anti-CX3CL1 group and 
PBS group were tested with 
Von Frey fiber at 6 hours after 
administration, and the pain 
threshold of left V2 area was 
measured. The EF50 (frequen-
cy at which rats emitted 50% 
of maximal responding) was 
calculated using Prism soft-
ware (sigmoidal-dose respon- 
se, variable slope; Graph Pad, 
San Diego, CA).

Specimen collection

The sham group and CCI-ION 
group were sacrificed at 1, 3, 
5, 7, and 14 d after intraperito-
neal injection of 2% sodium 
pentobarbital sodium 80 mg/
kg. The specimens were wa- 

Figure 3. Expression of CX3CL1 in the ACC. On the 5 d, 7 d, 14 d, compared 
with Sham group, the expression of CX3CL1 in the ACC of rats was signifi-
catly increased in CCL-ION group. However, CX3CL1 protein in the ACC of 
rats reached peak value on d5, and then decreased gradually. (*P<0.05 
vs Sham group).
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CD11b (1:800, Abcam), and rabbit anti-rat IL-1β 
(1:400, R & D) were incubated overnight at 4°C 
(D 2, TBST 5 min × 6 times). Sheep anti-rabbit 
secondary antibodies, with an internal refer-
ence of β-actin (1:1000, Cell Signaling 
Technology), were incubated at room tempera-
ture for 1 h, followed by a TBST wash (5 min × 6 
times). The antibodies were then treated with a 
coloring substrate and stored in a dark room 
prior to color exposure and scanning. After 
scanning, the protein bands were analyzed 
using Image J software, and the relative level of 
target protein expression was reflected in the 
ratio of target band gray value to reference pro-
tein. Semi-quantitative analysis was perform- 
ed.

Statistical analysis

Statistical analysis was performed using 
SPSS16.0 software. The measurement data 
were expressed as x ± s. The results of the 
behavior test were analyzed by repeated mea-
surement of variance. A one-way ANOVA was 
used to compare the two groups.

sion of CD11b and IL-1β were significantly 
decreased in the anti-CX3CL1 group compared 
with the PBS group (P<0.05) (Figure 4).

Immunofluorescence assay of microglia in the 
anterior cingulate cortex of rats

The immunofluorescence results showed that 
CD11b expression in activated microglia of the 
ACC area was lower in the sham group; the 
expression of CD11b and number of activated 
microglia were significantly increased in the 
CCI-ION group; and the expression of CD11b in 
the ACC of the anti-CX3CL1 group was signifi-
cantly lower in the anti-CX3CL1 group than that 
in the PBS group (Figure 5).

Discussion

In recent years, studies have shown that che-
mokines play an important role in the activation 
of glial cells and neuropathic pain [11, 12]. 
Milior et al. [13] found that, in the rat model of 
chronic pain, neural cells in the spinal dorsal 
horn can release CX3CL1, thereby directly regu-
lating the activity of microglia and promoting its 

Results

Behavioral tests in rats

No significant difference in  
preoperative behavior among 
the four groups was observed 
(P>0.05). On d1, both group 
had a lower pain threshold. 
From d3, the CCI-ION group 
had a significant lower pain 
threshold than the sham group 
(Figure 1). Additionally, signifi-
cant differences were found 
between the anti-CX3CL1 gr- 
oup and the sham group 
(P<0.05) (Figure 2).

The expression of chemokine 
CX3CL1 and CD11b in pre-
anterior cingulate cortical area

On postoperative d5, in ACC, 
the expression of CX3CL1 in 
the CCI-ION group was signifi-
cantly increased compared 
with the sham group (P<0.05) 
(Figure 3). After given neutral-
ization antibodies, the expres-

Figure 4. Expression of CX3CL1 and IL-1β in ACC. Compared with the Sham 
group, the expression of CX3CL1 and IL-1β was significatly increased in 
CCI-ION group (P<0.05). Also both of them were significatly decreased in 
anti-CX3CL1 group after given antibody (P<0.05). *P<0.05 vs Sham group, 
#P<0.05 vs CCI-ION group.



The role of chemokine in the ACC in a rat model of chronic neuropathic pain

11992 Int J Clin Exp Med 2018;11(11):11988-11994

activation. These activated microglia can then 
activate p38 MAPK [14, 15], further releasing 
additional inflammatory factors that stimulate 
neurons and result in hyperalgesia [16]. This 
indicates that, chronic pathologic stimulation 
can promote neurons release of CX3CL1 and 
microglial activation, which can lead to hyper- 
algesia.

This study sought to determine the effect of 
ACC chemokine CX3CL1 on rats model of neu-
ropathic pain. The researchers used the infra-
orbital nerve ligation model, which requires 
less time for wound healing, and evokes less 
inflammatory response. Compared with other 
neuropathic pain models, it does not influence 
mobility of the rats, and is associated with a 
higher survival rate. It may also lead to a reduc-
tion in the individual difference caused by great 
trauma, and improve the accuracy of the behav-
ioral test.

The behavioral test results indicated that 3 
days after the acute pain period, the CCI-ION 
group had a significantly lower pain threshold 
than the sham group. While the CCI-ION group’s 
pain threshold began to increase slowly after 
d5, this difference between the two groups 
continued to d14. The Western blot results 

showed that the expression of the CX3CL1 pro-
tein in the ACC of rats on d3 had increased sig-
nificantly, reached peak value on d5, and then 
decreased gradually. These results suggested 
that increased expression of ACC CX3CL1 may 
be involved in chronic pathological pain states.

To explore the relationship between CX3CL1 
and the activation of microglia in the ACC, and 
whether CX3CL1 is involved in the development 
of chronic neuropathic pain, the CCI-ION group 
was classified into two additional groups: one 
group was treated with a CX3CL1 neutralizing 
antibody and the other was given PBS solution 
as a control. We recorded the time point when 
the expression of CX3CL1 reached peak value, 
and the behavioral test was performed 6 h 
after the drug was administered. The results 
showed that the pain threshold in the PBS 
group did not change significantly after admin-
istration, but the pain threshold of the anti-
CX3CL1 group increased significantly, indicat-
ing that the increased expression of CX3CL1 in 
rats is related with increased pain sensitivity.

It’s already known that normal neurons can 
also express CX3CL1, and that its receptor, 
CX3CR1, is expressed in microglia [17]. The 
abundant expression of CX3CL1 can lead to 

Figure 5. The different expression of CD11b in ACC of rats. Compared with the Sham group, the imminoreactivity of 
CD11b in ACC was markedly increased in CCI-ION group, anti-CCL21 group and PBS group; Compared with CCI-ION 
group, the imminoreactivity was markedly decreased in anti-CCL21 group.
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microglia activation. Sheridan et al. [18] found 
that CX3CL1 is a very important pathway for 
neuronal modulation of microglia. After knock-
out of the CX3CR1 gene, neurons can no longer 
modulate the morphology of microglia. Thus, it 
is plausible that the role of ACC CX3CL1 in 
chronic pathological pain is also associated 
with microglia. The results of immunofluores-
cence in the present study suggested that the 
number of activated microglia in the ACC region 
had significantly decreased after administra-
tion of neutralizing antibody, indicating that 
increased expression of CX3CL1 may activate 
microglia [16].

The large number of inflammatory mediators 
released by microglia can stimulate the expres-
sion of prostaglandin E2 (PGE2), which helps 
facilitate the transportation of central gluta-
mate as well as the reuptake of neuronal syn-
apses [19]. As these substances can increase 
the pain sensitivity, the expression of IL-1β in 
the ACC region was assessed in the present 
study. Western blot analysis showed that, com-
pared with the PBS group, the expression of 
CX3CL1, CD11b, and IL-1β decreased signifi-
cantly in the CX3CL1 antibody group 6 h after 
neutralization. These results indicated that the 
inhibition of CX3CL1 expression in rats can 
reduce the activation of microglia and microgli-
al release of inflammatory mediators, such as 
IL-1β, thereby relieving chronic neuropathic 
pain states.

In summary, the ligation of the infraorbital 
nerve in rats can increase the expression of 
CX3CL1 while simultaneously promoting mi- 
croglial activation in the ACC region, which 
release inflammatory mediators and contribute 
to neuropathic pain. The use of antagonists to 
block the expression of CX3CL1 and, by exten-
sion, weaken the activation of microglia, have 
the potential to become a new tool in the clini-
cal treatment of chronic neuropathic pain.
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