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Abstract
Background and purpose: Many studies demonstrated that calcitonin gene-related peptide (CGRP) plays nociceptive modulation in the 
brain. There are highly expressions of CGRP and CGRP receptors in the anterior cingulate cortex (ACC), an important brain structure in pain 
modulation. The present study was performed to explore the role of CGRP in nociceptive modulation in anterior cingulate cortex in rats 
with neuropathic pain.
Methods: The neuropathic pain model was set up by chronic constriction injury (CCI) of the left sciatic nerve of rats. Hindpaw withdrawal 
latencies (HWLs) to noxious thermal and mechanical stimulations were measured by Hot plate and Randall Selitto tests. CGRP and CGRP8-
37 were microinjected into ACC.
Results: We found that intra-ACC administration of CGRP induced significant antinociceptive effects in a dose-dependent manner in rats 
with neuropathic pain. Furthermore, the CGRP-induced antinociceptive effect was attenuated by intra-ACC injection of the CGRP receptor 
antagonist CGRP8-37. Interestingly, the CGRP-induced antinociception was higher in rats with neuropathic pain than that in naïve rats. So 
we further detected the calcitonin receptor-like receptor (CLR, a main component of CGRP receptor) mRNA levels and CLR protein levels 
in ACC and found that there were significant increases in CLR mRNA levels and CLR protein concentration in ACC in rats with neuropathic 
pain than that in naïve rats tested by RT-PCR and western blot.
Conclusion: The results showed that CGRP plays an important role in the transmission and/or modulation of nociceptive information in 
ACC in rats with neuropathic pain. There are up regulations in both CGRP receptor expression and CGRP-induced antinociception in rats 
with neuropathic pain.
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Introduction 
Calcitonin gene-related peptide (CGRP) is a 37-amino acid peptide which 
distribute widely in peripheral and central nervous system(1,2,3). CGRP 
activates CGRP receptor, a G protein receptor, to play its biological 
function(4). Recent studies have been found that the biologically 
active CGRP receptor consists of calcitonin receptor-like receptor 
(CLR), receptor activity-modifying protein-1 and receptor component 
protein(5). CLR is the main component of the CGRP receptor. So the 
change of CLR mRNA and CLR concentration may indicate the change 
of CGRP receptor expression(4,6). 
CGRP and CGRP receptors are found to be involved in the transmission 
and/or modulation of pain related information in peripheral and central 
nervous system(4,7). Application of CGRP to periaqueductal grey, 
nucleus accumbens and nucleus raphe magnus induced antinociceptive 
effects(8,9,10,11). Immunohistochemistry and in situ hybridization studies 
demonstrated that CGRP and its receptors are expressed in cortical 
areas including pain perception-related prefrontal anterior cingulate 
cortex (ACC)( 4,12,13).
Recent studies have demonstrated that ACC plays important roles in 
chronic pain modulation(14,15,16,17,18,19,20). As neuropathic pain is one of the 
most common chronic pain in clinic, the present study was performed 
to explore the role of CGRP and CGRP receptor in pain regulation in 
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ACC in rats with neuropathic pain. 
Methods
Animals and Experimental grouping
Adult, male Sprague–Dawley rats aged 6~7 weeks and weighing 
200~230g (Jinan pengyue laboratory animal breeding co.ltd, Jinan, 
China) were raised in individual cages at 22 ± 2°C and 50% ~ 60% hu-
midity in a 12 h/12 h light/dark cycle with sufficient food and water sup-
plied. Efforts were made to minimize the number of animals used and 
reduce their chances of suffering from experimental procedures. All 
experiments were performed according to the guidelines of the Inter-
national Association for the Study of Pain(21) and the Guidelines for the 
Care and Use of Laboratory Animals of Yantai University. Our experi-
ments were approved by Laboratory Animal Ethics Committee of Yan-
tai University and the authorization number is YTU20180124.
Surgery and intra-ACC injection
The surgical procedure was as follows. Rats were anesthetized by 
intraperitoneal injection of pentobarbital sodium (50 mg/kg, Xudong 
Chemical Factory, Beijing, China). Rats would remain anesthetized for 
2 to 3 h. Rats were positioned in a stereotaxic frame (Stoelting Facto-
ry, USA) with blunt-tipped ear bars. The stainless steel guide cannu-
las of 0.8 mm outer diameter(22) were placed on each side of the ACC 
area (1.6 mm before the bregma, 0.7 mm lateral to the midline, 2.0 mm 
ventral to the surface of skull) and fixed to the skull by dental acrylic 
(New Century Dental Materials Factory, Shanghai, China). To prevent 
wound infection after a surgical procedure, all animals were injected 
with penicillin (80,000 units/one rat, Lukang Pharmaceutical Factory, 
Shandong, China) once a day for three days after surgery. The rats 
rested for three days after surgery, and the behavioral experiments 
began to perform. 
On the day of experiment, a stainless steel needle with 0.4 mm outer 
diameter was directly inserted into the guide cannula with 1.5 mm be-
yond the tip of the latter. One microliter of solution was infused into 
ACC for 1 min and the injection needle was left for 1 min after injection.
At the end of behavioral experiments, all animals were received a mi-
croinjection of 0.1 µl of blue ink (According to the microinjection pro-
cedure described above). The locations of the tips of injection needles 
were verified. All the tips of the injection needles were within the ACC. 
Chronic constriction injury (CCI) to sciatic nerve 
Neuropathic pain model was produced using the model of chronic 
constriction injury of the sciatic nerve(23). The surgery was performed 
under anaesthesia induced by sodium pentobarbital (50 mg/kg, 
Xudong Chemical Factory, Beijing, China). The lateral left thigh was 
shaved and disinfected, and surgery was performed under clean 
conditions. The left sciatic nerve was exposed and isolated, four loose 
ligatures (4.0 chromic gut) with 1-mm spacing were placed around left 
sciatic nerve. Care was taken to ensure that the nerve was not pinched 
by the ligatures and that these were not too tight to prevent the 
occlusion of perineural blood flow. After surgery, the skin layers and 
muscle were sutured. CCI results in the development of allodynia like 
behavior, hyperalgesia and spontaneous pain like behaviors, which 
naïvely reach stable 7 days after surgery. The wounds healed gradually 
with no infection after the surgery. 
Nociceptive tests
Animals were habituated to the testing instruments (When we got the 
new rats , the rats received behavioral test training: rats received both 
noxious thermal and mechanical stimulations 9 times in one day, last-
ed for 3 days) before the beginning of the experiments to minimize 
the errors induced by measurements. The Randall Selitto test was per-
formed as described by Randall and Selitto(24) to measure the HWLs to 
mechanical stimulation. The meter applies a continuously increasing 
pressure at a constant rate to the hind paw of the rat. When the hind 

foot is retracted, the pressure is stopped and the pressure value at this 
time is read, and the pressure value is used as the nociceptive thresh-
old to mechanical stimulation. To noxious thermal stimulation, the en-
tire ventral surface of the rat hindpaw was placed manually on a hot 
plate (YLS-6B Intelligent Heat Panel Instrument, Jinan Yiyan Science & 
Technology Development Co., Ltd., Jinan, China) at the temperature of 
52 ± 0.2°C. The time to hindpaw withdrawal was measured in seconds 
to be referred to as the HWLs to thermal stimulation. Each rat was 
operated with both mechanical stimulation and thermal stimulation. A 
cut-off limit of 15 s was set up to avoid tissue damage. Before intra-ACC 
injection, the HWL value of noxious thermal and mechanical stimula-
tion was measured, and the value was taken as the basic threshold. 
% change of HWL= 
 
RT-PCR
RT-PCR was used to measure levels of CLR mRNA of ACC in the naïve 
and neuropathic rats. For obtaining total RNA, the naïve rats (n=3) and 
the neuropathic rats (n=3) that 7 days after CCI received injection of 
over dose of sodium pentobarbital and the whole ACC tissues were 
dissected and stored in a −80°C. Total RNA extraction was performed 
according to the instructions provided with the SPARKeasy Improved 
Tissue RNA kit (SparkJade, Qingdao, China). The concentration and 
purity of RNA were measured using a spectrophotometer, and the 
RNA were reversely transcribed into cDNA by 96-Well Thermal Cycler 
(Applied Biosystems) and SPARKscript 1st Strand cDNA Synthesis Kit 
(SparkJade, Qingdao, China). The StepOnePlus™ Real-Time PCR Sys-
tem with Tower (Applied Biosystems) and 2*SYBR Green qPCR Mix 
(SparkJade, Qingdao, China) were used to amplify CLR. Gene-specif-
ic primers to CLR and GAPDH were used as follows: GAPDH primer 
sequences were forward 5´-GACCACCCAGCCCAGCAAGG-3´, reverse 
5´-TCCCCAGGCCCCTCCTGTTG-3´; CLR primer sequences were forward 
5´- AGAGCCTAAGTTGCCAACGG-3´, reverse 5´-CCACTGCCGTGAGGT-
GAATG-3´.
Western blot
Western blot was used to measure levels of CLR protein of ACC in the 
naïve (n=3) and neuropathic rats (n=3). The ACC tissues of rats were 
dissected and rapidly stored in −80°C. Proteins were extracted from 
the ACCs using the RIPA lysis buffer and Phenylmethanesulfonyl fluo-
ride (Beyotime Institute of Biotechnology, Shanghai, China). Protein 
concentrations of the lysate were determined using Enhanced BCA 
Protein Assay Kit (Beyotime Institute of Biotechnology, Shanghai, Chi-
na). For Western blot analysis, samples (30 μg) were loaded on a 12% 
SDS–polyacrylamide electrophoresis gel for 30min at 80V, 60 min at 
120 V and transferred onto PVDF membranes (Millipore, MA, USA). The 
membranes were blocked with 5% nonfat dry milk for 2 h. Primary an-
tibody incubation: CLR antibody dilution(25): 1:1000 dilution; bs-1860R; 
RRID: AB_10855106; Bioss, China; beta-actin antibody dilution: 1:1500 
dilution; AA128; Beyotime Institute of Biotechnology, China) was per-
formed at 4°C overnight, followed by incubation with peroxidase con-
jugated secondary antibody (1:2000, Beyotime, China) for 1 h. PVDF 
membranes were washed with TBST for three times. Proteins were 
detected by using ImageQuant LAS 4000 (GE Healthcare Bio-Sciences 
AB, Tokyo, Japan) and enhanced chemiluminescence reagents (Beyo-
time, Shanghai, China) according to the manufacturer’s instructions. 
Target protein digitized using Gel-pro (Media Cybernetics, Bethesda, 
MD, USA) programs. The intensity of the band for each blot was calcu-
lated as a ratio to β-actin.

Statistical analysis
All analyses were performed using the IBM SPSS Statistics program 
(IBM Corp. Released 2010). The numerical data were expressed as the 
mean ± standard error of mean (S.E.M). Statistical difference between 
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multiple groups was determined by one-way ANOVA followed Bonfer-
roni test. A two-tailed Student’s t-test was used for comparisons be-
tween two groups. In all cases, the criterion for statistical significance 
was P < 0.05, the criterion for statistical no significance was P ≥ 0.05.
Chemicals for intra-ACC injection
Solutions for intra-ACC administration were prepared with sterilized 
saline, each with a volume of 1 μl containing: (1) 0.1, 0.5, or 1 nmol of 
CGRP (rat-Calcitonin Gene-Related peptide; Tocris, UK); (2) 1 nmol of 
CGRP 8-37 (rat-Calcitonin Gene-Related Peptide 8-37; Tocris, UK).
Results
CGRP induced antinociception in ACC in rats with neuropathic 
pain
The basal HWLs to noxious thermal and mechanical stimulation were 
assessed before and after CCI measured by Hot-plate test and Randall 
Selitto Test (Figure 1A and 1B). The left basal HWL was significantly de-
creased in rats with neuropathic pain (n=8) at 8 day than that before 

CCI (n=8) (Hot-plate Test: P<0.05; Randall Selitto Test: P<0.05. two-
tailed student's t-test), indicating that CCI induced neuropathic pain in 
rats. To observe the influence of CGRP on nociceptive responses in ACC 
of rats with neuropathic pain, four groups of rats received intra-ACC 
administration of: 1 μl of 0.9% saline as control (n=8), 0.1 nmol of CGRP 
(n=8), 0.5 nmol of CGRP (n=8), or  1 nmol of CGRP (n=8). The results at 
30 min after injection are shown in Fig 1C and Fig 1D. The HWLs to nox-
ious thermal and mechanical stimulation increased significantly in a 
dose-dependent manner after intra-ACC injection of 0.1 nmol of CGRP 
tested by Hot-plate test (left hindpaw: P<0.05) and Randall Selitto test 
(left hindpaw: P<0.05), 0.5 nmol of CGRP tested by Hot-plate test (left 
hindpaw: P<0.05) and Randall Selitto test (left hindpaw: P<0.05) and 
1 nmol of CGRP tested by Hot-plate test (left hindpaw: P<0.05) and 
Randall Selitto test (left hindpaw: P<0.05) compared with the control 
group. The results demonstrated that intra-ACC injection of CGRP in-
duced significant antinociceptive effects in rats with neuropathic pain.

Figure 1:  CGRP induced antinociception in ACC in rats with neuropathic pain
A and B, basal left HWL before and 7 days after CCI. A, Hot plate test; B, Randall Selitto test. Left HWLs to thermal (C) and 
mechanical stimulation (D) were obtained at 30 min after intra-ACC injection of CGRP in rats with neuropathic pain. Data are 
expressed as Mean ± S.E.M. and analyzed by Student’s t-test (two tails, Figure A and B) or one-way ANOVA followed Bonfer-
roni test (for Figure C and D). * P<0.05.  

Influence of CGRP8-37 on CGRP-induced antinociception in 
ACC in rats with neuropathic pain 
To determine the influence of CGRP8-37, an antagonist of CGRP recep-
tor, on CGRP induced antinociception, two groups of rats with neuro-

pathic pain received intra-ACC injection of 1 nmol of CGRP, followed 5 
min later by intra-ACC injection of 1 nmol of CGRP8-37 (n=8), or 1μl of 
0.9% saline (n=8) as a control. The results at 30 min after CGRP injec-
tion are shown in Figure 2. 
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Figure 2: CGRP8-37 inhibited the CGRP-induced antinociception in ACC in rats with neuropathic pain
Data show the results obtained at 30 min after CGRP injection. Hot plate test: A (left) and B (right); Randall Selitto
 test: C (left) and D (right). Data are expressed as Mean ± S.E.M. and analyzed by two-tailed student's t-test, *P<0.05.

After intra-ACC injection of CGRP, the HWLs to noxious thermal and 
mechanical stimulation increased markedly in rats with neuropathic 
pain. Then the HWLs decreased significantly after intra-ACC adminis-
tration of 1 nmol of CGRP8-37 tested by Hot-plate test (left hindpaw: 
P<0.05; right hindpaw: P<0.05) and Randall Selitto test (left hindpaw: 
P<0.05; right hindpaw: P<0.05) compared with the control group. The 
results demonstrated that blockade the CGRP receptor by the antago-
nist CGRP8-37 attenuated the CGRP-induced antinociception in ACC in 
rats with neuropathic pain. 
Another group of rats with neuropathic pain received intra-ACC injec-
tion of 1μl of 0.9% saline, followed 5 min later by intra-ACC injection 
of 1 nmol of CGRP8-37 (n=7). There are no marked changes in HWLs 

to noxious thermal and mechanical stimulation after the injection of 
CGRP8-37 in rats with neuropathic pain. 
Influences of neuropathic pain on the CGRP-induced antinoci-
ception in ACC 
We further compared the CGRP-induced antinociception in ACC in 
naïve rats (n=8) and rats with neuropathic pain (n=8). As shown in 
Figure 3A and 3B, the CGRP-induced antinociception was significantly 
higher in rats with neuropathic pain than that in naïve rats tested by 
Hot-plate test (left hindpaw: P<0.05, two-tailed student’s t-test) and 
Randall Selitto test (left hindpaw: P<0.05, two-tailed student’s t-test), 
indicating an up-regulation in CGRP-induced antinociception during 
neuropathic pain.

Figure. 3: Comparison of the CGRP-induced antinociception in naïve rats and rats with neuropathic pain
Figure 3A and 3B show the increased HWLs at 30 min after intra-ACC administration of CGRP in naïve rats and rats with neuro-
pathic pain. Hot plate test: A (left); Randall Selitto test: B (left). Data are expressed as Mean ± S.E.M and analyze by Student’s 
t-test (two tails), * P<0.05 compared to saline group; # P<0.05 compared to naïve rats and rats with neuropathic pain.
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Influences of neuropathic pain on the expression of CGRP re-
ceptor in ACC in rats 
To explore why there were increases in CGRP-induced antinociception 
in ACC during neuropathic pain, the expression of CLR, a main compo-
nent of CGRP receptor, in ACC was studied. 
The mRNA levels of CLR in ACC of naïve rats (n=3) and rats with neuro-
pathic pain (n=3) were determined by RT-PCR. The results showed that 
there was a significant increase in mRNA level of CLR (P<0.05, two-
tailed student’s t-test) in ACC of rats with neuropathic pain than that 

in naïve rats (Figure 4A).
The concentration of CLR in ACC of naïve rats (n=3) and rats with 
neuropathic pain (n=3) were determined by western blot. The results 
showed that there was a significant increase in CLR concentration 
(P<0.05, two-tailed student’s t-test) in ACC of rats with neuropathic 
pain than that in naïve rats (Figure 4B and C).
The results demonstrated that there may be an up-regulation in CLR 
expression in ACC in rats with neuropathic pain. These results support-
ed our above results that there was an increase in CGRP-induced anti-
nociception in ACC in rats with neuropathic pain.

Discussion
Chronic pain is a major world-wide health issue(26). Animal models of 
chronic pain are widely used to investigate the basic mechanisms of 
chronic pain and to evaluate potential novel drugs for treating chronic 
pain(27). In 1988, Bennett and Xie(23) developed one of the CCI models, 
which is similar to clinical neuropathic pain features and has been 
widely used in the study of pain. In this study, we found that the sciatic 
nerve half-ligated in the left leg has successfully induced neuropathic 
pain. The left HWLs decreased significantly from 7 days after CCI. These 
results exhibited that there was neuropathic pain after CCI in rats. 
ACC is a major cortical area involved in various higher brain functions, 
such as nociception, chronic pain, cognition, and emotions(28,29,30,31). ACC 
plays key roles in learning memory, mood and pain perception(32,33,34). 
Human imaging studies have clearly shown the importance of the 
ACC in chronic pain(30,31), which have been corroborated by animal 
studies that have demonstrated a critical involvement of the ACC in 
nociception and chronic pain(19,35). 

Figure. 4: Influences of neuropathic pain on CGRP receptor expression in ACC
Figure 4A, the CLR mRNA levels in ACC in naïve rats (n=3) and in rats with neuropathic pain (n=3) tested by RT-PCR. Figure 4B and 
4C, the concentration of CLR in ACC in naïve rats (n=3) and in rats with neuropathic pain (n=3) tested by western blot. Data are 
expressed as Mean ± S.E.M. and analyzed by Student’s t-test (two tails), * P<0.05.

Our results demonstrated that intra-ACC administration of CGRP 
induced significant antinociception in a dose-dependent manner 
in rats with neuropathic pain. To determine the involvement of 
CGRP receptor in CGRP-induced antinociception in ACC in rats with 
neuropathic pain, CGRP8-37 was used after CGRP injection. We further 
found that the CGRP receptor antagonist CGRP8-37 could significantly 
attenuate the CGRP-induced antinociception in ACC in rats with 
neuropathic pain. CGRP8-37 is a selective and typical antagonist to 
CGRP receptor(4,36). Lots of studies have demonstrated that CGRP8–37 
has high affinity with CGRP receptor while with no activated effects on 
CGRP receptor(4,36,37). Results of the present study demonstrated that 
CGRP induced significant antinociceptive effects and CGRP receptors 
are involved in the CGRP-induced antinociception in ACC of rats with 
neuropathic pain.
Interestingly, we further compared the CGRP-induced antinociceptive 
effects in ACC in rats with neuropathic pain and in naïve rats, and we 
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found that the CGRP-induced antinociception in ACC in rats with neu-
ropathic pain was significantly higher than that in naïve rats. These 
results indicate that there may be an increase of CGRP receptor ex-
pression in neuropathic pain model. Therefore we compared the ex-
pression of CLR, a main component of CGRP receptor, in ACC in the 
neuropathic pain model by RT-PCR and western blot. We found that 
both the mRNA levels of CLR and the concentration of CLR in ACC in-
creased significantly in rats with neuropathic pain than that in naïve
rats. The results suggested that neuropathic pain induced an increase 
in CGRP receptor expression in ACC, which may induce an increase in 
the CGRP-induced antinociceptive effects in ACC in rats. 
Conclusions
The results found that CGRP induces antinociception by activating 
CGRP receptor in ACC in rats with neuropathic pain. Neuropathic pain 
induces increases in both CGRP receptor expression and CGRP-in-
duced antinociception in ACC. 
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