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Objective(s): Calcitonin gene related peptide (CGRP) receptors are widely distributed in the central 
nervous system. The aim of this study was to investigate the effects of intracerebroventricular (ICV) 
injection of CGRP on pain behavioral responses and on levels of monoamines in the periaqueductal 
gray area (PAG) during the formalin test in rats.
Materials and Methods: Twenty-four male rats were studied in four groups (n=6). CGRP was injected 
into the left cerebral ventricle (1.5 nmol, 5 µl). After 20 min, formalin (2.5%) was subcutaneously 
injected into the right hind paw. Behavior nociceptive score was recorded up to 60 min. During the 
formalin test, the PAG was subjected to microdialysis and levels of norepinephrine, 3-methoxy-4-
hydroxyphenyl-glycol (HMPG), dopamine, 3,4-dihydroxyphenylacetic acid (DOPAC), serotonin and 
5-hydroxyindole-acetic acid (HIAA) were measured by HPLC.
Results: ICV injection of CGRP lead to a significant pain reduction in acute, middle and chronic phases 
of the formalin test. Dialysate concentrations of norepinephrine, HMPG, dopamine, DOPAC, serotonin 
and HIAA in the PGA area showed an increase in acute phase, middle phase and beginning of the 
chronic phase of the formalin test.
Conclusion: CGRP significantly reduced pain by increased concentrations of monoamines and their 
metabolites in dialysates from PAG when injected ICV to rats. 
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Introduction
The nucleus of periaqueductal grey (PAG) and nucleus 

of raphe magnus (NRM) have the most important role 
in pain modulation (1). Neurons located in NRM and 
nucleus reticularis gigantocellularis that are within 
the rostral ventromedial medulla (RVM) are projected 
to spinal dorsal horn and affect pain nociception 
(2). In descending pain control pathways many 
neurotransmitters and neuropeptides  are involved (3). 

Norepinephrine, dopamine and serotonin are 
the most important neurotransmitters involved in 
analgesic system (4). Periaqueductal gray area receives 
monoaminergic innervation from different areas of the 
brain (5). 

Calcitonin gene related peptide (CGRP) has many 
biological functions, including pain sensation  (6, 7). 
CGRP and its receptors have been widely distributed 
in the brain (8). CGRP receptors have significant 
concentrations in periacueductal grey, nucleus raphe 
obscurus, nucleus raphe palidus, nucleus raphe magnus 
and subset of neurons in dorsal root ganglia (8-12). 
CGRP has a role in antinociception systems in PAG and 
trigeminocervical complex (13-15). ICV administration 
of low doses of CGRP has an analgesic effect in tail 
flick test, while high doses have shown antinociceptive 
effects in hot plate test (16, 17). 

The aim of this study was to investigate the effect 
of ICV injection of CGRP on behavioral responses and 
monoamines level changes in the periaqueductal gray in 
formalin test. 

Materials and Methods
Ethics

This study protocol was approved by the Ethics 
Committee of the School of Veterinary Medicine of 
Shiraz University.

Twenty-four male Sprague Dawley rats (270±30 g) 
were used. Food and water were freely available and the 
animals were kept at 22 ± 2  ̊C and 12 hr dark/light cycle.

Experimental groups 
The rats were divided into four groups (n=6). In 

the first group artificial cerebrospinal fluid (ACSF) 
was ICV injected (5 µl) and normal saline was injected 
subcutaneously (SC) in the hind paw (50 µl). In the 
second group ACSF was ICV injected (5 µl) and formalin 
2.5% was injected SC in the hind paw (50 µl). In the third 
group CGRP with a dose of 1.5 nmol was ICV injected (5 
µl) and normal saline was injected SC in the hind paw 
(50 µl). In the fourth group CGRP with a dose of 1.5 nmol 
was ICV injected (5 µl) and formalin 2.5% was injected 
SC in the hind paw (50 µl). 
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Surgery and probe implantation
The rats were anesthetized by sodium pentobarbital 

(50 mg/kg) intraperitoneally. The guide cannula was 
implanted in the brain ventricle with coordinates (AP: 
-0.8, L: +1.5, DV: -3.5). Microdialysis probes with an 
active dialysis length of 1 mm were constructed in our 
laboratory from cellulose dialysis tubing. The probes 
were tested in vitro to determine the relative recovery of 
monoamines and their metabolites. Microdialysis probe 
was implanted into the PAG with coordinates (AP: -7.6, 
L:0.6, DV: -5.8) (18). 

Nociceptive score and microdialysis
Formalin test was done and nociceptive score was 

recorded: if the animal does not indicate any certain 
behavior, number zero, if the animal’s feet are on the 
ground and it does not put pressure on it, number one, 
if the animal hits the ground with its feet or accumulates 
its legs in the abdomen, number two, and finally if the 
animal licked/bit the injected paw, number three was 
given (19). Subcutaneous injection of formalin in the 
hind paw creates a biphasic response. The first 5 min 
after injection is the acute phase. Chronic phase is from 
the end of 15 min until the end of 60 min. Also, the 
middle phase is considered from the end of 5 min until 
the end of 15 min (20). 

After 24 hr the animals were placed within a 
polycarbonate chamber and they were allowed to 
adapt for 15 min. The ICV injection was performed by 
the Hamilton syringe 5µl within one min (rat CGRP 
was obtained from Sigma-Aldrich). Formalin test was 
performed after the optimum time for the effect of the 
drugs (20 min). Microdialysis Probes were perfused with 
ACSF at a flow rate of 2.0 µl/min (WPI, SP 210, syringe 
pump) and 30 µl fractions were collected every 15 min. 
From the beginning until the end of the experiment, 
eight microdialysis samples were collected, respectively. 
[Base sample without medication effect (S1), Base 
sample with medication effect (S2), four samples related 
to different times of the formalin test (S3-S6) and two 
samples after completion of formalin test (S7, S8)]. The 
composition of ACSF was (in mM): NaCl 114, CaCl2 1, KCl 
3, MgSO4 2, NaH2PO4 1.25, NaHCO3 26, NaOH 1, glucose 
10, and pH=7.4.

Chemical assays
In order to measure norepinephrine, dopamine, 

serotonin and their metabolites in the dialysis samples 
(n=6), high performance liquid chromatography 
(HPLC) with electrochemical detection (ECD) was used. 
After adding the internal standard (14.3 µl) samples 
were injected into the column (Revers-phase column 
Eurospher 100-5 C18, 250×4.6 mm), pump (Knauer) 
and electrochemical detector (Amperometric detector 
EC 3000). The oxidizing potential of the ECD cell was 
750 mV. A. The mobile phase consisted of a mixture of 
sodium phosphate 8.4 g, 1-octane-sulfonic acid 360 mg, 
EDTA 30 mg and 16% methanol in 1000 ml HPLC grade 
water (pH=4.5). The flow rate of mobile phase was 1.0 
ml/min. 

Histological verification
At the end of formalin test, the animals were 

euthanized with an overdose of diethyl ether. Then, 

the animals’ brains were taken out and were placed in 
formalin 10%. After a few days the brains were cut and 
the place of guide cannula in ventricle and microdialysis 
probe in periaqueductal gray area in all animals were 
confirmed based on Paxinos  (18).

Statistical analysis
Data were analyzed by using SPSS software with 

statistical method of the one-way ANOVA for assessing the 
groups and Duncan’s tests as post-hoc were performed. 
The significance level was considered P˂0.05.

Results
Formalin test

The results of pain-related behaviors at different 
phases of the formalin test are summarized in Table 1.

ICV injection of CGRP in the fourth group significantly 
decreased nociceptor score in acute phase of the formalin 
test compared with the second group (P˂0.05) (Figure 
1). CGRP in the middle phase and the chronic phase 
of the formalin test of the fourth group significantly 
reduced nociceptive score compared with the second 
group (P˂0.05) (Figure 1). 

Microdialysis
Third samples (S3) of microdialysis are related 

to acute and middle phases of the formalin test that 
contain aCSF collected from PAG in time points of 0-15 
min in the formalin test. Fourth, fifth and sixth samples 
(S4- S6) are related to the chronic phase of the formalin 
test which have been collected within times of 15-30, 
30-45 and 45-60 min in the formalin test.
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Figure 1. The nociceptive score in different groups. (Group 1: ACSF 
was ICV injected and normal saline was injected subcutaneously 
(SC) in the hind paw. Group 2: ACSF was ICV injected and formalin 
2.5% was injected SC. Group 3:  CGRP with a dose of 1.5 nmol was 
ICV injected and normal saline was injected SC. Group 4: CGRP with a 
dose of 1.5 nmol was ICV injected and formalin 2.5% was injected SC)
* Significant differences between group 2 and group 4 (P<0.05)

Phases 
Groups Acute phase Inter phase Chronic phase 
1 0.13±0.05a 0±0a 0±0a 

2 2.4±0.05d 1.92±0.03c 2.05±0.01c 

3 0.1±0.05a 0±0a 0±0a 

4 1.46±0.08c 0.35±0.06b 1.87±0.03b 

 

Table 1. Pain-related behaviors at different phases in formalin test.
Dissimilar letters indicate significant difference between groups (a, 
b, c, d)
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Norepinephrine
In groups 1 and 3 no significant differences were 

seen in norepinephrine concentrations at any of the 
time points. Norepinephrine concentration within 
0-15 min after formalin injection in the fourth group 
was significantly higher than that of the second group. 
Norepinephrine concentration within 15-30 min after 
formalin injection in the fourth group was higher than 
that of the second group (Figure 2).

HMPG
In groups 1 and 3 no significant differences were 

seen in HMPG concentrations at any time points. HMPG 
concentration within 0-15 min after formalin injection 
in the fourth group was significantly higher than that of 
the second group. HMPG concentration within 15-30 min 
after formalin injection in the fourth group was higher 
than that of the second group. HMPG concentration 
within 30-45 and 45-60 min after formalin injection 
in the fourth group was higher than that of the second 
group, but the difference was not significant (Figure 3).

Dopamine
In groups 1 and 3 no significant differences were seen 

in dopamine concentrations at any of the tested times.
Dopamine concentration within 0-15 min after formalin 
injection in the fourth group was significantly higher 
than that of the second group. Dopamine concentration 
within 15-30 min after formalin injection in the fourth 
group was higher than that of the second group. 
Dopamine concentration within 30-45 and 45-60 min 
after formalin injection in the fourth group was higher 
than that of the second group, but the difference was not 
significant (Figure 4).

DOPAC
In groups 1 and 3 no significant differences were seen 

in DOPAC concentrations any of the time points. DOPAC 
concentration within 0-15 min after formalin injection in 
the fourth group was significantly higher than that of the 
second group. Dopamine concentration within 15-30 min 
after formalin injection in the fourth group was higher 
than that of the second group. DOPAC concentration 
within 30-45 and 45-60 min after formalin injection in 
the fourth group compared with second group showed 
no significant difference (Figure 5).
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Figure 2. Concentrations of norepinephrine in different groups. 
(Group 1: ACSF was ICV injected and normal saline was injected 
subcutaneously (SC) in the hind paw. Group 2: ACSF was ICV injected 
and formalin 2.5% was injected SC. Group 3:  CGRP with a dose of 
1.5 nmol was ICV injected and normal saline was injected SC. Group 
4: CGRP with a dose of 1.5 nmol was ICV injected and formalin 2.5% 
was injected SC). [Base sample without medication effect (S1), Base 
sample with medication effect (S2), four samples related to different 
times of the formalin test (S3-S6) and two samples after completion 
of formalin test (S7, S8)].
 * Significant differences between group 2 and group 4 (P˂0.05)
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Figure 3. Concentrations of HMPG in different groups. [Base sample 
without medication effect (S1), Base sample with medication effect 
(S2), four samples related to different times of the formalin test (S3-
S6) and two samples after completion of formalin test (S7, S8)]
* Significant differences between group 2 and group 4 (P˂0.05)
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Figure 4. concentration of dopamine in test and control groups. 
[Base sample without medication effect (S1), Base sample with 
medication effect (S2), four samples related to different times of the 
formalin test (S3-S6) and two samples after completion of formalin 
test (S7, S8)]
* Significant differences between group 2 and group 4 (P˂0.05)
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Figure 5. Concentration of DOPAC in test and control groups. [Base sample 
without medication effect (S1), Base sample with medication effect (S2), four 
samples related to different times of the formalin test (S3-S6) and two samples 
after completion of formalin test (S7, S8)]
* Significant differences between group 2 and group 4 (P˂0.05)
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Figure 6. Concentrations of serotonin in different groups. [Base 
sample without medication effect (S1), Base sample with medication 
effect (S2), four samples related to different times of the formalin test 
(S3-S6) and two samples after completion of formalin test (S7, S8)]
 * Significant differences between group 2 and group 4 (P˂0.05)

Serotonin
In groups 1 and 3 no significant differences were seen 

in serotonin concentrations at any of the tested times. 
Serotonin concentration within 0-15 min after formalin 
injection in the fourth group was significantly higher 
than that of the second group. Serotonin concentration 
within 15-30 and 30-45 min after formalin injection in 
the fourth group was significantly higher than that of 
the second group. Serotonin concentration within 45-
60 min after formalin injection in the fourth group was 
higher than that of the second group, but the difference 
was not significant (Figure 6).

HIAA
In groups 1 and 3 no significant differences were seen 

in HIAA concentrations at any of the time points. HIAA 
concentration within 0-15 min after formalin injection 
in the fourth group was significantly higher than that 
of the second group. HIAA concentration within 15-30 
min after formalin injection in the fourth group was 
significantly higher than that of the second group. HIAA 
concentration within 30-45 and 45-60 min after formalin 
injection in the fourth group compared with second 
group showed no significant difference (Figure 7).

Discussion
The ICV injection of CGRP significantly decreased 

nociceptive scores in the acute, middle and chronic 
phases of the formalin test. CGRP has increased the 
concentrations of norepinephrine, HMPG, dopamine, 
DOPAC, serotonin and HIAA in the acute and middle 
phases of the formalin test. CGRP has increased the 
concentrations of norepinephrine, dopamine, serotonin 
and their metabolite in the beginning of the chronic 
phase of the formalin test.  

PAG region is one of the most important centers in 
descending pain control pathway (21). Descending 
impulses from the brain stem structures to the spinal 
cord inhibit the transmission of pain signals in the spinal 
cord (22). Norepinephrine, dopamine and serotonin 
which have an important role in the analgesic systems 
are closely related to each other (23).

It seems that CGRP is involved in modulating pain 
information in the spinal cord and thus has an analgesic 
effect in the brain (24). CGRP is widely expressed in 
neurons of the central and peripheral nervous systems 
and often interacts with other neurotransmitters (25-
27). CGRP causes the release of neurotransmitters and 
neural response to harmful stimuli and leads to the 
central sensitization in response to chronic pain (28-
30). Intra-NRM injection of CGRP has antinociceptive 
effect which increases hind paw withdrawal latency 
(24). Intrathecal administration of  CGRP has reciprocal 
effects in rat (31). CGRP was shown to induce c- Fos 
expression in the spinal cord and to increase thermal 
and mechanical modalities of pain (32). 

Our data showed that ICV injection of CGRP 
significantly reduced pain-related behaviors during the 
acute and middle phases of formalin test. The analgesic 
effect we observed in the acute phase of the formalin 
test is consistent with the results of other researchers. 
CGRP injection into PAG has been shown to inhibit 
information transmission in the dorsal horn of the spinal 
cord by activating CGRP1 receptors and by activating 
descending pain systems in the hind paw withdrawal 
latency model of pain (33). CGRP injection into the 
raphe magnus nucleus is also reported to reduce pain 
in the same model of pain. By connecting to its receptor 
(primarily in PAG), CGRP performs many of its functions 
(34). Microdialysis data of this study showed that 
concentrations of norepinephrine, dopamine, serotonin 
and their metabolites increase in dialysates of PAG in 
acute and middle phases (0-15 min) of formalin test. 
These results imply that analgesic effects seen in the 
acute phase and the middle phase of the formalin are 
mediated by the monoaminergic pathways in the brain. 

ICV injections of CGRP significantly decreased 
pain-related behaviors in the chronic phase of the 
formalin test. CGRP has increased the concentrations 
of norepinephrine and HMPG at intervals of 15-30 min 
from the chronic phase of the formalin test. Dopamine 
and DOPAC concentrations increased at intervals of 
15-30 min from the chronic phase of the formalin test. 
Serotonin concentrations increased at intervals of 15-30 
and 30-45 min and HIAA increased at intervals of 15-30 
min in the formalin test. 

Conclusion
CGRP significantly reduces formalin induced 
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Figure 7. Concentrations of HIAA in different groups. [Base sample 
without medication effect (S1), Base sample with medication effect 
(S2), four samples related to different times of the formalin test (S3-
S6) and two samples after completion of formalin test (S7, S8)]
* Significant differences between group 2 and group 4 (P˂0.05)
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pain when injected in the cerebroventricular of rats. 
These effects are accompanied by an increase in the 
concentrations of norepinephrine, HMPG, dopamine, 
DOPAC, serotonin, and HIAA in the PAG nucleus. The 
increase of monoamines in PAG may be due to the 
action of CGRP in PAG or its related nuclei. However, the 
mechanisms underlying the increasing effects of CGRP 
on the CSF levels of monoamines as well as the nature 
of CGRP receptors involved need further investigation. 
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