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Abstract

Calcitonin gene-related peptide (CGRP) was first discovered in the 1980s as a

splice variant from the calcitonin gene. Since its discovery, its role in migraine

pathophysiology has been well established, first by its potent vasodilator properties

and subsequently by its presence and function as a neurotransmitter in the sensory

trigeminovascular system. The migraine-provoking ability of CGRP gave support to the

pharma industry to develop monoclonal antibodies and antagonists inhibiting the effect

of CGRP. A new treatment paradigm has proven effective in the prophylactic treatment

of migraine. One of the useful tools to further understand migraine mechanisms

is the ex vivo model of CGRP release from the trigeminovascular system. It is a

relatively simple method that can be used with various pharmacological tools to

achieve know-how to further develop new effective migraine treatments. The present

protocol describes a CGRP release model and the technique to quantify the effect of

pharmacological agents on the amount of CGRP released from the trigeminovascular

system in rodents. A procedure describing the experimental approach from euthanasia

to the measurement of protein levels is provided. The essential isolation of the

trigeminal ganglion and the trigeminal nucleus caudalis from both mice and rats and

the preparation of rat dura mater are described in detail. Furthermore, representative

results from both species (rats and mice) are presented. The technique is a key tool to

investigate the molecular mechanisms involved in migraine pathophysiology by using

various pharmacological compounds and genetically modified animals.

Introduction

Migraine is a neurological disorder that, according to WHO,

is estimated to affect more than 1 billion people and

is one of the leading causes of disability worldwide1 .

Thus, migraine has a significant impact on both patients

and society. Despite the recent clinical success of CGRP

antagonizing drugs, a large proportion of patients need
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improved treatment options2,3 ,4 ,5 . Elucidation of migraine

pathophysiology leading to novel effective treatments is

required. Signaling within the trigeminovascular system

consisting of the meninges, trigeminal ganglia (TG), and

trigeminal nucleus caudalis (TNC) is central for migraine

pathophysiology6,7 .

The 37 amino acid neuropeptide calcitonin gene-related

peptide (CGRP) was first discovered in the early 1980s

when Amara and co-workers demonstrated that the

primary RNA-transcript of the calcitonin gene could be

processed to give mRNA coding for CGRP in addition to

calcitonin8,9 . The subsequent research suggested a link

to migraine pathophysiology10 . CGRP is a neurotransmitter

with potent vasodilating properties11,12 ,13 ,14 ,15 ,16 ,17 , and

it is widely distributed in the central and peripheral nervous

system13,14 ,18 ,19 ,20 ,21 ,22 . The involvement of CGRP in

migraine was underlined with the discovery of increased

CGRP levels in the extracerebral circulation during migraine

attacks in humans23 , and that infusion of CGRP causes

migraine-like pain in patients24 . Two years later, the first

proof-of-concept study of the effectivity of the CGRP

antagonist olcegepant in treating migraine was published25 .

CGRP is abundant in the trigeminovascular system

as demonstrated in the TG21,26 , sensory nerve fibers

innervating the dura mater27,28 ,29 , and TNC30 . In the

trigeminovascular system, CGRP is found in the small-

to-medium-sized neurons of the TG, in unmyelinated C-

fibers, and is expressed in nearly 50% of the neuronal

population of the TG. The CGRP receptor is expressed

mainly in larger neurons and found in myelinated Aδ-

fibers31,32 . CGRP is released from neurons upon chemical

or electrical stimulation33,34 . Studies of pathways leading

to the release of CGRP and the location of this activation

are crucial to understand migraine pathophysiology.

Throughout the last 5 decades, preclinical studies have

contributed to gaining extensive knowledge on migraine-

related signaling and have contributed to development of

new treatments35 . Many methods considering the vascular

and neurogenic involvement have been modified and applied

in migraine research. In vivo and in vitro models of arterial

responses to biological compounds or pharmacological

treatments17,36 ,37 , and electrical nerve-stimulation38,39

can be mentioned. Furthermore, activated neurons in

the TNC can be detected by c-Fos expression40,41 ,42

and electrophysiological recordings in this area43,44 . Both

methods measure nociceptive signals transmitted to the

brain from the head, e.g., dura mater. The use of only

one preclinical model does not present the full picture

of migraine pathophysiology. Therefore, it is important

to combine different models covering as many aspects

of migraine pathophysiology as possible. The continued

development of new models will cover various aspects of

migraine mechanisms, and in time the mystery of migraine

pathophysiology will be uncovered.

Here, a detailed protocol is presented of the CGRP release

method, performed ex vivo in isolated TG and TNC from

mice after chemical stimulation. CGRP release can also be

studied in the dura mater from rats. Thus, in the experimental

protocol for rats, dura mater is described together with

TG and TNC. The basis for the CGRP release method

was first described in 1999, where Ebersberger and co-

workers conducted pioneering research and found that CGRP

was released from dura mater after chemical and electrical

stimulation of dural afferents in rats45 . Later, this approach

was extended to CGRP release from the TG46  and the

TNC47 . Subsequently, the method was modified to apply to

https://www.jove.com
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TG and TNC in mice. So far, CGRP release from the dura

mater has been challenging in mice.

Protocol

All animal care and experimental procedures were performed

in compliance with the European Community guide

for the care and use of animals (2010/63/UE). Male

C57BL/6JBomTac mice, aged 10 weeks, and male Sprague

Dawley rats, aged 10 weeks, were used to demonstrate this

protocol.

1. Preparation of the synthetic interstitial fluid

1. Prepare synthetic interstitial fluid (SIF) according to the

following recipe: 108 mM NaCl, 3.48 mM KCl, 3.50 mM

MgSO4, 26 mM NaHCO3, 11.70 mM NaH2PO4, 1.50

mM CaCl2, 9.60 mM Na-gluconate, 5.50 mM glucose

and 7.60 mM sucrose (see Table of Materials).
 

NOTE: SIF can be varied depending on the stimulation

target, e.g., a calcium-free solution can be used when

studying calcium channels.

2. Adjust pH to 7.4 and stabilize the pH by carbogen gassing

(5% CO2 and 95% O2)46 .

2. Euthanasia

1. Anesthetize adult mice and rats with a mixture of 70%

CO2 and 30% O2. Decapitate mice using a pair of

scissors and rats using a guillotine (see Table of

Materials).
 

NOTE: Use a strain and age that fits the aim of the

research. Both males and females can be used in this

model.

2. Separate the head from the body at the C3-C4 level of

the spinal cord.
 

NOTE: Euthanasia can also be performed with an

intraperitoneal injection of pentobarbital (100-150 mg/

kg).

3. Dissection

1. Prepare the rat tissue following the steps below.

1. Remove the skin and the muscle around the head

and neck using a pair of scissors (Figure 1A).

2. Use a bone trimmer and scissors to separate the

lower jaws from the head (Figure 1B-C).

3. Open the spinal cord by inserting a bone trimmer

caudally into the vertebrae's dorsal part and remove

the vertebrae's dorsal part to expose the spinal cord

and brainstem (Figure 1D).

4. Cut the caudal part of the cranium by the borders of

the occipital and interparietal bones to remove these

bone structures exposing the cerebellum (Figure

1E).
 

NOTE: It is important not to damage the brainstem

and spinal cord while cutting and removing the

vertebras.

5. Isolate the TNC (Sp5C) running caudally

approximately 13-16 mm from the bregma on each

side by cutting the dorsolateral part of the brainstem

with spring scissors. Immerse the left and the right

side TNC into SIF (Figure 1E-I).
 

NOTE: The description corresponds to adult rats.

6. Cut the head mid-sagitally to divide the cranium in

two using a saw (Figure 1J-L).

https://www.jove.com
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7. Carefully remove the brain without touching the

dura mater attached to the cranium using a spatula

and cutting the trigeminal nerve where it enters the

brainstem (Figure 1M-P).

8. To isolate the TG, cut it, including its branches

around the visual borders. Cut the mandibular

branch where it enters the foramen ovale. Cut

the ophthalmic and maxillary branches entering the

skull as they are not divided macroscopically. While

dissecting the TG, remove the dura mater covering

the TG (Figure 1Q-T).

9. Immerse the cranium halves and the TGs in SIF.

2. Prepare the mouse tissue following the steps below.

1. Remove skin and muscle around the head and neck

using small scissors (Figure 2A-B).

2. Open the spinal cord by inserting a pair of small

scissors caudally into the vertebrae's dorsal part and

remove the vertebrae's dorsal part to expose the

spinal cord and brainstem (Figure 2C).
 

NOTE: It is important not to damage the spinal cord

while cutting and removing the vertebras.

3. Cut the cranium by the borders of the occipital and

interparietal bones to remove these bone structures

exposing the cerebellum (Figure 2D-F).

4. Then, cut the parietal bone mid-sagitally and remove

the bone to expose the cerebrum (Figure 2G-I).

5. Carefully remove the cerebellum with a spatula to

expose the brainstem (Figure 2J).

6. Isolate the TNC-containing part of the brainstem

using spring scissors (Figure 2K-N). Immerse the

brainstem with TNC in SIF (Figure 2O).

7. Remove the brain and cut the trigeminal nerve where

it enters the brainstem (Figure 2P-Q).

8. To isolate the TG, cut it, including its branches

around the visual borders. Cut the mandibular

branch where it enters the foramen ovale. Cut

the ophthalmic and maxillary branches entering the

skull as they are not divided macroscopically. While

dissecting the TG, remove the dura mater covering

the TG (Figure 2R-S).

9. Immerse TGs in SIF (Figure 2T).

4. Washing

1. Wash skull halves, TNCs, and TGs in SIF for 30 min while

replacing the SIF every 5 min at room temperature.
 

NOTE: The washing steps can be performed while

keeping the tissue in plastic containers with a tulle lid to

enable easy SIF exchange (Figure 3A-B).

2. Prepare the rat tissue following the steps below.

1. Transfer TNC halves to separate microcentrifuge

tube caps with 350 µL of SIF (Figure 3C).

2. Transfer the TGs to microcentrifuge tube caps - one

TG per microcentrifuge tube cap with 350 µL of SIF

(Figure 3C).

3. Place the skull halves on platforms made of clay or

a 6-well culture plate and fill the skull with 400 µL of

SIF (Figure 3C).

3. Prepare the mouse tissue following the steps below.

1. Transfer the brainstem with TNC to a

microcentrifuge tube cap with 250 µL of SIF (Figure

3D).

2. Transfer the two TGs to a microcentrifuge tube cap

with 250 µL of SIF (Figure 3D).
 

https://www.jove.com
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NOTE: Place two TGs per microcentrifuge tube cap

when using tissue from mice.

4. Place rat skulls and microcentrifuge tube caps with rat

and mouse tissue in a humidified incubator at 37 °C.

Replace SIF using a pipette every 5 min for 20 min.
 

NOTE: It is important not to touch the tissue when adding

and removing SIF.

5. Drug testing

1. Determine the basal CGRP release levels.

1. Following the last wash, add 250 µL of SIF to mouse

TG and TNC. Add 350 µL to rat TG and TNC and

400 µL to each rat skull.

2. After 10 min of incubation, collect 200 µL of the

sample in a microcentrifuge tube and add 50 µL of

10x EIA buffer (provided with the CGRP enzyme

immunoassay kit, see Table of Materials) to allow

measurement of the basal CGRP release (step 6).

Discard the remaining liquid.
 

NOTE: The incubation time must be the same for all

samples.

3. Immediately, store the samples at -20 °C.

4. After sampling of basal CGRP release levels, follow

one of the three methods: (A) Single stimulation

(step 5.2); (B) Concentration-response stimulation

(step 5.3); and (C) Inhibition of stimulation (step 5.4)

(Figure 4).
 

NOTE: The test compound and concentrations used

depend on the aim of the study.

2. Perform single stimulation following the steps below.

1. Add test compound or vehicle to the tissue and leave

it for 10 min (volume: 250 µL for mouse TG and TNC,

350 µL for rat TG and TNC, and 400 µL for each rat

skull).

2. After 10 min of incubation, collect 200 µL of the

sample in a microcentrifuge tube with 50 µL of

10x EIA buffer. Discard the remaining liquid and

immediately store the samples at -20 °C.
 

NOTE: The incubation time must be the same for all

samples.

3. Perform concentration-response stimulation following

the steps below.

1. Dilute the test compound or vehicle to the

desired concentrations. Add the test compound in

increasing concentrations starting with the lowest

concentration.
 

NOTE: The test compound and concentrations used

depend on the aim of the study. For example, 1

µM, 10 µM, and 100 µM supercinnamaldehyde were

used for the present study.

2. Add the lowest concentration (1 µM for the present

study) of the test compound and corresponding

vehicle to two identical tissue preparations and

incubate for 10 min (volume: 250 µL for mouse

tissue, 350 µL for rat TG and TNC, and 400 µL for

each rat skull).

3. After 10 min of incubation, collect 200 µL of the

sample in a microcentrifuge tube with 50 µL of 10x

EIA buffer.

4. Discard the remaining liquid and add the second

lowest concentration (10 µM for the present study)

to the tissue.

5. Immediately, store the samples at -20 °C.

https://www.jove.com
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6. Repeat this procedure with the remaining

concentrations (100 µM for the present study).

4. Perform inhibition of stimulation following the steps

below.

1. Add the blocker or vehicle to the tissue and incubate

for 10 min (volume: 250 µL for mouse tissue, 350 µL

for rat TG and TNC, and 400 µL for each rat skull).
 

NOTE: The blocker and concentration used depend

on the aim of the study. For example, 3 µM

glibenclamide was used for the representative result

in Figure 5.

2. After 10 min of incubation, collect a 200 µL sample in

a microcentrifuge tube with 50 µL of 10x EIA buffer.

Discard the remaining liquid and immediately store

the samples at -20 °C.

3. Add the agonist or agonist + blocker (see Table of

Materials) to the tissue and incubate for 10 min.
 

NOTE: The agonist, blocker, and concentrations

used depend on the aim of the study. In the present

study, 3 µM of glibenclamide and 1 µM of capsaicin

were used, Figure 5.

4. After 10 min of incubation, collect a 200 µL sample in

a microcentrifuge tube with 50 µL of 10x EIA buffer.

Discard the remaining liquid and immediately store

the samples at -20 °C.

5. Perform a positive control for the experiment.

1. When appropriate, add a positive control (e.g., 1-10

µM of capsaicin, see Table of Materials) to the

tissue at the end of the protocol and collect a 200 µL

sample in a microcentrifuge tube with 50 µL of 10x

EIA buffer after an incubation period of 10 min.
 

NOTE: It is advantageous to include a positive

control to ensure the setup and tissues are

functioning. Capsaicin48,49 ,50  or the depolarizing

stimulus of potassium (40-60 mM of KCl)46,47 ,49

are routinely used to cause the release of CGRP

from the trigeminovascular system. 40-60 mM of KCl

SIF is prepared as SIF, except NaCl is exchanged

for KCl on an equimolar basis.

6. Analysis of CGRP concentrations

1. Measure the amount of CGRP released using an enzyme

immunoassay (EIA) kit following the manufacturer's

protocol (see Table of Materials).

2. Measure the optical density at 410 nm using a plate

photometer. If a different CGRP EIA kit is used, measure

the optical density at the wavelength provided in the

manufacturer's protocol.
 

NOTE: Samples must be diluted to match the standard

curve.

3. Perform data analysis.

1. Present the data either as absolute concentrations

or normalize to the basal CGRP release from the

specific tissue.

Representative Results

This technique is a tool to investigate the CGRP-

related molecular mechanisms involved in migraine. It

has the advantage of assessing CGRP release from

different levels of the trigeminovascular system and can

be applied both on wild-type and transgenic mice and rats

in combination with various pharmacological compounds.

Here, concentration-response and blocking experiments from

https://www.jove.com
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rats and concentration-response results from wild-type and

transgenic mice are presented.

The CGRP release method was used to study the effect of

the KATP channel inhibitor glibenclamide on CGRP release

from TG and dura mater in female spontaneous trigeminal

allodynic (STA) rats. First, the optimal concentration of

capsaicin was found using a concentration-response study

design. Capsaicin exposure induced a significant CGRP

release from dura mater and TG compared to the vehicle

(Figure 5). In the dura mater, the maximum release of CGRP

was found at 1 µM of capsaicin, and in TG, the maximum

CGRP release was found at 10 µM of capsaicin (Figure

5A-B). Based on the concentration-response experiments,

1 µM of capsaicin and 3 µM of glibenclamide were used

for blocking experiments. Glibenclamide showed no effect

on basal CGRP release from dura mater (P = 0.441) and

TG (P = 0.881) when analyzed with a one-way ANOVA51 .

Glibenclamide significantly reduced the capsaicin-induced

CGRP release in dura mater by 40% (P = 0.031) and TG by

39% (P = 0.003) compared to capsaicin with the vehicle when

analyzed with a one-way ANOVA (Figure 5C-D)51 .

In mice, the protocol was used to examine the involvement of

the transient receptor potential ankyrin 1 (TRPA1) ion channel

in a GTN mouse model of migraine, where GTN-induced

hypersensitivity was fully dependent on TRPA1 channels.

The TRPA1 agonist supercinnamaldehyde (SCA) was found

to release CGRP in a dose-dependent manner from the TG

with 1 µM, 10 µM, and 100 µM of SCA, resulting in 9% (P

= 0.23), 51% (P = 0.011), and 69% (P = 0.0097) increased

release of CGRP compared to vehicle, respectively when

analyzed with two-way ANOVA. This release was absent in

TG from Trpa1 null mice where exposure to 1 µM, 10 µM,

and 100 µM of SCA resulted in 11% (P > 0.99), -13% (P

> 0.99) and 9% (P = 0.97) percent change in the release

of CGRP compared to vehicle, respectively when analyzed

with two-way ANOVA. The subsequent stimulation with 10 µM

of capsaicin (positive control) shows that all tissue samples

could release CGRP (Figure 6)50 .

https://www.jove.com
https://www.jove.com/


Copyright © 2022  JoVE Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported
License

jove.com May 2022 • 183 •  e63723 • Page 8 of 19

 

Figure 1: Step-by-step dissection of tissue from rats. The (A-T) details are provided in the protocol section (step 3.1).

Please click here to view a larger version of this figure.
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Figure 2: Step-by-step dissection of tissue from mice. The (A-T) details are provided in the protocol section (step 3.2).

Please click here to view a larger version of this figure.
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Figure 3: Washing and incubation of rodent tissue. (A-B) Freshly isolated tissue in plastic containers with SIF. The

containers are covered with tulle to enable easy change of SIF. (C) Rat tissue - Two skull halves with dura mater covering

the inner linings of the skull placed on a 6-well culture plate. The right and left trigeminal nucleus caudalis in separate

microcentrifuge tube lids (top row of lids). The two trigeminal ganglia in individual microcentrifuge tube lids (bottom row of

lids). (D) Mouse tissue - The trigeminal nucleus caudalis-containing part of the brainstem in a separate microcentrifuge tube

lid (top). Two mouse trigeminal ganglia are in one microcentrifuge tube lid (bottom). Please click here to view a larger version

of this figure.
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Figure 4: Study designs for CGRP release. Three different protocols for performing CGRP release experiments. Drugs are

to be diluted in synthetic interstitial fluid (SIF). (A) Single stimulation. (B) Concentration-response stimulation. (C) Inhibition of

a stimulation. Please click here to view a larger version of this figure.
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Figure 5: Glibenclamide inhibits capsaicin-induced CGRP release from rat dura mater and trigeminal ganglion.

CGRP levels from trigeminal ganglion and dura mater isolated from female spontaneous trigeminal allodynic (STA) rats

(215-318 g) originally sourced from the Thomas Jefferson University52  were measured with commercial human CGRP EIA

kits. (A-B) CGRP release from (A) dura mater and (B) trigeminal ganglion after increasing concentrations of capsaicin (10

nM, 100 nM, 1 µM and 10 µM) (n = 4). Data are presented as individual points and were analyzed with two-way ANOVA.

****p < 0.0001 (C-D) Levels of CGRP released from (C) dura mater and (D) trigeminal ganglion after 10 min exposure

to vehicle, 3 µM glibenclamide (glib), 1 µM capsaicin and 1 µM capsaicin + 3 µM glib (n = 6-11). Data are presented as

individual points and mean values and were analyzed with one-way ANOVA. *compared to vehicle. #capsaicin compared

to capsaicin + glib. #P < 0.05, ** and ##P < 0.01, ****P < 0.0001. The analyses were followed with Bonferroni's multiple

comparison test. A significant level of α = 0.05 was used for all the tests. This figure has been modified from Christensen et

al.51 . Please click here to view a larger version of this figure.

https://www.jove.com
https://www.jove.com/
https://www.jove.com/files/ftp_upload/63723/63723fig05large.jpg
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Figure 6: SCA exposure results in TRPA1 dependent CGRP release from mouse trigeminal ganglion. CGRP levels

released from trigeminal ganglion isolated from WT and Trpa1 null (Trpa1tm1/Dpc)53  male mice (8-10 weeks) were

measured with rat CGRP EIA kits after exposure to supercinnamaldehyde (SCA) at 1 µM, 10 µM, and 100 µM and capsaicin

at 10 µM as a positive control (n = 6). Data from each mouse is presented as individual points, and bars indicate the mean

values. Statistics: Comparison between SCA and vehicle at each concentration and between basal and positive control

was performed with a two-way repeated ANOVA. A significant level of α = 0.05. *P < 0.05, **P < 0.01. This figure has been

modified from Christensen et al.50 . Please click here to view a larger version of this figure.

Discussion

The method described was developed following studies

showing the importance of CGRP in migraine

pathophysiology. It is well suited for investigating the

mechanisms involved in the release of CGRP from the

trigeminovascular system, which is crucial for pain signaling

in the head region. The amount of CGRP obtained in this

model directly measures CGRP release from the trigeminal

nerves innervating dura mater, TG, and TNC. The amount of

CGRP release is quantitatively larger45,54  than the release

measured in plasma after thermocoagulation in humans,

trigeminal stimulation in cat39,55 ,56 , and during migraine

attacks23 . One explanation could be that CGRP is diluted

and degraded in the blood54 . However, it is to be noted

that direct stimulation with chemicals might be superior to

pathophysiological activation. Further advantages are that it

is possible to locate the release from three different sites

within the trigeminovascular system and that it can be used

together with pharmacological manipulation and in tissue

from genetically modified rodents.

Lately, many preclinical rodent models focus on systemic

administration of substances and subsequent pain or

migraine-related read-outs using von Frey testing57,58 ,

grimacing59,60 ,61  or light aversion62,63 ,64 . These methods

are useful in understanding the pain-inducing and pain-

relieving properties of different substances. However, these

approaches give no information on specific target tissues

involved. In the present method, the trigeminovascular

system is divided into three structures: the dura mater,

TG, and TNC. This enables local exposure of each
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structure and the assessment of the location of action of

a specific substance. This was utilized in a study from

2011, where the role of voltage-gated calcium channels

in rats was explored, and the inhibition of these channels

was found to be different in the three structures of the

trigeminovascular pathway47 . When dissecting structures of

the nervous system, axotomy is unavoidable. Axotomy has

been shown to alter the transcription of various genes65 .

These transcriptional changes are too slow to impact

results from this method, but changes in phosphorylation

cannot be excluded when compared to in vivo situations46 .

Although neuropeptides such as CGRP are formed in the

cell soma, the release and action of neuropeptides are

usually at the central or peripheral nerve terminals. Thus,

studies of intact neurons, including terminals, are interesting

when studying neuropeptide release. Therefore, methods of

studying cultures of neurons from isolated ganglia have been

established to serve as a model of the terminals. However,

neuronal cell cultures are subject to several problems as

mechanical dissociation can destroy neurons in a culture46 .

The longer time frame associated with culturing of cells

leaves this method sensitive to transcriptomic changes

due to axotomy and culture conditions65 . Furthermore, the

addition of growth factors and culturing on surface coatings

have altered neuronal properties as transmitter and receptor

expression66,67 ,68 ,69 . These problems are avoided when

studying freshly isolated intact ganglia instead of neuronal cell

cultures.

One challenge with the ex vivo CGRP release method is

the precise dissection of the tissue required for reproducible

results. Especially accurate dissection of the TNC is

challenging as this is a structure within the brainstem with

no visible borders. Furthermore, the dura mater is fragile,

and removal of the brain needs to be carefully carried

out to ensure an intact structure. These obstacles can

result in varying tissue size and, thus, varying basal and

stimulation-induced CGRP levels. However, this variation can

be accounted for by normalization to the basal CGRP release.

It should also be noted that when isolating the TNC from

mice, the entire lower part of the brainstem is isolated and

not the more specific TNC-containing part as done in rats.

In general, it can be an advantage to use rat tissue, as this

allows measurement of CGRP release from dura mater and

more precise dissection of the TNC. Furthermore, the size of

the tissue also enables the use of a rat as its vehicle control,

as one rat results in two cranium halves, two TGs, and two

TNCs where one piece of the tissue is used for substance

stimulation and the other for the vehicle. When using mice,

two animals are needed for one experiment as both TGs are

pooled in one sample, and the TNCs are dissected as one

brainstem. Therefore, two TGs and one brainstem are used

for substance stimulation, and two TGs and one brainstem

from another mouse are used for vehicle control. This results

in using twice as many mice compared to rats to obtain the

same number of replicates. To reduce the number of mice

used, a method to measure CGRP release from brainstem

slices has been suggested49 . It is an advantage that the

method has been modified to enable the use of mice. This

allows the use of many already available transgenic mouse

strains, a useful tool for studying, e.g., signaling pathways.

A positive control at the end of an experiment should be

included to ensure that the tissue used in the experiment can

release CGRP. The positive control could be TRPV1 agonist

capsaicin or the depolarizing stimulus potassium (KCl), which

have been found to release CGRP from the trigeminovascular

system in both mice and rats46,47 ,48 ,49 ,50 . Furthermore,

the method has also been adapted to measure the release

of other relevant peptides as pituitary adenylate cyclase-
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activating peptide (PACAP) - another peptide of great interest

within migraine research70 .

The method provides a useful tool for investigating CGRP

release from specific target tissues in rats and mice. It is

a relatively fast method that avoids problems associated

with culturing neurons. The method protocol can easily be

modified to study the concentration-response relationship

or inhibition of a response by various pharmacological

compounds. The ex vivo CGRP release method is one of

the several preclinical methods useful for studying the role

of CGRP and other mechanisms related to CGRP release in

migraine pathophysiology.
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