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Preclinical effects of cannabidiol in an experimental
model of migraine
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Abstract
Migraine is a disabling disorder characterized by recurrent headaches, accompanied by abnormal sensory sensitivity and anxiety.
Despite extensive historical use of cannabis in headache disorders, there is limited research on the nonpsychoactive cannabidiol
(CBD) for migraine and there is no scientific evidence to prove that CBD is an effective treatment. The effects of CBD are examined
here using a calcitonin gene-related peptide (CGRP)-induced migraine model that provides measures of cephalic allodynia,
spontaneous pain, altered light sensitivity (photophobia), and anxiety-like behavior in C57BL/6J mice. A single administration of
CGRP induced facial hypersensitivity in both female and male mice. Repeated CGRP treatment produced progressively decreased
levels in basal thresholds of allodynia in females, but not in males. A single CBD administration protected both females and males
from periorbital allodynia induced by a single CGRP injection. Repeated CBD administration prevented increased levels of basal
allodynia induced by repeated CGRP treatment in female mice and did not lead to responses consistent with migraine headache as
occurs with triptans. Cannabidiol, injected after CGRP, reversed CGRP-evoked allodynia. Cannabidiol also reduced spontaneous
pain traits induced by CGRP administration in female mice. Finally, CBD blocked CGRP-induced anxiety in male mice, but failed in
providing protection from CGRP-induced photophobia in females. These results demonstrate the efficacy of CBD in preventing
episodic and chronic migraine-like states with reduced risk of causing medication overuse headache. Cannabidiol also shows
potential as an abortive agent for treatingmigraine attacks and headache-related conditions such as spontaneous pain and anxiety.
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1. Introduction

Migraine is a complex nervous system disorder characterized by
long-lasting (4-72 hours) throbbing, unilateral headache often
accompanied by nausea; vomiting; sensory amplifications such
as hypersensitivity to light, sound, and smell, and cutaneous
allodynia, as well as comorbid anxiety and depression.5,26

Migraine affects 12% of the people worldwide and is considered
a leading cause of disability, significantly affecting work pro-
ductivity, as well as well-being and quality of life of patients and
their families.22,32 Frequency of attacks differs widely, with some
people experiencing episodic (1-14 days/month) and other
chronic migraine attacks (.15 days with headache/month).22

The disorder is highly sex-dependent, with roughly 70% of
migraineurs being women.6,45

The pathophysiology of migraine is complex and only partially
understood. Several lines of evidence suggest that activation of
trigeminal nociceptors, which causes a release of vasodilatory
neuropeptides including calcitonin gene-related peptide (CGRP)
onto the dura and centrally onto the brainstem, plays an important
role in the initiation of migraine pain.30,43 Calcitonin gene-related
peptide is with no doubt central to migraine pathophysiology50:
first, CGRP levels are increased during a migraine attack,25

returning to normal levels when the attack is resolved.33 Second,
intravenous CGRP infusions can induce migraine-like attacks in
individuals who have migraine.37 Third, CGRP induces cephalic
allodynia and light-aversive behavior in animal models19,40; and
finally, CGRP is a relevant target for migraine. Although CGRP
receptor antagonists and monoclonal antibodies against CGRP
or its receptor offer new options for migraine therapy with
improved target specificity,23,52 there is a great need for new
therapeutics.

Early reports indicate that Cannabis sativa was used quite
extensively as an effective prophylactic and abortive treatment for
migraine and other headache disorders.39 However, the schedule 1
classification of marijuana in 1970 has challenged the clinical
evaluation of this substance and its components about headache
disorders.39We hypothesized here that cannabidiol (CBD), themain
nonintoxicating component of cannabis, has antimigraine effects
because of its efficacy for pain-related conditions such as anxiety,18

its analgesic effect associated with the transient receptor potential
cation channel subfamily V member 1 (TRPV1),16 its anti-
inflammatory activity shown in an animal model of acute in-
flammation,15 and its ability to modulate serotonergic transmis-
sion,18 which is widely involved in trigeminal activation.28
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We verify our hypothesis by testing CBD efficacy in relieving
relevant symptoms of migraine-like states in mice. We first
characterize, in our laboratory, an animal model of acute and
chronic migraine that involvesmeasures of periorbital mechanical
allodynia associated with systemic administration of exogenous
CGRP in female and male mice. We then examine the ability of
CBD to modulate CGRP-evoked cephalic allodynia in these
predictive acute and chronic migraine models. Finally, we test
whether the rescued sensitivity to mechanical stimulation in-
duced by CBD would be accompanied by other antimigraine
CBD actions such as the reversal of CGRP-induced photopho-
bia, spontaneous pain, and anxiety-like behavior.

2. Materials and methods

2.1. Animals

All animals used in the experiments were female andmaleC57BL/
6J mice purchased from Jackson Laboratory (Bar Harbor, ME) or
bred in our laboratory. All mice were group housed (3-4/cage) and
used for experiments after they reached 9 weeks of age. Animals
were kept on a 12-hour light–dark cycle with lights off at 7:00 PM in
a quiet temperature-controlled room (24˚C-25˚C). The breeding
mice were housed and maintained under identical environmental
conditions throughout the study. All animals were naive to the
behavioral procedures except where specified. Experiments were
reported in compliance with the ARRIVE guidelines.35 The total
number of mice used throughout the study was N 5 438. Mice
were assigned into the various treatment groups using a random
allocation sequence, ensuring an equal or similar group size
(restricted randomization), except where specified. All experi-
ments were performed in accordance with the National Institutes
of Health Guide for the Care and Use of Laboratory Animals, with
methods preapproved by the Institutional Animal Care and Use
Committee at Florida Atlantic University.

2.2. Drugs

Cannabidiol was a generous gift by Sunflora Inc. The CBD
powder was obtained by extraction at 97.404% purity (total
tetrahydrocannabinol [THC] 5 0.000%, total cannabinoids 5
97.765%). Cannabidiol was prepared in a vehicle (VEH) of 3%
ethanol, 3% Tween 80, and 0.9% saline, and used at the dose of
10 and 30 mg/kg.12 Calcitonin gene-related peptide (AnaSpec,
Inc, Fremont, CA) was dissolved in PBS and used at the dose of
0.1 mg/kg.40,47 Olcegepant (Tocris, Minneapolis, MN) was
prepared in 4% DMSO, 4% Tween 80, and 0.9% saline and
injected at the dose of 1 mg/kg.19,20 Sumatriptan succinate
(Fisher Scientific, Waltham, MA) was dissolved in the same VEH
as CBD and used at the dose of 0.6 mg/kg.17 All compounds
were administered in a 5 mL/kg volume injection and given by
intraperitoneal (i.p.) route of administration.

2.3. Assessment of periorbital mechanical allodynia

The operator who conducted the assessment was always blind to
treatment conditions and performed all testing for a given
experiment. In the days preceding each experiment, mice were
habituated to the testing room twice for 30 minutes. During this
acclimation period mice were gently handled, habituated to i.p.
injection, and held as during the test, but the filaments were not
applied until the test started. On the day of the experiment, 30
additional minutes of acclimation was given to the mice before
starting the assessment of mechanical allodynia. To decrease the
mouse withdrawal reflex, which is usually greater under novelty

conditions, 2 basal points were conducted; however, only the
second baseline was used for data analysis. Female and male
mice were tested on separate days by the same operator.
Allodynia was evaluated in the mouse periorbital region over the
rostral portion of the eye and near the midline. Mice, which during
the 30-minute acclimation period were left undisturbed inside
Plexiglas cylinders covered on top by ameshed grid, at the time of
assessment were placed on top of the grid and gently held by the
tail with one hand to keep them from slipping away.With the palm
of the same hand, the animal was covered without crushing it,
leaving it free of all movements. With the other hand, von Frey
filaments of different forces (0.02, 0.04, 0.07, 0.16, 0.4, 1.0, and
1.4 g) were applied to the periorbital area perpendicular to the
skin, with sufficient force to cause slight buckling, and held for
approximately 2 seconds to elicit a positive response. Mice were
poked 5 times with the same filament in a uniform manner
throughout the periorbital region before changing filament. The
stimulation was initiated with the 0.16-g filament. A response
occurred when the mouse stroked the face with its forelimb,
withdrew its head from the stimulus, or shook its head.19

Allodynia was measured according to the up–down method.13

The absence of response led to the use of a filament with
increased force, whereas a response led to the use of a lighter
filament. After the first response occurred, 4moremeasurements
were collected for each mouse or until 4 consecutive positive or
negative responses occurred. The 50% mechanical withdrawal
threshold (expressed in g) was then calculated.14 Periorbital
mechanical allodynia was assessed in a total of N 5 257 mice.
Sample sizeswere computed by a priori power analysis (G*Power
3.124; F test: analysis of variance [ANOVA] repeated measure,
within-between interaction) conducted using effect size f5 0.25,
an a 5 0.05, and power (1 2 b) 5 0.80 assuming nonsphericity
factor 5 1 and correspondence among repeated measures 5
0.5. Mice were allocated to vehicle or treatment groups by
counterbalancing animal performance into the different experi-
mental groups to ensure no threshold difference at baseline.

2.4. Grimace face assay

Female andmale C57BL/6Jmice were acclimated for 30minutes
inside Plexiglas cylinders covered on top by a meshed grid. Mice
received a pretreatment of either CBD (30mg/kg) or VEH, and, 30
minutes later, received a treatment of CGRP (0.1 mg/kg) or PBS.
To record facial grimace, mice were videotaped for 30 seconds at
15 minutes, 30 minutes, and 1 hour postinjection. The videos
were then used to take still images that included the appearance
of the mouse’s face, ears, and posture. The images were
randomized, and a blind evaluator scored each image on a scale
of 0 to 2 based on signs of a facial grimace. The criteria were
based on orbital tightening, nose bulge, cheek bulge, ear
position, and whisker change.36 Scores were averaged across
each treatment and analyzed to determine facial grimace. A total
of N 5 63 mice were used for this experiment.

2.5. Photophobia

Photosensitivity was tested in the dark–light box (DLB). Two Med
Associates activity monitor chambers with dark box inserts were
used. The testing chambers were placed in ventilated and sound
attenuating cubicles (56 3 38 3 36 cm). Each chamber had 2
compartments equivalent in dimensions and connected to each
other with an opening. One compartment was delimited by a
black Plexiglas insert to prevent light entrance (dark compart-
ment), whereas the other (light compartment) was lit using a
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1000-lux lighting unit (surgical lamp, Fisher Scientific).53 Infrared
beams allowed for tracking the animal’s movements and time
spent in each compartment. The percent of time spent in the light
compartment was calculated and served as a measure of
photophobia. After the photophobia test, mice were returned to
their home cages.

2.6. Anxiety-like behavior

Anxiety-like responses were assessed by the elevated plus maze
(EPM) test aswe previously described.53 The EPMapparatuswas
a black, “plus”-shaped platform equipped with 2 open arms and
2 closed arms of the same dimensions (35.6 3 7.6 cm). The
platform was at a raised height of 50 cm above the ground and
placed under room lighting of 500 lux. The EPM test was
conducted using the same mice (on the same drug treatments)
that were previously used for the photophobia test. After 5
minutes of resting in their home cages, the mice were placed on
the central platform of the EPM apparatus faced to a closed arm
for 5 minutes. An operator blinded to the treatment schedule
recorded the time spent onto the open arms of the maze as well
as the entries onto the open and closed arms. The percent of
open arm time (OAT) and entries (OAEs) served as measures of
anxiety-like activity, whereas the number of closed arm entries
(CAEs) was an indicator of the mouse locomotor behavior.
Anxiety-like behavior and photophobia were tested in the same
animals (total mice: N 5 95).

2.7. Open-field test

Locomotor activity chambers from Med Associates (St Albans,
Vermont) were used to track and analyze the mouse locomotor
behavior. This experiment was performed in N 5 23 male mice
(7-8/treatment) using similar methods as we previously de-
scribed.7 On day 1, mice were habituated to the open-field
chambers for 1 hour. On day 2, locomotor activity was tested for
30 minutes, 1 hour after receiving an i.p. injection of CBD (10

mg/kg, 30 mg/kg) or VEH. Total distance traveled (cm) and
immobility time (sec) served as primary readouts for the mouse
locomotor behavior.

2.8. Statistical analysis

Tibco Statistica (version 13.5.0.17) was used for data analysis.
Nonparametric statistical tests were used to analyze thresholds
of mechanical stimulation of the periorbital region and grimace
face scores. Specifically, the Friedman test was used to
determine overall differences in treatments across multiple
measures. This test was followed up by the Wilcoxon test when
significance was detected. The Kruskal–Wallis test was used to
determined overall differences in multiple independent groups.
The Mann–Whitney U test was conducted to examine compar-
isons between groups and to analyze differences in basal
responses between female and male mice. Two-way ANOVA
was used for analysis of photophobia in the DLB and anxiety-like
behavior in the EPM, followed, when appropriate, by Fisher LSD
post hoc comparisons. Open-field data were analyzed by
means of a 1-way ANOVA using “treatment” as a between-
subject factor. Linear regression analyses were conducted to
determine correlations between variables. Significance was set
at P , 0.05.

3. Results

3.1. Effects of acute calcitonin gene-related peptide
treatment on periorbital allodynia in female and male mice

Female and male mice received a single i.p. injection of CGRP or
PBS and periorbital mechanical allodynia was assessed (Fig. 1A).
Friedman test conducted in PBS-treated female mice revealed
similar mechanical thresholds across the various time points (Χ2(4)
5 2.222, P5 0.694). By contrast, significant changes in allodynic
responses after CGRP administration were observed (Χ2(4) 5
16.915, P 5 0.00201). Mechanical sensitivity was significantly
increased at 0.5 hour (P50.0179) and1hour (P50.0117), but not

Figure 1. Single intraperitoneal (i.p.) administration of calcitonin gene-related peptide (CGRP) induces mechanical hypersensitivity in the periorbital region of
C57BL/6J mice. (A) Experimental timeline: After acclimation, 2 basal points of periorbital mechanical allodynia were calculated. Female and male mice were then
i.p. injectedwithCGRP (0.1mg/kg) or VEH (PBS). Assessment of periorbital mechanical allodyniawas evaluated again 0.5 hour, 1 hour, 2 hours, and 24 hours after
treatments. von Frey hairs were applied onto the periorbital area of (B) female and (C) male mice using the up–down method. Sensitivity thresholds (force, g) were
assessed at 30minutes (0.5 hours), 1, 2, and 24 hours after acute administration of either 0.1mg/kg CGRP or PBS (N5 11 vs 11 females and 12 vs 12males; total
mice: N5 46). *P, 0.05, **P, 0.01 difference fromPBS. #P, 0.05, ##P, 0.01 difference from basal sensitivity thresholds (B2). $$P, 0.01 difference between
sexes. TP, time point; VEH, vehicle.
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at 2 hours (P 5 0.0796) after CGRP administration. Comparisons
between PBS-treated and CGRP-treated samples led to similar
results (basal sensitivity threshold (B2): P 5 1.000; 0.5 hour:
P 5 0.0215; 1 hour: P 5 0.0138; 2 hours: P 5 0.237; 24 hours:
P 5 1.000, Fig. 1B).

Friedman analysis conducted in PBS-treated male mice
revealed similar mechanical thresholds across the various time
points (Χ2(4)5 3.027, P5 0.553), whereas significant changes
in allodynic responses after CGRP administration were noticed
(Χ2(4) 5 21.327, P 5 0.00027). Changes in allodynic

responses after CGRP administration were observed at 0.5
hour and 1 hour (P5 0.00963 for both time points), as well as at
2 hours (P5 0.0218). Comparisons between PBS-treated and
CGRP-treated groups roughly confirmed the results (B2: P 5
0.839; 0.5 hour: P5 0.0153; 1 hour: P5 0.00149; 2 hours: P5
0.148; 24 hours: P 5 0.817, Fig. 1C). Subsequent analysis
conducted on basal responses of female and male mice
indicated that the latter were more sensitive in showing
responses to von Frey hairs than their female counterparts
(U 5 117.0, P 5 0.00127).

Figure 2. Repeated CGRP treatment produces progressively decreased levels of basal thresholds of allodynia in females, but not male C57BL/6J mice. (A)
Experimental timeline: To model the progression from episodic to chronic migraine, CGRP (0.1 mg/kg) or PBS was administered to female and male mice every
day for 4 consecutive days (x4). On day 1, after acclimation, mechanical thresholds were evaluated twice before 0.5 hour, 1 hour, and 24 hours after treatments.
On days 2, 3, and 4, an identical procedurewas used except that only 1 basal score was recorded before treatment. The basal score recorded fromday 2matched
the 24-hour time point for each day. (B and E) Thresholds of mechanical allodynia assessed at 0.5 hour in female andmalemice, respectively. (C and F) Thresholds
of mechanical allodynia assessed at 1-hour posttreatment time in female and male mice, respectively. (D and G) Thresholds of mechanical allodynia assessed at
24 hours postinjections in female and male mice, respectively. Results are the mean 6 SEM of force (g) applied through von Frey filaments using the up–down
method to N5 14 female (7/group) and 16 male (8/group) mice (total mice: N5 30). *P, 0.05, **P, 0.01 difference from PBS. #P, 0.05 difference from basal
threshold (B2). $$P , 0.01 difference between sexes. CGRP, calcitonin gene-related peptide; TP, time point.
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3.2. Effects of long-term calcitonin gene-related peptide
treatment on periorbital allodynia in female and male mice

Calcitonin gene-related peptide or PBS was administered to
female and male mice every day for 4 consecutive days to model
the progression from episodic to chronic migraine (Fig. 2A). PBS-
treated female mice were insensitive to the mechanical stimula-
tion throughout the 4 days of treatment, at all the time points
examined (0.5 hour: Χ2(4)5 3.000, P 5 0.557; 1 hour and 24
hours: Χ2(4) 5 4.000, P 5 0.406). Females treated with CGRP
over 4 days were sensitive at 0.5 h (Χ2(4)5 15.240,P5 0.00423).
Mechanical sensitivity reached significance as compared to B2 (P
5 0.0277) and PBS (P 5 0.0088 on day 4, Fig. 2B). At 1 hour
posttreatment, CGRP produced mechanical allodynia (Χ2 (4) 5
15.636, P 5 0.00355) on days 1 (P 5 0.0277 from B2, P 5
0.0088 from PBS), 3 (P 5 0.0431 and P 5 0.0409 from B2 and
PBS, respectively), and 4 (P 5 0.0431 from B2 and P 5 0.0298
from PBS, Fig. 2C). It is unclear why the mice lacked
hypersensitivity in the CGRP group at 0.5 and 1 hours on day 2
in this experiment. Repetitive CGRP administration over 4 days
produced progressively increased basal levels of mechanical
allodynia at 24 hours posttreatment (P5 0.0431 on days 2 and 3,
andP5 0.0277 on day 4 vs B2;P5 0.0298 on day 2,P5 0.0552
on day 3, P 5 0.0088 on day 4 vs PBS-treated mice, Fig. 2D).

Male mice were less sensitive than female mice to the effect of
CGRP across the 4 treatment days. Overall, the effect of CGRP
was not significant at 0.5 hour (Χ2(4)5 8.521,P50.0742,Fig. 2E),
1 hour (Χ2(4)5 9.118, P5 0.058, Fig. 2F), and 24 hours (Χ2(4)5
4.626, P 5 0.327, Fig. 2G). Surprisingly, changes in mechanical
thresholds were observed in PBS-treated males at all time points
(0.5 hour:Χ2(4)5 12.833,P5 0.0121; 1 hour:Χ2(4)5 11.837,P5
0.0186; 24 hours: Χ2(4) 5 12.888, P 5 0.0118) as PBS-treated
male mice were more resistant to mechanical stimulation across
days (P5 0.0431 vs B2 on days 2 and 3 at 0.5 hour, on days 1 and
4 at 1 hour and 24 hours). Further analysis displayed differences
between PBS-treated and CGRP-treated males at the same time
points (0.5 hour: P 5 0.0405 and P 5 0.0135 on days 2 and 3,
respectively; 1 hour: P 5 0.0135 on days 1 and 4; 24 hours: P 5
0.0135 and P 5 0.0239 on days 1 and 4, respectively). Analysis

performed on basal responses between female and male mice
indicated, once again, that males were spontaneously more
sensitive than females (U 5 42.0, P 5 0.00386).

3.3. Effect of cannabidiol on locomotor activity

Open-field test was performed to determine whether CBD, at
doses of 10 and 30 mg/kg, affected animal locomotor activity.
The mean total distance traveled (cm) 6 SEM was 3269.3 6
246.7 (VEH), 3207.1 6 366.1 (CBD 10), and 3106.3 6 459.7
(CBD 30). The mean immobility time (sec) 6 SEM was 1210.66
27.3 (VEH), 1223.9 6 47.5 (CBD 10), and 1243.7 6 36.9 (CBD
30). Cannabidiol did not significantly alter total distance traveled
[F(2,20) 5 0.0506; P 5 0.950] or time of immobility [F(2,20) 5
0.183; P 5 0.834] in the open-field assay.

3.4. Effect of cannabidiol on calcitonin gene-related peptide-
induced periorbital allodynia in female and male mice

Experimental timeline is shown in Figure 3A. Friedman test
conducted in CGRP-treated female mice revealed a significant
increase in mechanical sensitivity as compared to the basal
threshold (Χ2(3)5 9.842, P5 0.0199) at 1 hour (P5 0.0346) and
2 hours (P 5 0.0464) from the single CGRP administration.
Analysis performed between all treatment groups confirmed
there was a difference in themechanical thresholds at 1 hour (H(3)
5 17.790, P5 0.0005) and 2 hours (H(3)5 8.093, P5 0.0441).
Single between-group comparisons indicated that administration
of CGRP increased sensitivity to von Frey stimulation as
compared to PBS control at 1 hour (P 5 0.0192), but not at 2
hours (P5 0.0773). Both doses of CBD prevented the increased
sensitivity evoked by the administration of CGRP at 1 hour (CBD
10: P 5 0.0192; CBD 30: P 5 0.030, Fig. 3B).

Overall, the analysis performed in male mice between all
treatment groups revealed significant changes in allodynic
responses at 0.5 hour (H(3) 5 14.319, P 5 0.0025), 1 hour
(H(3) 5 12.065, P 5 0.0072), and 2 hours (H(3) 5 20.092, P 5
0.0002) from CGRP injection. Consistently, between-group
comparisons indicated decreased thresholds for CGRP-treated

Figure 3. Cannabidiol (CBD) prevents mechanical hypersensitivity induced by a single i.p. CGRP injection in C57BL/6J mice. (A) Experimental timeline: After
determination of 2 basal threshold measures, female and male mice were i.p. administered with CBD (10 mg/kg or 30 mg/kg) or VEH of CBD, 30 minutes before
i.p. administration of CGRP (0.1 mg/kg) or PBS. Periorbital mechanical allodynia was evaluated 0.5 hour, 1 hour, and 2 hours after the last drug administration.
Results are themean6SEM of force (g) applied using the up–downmethod to (B) N5 36 female (9/group) and (C) 39male (9-11/group) mice (total mice: N5 75).
*P , 0.05, **P , 0.01 difference from PBS. #P , 0.05 difference from basal thresholds (B2). ^,!P , 0.05, ^^,!!P , 0.01 difference from CGRP. $$$P , 0.001
difference between sexes. CGRP, calcitonin gene-related peptide; TP, time point; VEH, vehicle.
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mice as compared to PBS-treated mice at all time points
examined (0.5 hour: P 5 0.00406, 1 hour: P 5 0.00541, and 2
hours: P 5 0.00276). This effect was prevented by both CBD
doses at all time points (CBD 10: P 5 0.00493 (0.5 hour), P 5
0.030 (1 hour), P5 0.00304 (2 hours); CBD 30: P5 0.0109 (0.5
hour), P 5 0.0275 (1 hour), P 5 0.00493 (2 hours), Fig. 3C).
Further analysis of basal responses conducted between sexes
confirmed a significant difference in the spontaneous nociceptive
response to mechanical stimulation of the mouse periorbital
region (U 5 308.0, P 5 0.00003).

3.5. Effect of repeated cannabidiol administration on
increased levels of basal periorbital allodynia induced by
repeated calcitonin gene-related peptide treatment in
female mice

Experimental timeline is shown in Figure 4A. At 1 hour
postinjection, the CGRP-treated group showed increased
sensitivity to mechanical stimulation (Χ2(4) 5 10.851, P 5
0.0282) across all treatment days (day 1: P 5 0.0277; days 2,
3, and 4: P 5 0.0425). Multiple independent group analysis was
significant for day 1 (H(3) 5 7.931, P 5 0.0475), day 2 (H(3) 5
11.041, P5 0.0115), day 3 (H(3)5 10.754, P5 0.0131), and day
4 (H(3) 5 13.047, P 5 0.0045). Between-group comparisons
indicated a significant difference between the groups receiving
PBS and CGRP on treatment day 3 (P 5 0.0239), which was
blocked by both CBD doses (CBD 10: P5 0.0239; CBD 30: P5
0.0313, Fig. 4B).

At 24 hours postinjection, when the acute effects of the
treatments wear off, repetitive CGRP administration over 4 days
produced a significant decrease in basal thresholds of mechanical
allodynia (Χ2(4)514.305,P50.00638)withprogressively increased
levels of allodynia that became significant on day 4 (P 5 0.0250).
Multiple independent group analysis was significant for days 3 (H(3)
5 7.954, P 5 0.0470) and 4 (H (3) 5 19.883, P 5 0.00002) with
group comparisons indicating a remarkable effect of repeatedly
injected CGRP on day 4 (P 5 0.00457), which was prevented by
pretreatment of both CBD 10 (P 5 0.00387) and 30 mg/kg (P 5
0.00538), when administered 24 hours before testing (Fig. 4C).

3.6. Effect of sustained cannabidiol administration in female
mice not receiving calcitonin gene-related peptide

Female mice not treated with CGRP received repeated injections
of CBD, sumatriptan, or VEH (Fig. 5A) and periorbital mechanical
allodynia was examined. At 1 hour postinjection, repeated
treatment with CBD did not alter periorbital withdrawal thresholds
(Χ2(6) 5 6.000, P 5 0.423) across days, whereas repeated
sumatriptan injections produced significant reductions of the
mechanical thresholds (Χ2(6) 5 22.787, P 5 0.00087) on days 3
(P 5 0.0277), 4 and 8 (P 5 0.0431), and 5 (P 5 0.0179), as
compared to B2. On days 3 (P 5 0.0238) and 5 (P 5 0.00813),
mechanical thresholds were significantly decreased as com-
pared to VEH (Fig. 5B).

Evaluation at 24 hours after injections led to similar results with
repeated CBD treatment that did not alter sensory thresholds
(Χ2(6) 5 8.366, P 5 0.212) while sumatriptan decreased
mechanical thresholds (Χ2(6) 5 23.793, P 5 0.00057) on days
4 (P5 0.0179), 7, and 8 (P5 0.0277 both days) as compared to
B2. On day 4, mechanical thresholds were significantly de-
creased as compared to VEH (P5 0.00813, Fig. 5C). Thresholds
remained lower for several days after the termination of
sumatriptan (days 10 and 16: P 5 0.0179 vs B2 and P 5
0.00813 vs VEH; day 22:P5 0.108 vs B2 andP5 0.272 vs VEH).

3.7. Effect of cannabidiol as an abortive treatment for
calcitonin gene-related peptide-evoked periorbital allodynia
in female mice

In this experiment, mice received CBD after CGRP (Fig. 6A).
Calcitonin gene-related peptide-treated female mice showed a
significant increase in mechanical sensitivity as compared to the
basal threshold (Χ2(2) 5 10.800, P 5 0.00452), as assessed 0.5
hour and 1 hour (P5 0.0277 both times) after VEH injection.Multiple
group analysis indicated differences in allodynic responses at 0.5
hour (H(3) 5 9.924, P 5 0.0192) and 1 hour (H(3) 5 14.423, P 5
0.0024). As shown in Figure 6B, the CGRP1VEH group displayed
increased mechanical sensitivity as compared to the PBS 1 VEH
group at both 0.5 hour and 1 hour time points (P 5 0.0208).
Cannabidiol, administered 30 minutes after CGRP successfully
blocked the CGRP-evoked allodynia at both doses of 10 (1 hour: P
50.0356) and30mg/kg (0.5hour:P50.0356; 1hour:P50.0135).

In a similar experiment conducted with the CGRP receptor
antagonist olcegepant (experimental timeline in Fig. 6C), female

Figure 4. Repeated CBD administration prevents increased levels of basal
allodynia induced by repeated CGRP treatment in female C57BL/6J mice. (A)
Experimental timeline: Female mice were i.p. administered daily with CBD (10
mg/kg, 30 mg/kg) or VEH and with CGRP (0.1 mg/kg) or PBS 30minutes later
for 4 consecutive days (x4). On day 1, 2 basal measures of facial allodynia were
determined immediately before the treatments as well as at 1 hour and 24
hours posttreatments. On days 2, 3, and 4, the same procedure was repeated
except that only 1 basal measure of allodynia was taken,matching the 24-hour
posttreatment time point. Thresholds of facial allodynia were assessed (B) 1
hour and (C) 24 hours after the injections. Results are themean6 SEMof force
(g) applied through von Frey filaments using the up–downmethod to N5 32 (8/
group) female mice. *P , 0.05, **P , 0.01 difference from PBS. #P , 0.05
difference from basal thresholds (B2). ^,!P , 0.05, ^^,!!P , 0.01 difference
from CGRP. CBD, cannabidiol; CGRP, calcitonin gene-related peptide; VEH,
vehicle; TP, time point.
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mice treated with CGRP displayed a significant increase in
mechanical sensitivity as compared to the basal threshold
(overall, Χ2(3) 5 18.6, P 5 0.00033; 0.5 hour: P 5 0.0277; 1
hour: P 5 0.0179; 2 hours: P 5 0.0117). Multiple group analysis
confirmed differences in allodynic responses at 0.5 hour (H(2) 5
6.253, P 5 0.0439), 1 hour (H(2) 5 11.946, P 5 0.0025), and 2
hours (H(2) 5 15.837, P 5 0.0004). Calcitonin gene-related
peptide was effective across all time points (0.5 hour: P5 0.045;
1 hour: P 5 0.000982; 2 hours: P 5 0.00241). Olcegepant
successfully blocked allodynia at 1 hour (P 5 0.00865) and 2
hours (P 5 0.00136) postinjection (Fig. 6D).

3.8. Effect of cannabidiol on calcitonin gene-related peptide-
induced facial grimace in female and male mice

Experimental timeline is shown in Figure 7A. Overall changes in
grimace scores were observed in female mice 15 and 60 minutes
after treatments (H(3)521.833,P50.0001 andH(3)515.581,P5
0.0014, respectively). Specifically, clear signs of facial discomfort

were inducedbyperipherally administeredCGRPat 15minutes (P5
0.00457) and 60 minutes (P 5 0.00644). These signs were
attenuated at 60 minutes by systemic administration of CBD (P 5
0.0405, Fig. 7B), suggesting that CBD contributes to reduce
spontaneous pain, a response consistent with migraine, while failing
to completely prevent this response. In male mice, differences in
grimace scoreswere evident only at the 15-minute timepoint (H(3)5
10.044, P5 0.0182) due to CGRP treatment (P5 0.0206). Signs of
facial painwere not rescuedbyCBD (P50.772,Fig. 7C).Figure7D
shows representative images used to calculate the grimace scores.

3.9. Effect of cannabidiol on calcitonin gene-related peptide-
induced photophobia in male and female mice using the
dark–light box

Experimental timeline is shown in Figure 8A. Analysis of variance
revealed a main “treatment” (CGRP vs PBS) effect [F(1,44) 5
6.654, P 5 0.0133] accompanied by lack of a “pretreatment”
(CBD vs VEH) effect [F(1,44) 5 0.653, P 5 0.423] or interaction

Figure 5. As opposed to sumatriptan, 8-day exposure to CBD does not alter sensory thresholds to mechanical stimulation of the periorbital region. (A)
Experimental timeline: Female mice were i.p. administered daily for 8 days (x8) with CBD (30 mg/kg), sumatriptan (0.6 mg/kg), or VEH, and withdrawal thresholds
were measured 1 hour and 24 hours after the injections. Periorbital withdrawal thresholds were evaluated again after the treatment period on days 10, 16, and 22.
(B) Assessment of periorbital mechanical allodynia at 1 hour postinjection. (C) Assessment of allodynia 24 hours postinjection. Results are themean6SEMof force
(g) applied through von Frey filaments using the up–down method to N5 20 mice (6-8/group). *P, 0.05, **P, 0.01 difference from VEH; #P, 0.05 difference
from basal thresholds (B2). Red arrow, 8-day treatment period; CBD, cannabidiol; VEH, vehicle; VF, von Frey.

Copyright © 2023 by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.

2546 C. Sturaro et al.·164 (2023) 2540–2552 PAIN®

D
ow

nloaded from
 http://journals.lw

w
.com

/pain by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 10/19/2023



[F(1,44) 5 0.177, P 5 0.675] in female mice, suggesting that
CGRP led the animals to spend significantly less time in the light
compartment of the DLB and that CBD failed to reverse the
aversion to light induced by CGRP (Fig. 8B). The same analysis
conducted in male mice led to a lack of a significant “treatment”
effect [F(1,43) 5 3.421, P 5 0.0712], accompanied by no
significant “pretreatment” effect [F(1,43) 5 0.224, P 5 0.638] or
interaction [F(1,43) 5 1.090, P 5 0.302] (Fig. 8C).

3.10. Effect of cannabidiol on calcitonin gene-related
peptide-induced anxiety in male and female mice using the
elevated plus maze

Analysis of variance conducted on the EPM-related variables
revealed no changes in % OAT in female mice (“pretreatment”
[F(1,44) 5 0.749, P 5 0.391], “treatment” [F(1,44) 5 0.687, P

5 0.411], interaction [F(1,44)5 0.005, P5 0.941], Fig. 8D). By
contrast, the same analysis conducted in male mice revealed
changes in % OAT (“pretreatment x treatment” interaction
[F(1,43)5 4.430, P5 0.0411], Fig. 8E). Similarly, analysis of %
OAE led to no changes in females (“pretreatment” [F(1,44) 5
0.117, P 5 0.733], “treatment” [F(1,44) 5 0.240, P 5 0.626],
interaction [F(1,44) 5 0.701, P5 0.406], Fig. 8F) and rescued
CGRP-induced reduction in % OAEs in male mice (“pre-
treatment x treatment” interaction [F(1,43) 5 5.225, P 5
0.0272], Fig. 8G). On post hoc analysis, CGRP led to
anxiogenic-like activity (P , 0.05 for both % OAT and OAEs),
which was blocked by CBD pretreatment (P , 0.05 for both
variables). Analysis of CAEs, an indicator of the mouse
locomotor behavior, led to similar results in females and
males, with CGRP eliciting a reduction in the CAEs as
compared to PBS-treated mice (females: [F(1,44) 5 8.646, P
5 0.00520], males: [F(1,43)5 7.018, P5 0.011], Figs. 8H and
I), which was not reversed by CBD.

3.11. Anxiety–photophobia correlations

Linear regression analyses were conducted in VEH/PBS-treated
groups to determine correlations between photophobia-related
and anxiety-related variables. In neither female nor male mice
there was significant correlation between the % of time spent in
the light compartment of the DLB and the % OAT on the EPM
(Fig. 9A, females:R25 0.00580,P5 0.814;Fig. 9B, males:R25
0.0471, P5 0.497) or % OAEs (Fig. 9C, females: R25 0.0147, P
5 0.706; Fig. 9D, males: R2 5 0.0502, P 5 0.483) and CAEs
(Fig. 9E, females: R2 5 0.0981, P5 0.321; Fig. 9F, males: R2 5
0.0802, P 5 0.372), suggesting that photophobia and anxiety
were likely separated, not interdependent measures. As
expected, a significant correlation was observed between the
EPM end points % OAT and % OAEs both in female (R25 0.466,
P5 0.0144, Fig. 9G) andmale (R25 0.829, P5 0.0000, Fig. 9H)
mice.

4. Discussion

Several preclinical models have been developed to stimulate/
sensitize trigeminal sensory afferents surrounding cranial blood
vessels and mimic migraine in humans. A widely used model is
meningeal stimulation by direct application of inflammatory
compounds.8 Other methods use systemic injection of the nitric
oxide donor, nitroglycerin,3,46 or repeated injections of the
migraine relief medication sumatriptan, which paradoxically can
increase sensitivity to head pain.17 These etiologically diverse
models have been used to understand the pathophysiology of
headaches and to develop new therapeutics.

Considerable evidence implicates CGRP in pathophysiology of
migraine.49–51 Consistently, exogenously administered CGRP,
whether delivered directly into the dura through a guide cannula,
injected subcutaneously into the periorbital area, or delivered by
systemic i.p. injections, can induce periorbital mechanical
allodynia in laboratory animals.2,19,20 Our findings of CGRP-
induced cephalic allodynia are largely in agreement with previous
studies,19,20 as we replicate that a single CGRP exposure
induces periorbital allodynia in C57BL/6J mice. However, some
differences exist between our findings and others. For example,
we observed that i.p. CGRP injection induced allodynia in both
female and male mice, whereas dural CGRP administration
elicited facial hypersensitivity only in females.2 Another study
showed no sex differences after i.p. CGRP administration of the
same CGRP dose that we administered (0.1 mg/kg).20 By

Figure 6. CBD can serve as an abortive treatment for CGRP-evoked
hypersensitivity in female C57BL/6J mice. (A and C) Experimental timeline:
Basal threshold of responses tomechanical stimulationwas recorded in all mice.
A single injection of CGRP (0.1 mg/kg) or PBS was then conducted 30 minutes
before administration of CBD (10 mg/kg and 30 mg/kg) or VEH. Mechanical
allodynia was assessed again at 0.5 hour and 1 hour from the last injection, that
is, 1 hour and 1.5 hours from the CGRP or PBS injection. In a separate
experiment, olcegepant (1 mg/kg) was injected 10 minutes after PBS or CGRP
(0.1mg/kg), with cephalic allodynia assessed 0.5 hour, 1 hour, and 2 hours later.
(B and D) Both CBD and olcegepant, successfully blocked the CGRP-evoked
allodynia. Results are the mean 6 SEM of force (g) applied through von Frey
filaments using the up–down method to female mice (total: N5 54, 32 for CBD
and 22 for olcegepant testing; 6-8/group). *P, 0.05, **P, 0.01 difference from
PBS. #P, 0.05, ##P, 0.01 difference from basal thresholds (B2). ^,!P, 0.05,
!!P , 0.01 difference form CGRP. CBD, cannabidiol; CGRP, calcitonin gene-
related peptide; TP, time point; VEH, vehicle.
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contrast, we observed that levels of basal allodynic responses in
female and male mice were different, with females surprisingly
showing less sensitivity to tactile stimulation than males.
Differences in routes of CGRP administration, methods used to
assess cephalic allodynia, and acclimation procedures are critical
factors that can account for such discrepancies.

One important topic in migraine research is understanding the
progression of migraine from an episodic to a chronic disorder.
Animal models of chronic migraine-associated pain are critical
tools for studying the transition from episodic to chronic migraine,
aswell as for identifying and screening novel acute and preventive
migraine therapies.46,55 We approached the problem of de-
veloping a model of chronic migraine by performing daily
injections of the known migraine trigger CGRP. We found
different responses in female and male mice, with females not
always showing acute mechanical allodynia after each CGRP
exposure but displaying a progressively increased basal sensi-
tivity, which reached its maximum after 4 continuous CGRP
exposures. The treatment was therefore discontinued after 4
days. This effect was not due to possible associative learning
resulting from repeated testing,41,46 as demonstrated by stable
responses observed in vehicle-treated female mice. By contrast,
male mice, which once again showed increased levels of basal
mechanical sensitivity as compared to females, maintained
similar levels of basal allodynia across the 4 days of CGRP
treatment; however, CGRP-treated males showed somehow
different allodynic responses from those not receiving CGRP

because the latter decreased mechanical responses after
repeated mechanical stimulation across days. Our findings are
consistent with a previous study showing that female mice
developed increased levels of basal mechanical allodynia more
quickly than males after long-term intermittent administration of
nitroglycerin.46 The sexually dimorphic responses we observed
after repeated CGRP administration, with females that seem
more vulnerable than males in displaying progressively increased
headache-like responses, support the translational relevance of
our chronic migraine model.

Except for a few clinical studies where combinations of CBD
and D9‐THC were tested,42,48 there is no available information on
the use of CBD asmigraine treatment.39We show here that CBD,
administered tomice before a single exogenousCGRP exposure,
successfully reversed periorbital mechanical allodynia. Because
facial cutaneous allodynia is a symptom that can be found in
almost 80%of patients experiencing amigraine attack,10 our data
strongly suggest a beneficial effect of CBD in protecting from
occurrence of episodic migraine attacks. Notably, the antiallo-
dynic effect of CBD was observed in mice of both sexes and
occurred at doses that did not alter parameters of locomotor
activity, thus excluding the possibility that the CBD antiallodynic
effects were secondary to possible nonspecific effects on the
mouse locomotor behavior. However, no complete dose–
response curve for CBD has been performed, so the present
data do not allow the estimation of CBD potency in this response.
Remarkable CBD effects were also observed in female mice

Figure 7. CBD reduces spontaneous pain traits induced by CGRP administration in female C57BL/6J mice. (A) Experimental timeline: Mice received an i.p.
injection of CBD (30mg/kg) or VEH before i.p. administration of CGRP (0.1 mg/kg) or PBS. Five facial features such as orbital tightening, nose bulge, cheek bulge,
ear position, and whisker change were scored 0 to 2 (0: not present; 1: moderately visible; and 2: severe) by 2 blinded individuals 15, 30, and 60 minutes after the
last injection. Values are the mean 6 SEM of the grimace scores (previous score averages of individual readers were averaged for an overall score at each time
point) observed in (B) female (N5 32, 8/group) and (C)male (N5 31, 7-8 group)mice (total: N5 63). (D) Three-point scale (not present, 0;moderate, 1; and severe,
2) used to calculate the grimace scores. *P, 0.05, **P, 0.01 difference from VEH1 PBS. !P, 0.05 difference from CGRP. CBD, cannabidiol; CGRP, calcitonin
gene-related peptide; TP, time point; VEH, vehicle.
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tested on the chronic CGRP model, with both doses of CBD
examined being able to reliably prevent acute mechanical
allodynia after each CGRP exposure, as well as progressive
and sustained basal allodynia. These results suggest that CBD
may be effective both in re-establishing the lowered thresholds
that result from CGRP-induced changes to meningeal perivas-
cular nociceptors and in preventing the increase in the re-
sponsiveness (sensitization) of central neurons responsible for
pain processing,9,10 which is one of the mechanisms underlying
the progression from episodic to chronic migraine.1 After
determining that CBD can be effective in preventing chronic
headache, we assessed whether CBD could also be effective as
a treatment for ongoing migraine-like attacks. We found in female
mice that CBD abolished cephalic allodynia even when admin-
istered after CGRP, producing an effect similar to that of
olcegepant, a CGRP receptor antagonist designed as acute
treatment of migraine, whose development was discontinued
due to side effects.21 Collectively, these data suggest that CBD
can serve as both a preventive tool and an abortive treatment for
migraine. Importantly, exposure of uninjured female mice to CBD
over several days demonstrated that CBD can be safely and
repeatedly administered with reduced risk of causing medication
overuse headache, an effect that can result from repeated
exposure to triptans and opioids.4,17

Cannabidiol effects were then examined in migraine-like
symptoms other than allodynia. Facial grimace scale36 was
used as a surrogate readout of spontaneous pain. Increase in
facial signs of discomfort after peripherally administered CGRP
was reported in a study that did not distinguish between female
and male mice.47 In agreement with that study, we found a
significantly greater CGRP-induced pain response in mice of
both sexes. However, only females showed sustained facial
grimace (up to 60 minutes), which was significantly attenuated
by CBD. Systemically administered CGRP also increased light
sensitivity in female mice to a larger extent than in males under
our experimental conditions, which supports previous evi-
dence of CGRP-induced photophobia.34,40 As the DLB is a
test commonly used to assess anxiety-like behaviors, and also
used to examine light sensitivity, making interpretations of the
photophobia test particularly challenging,56 we have taken
steps to keep the photophobic and anxious components of the
CGRP-induced migraine model experimentally separated and
detected. First, we conducted the photophobia assay in
conditions of habituation to the DLB testing chambers to
avoid the neophobia or anxiety due to novelty. Second, an
EPM test was conducted right after the photophobia test using
the same mice under the same treatment conditions for both
assays to determine whether treatment with CGRP, expected
to reduce the time spent in the light compartment of the DLB,
also led to anxiogenic-like responses in the EPM. We found
differences in the responses to the 2 tests (eg, CGRP elicited
light-aversive behavior, but not anxiogenic-like behavior in
female mice), suggesting that photophobia data cannot be
explained for CGRP-induced changes in anxiety-like activity.
Furthermore, linear regression analyses did not show corre-
lations between photophobia-related and anxiety-related
variables, which is another indication of proper assessment
of both symptoms.

The finding that CBD fails to protect from photophobia is
surprising because CBD has proved very effective in managing
another sensory amplification of migraine such as cutaneous
allodynia. However, the neural circuits underlying migraine-
relevant pain circuits and photophobia are different5 and it is
possible that CBD produces effects through the former network,

Figure 8. CBD fails to block CGRP-induced photophobia in female,
whereas successfully reverses CGRP-induced anxiety-like behavior in
male C57BL/6J mice. (A) Experimental timeline: Mice (total: N 5 95) of
both sexes (females: N 5 12/group; males: N 5 11-12/group) were
allowed to explore the dark–light box (DLB) in a 20-minute pretest session.
The day after, the mice received i.p. pretreatment of CBD (30 mg/kg) or
VEH and, 30 minutes later, i.p. treatment of CGRP (0.1 mg/kg) or PBS.
Fifteen minutes after the last injection, mice were allowed to re-experience
the DLB for 20 minutes. After the photophobia test, mice were returned to
their home cages. Five minutes later, a 5-minute elevated plus maze (EPM)
was performed in the same animals. (B) CGRP (0.1 mg/kg) induced
significant photophobia that was not prevented by CBD pretreatment in
female mice. (C) Same CGRP dose did not produce a significant light-
aversive behavior in male mice. (D) CGRP failed to produce an anxiogenic-
like effect in female mice as shown by the percent (%) of time spent
exploring the open arms of the EPM (open arm time). However, (E) CGRP
led to reduced % open arm time, rescued by CBD pretreatment, in male
mice. (F) CGRP failed to produce changes in the % open arm entries in
females, whereas (G) induced reduced % open arm entries in males, an
effect reversed by CBD pretreatment. (H) CGRP-treated females showed
decreased exploration of the EPMmaze (decreased closed arm entries). (I)
Elevated anxiety of CGRP-treated male mice was accompanied by a
decreased number of closed arm entries. Values are presented as mean
percent (%) of time spent in the light compartment (DLB) and % 6 SEM of
open arm time and entries and mean6 SEM number of closed arm entries
(EPM).1P, 0.05,11P, 0.01 difference from PBS-treated groups; *P,
0.05 vs VEH/PBS; #P, 0.05 difference VEH/CGRP-CBD 30/CGRP. CBD,
cannabidiol; CGRP, calcitonin gene-related peptide; VEH, vehicle.
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but not through the latter. Because more than 65 molecular
targets of CBD have been identified, although many of these
seem to be activated at very high concentrations,29 it is hard to

establish the exact mechanism through which CBD exerts its
therapeutic effects. Within the cannabinoid system, CBD is a CB1

receptor antagonist and aCB2 inverse agonist.
54 Cannabidiol can

Figure 9. Anxiety parameters do not correlate with photophobia. Linear regression analyses were conducted to determine correlations between photophobia-
related and anxiety-related variables (N 5 24, 12 females and 12 males). There was no significant correlation between (A and B) % of time spent on the light
compartment of the dark–light box (DLB) and the % of time spent on the open arm of the elevated plus maze (EPM) in female or male mice, respectively. Neither
there was a significant correlation between (C and D) % of time spent on the light compartment of the DLB and the % of entries onto the open arms of the EPM in
females and males, as well as between (E and F) % of time spent in the light compartment and exploration of the EPM closed arms in female or male mice,
respectively. As expected, panels (G and H) show positive correlations between the % of open arm time and entries both in female and male mice.
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also interact with various TRPV channels29 and is an inhibitor of
the fatty acid amide hydrolase, which has been demonstrated to
be a potential target for antimigraine therapy.27 Furthermore,
CBDmay also act through the serotonin 1A (5-HT1A) receptors,

11

the orphan receptor GPR 55,38 and PPAR activation.44 Thus, one
of these mechanisms or a combination of them may underlie the
CBD’s beneficial effects we observed on migraine-like states. In
blocking somatic allodynia, it is probable that CBD interferes with
the mechanism of CGRP-induced peripheral sensitization of
nociceptive signaling from the dura mater, which is considered a
necessary event in the headache phase of attacks.31

In conclusion, by modeling acute and chronic migraine-like
states in mice, we report that CBD blocks head sensitivity when
injected before or after the migraine-triggering substance CGRP,
suggesting that CBD can be effective both as a preventive tool
and as a treatment for headaches. Cannabidiol can also be
effective in preventing chronic migraine and seems to be devoid
of the risk to induce medication overuse headache on repeated
administrations.
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