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Abstract

Migraine is a common episodic headache disorder. Currently, available medications are effective with moderate to severe adverse 
effects. Therefore, there is still a need to explore new therapeutic strategies to identify effective and safer drugs with minimal 
adverse effects.
This review explores the biochemical evidence of changes in the endocannabinoid system in migraine and examines cannabis 
treatments in both preclinical and clinical studies. However, further studies are still needed to determine the potential use of 
medical cannabis in the treatment of migraines.
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Abbreviations

ICHD: International Classification of Headache Disorders; 
NSAIDs: Non-Steroidal Anti-Inflammatory Drugs; 
OnaB-A: Onabotulinumtoxin A; CGRP: Calcitonin Gene-
Related Peptide; Δ9- THC: Delta-9-Tetrahydrocannabinol; 
CBD: Cannabidiol; CBR: Cannabinoid Receptors; ECS: 
Endocannabinoid System; 2-AG: 2-Arachidonoylglycerol; 
PEA: Palmitoylethanolamide; GABA: Gamma-Aminobutyric 
Acid; AEA: N-Arachidonoylethanolamide; MOH: Medication 
Overuse Headaches; AITC: Agonist Allyl Isothiocyanate; 
TRPA1: Transient Receptor Potential Cation Channel 
Subfamily A Member 1; FDA: Food and Drug Administration; 
HIV: Human Immunodeficiency Virus; AIDS: Acquired 
Immunodeficiency Syndrome.

Introduction

Migraine is just one of over 200 types of headache disorders, 
but it stands out as a significant cause of poor health in the 
population [1].

Each year, around 47% of the global population experiences 
some form of headache, including migraine (10%), tension-
type headache (38%), and chronic daily headache (3%) [2]. 
According to the International Classification of Headache 
Disorders (ICHD), migraines are one of the primary headache 
disorders [3].

There is a difference in the prevalence of headache disorders 
between genders, with women being 2 to 3 times more likely 
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to experience migraine [4] and 1.25 times more likely to 
experience tension-type headaches than men [5].

Treatment for Migraines
The pharmacological therapy for migraine is typically 
categorized into acute and preventive treatments.
The most frequently used medications for acute migraine 
include analgesics such as non-steroidal anti-inflammatory 
drugs (NSAIDs), acetaminophen, opioids, antiemetics, and 
triptans [6,7].

Unfortunately, the effectiveness is low, with 25% of patients 
not responding to triptans [8]. Furthermore, only one-third 
of patients taking one triptan are pain-free within 2 hours, 
and only 17% to 25% remain pain-free over the next 24 
hours [9-11]. These pharmacological treatments can be 
complemented with non-pharmacological interventions 
such as cognitive-behavioral therapy or relaxation training 
[12].

Drugs that have demonstrated proven efficacy in the 
preventive treatment of migraine are mainly antiepileptics, 
antidepressants, and antihypertensives. However, many 
of these drugs are not well tolerated, resulting in poor 
compliance. The current treatment option for chronic 
migraine is OnabotulinumtoxinA (OnaB-A) [13], and CGRP 
antagonists [14] and neuromodulation devices [15] are also 
available or in late-stage development as both abortive and 
preventative migraine therapies.

The pharmacological efficacy of these medications indicates 
a significant unmet clinical need for new, more effective drugs 
for treating both acute migraine episodes and preventing 
them.

Migraine and Cannabinoids 
Cannabis, also known as marijuana and referred to by many 
other names, has a long-standing history for both medical 
and recreational purposes.

Cannabis has been used since ancient times to alleviate a 
wide range of conditions, such as anxiety, depression, acute 
pain, cancer pain, chronic pain, headaches, and migraines 
[16].

There are three varieties of cannabis: Cannabis indica, 
Cannabis ruderalis, and Cannabis sativa, which contain 400 
compounds [17]. 

Currently, the compounds of highest interest include delta-
9-tetrahydrocannabinol (Δ9-tetrahydrocannabinol, THC), 
cannabidiol (CBD), flavonoids, and terpenes [17]. THC and 
CBD form the primary components of various pharmaceutical 

formulations of medical cannabis [17]. Currently, there are 
natural cannabinoid pharmaceuticals that are produced 
under strict and sterile conditions. This process helps to 
improve the growth of cannabis strains and standardize 
them with specific compositions of main cannabinoids like 
THC and CBD, as well as minor cannabinoids and other 
important phytochemicals such as terpenes and flavonoids.

Both CBD and THC stimulate cannabinoid receptors (CBR) 
throughout the human body as part of the endocannabinoid 
system [17].

The endocannabinoid system (ECS) consists of CBR1 
predominantly in the brain and nervous system, as well as 
in peripheral organs and tissues. Also, CBR2 are particularly 
abundant in immune tissues. Additionally, there are three 
endogenous lipid ligands known as endocannabinoids: 
N-arachidonoylethanolamide (anandamide or AEA), 
2-arachidonoylglycerol (2-AG), and palmitoylethanolamide 
(PEA), as well as the metabolic pathways they regulate [18]. 

Activation of CBR1 leads to reduced neurotransmission 
of dopamine, γ-aminobutyric acid (GABA), and glutamate, 
while activation of CBR2 results in analgesia and decreased 
immune system function [17,19,20]. CBR1 receptors 
decrease pain through a serotonin-mediated pathway, while 
CBR2 receptors relieve pain without developing tolerance or 
side effects [20].

Cannabis science is a quickly advancing field with growing 
evidence supporting its various therapeutic uses. The 
approach to clinical problem-solving in pharmaceutical 
science has traditionally centered on a single-compound, 
single-target strategy.

This is quite different from medicinal cannabis treatment, 
which often involves a multi-compound approach using 
the entire plant. While THC and CBD are well-known 
phytocannabinoids, others may also have biological activity 
[21,22].

Different combinations of phytocannabinoids may have 
varying levels of effectiveness in treating migraines. 
This multi-compound effect of cannabis is known as the 
“entourage effect” [23].

Studies suggest that research on individual cannabinoids 
may not capture the synergistic effects of medical cannabis 
treatment involving multiple compounds [23].

To add to the complexity of treating medical cannabis 
with multiple compounds, there are hundreds of different 
cannabis cultivars, each with its own particular chemical 
composition [24].
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Data has shown that cannabinoids appear to act uniquely 
and synergistically within the inherent pathways of migraine 
and pain, including the mechanism of action of triptans 
(5-hydroxytryptamine, 5-HT1B/D receptor) [25-31].

In migraines, one theory suggests that the ECS alleviates 
migraines through multiple pathways (glutamate, anti-
inflammatory, opioid, and serotonin) both centrally and 
peripherally [20].

AEA is an endogenous neurotransmitter analog of THC [32]. 
AEA potentiates serotonin 5-HT1A receptors and inhibits 
5-HT2A receptors, supporting therapeutic efficacy in the 
acute and preventive treatment of migraine, and is also active 
in the periaqueductal gray matter, a migraine generator [33]. 
Cannabinoids also exhibit dopamine-blocking and anti-
inflammatory effects [33].

Use of Cannabis for Headache   
Changes in biochemical mechanisms were observed in the 
ECS, which may reflect an adaptive response to chronic 
headache and/or drug overuse.

In patients with chronic migraine, significantly lower 
concentrations of AEA and higher concentrations of PEA 
were found in the cerebrospinal fluid compared with control 
subjects [34].

Furthermore, patients with chronic migraine or medication 
overuse headaches (MOH) showed reduced levels of AEA-
degrading enzymes in platelets [35].

Endocannabinoids may have a specific prophylactic effect on 
migraines because they can inhibit platelet serotonin release 
and have a peripheral vasoconstrictor effect [36].

Greco R, et al. [37] investigated the analgesic effect of AEA 
using a well-established animal model for persistent somatic 
pain, such as the formalin test in male rats [37].

In animal models of migraine, AEA administration decreased 
hyperalgesic behavior (36), and plant-derived THC showed 
antimigraine effects in rats [38].

However, it was investigated whether THC administration 
produces anti-migraine effects in female rats. Microinjection 
of the transient receptor potential cation channel subfamily 
A member 1 (TRPA1) agonist allyl isothiocyanate (AITC) onto 
the dura mater produced migraine-like pain.  In this study, 
the researchers demonstrate that THC, when administered 
at the appropriate dose and time, can prevent migraine-like 
pain mediated by the CBR1 [38].

Research to date suggests that the endocannabinoid system 
plays a role in migraine relief, but further research is needed 
[39,40].

Despite conflicting evidence on the effectiveness of 
pharmaceutical medical cannabis for headaches and 
migraines, there is consensus on its use when first- and 
second-line treatments fail. Based on current ethnobotanical 
and anecdotal references, there is evidence of efficacy. 
Biochemical studies of THC and AEA have provided a 
scientific basis for both symptomatic and prophylactic 
clinical treatment of migraine [25].

The Food and Drug Administration (FDA) approved two 
synthetic THC medications for the first time in 1985. 
Dronabinol has been approved by the FDA for the treatment 
of anorexia induced by HIV/AIDS and for nausea and 
vomiting induced by chemotherapy in patients who have not 
responded to conventional antiemetics [41]. Also, nabilone 
has been approved for the treatment of nausea and vomiting 
associated with cancer chemotherapy in patients who have 
failed to respond adequately to conventional antiemetic 
treatments [42].

Later, on July 25, 2018, the FDA approved the first plant-
derived, purified pharmaceutical-grade CBD known as 
Epidiolex® [43].

Medical Cannabis for the Treatment of Migraine or 
Headaches
Recent clinical studies have demonstrated that CBD can 
effectively alleviate symptoms and decrease the reliance on 
medication for patients with arthritis, chronic pain following 
kidney transplants, fibromyalgia, epilepsy and long-term 
chronic non-cancer pain. Additionally, CBD has been proven 
to be a safe treatment option for these conditions [44].

A growing body of clinical research suggests that CBD may 
help relieve pain related to several conditions [45]. Recent 
results of clinical studies have indicated the benefits of 
CBD in improving symptoms and reducing medications 
in patients with arthritis, in chronic pain in patients with 
kidney transplants, in fibromyalgia pain, and chronic non-
cancer pain in long-term treatment with CBD, which also 
proved to be safe. 

Clinical studies have shown that the topical application of 
CBD oil in the lower limbs can be beneficial in patients with 
peripheral neuropathy [46].

Also, several studies have reported both the benefits and 
effectiveness of medical cannabis use for headaches.
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A study with 128 cannabis users in Germany, Austria, and 
Switzerland has self-reported cannabis use for migraines 
(10.2%) [47]. They mentioned that one of the indications 
for medicinal cannabis was for migraine (6.6%). The 
majority of patients used natural cannabis products such as 
marijuana, hashish, and an alcoholic tincture, and only five 
cases used dronabinol (Marinol). Cannabis users reported 
about the doses that 84.1% have not felt any need for dose 
escalation during the last 3 months, 11.0% had to increase 
their cannabis dose moderately, and 4.8% strongly in order 
to maintain the therapeutic effects.

A study was conducted in 2018 to examine the epidemiology 
of medical cannabis use in the USA and Canada through 
online surveys. The study included 27,169 participants aged 
16-65, and 35% of them reported using medical cannabis for 
headaches or migraines [48].

Cluster headaches are a type of headache that is known for 
its intense pain. It is estimated that approximately 0.1% of 
the population is affected by this condition [49].

A case report was present of a patient with cluster headaches 
who was refractory to multiple acute and preventive 
medications. Acute attacks remained consistently responsive 
only to dronabinol 5 mg [50].

Later, Leroux E, et al. [51] conducted a prospective 
observational study over four months, using questionnaires 
to examine the frequency and potential benefits of cannabis 
use. Out of the 139 (45.3%) patients with cluster headaches, 
only 63 reported a history of cannabis use. Less than one-
third of self-reported users reported experiencing relief of 
their attacks after using cannabis inhalation [51].

Rhyne DN, et al. [52] conducted a retrospective study using 
reviews of medical records with 121 patients diagnosed with 
migraine headaches [52]. The patients received treatment 
with medical cannabis vaporized (42 patients), edible (66 
patients), topical (15 patients), and smoked (65 patients) 
forms for migraine treatment or prophylaxis. The mean 
monthly doses of each type of marijuana were 2.64 oz, 
2.59 oz, 2.73 oz, and 1.59 oz for vaporized, edible, topical, 
and smoked forms, respectively. The study found that 103 
patients (85.1%) who inhaled medical cannabis experienced 
a significant decrease in migraine frequency.

In 2018, Baron EP, et al. [53] conducted a retrospective via 
electronic survey study to investigate the clinical usefulness of 
medical cannabis treatment for migraine, headache, arthritis, 
and chronic pain syndromes. The study shows the significant 
advantage of medical cannabis in improving nausea and 
vomiting associated with migraines. Also, this study identified 
better patterns of medical treatment for migraine. Hybrid 

strains with high THC/THCA (tetrahydrocannabinolic acid) 
and low CBD/CBDA (cannabidiolic acid), with predominant 
terpenes β-caryophyllene and β-myrcene, were preferred in 
migraine and headache.

Recently, a prospective observational study, as a cross-
sectional survey for three years, investigated the associations 
between medical cannabis treatment and migraine frequency 
[54]. In this study, 145 patients were divided into two groups: 
responders and non-responders. Responders were defined 
as those who experienced a decrease of ≥50% in monthly 
migraine attack frequency before starting medical cannabis 
treatment, while non-responders experienced a decrease 
of <50%. The study focused on 68 patients who smoked 
or vaped medical cannabis inflorescences, and aimed to 
compare the total monthly dose of medical cannabis between 
responders and non-responders. The results showed that 
responders consumed higher doses (ranging from 7.9 to 
109.5 mg per month) of the phytocannabinoid ms_373_15c, 
or lower doses (ranging from 0 to 9.9 mg per month) of 
the phytocannabinoid ms_331_18d. The study reported a 
significant reduction in migraine frequency by those who 
consumed higher doses of ms_373_15c or lower doses of 
ms_331_18d.

MOH is one of the most common secondary headache 
disorders. MOH is a chronic daily headache and a secondary 
disorder in which acute medications used excessively cause 
headaches [55].

Pini LA, et al. [56] performed the first randomized, double-
blind, active-controlled, crossover study comparing nabilone 
0.5 mg/day and ibuprofen 400 mg in patients with MOH 
for 8 weeks [56]. In this design, 30 patients with MOH were 
randomly (1:1 ratio) assigned before nabilone and then 
ibuprofen or vice versa, using a two-period design and one-
week wash-out between them. The results showed that 
nabilone was more effective than ibuprofen in reducing pain 
intensity and daily analgesic intake [56].

In recent years, some clinical studies demonstrated that 
medical cannabis can alleviate headaches and migraines, yet 
research on its effectiveness remains sparse.

Cuttler C, et al. [57] investigated the effects of inhalation and 
type of cannabis (concentrate vs. flower), THC, CBD, doses, 
and tolerance on patients with migraines and headaches [58]. 
A prospective survey study of 653 patients with migraine 
and 1,306 with headaches. The results indicated a significant 
reduction in headache and migraine ratings after cannabis 
use. Men experienced a greater decrease in headaches than 
women, and the concentrates were more effective than 
flowers. Finally, the study demonstrated tolerance to these 
effects [57].
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Cannabis and cannabinoid compounds have been used to 
treat pain and possibly headache for centuries [58].  However, 
medical research for medical cannabis use is limited, given 
the lack of randomized control studies. Current literature is 
sparse to cell phone survey applications, case reports, case 
series and retrospective analyses.

Current literature on cell phone survey applications, case 
reports, case series, and retrospective analyses is sparse.

Cannabis and cannabinoid compounds have been used to 
treat pain and possibly headaches for centuries. However, 
medical research for medical cannabis use is limited, given 
the lack of randomized control studies.

At this time, there are only a few randomized clinical trials 
ongoing on the treatment of CBD in headaches or migraines.

The first in a sample of 110 participants in Israel, a 
randomized, multicenter double-blind study studying the 
effect of CBD 133 mg + Cannabigerol (CBG) 66 mg + THC 
4 mg/day as adjuvant therapy in the treatment of chronic 
migraine [59].

The second, in a sample of 20 participants in Canada, was a 
multicenter study studying the safety (tolerability) of CBD-
enriched cannabis oil (50 mg/ml of CBD + 2 mg/ml of THC) 
in adolescents (14 to 17 years) with chronic headaches [60].

The third has a sample of 30 participants in the USA, 
studying the efficacy of a sublingual tablet (with 30 mg of 
CBD, 1 mg of THC, 97 mg of palmitoylethanolamide (PEA), 
and a combination of 0.2 mg of myrcene, beta-caryophyllene, 
humulene, linalool, limonene, and peppermint oil) for the 
treatment of dysmenorrhea with painful symptoms in 
women over 21 years of age [61].

Conclusions

While the available evidence suggests the involvement of the 
endocannabinoid system and the possibility that medical 
cannabis treatment may be therapeutic in migraine, further 
research is required to demonstrate the efficacy parameters 
of medical cannabis treatment for migraine.
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