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Introduction

Abstract

Objective: Assess whether propranolol modulates the trigeminovascular system
in both men and women. Methods: We investigated the effect of propranolol
(80 mg, 90 min after oral administration, corresponding to Ty, on the
increase in dermal blood flow of the forehead skin (innervated by the trigemi-
nal nerve) by capsaicin application (0.6 mg/mL) and electrical stimulation
(0.2-1.0 mA) before and after placebo (grapefruit juice) or propranolol
(oral solution diluted in grapefruit juice) in a randomized, double-blind,
placebo-controlled cross-over study, including healthy males (n = 10) and
females on contraceptives (n = 11). Additionally, we compared our results with
data from the Dutch IADB.nl prescription database by analyzing the change in
triptan use after propranolol prescription in a population similar to our dermal
blood flow study subjects (males and females, 20-39 years old). Results:
Dermal blood flow responses to capsaicin were significantly attenuated after
propranolol, but not after placebo. When stratifying by sex, no significant
changes in the capsaicin-induced dermal blood flow were observed in females
after propranolol, whereas they remained significant in males. Dermal blood
flow responses to electrical stimulation were not modified in any case. In our
prescription database study, after propranolol, a more pronounced decrease in
triptan use was observed in male patients than in female patients. Interpreta-
tion: Propranolol (80 mg) inhibits capsaicin-induced increases in dermal blood
flow in a sex-dependent manner. In patients, a more pronounced decrease in
triptan use is observed in males when compared with females, suggesting an
interaction between propranolol and sex steroids in the modulation of the
trigeminovascular system.

of the trigeminal-innervated vessels, mainly mediated by
the release of calcitonin gene-related peptide (CGRP), a

Migraine is a highly disabling neurovascular disorder'; it
is estimated that around 16% of the world population
suffers from migraine, with 70% being women.” The
pathophysiology of migraine remains largely unknown;
however, it is considered to involve a dysfunctional acti-
vation of the trigeminovascular system and vasodilation
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neuropeptide present in perivascular sensory fibers.”*
Migraine treatment can be either acute, aimed to
reverse the attack once it has begun, or prophylactic,
designed to reduce the frequency and severity of migraine
attacks. In the former case, drugs have been developed
specifically for the treatment of migraine based on the
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Differential Role of Propranolol in Men and Women

current knowledge of the pathophysiological mechanisms
underlying migraine.””® In contrast, for decades, prophylac-
tic treatment was not developed specifically for this indica-
tion, but for other disorders and was later empirically
discovered to reduce migraine attack frequency in some
patients, as is the case for propranolol. In 1960, Rabkin and
colleagues’ noted that one patient under propranolol treat-
ment for angina pectoris showed a marked relief of his “vas-
headaches.” Nowadays, propranolol is widely
prescribed for the preventative treatment of migraine, but
its mechanism of action is not yet clear, as not all B-

cular

blockers are effective for the prophylactic treatment of
migraine and the lack of efficacy does not correlate with
their B-adrenoceptor selectivity (i.e. non-selective/selective
B,-adrenoceptor).'® This suggests that their mechanism of
action may well not be related to their antagonistic proper-
ties on [-adrenoceptors and/or their antihypertensive
properties, but to other unknown mechanism(s).

Currently, one of the main targets for both the acute
and prophylactic treatment of migraine is the inhibition
of the CGRP pathway, either with antagonists of the
CGRP receptor (gepants),' monoclonal antibodies
against CGRP or its receptor,’”” or, by inhibiting the
release of CGRP (i.e., triptans and ditans).'>'* Within
this context, our group has developed a non-invasive, hu-
man model that can be used to evaluate trigeminal nerve-
induced vasodilation mediated by CGRP release. For this
purpose, capsaicin is topically applied on the forehead
(innervated by the trigeminal nerve) and the increases in
dermal blood flow (DBF) are measured.'®> We have previ-
ously shown with this model that sumatriptan modulates
the human trigeminovascular system."*

An important aspect to consider is that migraine is
more prevalent in women than in men. In accordance
with this, we have shown that the CGRP-mediated
trigeminovascular responses fluctuate throughout the
menstrual cycle,'® which points to a possible interaction
between sex hormones and the trigeminovascular system,
and the importance of sex-specific studies (and treat-
ments) for migraine.'” Thus, in view of the importance of
the trigeminovascular system in the pathophysiology and
treatment of migraine, the high prevalence of migraine in
female patients and the fact that the mechanism of action
of propranolol remains unknown, the aim of this study
was to investigate the effect of propranolol on the modu-
lation of the human trigeminovascular system and com-
pare the responses between males and females. Moreover,
to analyze whether in a clinical “real life” setting, we
could observe sex-dependent differences in propranolol
efficacy, we assessed the change in triptan use after pro-
pranolol prescription, a surrogate marker of therapeutic
success, as a decrease on migraine days, would result in a
decrease on the use of triptans.
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Methods

Standard protocol approvals, registrations,
and patient consents

The study protocol was reviewed and approved by the
independent Ethics Committee of Erasmus MC, Rotter-
dam, the Netherlands, (MEC 2016-196), and was regis-
tered at the Netherlands Trial Register (ID: NTR6007).
All participants gave written informed consent after expla-
nation of the study, which was conducted in accordance
with local laws, the ethical principles of the Declaration
of Helsinki, as well as the principles of Good Clinical
Practice.

Design and procedures

This was a randomized, double-blind, placebo-controlled,
crossover study. Healthy, non-smoking male and female
(age range 18-57) individuals, body mass index (BMI)
20-28 kg/m’, without history of migraine, cardiovascular
disease, or use of medication, were eligible. Subjects with
systolic blood pressure (SBP) values lower than
110 mmHg or heart rate (HR) lower than 60 beats per
min (while sitting) were excluded from the study for
safety reasons, in view of the cardiovascular effects of pro-
pranolol. Perimenopausal females were excluded of the
study, and the women included were using oral contra-
ceptives, with experiments not being performed during
the first and the “stop week” to avoid the confounding
influence of varying sex steroid levels.'”'®

Recruitment of subjects started in April 2017. For allo-
cation of the participants, the Department of Biostatistics
of Erasmus University Medical Center (Rotterdam, the
Netherlands) created a randomization list, and the prepa-
ration of the grapefruit juice (placebo or with propra-
nolol) was performed by a person that was not involved
in the experiments. All experiments were performed in a
quiet, temperature-controlled room. Study subjects had
two visits, scheduled with a 1-week washout in between
and during the same time of day. Participants were not
allowed to use any type of drugs (including nonsteroidal
anti-inflammatory drugs) for >48 h prior to the study
visit. Furthermore, they could not consume alcohol,
caffeine-containing beverages and chocolate for >12 h
prior to the start of experiments. For experiments in the
morning, a light breakfast 3 h before the start of the
experiment was allowed; whereas for experiments in the
afternoon, a light lunch 3 h before the start of an experi-
ment was allowed.

After arriving, all the subjects underwent a weight and
height measurement. Female subjects had to take a preg-
nancy test. Furthermore, an electrocardiogram was
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performed to identify and exclude subjects with cardiac
disorders, especially conduction disorders. Before each
measurement, a standardized light meal was provided.
Measurements were performed before and 90 min after
either placebo or propranolol (corresponding to the time
to propranolol peak plasma concentration'®*) during the
two research visits. During the experiment, the subjects
rested supine on a bed and were not allowed to speak.
Measurements before administration of propranolol or
placebo were always performed on the right side of the
forehead, while measurements after administration of
propranolol or placebo were performed on the left side of
the forehead. We have previously shown that responses
do not differ between sides.'>*' Capsaicin solution
(2 mM, corresponding to 0.6 mg/ml, diluted in a mixture
of ethanol 100%, tween 20 and distilled water; 3:3:4) and
physiological saline (0.9% NaCl, 0.5 ml) were placed in
reservoirs specifically designed for this purpose (drug
delivery electrodes, Perimed AB, Jérfalla, Sweden). For the
capsaicin solution, this electrode was merely used as a
reservoir, since no iontophoresis was used for capsaicin,
which was simply applied to the skin. Furthermore, a
ground electrode (Perimed AB, Jarfilla, Sweden) was
placed in the neck region 15 cm apart from the other
electrodes with the negative lead of the iontophoresis
device (Periont 382b, Perimed, Sweden) connected to the
electrode containing saline (used for electrical stimulation,
ES), and the positive lead connected to the electrode in
the neck. Capsaicin- and ES-induced dermal forehead
vasodilatory responses were measured with a laser Dop-
pler perfusion imager as previously described.'*'® Briefly,
after 15 min of supine rest, DBF at the site of the cap-
saicin electrode was continuously measured with the PIM
3 laser Doppler flow device for 40 min. After baseline
measurement for 2 min, iontophoresis of saline was
applied at 0.2 mA for 1 min. DBF was subsequently mea-
sured for 6 min. This process was repeated with increas-
ing currents 0.4, 0.6, 0.8, and 1.0 mA.

After the first measurement, subjects were given pro-
pranolol (80 mg, Syprol® 50 mg/5 ml, Rosemont Phar-
maceuticals Ltd. Leeds, UK) dissolved in 150 ml of
grapefruit juice, as recommendation of the product leaf-
let, or placebo (grapefruit juice only). Grapefruit juice
was used in this study because its bitter taste masked the
taste of the propranolol solution, which had a tangerine
taste. Grapefruit juice does not affect the metabolism of
propranolol.”® After the DBF measurements two vials
(6 ml each) of blood were collected to determine the
plasma levels of propranolol. A questionnaire was given
to all subjects to ask about the side effects they experi-
enced during the experiments.

To verify whether changes in DBF were due to the
hemodynamic changes induced by propranolol, HR, SBP,
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and diastolic blood pressure (DBP) values were measured
at the beginning and at the end of each measurement in
triplicate, and later correlated with the changes in DBF.
As changes in HR, SBP, and DBP could unblind the
researcher, experiments were performed always by two
researchers: one that always performed the blood pressure
measurements and a second one that performed the DBF
measurements and was blinded for the blood pressure
values.

Propranolol levels

Blood was collected via the cubital vein. Propranolol
levels were determined by the laboratory of the hospital
pharmacy of Erasmus Medical Center (ISO 15189 accred-
ited) with a Thermo Vantage LC-MS/MS (Thermo Fisher
Scientific, Massachussetts, USA) by means of a EMA/FDA
validated method. The range of quantification was 10—
2500 pg/L. Samples were measured in two blinded
batches.

Retrospective prescription database study

For our descriptive, retrospective study on the use of
drugs, we used data from the Dutch prescription database
(http://www.IADB.nl) from Groningen University. The
database contains information on delivery date, anatomi-
cal therapeutic chemical (ATC)-code, delivered quantity,
dose per day and the number of delivered defined daily
doses (DDD, a statistical measure of drug consumption,
defined by the World Health Organization) of 60 public
pharmacies in the north-east of The Netherlands, includ-
ing about 600,000 patients.”> Sex and date of birth were
also registered.

Patients enter the database once a drug is delivered to
them via one of the pharmacies that are registered at
IADB.nl. The database contains prescriptions disregarding
the prescriber or the medical insurance. Information
about medication that was used during hospital admis-
sion or ‘over-the-counter’ medication is not included in
the database. The database does not contain information
on the indication of a drug, nor does it contain informa-
tion on ethnicity, socioeconomic status or lifestyle factors.
The database has been validated and is representative for
the Dutch population.”

Research population and inclusion period of
the retrospective prescription database
study

The research population included all men and women
(20-39 years old, roughly representative for the popula-
tion in our DBF study) that started propranolol treatment
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in the period between 1995 and 2017. For inclusion in
this study, the patients should have been registered in the
database for at least 12 months before until 12 months
after the start of propranolol and should have received at
least two prescriptions for triptans in the 12 months
before the start of propranolol prescription. Further, the
use of hormonal contraceptives was registered.

Statistical analysis

For the DBF measurements, the sample size was based on
previous studies from our group,'* at 5% significance
(two-tailed) with 80% power. Baseline and maximal DBF
responses (expressed in arbitrary units, a.u.) to capsaicin
and ES were calculated before and after propranolol or pla-
cebo. Differences in DBF responses to capsaicin (our pri-
mary endpoint) and ES during propranolol and placebo
were calculated for each participant in a blinded manner.
Responses to propranolol and placebo were compared
within participants by using Student’s paired #-test.
Current-response curves of the ES sequence (0.2-1.0 mA)
were analyzed with repeated-measures analysis of variance
(ANOVA). The Mann—Whitney U test was used to com-
pare propranolol plasma levels between males and females.
For the retrospective prescription database study, trip-
tan use, before and after the start of propranolol was
determined based on the number of DDD and the number
of prescriptions during 12 months, both mean and median
were calculated. The change in triptan use was defined as
the difference in delivered DDD’s in the 12 months after
the start of propranolol use, relative to the 12 months
before. The results were stratified by sex, age, and the use
of hormonal contraceptives. A log transformation was per-
formed to correct for the skewness of the data. Change in
triptan use was then compared within subjects by using a
paired f-test. To compare the absolute change in DDD’s
(i.e., DDD’s after propanolol minus DDD’s before propra-
nolol) between males and females, an unpaired t-test was
used. A p < 0.05 was considered to indicate significance.
Group values are provided as mean values and SEM.

Results

Subjects

Twenty-one healthy volunteers (10 males), aged
27 £ 2 years (range 18-57) participated (Fig. 1, Table 1).
Demographics are described in Table 1.

Hemodynamic changes

After propranolol, as expected, SBP, DBP, and HR were
significantly decreased (Table 2).

E. Rubio-Beltran et al.

Forehead DBF responses to capsaicin or
electrical stimulation

Changes in forehead DBF to capsaicin were not significantly
correlated with the changes in SBP (p = 0.403, r* = 0.037),
DBP (p=0678, r=0009), or HR (p=0.963,
> = 0.0001) after propranolol (Fig. 2). Changes in DBF to
capsaicin were not significantly different before and after
placebo (before: 504 + 31 a.u. vs. after: 505 £ 41 a.u,
respectively; p = 0.966). In contrast, DBF responses to cap-
saicin were significantly decreased after propranolol (be-
fore: 513 £ 33 a.u. vs. after: 466 + 35 a.u; p = 0.042;
Fig. 3).

When stratifying the data by sex, the DBF responses to
capsaicin were significantly decreased after propranolol in
males (478 + 60 a.u. vs. 389 + 56 a.u; p = 0.005), but
not in female subjects (544 + 32 a.u. vs. 536 £+ 33 a.u;
p = 0.788) (Fig. 3). No significant difference was observed
after placebo in males (484 + 49 a.u. vs. 459 £ 75 a.u;
p=0.662), or in females (521 & 40 au. vs.
546 + 37 a.u.).

The DBF responses to ES were not affected by either
propranolol (p = 0.744) or placebo (p = 0.400, Fig. 4).
When sub-grouping by sex, DBF responses in males were
also not significantly modified after placebo (p = 0.514),
or propranolol (p = 0.404); similarly, in female subjects,
no significant difference was observed after placebo
(p = 0.372) or propranolol (p = 0.556; data not shown).

Pain in (neck) electrode site was the most reported side
effect (5/21), followed by tingling in electrode site (2/21),
weird sensation (1/21 after placebo vs. 1/21 after propra-
nolol), and drowsiness (1/21 after placebo vs. 1/21 after
propranolol). Fatigue and weakness were reported after
propranolol (1/21, each), but not after placebo. One sub-
ject reported neck stiffness due to uncomfortable pillow
and two subjects reported nausea and flickering lights
after placebo.

Propranolol levels

Mean plasma levels of propranolol were 63.4 £ 12 ng/L
(Fig. 5, therapeutic levels between 20 and 300, NVZA
toxicologie.org info). When stratifying by sex, propranolol
levels were significantly higher in women when compared
with men (90.5 £ 21 ng/L vs. 36.3 £ 7 ug/L, respectively;
p = 0.023), also when adjusted for body weight (data not
shown).

Retrospective prescription database study

A total of 291 subjects were included in our analysis
(31 £ 0.3 years old, range 20-39). The average DDD of
triptans in the 12 months before and after propranolol
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Figure 1. Recruitment flow diagram.

Table 1. Demographics of the DBF study population.

Male Female Both
Population (n) 10 1" 21
Age, years 29 £ 3 25+ 1 27 +£2
BMI, kg/m2 24.10 +£ 0.92 23.38 £ 0.69 23.74 + 0.56
Height 1.80 + 0.02 1.64 + 0.02 1.72 + 0.02
Weight 784 + 3.3 629 + 1.5 703 +£ 24
BP, mmHg
Systolic 123 + 3 122 + 4 122 £ 2
Diastolic 74 + 3 74 + 2 74 + 2
HR, bpm 67 + 2 79 + 3 7342

Data are counts or mean £+ SEM. BMI, body mass index; BP, blood
pressure; HR, heart rate.

prescription is described (Table 3). The average DDD of
triptans in the 12 months before propranolol prescription
was slightly decreased in the 12 months after propranolol
prescription. When stratifying by sex, 47 males (16%,
31 £ 0.9 years old, range 20-39) and 244 females (849%,
31 £ 0.4 years old, range 20-39) were part of the study.

People responding to flyer n=62
> - Did not respond to invitation n=7
A 4
Detailed study info sent to n=55
Excluded:
- After reading study details n=5
- Did not meet inclusion criteria
- Contraception n=8
> - Medication n=4
- Migraine n=4
- Heartrate n=4
- Eligible but not recruited n=8
A 4
Total recruited n=22
> Excluded:
- Failed measurement n=1
A 4
Data available for analysis
- Male n=10
- Female n=11

When further stratifying female subjects by use of contra-
ceptives, 151 women on contraceptives were included in
our analysis (52%, 30 % 0.5 years old, range 20-39).

Male subjects had a lower DDD of triptans in the
12 months before propranolol than females. Furthermore,
in males, the average DDD of triptans in 12 months after
propranolol, was decreased, representing a reduction of
15%, whereas in females, there was a modest decrease of
2%. When further stratifying to women on contracep-
tives, a reduction of 7% was observed. The percentage of
change between males and females was significantly differ-
ent (—15% vs. —2%; p = 0.0218), as well as the percent-
age of change between females on contraceptives and
males (—7% vs. —15%; p = 0.0464).

Discussion

Since Rabkin and colleagues’ reported that propranolol
could be effective for the treatment of “vascular head-
aches,” it has become one of the most widely prescribed
treatment of migraine,

drugs for the prophylactic
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Differential Role of Propranolol in Men and Women

Table 2. Hemodynamic changes after placebo and propranolol.

E. Rubio-Beltran et al.

Males Females Both
Before After p value Before After p value Before After p value
Placebo
BP, mmHg
Systolic 109 + 1 1M1+ 2 0.237 109 + 2 109 + 3 0.891 109 + 1 110 + 2 0.369
Diastolic 64 + 1 65 + 2 0.470 63 £+ 1 64 + 2 0.570 64 + 1 65 + 1 0.301
HR, bpm 64 + 3 62 + 3 0.015 69 + 2 70 + 2 0.360 66 + 2 66 + 2 0.692
Propranolol
BP, mmHg
Systolic 1M1 +2 108 + 2 0.009 107 + 2 103 + 2 0.004 109 + 1 105 + 2 <0.0001
Diastolic 65 + 1 64 + 2 0.152 62 £ 1 60 + 2 0.120 64 + 1 62 + 1 0.029
HR, bpm 61 + 2 54 + 3 <0.0001 69 £+ 2 61 + 2 <0.0001 65 + 2 58 + 2 <0.0001

Data are mean + SEM. Bold text indicates significant difference in blood pressure parameters before versus after placebo or propranolol,

p < 0.05. BP, blood pressure; HR, heart rate.

however, its exact mechanism of action is not yet known.
On this basis, in this study, we investigated the effect of
propranolol on the modulation of the human trigemino-
vascular system, currently one of the main targets for
migraine treatment.

Our results show that a single dose of propranolol
(80 mg) significantly inhibits the trigeminal nerve-
mediated vasodilation, more specifically, the capsaicin-
dependent vasodilation, as the DBF responses to ES were
not significantly modified (Figs. 3 and 5). Our group has
previously shown that, sumatriptan, an acutely acting
antimigraine drug, inhibits the DBF responses to cap-
saicin to approximately 75% of the control response.'* In
the present study, we also observed a significant decrease
in the CGRP-mediated DBF responses; however, the
decrease was not as pronounced as with sumatriptan (to
~90%). This may explain why propranolol is not effective
as an acutely acting antimigraine drug, but rather as a
prophylactic antimigraine agent. Also, the study took
place at T,y after a single dose, while in clinical practice,
after continuous administration, the elimination of pro-
pranolol becomes saturated and it accumulates to a
greater extent than predicted by its half-life, due to a
decrease in presystemic extraction (from 78% after the
first dose, to 66% following 80 mg™). In fact, after
chronic administration of the same oral dose to different
patients, a 20-fold variation in plasma levels has been
described,>* which could also explain the differences in
therapeutic efficacy among patients. Another aspect to
consider, is that in the present study, we chose the lowest
effective dose of propranolol that has been used in the
clinical trials for migraine treatment (80 mg)10 as acute
intake of higher doses was not ethically feasible. Thus, it
is reasonable to assume that (in male patients), higher
propranolol doses might exert a more pronounced inhibi-
tion of the capsaicin-induced increases in DBF.

1410

Previously, studies have investigated the effect of pro-
pranolol in preclinical models of migraine. In murine
models of cortical spreading depression (CSD) (consid-
ered the underlying cause of migraine with aura), it has
been shown that propranolol prevents the changes in
behavior (e.g., freezing) and cerebral blood flow induced
by CSD,* with studies also showing prevention of CSD
onset and migration.”**” Additionally, it has been shown
that chronic administration of l-propranolol, but not of
d-propranolol, inhibits the CSD migration and/or onset.*®
Nevertheless, the role of CSD in the pathophysiology of
migraine is still debated,”® and both enantiomers have
been proven to be effective for the prophylactic treatment
of migraine.”” Therefore, inhibition of the CSD-related
changes seems unlikely to be the only mechanism behind
the efficacy of propranolol. Moreover, in a murine model
of central trigeminovascular activation, it has been shown
that microiontophoretic ejection of propranolol inhibits
thalamocortical activity in response to superior sagittal
sinus stimulation and L-glutamate-evoked neuronal acti-
vation®® . However, not all the B-blockers that are effec-
tive for the treatment of migraine are able to cross the
blood-brain barrier (e.g., atenolol); therefore, their effi-
cacy cannot be mediated purely via central mechanisms.
In the present study, we showed that a single dose of pro-
pranolol modulates the human peripheral trigeminovascu-
lar system, which broadens the therapeutic implications
of our results.

A question that remains open in this study is the exact
nature of the receptor(s)/mechanism(s) involved in the
modulation of the trigeminovascular system by propra-
nolol. Indeed, (presynaptic/prejunctional) B-adrenoceptors
would seem to be the most likely candidates, as it has been
shown that propranolol inhibits glutamate release via
presynaptic receptors.’*> Moreover, the inhibition by pro-
pranolol of thalamocortical activity in response to dural
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Figure 2. Correlation of the changes in DBF and the hemodynamic variables after propranolol intake. No correlation was observed between the
changes in DBF and SBP (A), DBP (B), nor HR (C), n = 21. Female subjects are shown in purple (n = 11) and male subjects in dark blue (n = 10).
DBF, dermal blood flow; DBP, diastolic blood pressure; HR, heart rate; SBP, systolic blood pressure.

stimulation was shown to be mediated via ;-
adrenoceptors.”® However, not all B-blockers are effective
for the prophylactic treatment of migraine, and their effi-
cacy does not depend on their selectivity, as the P;-

adrenoceptor antagonists atenolol and metoprolol are
effective for the prophylactic treatment of migraine,
whereas acebutolol is not.'’ Interestingly, while all the

effective  B-blockers (e.g., propranolol, metoprolol,

© 2022 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association. 1411



Differential Role of Propranolol in Men and Women E. Rubio-Beltran et al.

)

A~ 600-

400

DBF
difference from baseline (a.u

200+

Before After

' Placebo
600 - *

IIH

After
Propranolol

1

Before

DBF
N
o
S

difference from baseline (a.u.)

N

o

o
1

Before After, Before After,

Before After Before After,

" Placebo ' Propranolol '

Males

"Placebo ' 'Propranolol’

Females

Figure 3. Forehead DBF responses to capsaicin. DBF response to capsaicin before and after placebo or propranolol as change from baseline (in
a.u.) in (A) both sexes (n =21) and (B) when divided by sex (males, lower left, n = 10; females, lower right, n = 11). Data are presented as
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Figure 5. Propranolol plasma levels. Propranolol plasma levels (in pg/L) pooled (n = 21), and divided by sex (males, n = 10; females, n = 11).
*Significant difference in propranolol levels of male versus female subjects, p < 0.05.

Table 3. Change in triptan DDD after propranolol prescription.

% of Age Triptan DDD before Triptan DDD after Absolute % of
N total Years propranolol propranolol change change p value
Total 291 100 31 £03 61.16 £ 3.6 59.06 + 4.3 -2.10 —-3% <0.0001
Males 47 16 31 +£09 42.15+6.0 3579 £ 5.8 —6.36 —15% 0.002
Females 244 84 31 £ 04 6482 + 4.1 63.55 + 4.9 —1.27 —2%* <0.0001
Females on 151 52 30 £ 0.5 63.04 +£4.7 5843 + 54 —4.61 —7%** <0.0001
contraceptives

Absolute and percentage of change of triptan use after propranolol prescription in all the subjects included in the retrospective study, and strati-
fied by sex and contraceptive use. Data are counts or mean + SEM. DDD, defined daily doses.

*Significant difference in the reduction of triptan DDD between female and male patients (p < 0.05).

**Significant difference in the reduction of triptan DDD between females on contraceptives and males (p < 0.05).

atenolol) are P-adrenoceptor antagonists, all the non-
effective ones (e.g., pindolol, acebutolol, labetalol) have
intrinsic sympathomimetic activity, which means that
those “B-blockers” behave, in fact, as partial agonists of the
B-adrenoceptors,” which could suggest that total blockade
of B-adrenoceptors is needed for an effective therapeutic
response in migraine treatment. Additionally, propranolol
has been shown to not only act as a B-adrenoceptor antag-
onist, but also as a mixed agonist/antagonist of 5-HT
receptors in a tissue-dependent manner.”*** In relation to
this, it has been shown that a single point mutation
increases the affinity of the B-adrenoceptor antagonists for
the 5-HT,p, 5-HT,p, and 5-HT,p receptors,”® and activa-
tion of prejunctional 5-HT,p and 5-HTr receptors is
thought to inhibit the release of CGRP from the trigeminal
fibers that innervate the dura (and the forehead skin),'>*¢
which is in accordance with our previous results with
sumatriptan.'* Moreover, as high concentrations of
propranolol are needed in order to observe an effective
therapeutic response in migraine patients,'® it would seem
reasonable that propranolol is not only acting as a
B-adrenoceptor antagonist, but also via other prejunctional

© 2022 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.

receptors present on trigeminal fibers, possibly 5-HT,p
and/or 5-HT g receptors. However, if the inhibition of the
capsaicin-induced DBF responses after propranolol was
mediated only via prejunctional 5-HT p, 5 receptors, then
the inhibition of the capsaicin-induced DBF responses by
sumatriptan (a 5-HTg/;p/1F receptor agonist47) previously
reported by our group,'* would have presented the same
sex-dependent profile, and we did not find significant dif-
ferences between sexes.

As mentioned above, in the present study we observed
that when stratifying our results by sex, the inhibition of
the DBF responses to capsaicin was sex-dependent, as a
pronounced (and significant) inhibition remained present
in men, but not in women (Fig. 3). Interestingly, the
plasma levels of propranolol in females were significantly
higher than in males (Fig. 5), even when correcting for
weight, thus excluding a pharmacokinetic cause for the
sex-dependent effects. This may point to the desensitiza-
tion of the receptors involved in the modulation of the
trigeminovascular system, which would suggest that lower
doses of propranolol are needed for migraine prophylaxis
in women; and/or that at this dose, there is activation of
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other receptors that counteract this response. Interest-
ingly, our group has previously shown in the same fore-
head model that the trigeminal nerve-induced
vasodilatory responses and hormone levels are altered in
female migraine patients.'® Moreover, a recent study in
rodents showed that application of CGRP to the cranial
meninges results in behavioral responses consistent with
headache in preclinical models in a female-specific man-
ner,*® reinforcing the interaction between sex hormones
and CGRPergic fibers in the modulation of the trigemino-
vascular system.”’ Additionally, sexually dimorphic
responses to propranolol have also been reported in a
murine model of addiction, where in males the mecha-
nism of action of propranolol involved 5-HT signaling,
whereas in females it involved both B-adrenergic and 5-
HT signaling.*

Considering our abovementioned results and that
women represent around 70% of migraine patients,” it is
important to address whether our results can be trans-
lated into the clinical practice. With this goal in mind,
we performed a retrospective study where we correlated
our results with data from the Dutch IADB.nl prescrip-
tion database. For this, we analyzed the change in triptan
use after prescription of propranolol in a population
similar to our DBF study subjects. We analyzed the
change in triptan use as a surrogate marker of therapeu-
tic efficacy of propranolol, as a decrease in migraine days
would result in a decrease in triptan use. In agreement
with our forehead study, our results show that even
though both sexes reduced their use of triptans after pro-
pranolol, a significantly more pronounced decrease was
observed in male subjects when compared with females
on contraceptives (15% in males vs. 7% in females on
contraceptives, Table 3). Moreover, when female patients
were not stratified by contraceptive use, a decrease of
only 1% in the use of triptans was observed, which,
although significant, cannot be considered clinically
meaningful. Certainly, these results must be interpreted
with caution, as it was a retrospective study and the
exact indication for propranolol was not stated. More
studies that fall beyond the scope of our current study,
should assess whether other antimigraine drugs show
sex-dependent efficacy (e.g., triptans), and the possible
receptors/mechanisms involved.

In conclusion, our study shows that an acute dose of
propranolol (80 mg) inhibits the capsaicin-induced
increases in DBF in a sex-dependent manner. Addition-
ally, in a retrospective study, a more pronounced decrease
in triptan use was observed in male patients when com-
pared with females on contraceptives. These results, taken
together, suggest an interaction between propranolol and
sex steroids in the modulation of the trigeminovascular
system and support the usefulness of our human model

E. Rubio-Beltran et al.

to evaluate trigeminovascular modulation by current and
prospective antimigraine drugs, as well as the need for
sex-specific migraine treatments.
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