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Abstract

Background: Menstrual migraine (MM), including pure menstrual migraine (PMM) and
menstrually related migraine (MRM), is characterized by attacks occurring in close temporal
association with menstruation and is often more severe, longer lasting, and less responsive
to treatment than non-menstrual migraine. Prostaglandin-mediated inflammation and
calcitonin gene-related peptide (CGRP) release play a key role in MM pathophysiology.
Phycocyanin (PC) and palmitoylethanolamide (PEA) are nutraceutical compounds with
anti-inflammatory, analgesic, and neuroprotective properties that may be beneficial as
short-term perimenstrual prophylaxis. Objectives: To evaluate the effectiveness of an
oral supplementation combining phycocyanin and palmitoylethanolamide as a short-term
prophylaxis for menstrual migraine in a real-world clinical setting, a retrospective observa-
tional study without a control group was conducted in five Italian centers between May 2023
and June 2025. Methods: Clinical records of 800 women were reviewed, and 220 patients
receiving perimenstrual supplementation with phycocyanin and palmitoylethanolamide
were screened. Sixty-one women diagnosed with migraine without aura, according to
the International Classification of Headache Disorders, met all inclusion criteria and were
analyzed. Phycocyanin and palmitoylethanolamide were taken at a dosage of two cap-
sules daily from five days before to five days after the onset of menstruation for three
consecutive months. Outcomes during the perimenstrual window were compared with
a three-month period without supplementation. Primary outcomes included migraine
severity, frequency, and duration of the attacks; secondary outcomes included analgesic
consumption and menstrual migraine-associated symptoms. Results: Among the 61 in-
cluded patients, phycocyanin and palmitoylethanolamide supplementation was associated
with a significant reduction in migraine severity across all monitored perimenstrual days
(p < 0.0001). While the overall monthly frequency of migraine attacks did not change,
the number of migraine days during the perimenstrual window significantly decreased
from the first month of supplementation (p < 0.05). Moreover, migraine duration during
the perimenstrual window was significantly reduced at one, two, and three months of
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phycocyanin and palmitoylethanolamide supplementation compared with baseline. Anal-
gesic use and the number of days with migraine-associated symptoms (nausea, vomiting,
photophobia/phonophobia) were also significantly reduced. Treatment was well tolerated.
Conclusions: In this real-world retrospective study, perimenstrual supplementation with
phycocyanin and palmitoylethanolamide was associated with reduced severity, duration,
and perimenstrual frequency of menstrual migraine attacks, along with decreased analgesic
use, suggesting a safe and potentially beneficial short-term prophylactic strategy for women
with menstrual migraine.

Keywords: menstrual migraine; phycocyanin; palmitoylethanolamide; short-term prophylaxis

1. Introduction
Menstrual migraine (MM) is a special type of migraine associated with the ovarian

cycle [1]. The primary distinguishing feature between menstrual and non-menstrual
migraines is the timing of the attacks in relation to the menstrual cycle and their strong
association with hormonal fluctuations, especially the drop in estrogen levels that typically
occurs just before menstruation begins [2]. The symptoms of menstrual migraine are
similar to those of general migraines, including unilateral or bilateral throbbing pain,
nausea, vomiting, photophobia and phonophobia, whereas the intensity and frequency of
migraines during menstruation are often greater compared to non-menstrual migraines.
Indeed, menstrual-associated migraines tend to be more severe, last longer, and be less
responsive to treatment than migraines occurring at other times in the cycle [3].

According to the International Classification of Headache Disorders, it is classified into
two main categories: pure menstrual migraine (PMM) and menstrually related migraine
(MRM) [4]. PMM, affecting about 10–20% of women with migraine, refers to migraines that
occur exclusively during perimenstruation days and that are triggered by the decline in
estrogen levels [5] and the associated changes in neurotransmitter function [6], consistently
occurring from 2 days before to 3 days after the onset of bleeding without any migraine
attacks occurring at other times of the month [1]. Usually, the treatments of PMM are
symptomatic (triptans, nonsteroidal anti-inflammatory drugs (NSAIDs) and antiemetics)
even if it is common to use a short-term prophylaxis on the days surrounding menstruation
with both pharmacological or non-pharmagological products [7]. MRM, affecting about
60–70% of women with migraine, refers to migraine attacks that are triggered by hormonal
fluctuations during the two days before and the three days after the onset of menstruation,
primarily related to estrogen withdrawal and other hormonal fluctuations just before men-
struation, but also in other days of the cycle with no correlation to hormonal fluctuations.
Treatment options for MRM include acute medications to relieve symptoms but also many
preventive drugs currently use for migraine prophylaxis, recently including a calcitonin
gene-related peptide (CGRP) receptor antagonist or CGRP monoclonal antibodies, too [8].

In addition to pharmacological treatments, several non-pharmacological strategies,
among which are cognitive behavioral therapy [9], acupuncture and acupressure [10],
lifestyle modifications and regular magnesium supplementation [11], particularly during
the premenstrual phase, have been shown to manage both PMM and MRM, reducing the
frequency of migraine attacks.

The decline in estrogen levels around menstruation plays a pivotal role in triggering
menstrual migraines influencing the occurrence and severity of migraines [12]. One of
the key mechanisms through which the estrogen fall influences migraine development
is by upregulating cyclooxygenase (COX) enzymes, particularly COX-2 [13]. This en-
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zyme is involved in the production of prostaglandin-2 (PGE2), which is an inflammatory
molecule [14] released from cell membranes during an inflammatory response [15]. The
role of prostaglandins in migraine pathophysiology is still under investigation; however,
several mechanisms have already been identified [16]. Prostaglandins contribute to in-
creased blood flow and vascular inflammation, neuronal excitability, and sensitization to
pain [17,18], which are key features of migraine attacks.

Migraine is thought to be triggered by multiple neurovascular mechanisms [19], in-
cluding activation of the trigeminovascular system and neurogenic inflammation through
the release of vasoactive neuropeptides like nitric oxide (NO) and the CGRP involved in va-
sodilation and migraine pain [20]. Indeed, neurogenic inflammation in the meningeal blood
vessels surrounding the brain is considered a critical factor in eliciting migraine pain [21].
This process, involving vasodilation and peripheral nerve sensitization, contributes not
only to the onset, but also to the persistence of migraine attacks [21]. In women with
migraine susceptibility, elevated prostaglandin levels, particularly during the late luteal
and early menstrual phases, are also implicated in menstrual cramps and uterine pain [12]
through the release of inflammatory cytokines [5]. The reduced estrogen levels lead to the
decreased availability of serotonin, dopamine, and endorphins, along with a dysregulation
of NO which facilitates CGRP release. This impairs the modulation and anti-inflammatory
mechanisms of brain-endogenous pain, further exacerbating susceptibility to migraine [22].
It has been reported that PGE2 can enhance CGRP release from rat sensory trimeginal
neurons [23] and the functional human data strongly suggest a pathophysiological link,
supported by in vitro and animal studies of PGE2–CGRP interactions.

As prostaglandins contribute to migraine development, particularly by promoting
inflammation and sensitizing pain pathways, anti-inflammatory treatments have been
developed to target the COX enzymes responsible for their synthesis, serving as a symp-
tomatic treatment option [24]. Indeed, NSAIDs, such as naproxen, ibuprofen, and mefe-
namic acid, are commonly used in both acute and short-term preventive treatment of
menstrual migraine [25]. By inhibiting COX activity, they reduce prostaglandins pro-
duction, thereby decreasing inflammation, vascular changes and pain associated with
migraine attacks [18,26]. NSAIDs are especially effective for mild to moderate migraine
episodes and may also help alleviate accompanying symptoms such as nausea and vom-
iting [27]. Moreover, selective COX-2 inhibitors, such as celecoxib, can specifically target
the prostaglandin-mediated inflammation, and therefore can be effective in reducing the
severity and duration of menstrually related migraines [28].

In this scenario, however, despite their efficacy, NSAIDs and COX-inhibitors were
associated with significant adverse events when administered in long-term therapies [29].
Phytotherapy represents a promising alternative with beneficial properties and minimal
side effects [30] in the management of menstrual migraine, particularly as a short-term ap-
proach during the perimenstrual window (PMW) [31]. Among the wide range of available
phytotherapy compounds, two emerging molecules are represented by phycocyanin (PC)
and palmitoylethanolamide (PEA). PC is a protein from the Cyanobacteria with antioxidant
and anti-inflammatory properties [32] and PEA exhibits pain-relieving and neuroprotective
properties [33]. As both compounds show potential for migraine management by targeting
inflammation, alleviating pain, and providing neuroprotection, the aim of this study was
to determine the effectiveness of an oral compound consisting of a combination of phyco-
cyanin and palmitoylethanolamide in reducing the severity, frequency, and duration of
migraine attacks in women diagnosed with menstrual migraine.
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2. Materials and Methods
2.1. Subjects and Study Design

This retrospective observational study without a control group was designed and
carried out with the approval of the Città della Salute e della Scienza Ethical Committee (prot.
nr. 0065659, 26 May 2023), covering the period from May 2023 to November 2025. It was
conducted according to the last update of the Helsinki declaration [34]. All data used for
the study were extracted from anonymized existing clinical records and patient-reported
documentation. The requirement for informed consent was waived as this study was
conducted retrospectively using exclusively fully anonymized data, and no identifiable
patient information was accessed.

Clinical data from 800 adult Caucasian women aged 18–49 years were reviewed,
and 220 patients receiving perimenstrual supplementation with phycocyanin and palmi-
toylethanolamide were screened.

The exclusion criteria were as follows: patients with chronic migraine (more than
15 migraine days per month), migraine with aura, tension-type headache, or cluster
headache (International Headache Society criteria [4]), pregnant women or those planning
pregnancy, patients with known cardiovascular disease, individuals non-compliant with
diary completion, those using contraceptives, with irregular menstrual cycles, or recent
changes in migraine prophylactic therapy- and subjects unable to swallow capsules or who
discontinued treatment due to side effects.

During data extraction, records were also excluded if patients refused to complete
standardized questionnaires or had a diagnosis of probable migraine. Only records doc-
umenting a diagnosis of menstrual migraine without aura—classified according to the
International Classification of Headache Disorders, 3rd edition (ICHD-3) [4]—were in-
cluded for data analysis, ensuring a homogeneous and well-defined study population.
Specifically, data from patients with menstrually related migraine (MRM, A 1.1.2) or pure
menstrual migraine (PMM, A 1.1.1) were included.

Data concerning 61 patients diagnosed with migraine without aura, and with doc-
umented supplementation of FICOXPEA® were extracted. The oral dietary supplement,
FICOXPEA®, containing 250 mg phycocyanin (Spirulina platensis extract), 200 mg PEA,
and 55 mcg selenium (Kura srl, Turin, Italy), 2 capsules once daily for three months, was
taken from 5 days before to 5 days after the onset of menstruation. The FICOXPEA®

supplementation schedule is shown in Figure 1. For these patients, a three-month obser-
vation period during which patients had recorded the natural course of their migraine
attacks before the supplementation with FICOXPEA® generated data that were used to
document baseline patterns without any intervention from the investigators, consistent
with the observational design. Records also indicated that patients used rescue medications,
NSAIDs at standard doses, analgesics, triptans, or antiemetics, on an as-needed basis. No
modifications to existing migraine prophylactic therapies were allowed in the six months
preceding the recorded supplementation period. Outcomes of supplementation during the
PMW were compared with a three-month period without supplementation. Extracted data
included structured interviews previously conducted by trained healthcare professionals.

These interviews had documented demographic variables (age, educational level,
occupation), clinical history (comorbidities, menstrual cycle regularity, hormonal contra-
ceptive use, family history of migraine), migraine characteristics, age at onset, chronicity,
previous and current pharmacological treatments, and potential medication overuse. More-
over, patient diaries, available in the medical files, were also evaluated. These diaries
contained daily entries from two days before to three days after menstruation onset, re-
porting migraine episodes, severity, duration, analgesic use, and associated symptoms
such as nausea, vomiting, photophobia, and phonophobia. These entries were used as
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observational data to assess migraine outcomes during the perimenstrual window. All data
were anonymized and handled in accordance with privacy and confidentiality regulations.
The analysis focused solely on evaluating real-world clinical outcomes based on extracted
observational data, including migraine frequency, intensity, duration, and the use of rescue
medications.

Figure 1. FICOXPEA® supplementation schedule.

2.2. Variables Assessed

The study assessed both primary and secondary outcomes during PMW, defined as
days −2 to +3 relative to the onset of menstruation, to evaluate the effectiveness and the
impact of a FICOXPEA® supplementation on menstrual migraines.

The primary outcomes included the migraine severity, frequency and duration of
attacks during PMW. The presence of headache and the level of pain were measured on a
fully validated [35] four-point scale where participants rated the intensity of their migraine
attacks on a scale from 0 (no pain) to 3 (severe headache). These ratings were collected
before and after FICOXPEA® supplementation to determine changes in the presence of
headache and the perception of headache pain. In addition, the frequency of migraine
attacks was recorded by tracking the number of days experienced both per month and
within PMW where each attack is a distinct migraine event if it is separated by at least 24 h
of no symptoms. The duration of migraine attacks was documented in hours, measured
from the onset of symptoms to the time of relief. These values were collected before
and after supplementation to identify any differences in the reduction in attack severity,
frequency and duration following a FICOXPEA® supportive treatment compared to the
symptoms relative to the months without FICOXPEA® supplementation.

The secondary outcomes included the number of analgesics taken during the PMW
and the number of days marked by the following symptoms: nausea, vomiting, or photo-
phobia/phonophobia, during PMW.

2.3. Statistical Analysis

The Shapiro–Wilk test was used to assess normality. Intra-group differences between
non-supplemented and supplemented patients were analyzed with paired t-tests for nor-
mally distributed variables, using GraphPad Prism 9.0 (GraphPad Software, Inc., San
Diego, CA, USA). For the analysis of migraine attack frequency and duration, a three-level
repeated measures ANOVA with Bonferroni post hoc correction was first performed to
assess any differences among the three untreated time points. Since no significant differ-
ences were found for untreated groups, the mean of the untreated time points was used as
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the baseline for paired t-tests. Effect sizes were calculated using Cohen’s d for pairwise
comparisons between the baseline and each of the three treated time points. Missing data
were assumed to be missing at random and handled in the analysis. p values < 0.05 were
considered significant.

Data are shown as mean ± SEM or ± 95% confidence intervals. SEM reflects the
precision of the observations, not individual variability, and the CI provides the magnitude
and precision of findings.

3. Results
Globally, 800 patients presented to the centers, and 220 patients with documented use

of FICOXPEA® were screened. Sixty-one women diagnosed with migraine without aura
met all inclusion criteria and were analyzed. The trial flow diagram is shown in Figure 2.

Figure 2. Flowchart of participant selection for the analysis.

This initial screening was conducted using more restrictive criteria than those proposed
by the International Headache Society [4] (which require the presence of migraine attacks
in the perimenstrual window in at least two out of three months), with the aim of selecting
a population whose migraine attacks were consistently linked to the perimenstrual period.
In addition, the clinical characteristics of migraine attacks were thoroughly assessed, and
only women presenting attacks classifiable as migraine without aura were included; all
patients who had experienced, even once during the three-month observation period,
attacks classifiable as migraine with aura or probable migraine were excluded. Accordingly,
only patients who, during the three-month observation period, consistently experienced
attacks within the PMW were included in order to obtain a more strictly selected population
clearly and consistently affected by menstrually related migraine. This approach does not
conflict with the International Headache Society definition; rather, it aligns with it while
applying more stringent and specific selection criteria. Furthermore, all patients using
hormonal contraception and those with natural menstrual cycles shorter than 24 days or
longer than 32 days were excluded. Side effects of the treatment were present in a very low
number of treated patients and consisted of gastric pain (n = 4) and increase in menstrual
bleeding (n = 2). FICOXPEA® capsules were generally well-tolerated, and no serious
adverse reactions were reported. These six women therefore discontinued the treatment
early and were not included in the analysis of the study. Compliance with daily dosing of
capsules exceeded 89% in participants who completed the final follow-up.

Among the 61 patients selected for this study the prevalence was 14.7% (nine women)
for PMM and 85% (52 women) for MRM. Participants had a mean age of 35.7 ± 8.3 years
with an average age of menstrual migraine onset of 18.3 ± 6.9 years. The distribution of
occupations, comprising office workers, teachers, and hospital employees, was similar
across the enrolled women.
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Throughout all three months of the FICOXPEA® supplementation phase, migraine
severity was significantly reduced on each day monitored during the PMW (Figure 3).

Figure 3. The migraine severity was recorded, during the PMW, in the period spanning from 2 days
before to 3 days after the onset of menstruation, by all enrolled patients. Severity scores were
averaged over a three-month period of monitoring with and without FICOXPEA® supplementation,
using a patient-reported four-point headache intensity scale. Mean values for each day of PMW (−2,
−1, +1, +2, +3) are shown ± SEM (n = 183, <11% of observations missing at random). Statistical
comparisons were performed using a paired t-test. *** p < 0.0001 compared to the same day without
FICOXPEA® supplementation.

Compared with non-supplemented, the migraine severity decreased significantly at
all investigated time points: day −2 (mean difference = −0.47, 95% CI −0.66 to −0.28,
p < 0.001), day −1 (mean difference = −0.58, 95% CI −0.77 to −0.4, p < 0.001), day +1 (mean
difference = −0.58, 95% CI −0.92 to −0.56, p < 0.001), day +2 (mean difference = −0.74, 95%
CI −1.04 to −0.6, p < 0.001), and day +3 (mean difference = −0.83, 95% CI −0.78 to −0.4,
p < 0.001). Standardized effect sizes compared to non-supplemented were: −0.37 at day
−2, −0.45 at day −1, −0.59 at day +1, −0.57 at day +2 and −0.50 at day +3.

Investigating the frequency of migraine attacks, the average of migraine days per
month remained unchanged when comparing data obtained during each month of
FICOXPEA® supplementation with those without FICOXPEA® supplementation, rep-
resented as baseline (Figure 4A). Notably, the number of days marked by migraine episodes
during the PMW showed a significant reduction, already from the first month after
FICOXPEA® supplementation if compared with baseline (Figure 4B). Compared with
baseline, the outcome decreased significantly at all investigated time points: month 1 (mean
difference = −1.36, 95% CI −2.85 to −0.12, p < 0.001), month 2 (mean difference = −2.43,
95% CI −3.91 to −0.94, p < 0.001) and month 3 (mean difference = −2.33, 95% CI −3.81 to
−0.84, p < 0.001). Standardized effect sizes compared to baseline were: −0.62 at month 1,
−0.75 at month 2, and −0.98 at month 3.

Additionally, the duration of migraine attacks during the PMW showed a signif-
icant reduction from an average of 31.05 ± 3.4 h at baseline to 24.9 ± 2.9 (p < 0.05),
19.2 ± 2.3 (p < 0.001) and 14.31 ± 2.1 (p < 0.001) hours, respectively, at one month, two
and three months after FICOXPEA® supplementation compared to baseline (Figure 5).
Compared with baseline, the outcome decreased significantly at all investigated time
points: month 1 (mean difference = −6.17, 95% CI −11.5 to −0.73, p < 0.05), month
2 (mean difference = −12.48, 95% CI −17.9 to −7.05, p < 0.001) and month 3 (mean differ-
ence = −16.9, 95% CI −22.4 to −11.6, p < 0.001). Standardized effect sizes compared to
baseline were: −0.53 at month 1, −0.56 at month 2, and −0.74 at month 3.
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Figure 4. The frequency of migraine attacks, expressed as number of days per month (A) and
during the PMW (B), is represented as an average over a three-month period of monitoring without
FICOXPEA® supplementation (baseline) and as a monthly average during the intervention period
with FICOXPEA® supplementation (n = 61 and n = 59, (A,B) data statistical analysis, respectively).
Baseline represents the aggregated mean of three pre-supplementation month observations as the
three baseline months were not significantly different and were considered to represent the same
pre-supplementation condition in the graph. The data represent the means ± 95% CI. ** p < 0.001 and
*** p < 0.001 compared to baseline.

Figure 5. The duration of migraine attacks, expressed in hours during the PMW, is represented as an
average over a three-month period of monitoring without FICOXPEA® supplementation (baseline)
and as a monthly average during the intervention period with FICOXPEA® supplementation (n = 61).
Baseline represents the aggregated mean of three pre-supplementation month observations as the
three baseline months were not significantly different and were considered to represent the same
pre-supplementation condition in the graph. The data represent the means ± 95% CI. * p < 0.05 and
*** p < 0.001 compared to baseline.

The number of analgesics taken, including NSAIDs or triptans, to treat menstrual
migraine attacks was analyzed. Results revealed that analgesic consumption during the
PMW was significantly reduced during the FICOXPEA® supplementation phase. The
effect was observed as early as the first month and continued significantly throughout the
supplementation period if compared to baseline measurements (Figure 6). Compared with
baseline, the outcome decreased significantly at all investigated time points: month 1 (mean
difference = −1.34, 95% CI −0.63 to −0.25, p < 0.001), month 2 (mean difference = −2.34,
95% CI −3.05 to −1.63, p < 0.001) and month 3 (mean difference = −2.84, 95% CI −3.55 to
−2.13, p < 0.001). Standardized effect sizes compared to baseline were: −0.72 at month 1,
−0.95 at month 2, and −0.93 at month 3.
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Figure 6. The analgesic consumption, expressed as number of analgesics taken during the PMW,
is shown. Values are presented as an average over a three-month period of monitoring without
FICOXPEA® supplementation (baseline) and as a monthly average during the intervention period
with FICOXPEA® supplementation (n = 61). Baseline represents the aggregated mean of three pre-
supplementation month observations as the three baseline months were not significantly different
and were considered to represent the same pre-supplementation condition in the graph. The data
represent the means ± 95% CI. *** p < 0.001 compared to baseline.

The numbers of days with menstrual migraine-associated symptoms, including nausea,
vomiting, or photophobia/phonophobia, during the PMW were also significantly reduced
across the three monitored months of the FICOXPEA® supplementation phase compared to
the three months without supplementation (Figure 7). Compared with non-supplemented,
each outcome decreased significantly for nausea (mean difference = −1.26, 95% CI −2.23 to
−1.77, p < 0.001), vomiting (mean difference = −0.20, 95% CI −0.46 to −0.07, p < 0.01) and
photophobia/phonophobia (mean difference = −1.35, 95% CI −2.41 to −1.94, p < 0.001).
Standardized effect sizes compared to non-supplemented were: −0.72 for nausea, −0.95
for vomiting, and −0.93 for photophobia/phonophobia.

Figure 7. The numbers of days having menstrual migraine-associated symptoms, including nausea,
vomiting, or photophobia/phonophobia during the PMW are represented as average of a three-
month period of monitoring with and without FICOXPEA® supplementation (n = 61). Mean values
collected over three months in PMW are shown ± SEM (n = 183, <4.4% of observations missing at
random). Statistical comparisons were performed using a paired t-test. * p < 0.05 and *** p < 0.001
compared to the same symptom in the untreated group.
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4. Discussion
The primary goal of acute migraine treatment is to alleviate pain and associated symp-

toms during an active attack. This applies to both pure menstrual migraine and menstrually
related migraine, although treatment strategies may differ based on migraine severity and
individual patient response. Indeed the treatment of menstrual migraine requires an in-
dividualized approach. Blocking prostaglandin production has emerged as a promising
approach that aims to curtail the inflammatory component of the disorder. NSAIDs and
COX-2 selective inhibitors have demonstrated effectiveness in relieving symptoms during
acute attacks. Therapeutic targeting of CGRP is the most recent approach to cure migraine.

CGRP is the most important neuropeptide that is released from the trigeminal nerve
endings during migraine episodes, and it is responsible for neuro-inflammation as well as
modulation of nociceptive signals, not only through a direct stimulation of mast cells and
smooth muscle cells but also by orchestrating a CGRP/COX-2 cascade. In fact, CGRP can en-
hance the expression of the COX-2 enzyme via the cAMP-PKA-CREB pathway [36,37]; the
resulting elevated levels of prostaglandins (PGs) amplify the neurogenic inflammation and
the nociceptive sensitization causing pain during migraine episodes. Even worse, a patho-
logic bidirectional stimulatory loop is created by the influence of COX-2 on CGRP release.
Indeed, PGE2 increases the functionality of the Transient-Receptor-Potential-Vanilloid-1
(TRPV1) channel and causes a massive discharge of CGRP [38]. The amplified cross-linked
stimulation of neuro-inflammation and CGRP-dependent vasodilatation requires an in-
tegrated therapeutic approach working on multiple targets, as single pharmacological
treatments have shown limited efficacy and severe side effects. A few combinatorial thera-
pies in migraine have been proposed recently, based on the attempt of blocking both the
CGRP and COX pathways at the same time with triptan and NSAID [39] or triptan and a
specific COX inhibitor [40]. Because pharmacological treatments have often demonstrated
adverse reactions and pharmacokinetic interactions, addressing the neurological and in-
flammatory aspects of migraine could be attempted with nutraceuticals, which might have
a complementary impact on reducing migraine episodes.

Among natural bioactive compounds, some may be used either as adjuncts to standard
pharmacological treatments or as standalone options, depending on symptom intensity
and patient preference. Phycocyanin and palmitoylethanolamide have shown particu-
lar promise owing to their anti-inflammatory, analgesic, and neuroprotective properties.
Phycocyanin is a protein from the Cyanobacteria with antioxidant and anti-inflammatory
properties [32] and PEA is an endogenous amide that modulates pain and inflammation by
activating the peroxisome proliferator-activated receptor alpha (PPARα), a molecular path-
way that suppresses the expression of pro-inflammatory factors such as nuclear factor-κB
(NF-kB). Additionally, PEA exhibits pain-relieving and neuroprotective properties as an
endogenously produced lipid mediator with properties similar to endocannabinoids [33].
PEA exerts inhibitory effect on sensory neuropeptide release, as demonstrated in an in vivo
model of neuropathic hyperalgesia [41]. In this study, PEA, acting selectively on peripheral
CB2-like receptors, was able to diminish plasma CGRP release evoked by the stimulation
of the vanilloid subtype 1 capsaicin receptor (VR1/TRPV1). Their different mechanisms of
action suggest that PC and PEA could demonstrate a complementarity in fighting neuro-
inflammation. Interestingly, the synergic effect of both PC and PEA supplementation had
already been tested in an in vitro model of human lung and prostate epithelial cells [42].
Indeed, Bergandi et al. demonstrated that the cotreatment protected from cytotoxicity and
greatly abated both the production of radical oxygen species (ROS) and the transcription
of several inflammatory cytokines. The antioxidative and anti-inflammatory properties
were exerted by two main mechanisms: (1) inhibition of cyclooxygenase-2 enzyme and
consequent decrease in signaling generating ROS and (2) increased synthesis of glutathione
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and therefore a strengthening of the natural antioxidant defenses of the cells [42]. Based on
all these observations, the present study aimed at exploiting both the synergic inhibitory
effects of phycocianin and PEA on COX-2 activity and the possible influence of PEA on
CGRP release, with the intent of targeting both the neurological and inflammatory aspects
of migraine. In this context, all patients received an oral phytotherapeutic compound
containing phycocyanin and palmitoylethanolamide (FICOXPEA®), administered two
capsules per day beginning five days before and continuing until five days after the onset of
menstruation. Menstrually related migraine with aura has been included only in the most
recent classification Appendix of the International Headache Society (code A1.2.0.2) [4],
as in previous versions it was considered extremely unlikely for aura to occur within the
PMW, which defines the period of menstrual migraine occurrence. Moreover, to meet
the criteria for menstrually related migraine with aura, it remains unclear whether aura
symptoms must be present during every perimenstrual window or whether an intermittent
presentation is acceptable. Therefore, given the extremely low prevalence of menstrually
related migraine with aura, we chose to focus exclusively on the clinically predominant
form, namely migraine without aura. The data suggest potential benefit from the short-term
therapy with FICOXPEA® supplementation in migraine episodes occurring in PMW, the
window from day −2 to day +3 relative to menstruation, because we observed both shorter
attack durations and improved symptom control. In fact, as the primary outcome we dis-
covered that the intensity of migraine was lower throughout the PMW compared to what
was reported about the months preceding the supplementation. Moreover, also the monthly
frequency of migraine attacks was reduced, and, more specifically, the nutraceutical mix
attenuated both the frequency and the duration of attacks during the PMW. The results
could be explained by the anti-inflammatory properties of the combination FICOXPEA®

due to the potentiated synergic inhibition of COX-2, or by the impact of COX2 inhibition on
CGRP release. In fact, it has been described that cytokines can induce a COX-2 dependent
pathway culminating with CGRP release in rat trigeminal ganglia neurons [43]. However,
it should be noted that while this COX–CGRP involvement is plausible, it was not directly
assessed in this study. Due to the enhanced anti-inflammatory activity exerted by the
nutraceutical combination [42], the patients consumed fewer analgesics and the syndrome
correlated with migraine during PMW was less severe in terms of nausea, vomiting, or
photophobia/phonophobia.

5. Conclusions and Limitations
The novelty of this study lies in demonstrating a symptom relief associated with a

targeted nutraceutical treatment; in fact, a short period of exposure to a mixture of PC and
PEA aimed at protecting the days most critical for the onset of migraine syndrome, with
double evidence: a release from pain and a reduced use of anti-inflammatory drugs.

Altogether the findings provide valuable insights and interesting observations, al-
though the study shows some merits and flaws. Monitoring the same women over time
strengthens the internal consistency of the study; however, the results should be considered
with caution in consideration of certain limitations. Indeed, the retrospective design, the
absence of a control group and the lack of assessment of the placebo effect limit the ability
to establish a clear causality, rendering the findings preliminary. In addition, the small
sample size (n = 61) and the stepwise reduction from the initial larger cohort may introduce
a risk of potential selection bias, and the included patients could represent a more stable
or treatment-responsive subgroup. A possible bias of baseline migraine variability was
taken into account in the statistical analysis, which supported data interpretation. Instead,
unmeasured parameters such as concurrent treatments and lifestyle factors were not taken
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into account in the confounder-adjusted analysis. In conclusion, the results of this study
suggest a potential benefit of the short-term prophylaxis with phycocyanin and PEA.
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