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ABSTRACT

Palmitoylethanolamide (PEA) has been pre-
scribed in neuropathic pain management for
over 20 years. This study aims to summarize
what has been published on the topic in the
last 15 years and determine the appropriate-
ness of the prescribing. It describes the phar-
macological aspect of PEA, especially focusing
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on its pharmacodynamics and pharmacokinet-
ics. Then, it deeply explores why PEA may be
useful in the pharmacological management of
both neuropathic and mixed pain. Finally, it
examines some innovative patent, which aims
to address obstacles encountered with conven-
tional PEA formulations, for its pharmacody-
namic characteristics. One of them (Equisetum-
PEA) seems promising. It partially ameliorates
the bioavailability and the targeted distribution.
It seems to introduce novel advancements that
can potentially enhance the therapeutic effec-
tiveness of PEA in terms of its anti-inflammatory,
antioxidant, and analgesic properties. The deep

G. Finco - S. Sardo (PX)

Department of Medical Sciences and Public Health,
Universita di Cagliari, 09042 Monserrato, Italy
e-mail: salvatore.sardo@unica.it

G. Finco
e-mail: gabriele.finco@unica.it

C. Corno
URGO Foundation, Chendve, France
e-mail: c.corno@it.urgo.com

D. Tiso

Department of Nutrition, “Villa Maria” Hospital,
Rimini, Italy

e-mail: dottortiso@gmail.com

A\ Adis


http://crossmark.crossref.org/dialog/?doi=10.1007/s40122-024-00685-4&domain=pdf
http://orcid.org/0000-0002-3822-2923
http://orcid.org/0000-0002-7671-4056
http://orcid.org/0000-0001-7664-8928
http://orcid.org/0000-0001-5001-3668
http://orcid.org/0000-0002-1219-9315
https://doi.org/10.1007/s40122-024-00685-4

82

Pain Ther (2025) 14:81-101

literature analysis aims to examine the poten-
tial advantages of PEA, in the context of several
pathological conditions that may benefit from
this molecule. It focuses on various published
data regarding the clinical efficacy of PEA in
managing neuropathic and mixed pain. Also, it
tries to understand if it can modernize the field
of therapy based on PEA, thus offering a better
treatment option for individuals with chronic
long-term inflammation, oxidative stress, and
neuropathic or mixed pain with a neuropathic
component. The study examines the possible
impact of PEA on personalized medicine strate-
gies and its potential for translation into clini-
cal practice. It analyses the possibilities that PEA
has in enhancing patient outcomes in a range of
central nervous system and inflammatory con-
ditions. A complete analysis of the therapeutic
potentialities of this product was missing. This
extensive narrative review makes a valuable con-
tribution to the ongoing comprehension of PEA
therapy. It establishes a foundation for further
exploration in research and potential uses in
clinical settings.

Keywords: Degenerative neuropathies;
Pain; Neuropathic pain; Mixed pain;
Palmitoylethanolamide  (PEA);  EquiPEA®;

Personalized medicine strategies

V. Schweiger

Department of Surgery, Dentistry, Maternal

and Infant Sciences, Pain Therapy Centre, Verona
University Hospital, Policlinico GB Rossi, Verona,
Italy

e-mail: vittorio.schweiger@univr.it

D. M. M. Fornasari

Department of Medical Biotechnology

and Translational Medicine, Universita degli Studi di
Milano, Milan, Italy

e-mail: diego.fornasari@unimi.it

A. Paladini

Department of Life, Health, and Environmental
Sciences, Universita degli Studi dell’Aquila, L'Aquila,
Italy

e-mail: antopaladini@gmail.com

Key Summary Points

Palmitoylethanolamide (PEA) is increasingly
acknowledged for its potential in chronic
neuropathic pain management. This review
highlights PEA’s anti-inflammatory and
analgesic properties, focusing on its role in
modulating the endocannabinoid system and
reducing neuroinflammation.

Key mechanisms include PEA’s interactions
with cannabinoid receptors and its neuropro-
tective effects on mast and glial cells, relevant
for both pain relief and neurodegenerative
diseases. The review also addresses challenges
with PEA’s gastrointestinal absorption and
discusses recent formulation advancements,
such as micronization and Eguisetum-PEA, to
enhance efficacy.

Furthermore, it examines PEA’s implications
for personalized medicine in chronic pain
and neuroinflammatory conditions, stressing
the need for further research to validate its
therapeutic potential. A review of 51 studies
over 15 years reinforces PEA’s emerging role
in neuropathic pain management and guides
future research in PEA-based therapies.

INTRODUCTION

Chronic neuropathic pain is a prevalent and
incapacitating illness that poses a significant
problem in the field of medical treatments,
impacting a substantial number of individuals
globally [1]. Based on recent figures provided by
the International Association for the Study of
Pain (IASP), it has been determined that neuro-
pathic pain affects roughly 7-10% of the global
population [2]. This prevalence accounts for
a significant proportion of chronic pain. The
phenomenon is observed across a wide range
of demographic categories, affecting individu-
als regardless of age, gender, or financial back-
ground. Neuropathic pain incurs a significant
economic burden, including direct health-
care expenditures, reduced productivity, and
the societal impact of impaired quality of life
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[3]. Consequently, there is an urgent need to
develop novel and well-tolerated therapeutic
interventions.

In the pursuit of efficacious and lasting reso-
lutions to this widespread health problem, pal-
mitoylethanolamide (PEA) has been suggested
as a therapeutic option [4]. The use of PEA as an
active drug in treating neuropathic pain may be
attributed to its unique mechanisms of action
and the accumulation of clinical evidence sup-
porting its efficacy [5]. The multidimensional
nature of its pain modulatory efficacy has
attracted attention, as it presents a divergence
from conventional analgesics that may exhibit
limited effectiveness and unwanted adverse reac-
tions [5].

Looking at the scientific literature, a compre-
hensive review on this drug is missing. Consid-
ering the context, this narrative review aims to
offer a thorough examination of the trajectory of
PEA, encompassing its initial discovery, elucida-
tion of its mechanisms of action, and its current
standing as a benchmark in managing chronic
neuropathic pain. We aim to contribute to the
continuing scholarly conversation surrounding
treatment approaches that mitigate the personal
distress experienced by patients and tackle the
broader societal and economic ramifications
associated with chronic pure neuropathic and/
or mixed pain.

METHODOLOGY

This study utilizes a thorough descriptive the-
matic analysis to understand the role of PEA
in managing chronic neuropathic pain. The
study’s approach places significant importance
on adhering to the Scale for Assessment of Nar-
rative Review Articles (SANRA) standard [6].

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

Eligibility Criteria

Accepted papers need to fall into the category of
peer-reviewed empirical or prospective studies.

Furthermore, the research topic needed to be
focused on PEA and its role in chronic neuro-
pathic pain management. The accepted types of
studies included original articles, reviews, case
series, case reports, or letters to the editor. For
all of them, the full text was requested.
Conversely, studies were excluded if they
failed to meet the criteria for the designated
topic, lacked adequate reporting of objectives
and conclusions, or did not provide full-text
access. These criteria were applied systematically
to ensure the selection of papers closely aligned
with the objectives and focus of the study.

Information Sources and Search

To ensure a complete literature study, the meth-
odology for information retrieval in the research
on “Palmitoylethanolamide Involvement
in Chronic Neuropathic Pain Management”
included a comprehensive search across multiple
databases. The search began with creating data-
bases and ended with the most recent update as
of 2010-2024. PubMed was one of the key data-
bases used in this search. The search strategy’s
Medical Subject Headings (MeSH) terms were
chosen to capture the substance of the inves-
tigation, with an emphasis on “Palmitoyletha-
nolamide,” “Chronic Neuropathic Pain,” and
related terms. The Boolean operators “AND”
and “OR” were used to refine and improve the
search’s specificity. The primary search term was
“Palmitoylethanolamide AND Chronic Neuro-
pathic Pain”. To encompass all relevant litera-
ture, this basic search phrase was expanded to
include synonymous terms, variants, and alter-
native formulations; e.g., the search query was
supplemented with phrases like “neuropathic
pain management” and “PEA treatment”. Sco-
pus, Embase, PsycINFO, Web of Science (WoS),
and Google Scholar were checked in addition
to PubMed to ensure a more extensive cover-
age. Each database’s search tactics were adjusted
to its unique features and indexing terms while
remaining consistent with the broader study
objective. References from identified publica-
tions and reviews were thoroughly examined to
uncover potential supplementary sources.
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Selection Process

The abstract and title screenings and full-text
assessments were performed against the qualify-
ing criteria by two independent authors (Chiara
Corno and Martina Rekatsina), following pilot
screenings with over 80% agreement, which
were monitored by the primary author (Gius-
tino Varrassi). Any disagreements were settled
through consensus or with the assistance of the
lead author.

Data Charting and Items

The study team created a coding scheme to
guide the extraction of formal data items. The
primary data extractor (Chiara Corno) was in
charge of obtaining elements such as publica-
tion type, sources, geographies addressed, and
the objectives and main findings of the selected
literature. Another author (Gabriele Finco) inde-
pendently checked 10% of the retrieved data
to guarantee accuracy and dependability. The
entire method, from extraction to synthesis,
followed the research team’s planned coding
structure and recommendations.

A flowchart was used to incorporate a visual
depiction of the article selection process within
the paper, providing readers with a clear picture
of the methodical approach to article inclusion
(Fig. 1). The independent extractions, includ-
ing formal data items and content quotations,
were paired following comparison and consist-
ency. This methodological rigor ensured the data
charting process’s dependability and accuracy in
clarifying the role of PEA in chronic neuropathic
and/or mixed pain management.

SYNTHESIS OF THE RESULTS
SIMPLE DESCRIPTIVE DATA

After the literature search, a comprehensive
examination resulted in the selection of 51
studies. This diverse collection of studies collec-
tively informs the exploration of PEA’s poten-
tial involvement in chronic neuropathic and/or

mixed pain management, offering a broad and
nuanced perspective on the multifaceted aspects
of this subject.

Quality Assessment Following SANRA
Assessment

The outcomes of the SANRA were documented
in Supplementary Table 1 (Supplementary Mate-
rial). All 156 assessments, comprising evalua-
tions from three raters across 51 manuscripts,
were included in the subsequent statistical
analysis. The mean cumulative score for all 51
manuscripts amounted to 6.28 points. Nota-
bly, the highest scores were assigned to item
1 (Justification of the article’s importance for
the readership) with a mean of 1.17, and item
2 (Statement of concrete aims or formulation
of questions) with a mean of 1.17. Conversely,
items 3, 4, 5, and 6 garnered the lowest scores,
exhibiting means of 0.92, 1.01, 0.96 and 1.05,
respectively.

EVOLUTION OF PEA: A HISTORICAL
ANALYSIS

Data on PEA, a fatty acid amide known for its
anti-inflammatory and analgesic effects, has
evolved significantly from its initial discovery
to its present recognition as a therapeutic com-
ponent for managing chronic neuropathic pain.
A comprehensive examination of the historical
development of PEA provides significant insights
into the scientific advancements, pivotal dis-
coveries, and transformative shifts in thinking
that have influenced its progression [7]. In Fig. 2
we have tried to summarize what has been sug-
gested to date.

Discovery and Early Investigations

The narrative of PEA commences during the
mid-twentieth century when researchers inves-
tigating the pharmacological characteristics of
egg yolk unexpectedly encountered this sub-
stance of natural origin [8]. Initially regarded
as a biochemical anomaly, the therapeutic
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Fig. 1 Flowchart of the literature screening

implications of PEA remained largely unex-
plored for a long time. The discovery of the
anti-inflammatory characteristics of PEA and
its role in modifying the endocannabinoid sys-
tem occurred in the late 1990s, as researchers
began to publish data related to its effects [9].
The preliminary inquiries established the foun-
dation for comprehending the anti-inflamma-
tory and analgesic actions of PEA, namely its
connections with cannabinoid receptors and
its function in alleviating neuroinflammation
[10-12].

Clinical Validation and Therapeutic
Potential

The progression from being a mere object of
scientific interest in the laboratory to being
utilized in clinical settings is a significant
milestone in its development. The efficacy of
PEA in various neuropathic pain syndromes
was validated by implementing clinical trials,
providing evidence of the analgesic properties
of PEA [11]. The researchers emphasized its
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safety and tolerability. Some also focused on
the effectiveness of PEA expanded beyond its
suggested generic application in treating neu-
ropathic pain and included a broader range of
disorders [12]. The growing body of evidence
spurred a reassessment of the therapeutic
potential of PEA, resulting in its acknowledg-
ment as an interesting active molecule in the
management of chronic neuropathic pain.

Mechanistic Insights and Neuroprotective
Dimensions

Research gradually unfolded the mechanisms of
action of PEA. Exploring PEA’s capacity to inter-
act with cannabinoid type 2 (CB2) and regulate
mast cell activation has emerged as a central
area of focus, revealing its intricate but specific
mechanism for modulating pain [12]. PEA inter-
action is not limited to CB2 but also addresses
CB1, in its antinociceptive action [13]. Moreo-
ver, research has offered valuable information
regarding the neuroprotective attributes of PEA
[14] (Fig. 3). These studies have elucidated its
potential to modulate mechanisms implicated
in neurodegenerative processes. This demon-
strated development broadened the scope of
PEA beyond the mere management of symp-
toms, suggesting its promise in addressing the
fundamental pathophysiological mechanisms
associated with persistent neuropathic pain [135].

Comparative Analysis and Progress in Pain
Management

One crucial element in the advancement of PEA
pertains to its comparison with conventional
therapy. Comparative investigations, suggest-
ing that PEA’s diverse modes of action provide
benefits, have yielded significant findings about
its relative effectiveness and safety about con-
ventional analgesics [16, 17]. The use of PEA in
pain management now extends beyond its direct
analgesic properties as it provides an option that
effectively balances efficacy and safety, which
is important in the progression of treatment
approaches in response to the opioid pandemic
[18].

Challenges and Future Directions

Although clinical data supports the therapeu-
tic usefulness of this molecule, it is necessary
to conduct additional comprehensive and well-
structured trials to solidify its significance. Fur-
ther investigation is needed to explore the ideal
dose regimens, potential interactions with other
drugs, and long-term consequences [19]. More-
over, a more comprehensive understanding of
the mechanisms underlying PEA could facilitate
the advancement of innovative formulations or
combination medicines to augment its therapeu-
tic efficacy [20].

Upon examining the historical trajectory of
PEA, it becomes clear that its development has
consistently advanced from being a molecule of
biochemical interest to a useful component in
managing chronic neuropathic pain [21]. The
significance of PEA in the developing field of
pain treatment is underscored by the success
achieved in exploiting its therapeutic potential.
Affording to the various obstacles and poten-
tial advantages that lay in the therapy path, the
ongoing development of PEA presents a progres-
sively unfolding narrative [22].

PHARMACODYNAMICS OF PEA:
UNRAVELING MOLECULAR AND
CELLULAR TARGETS

Comprehending the pharmacodynamics of PEA
necessitates a comprehensive examination of its
multifaceted interactions with many molecular
and cellular targets and the ensuing biological
mechanisms that form the basis of its therapeu-
tic efficacy [24]. A detailed examination would
elucidate the complex pathways by which PEA
atfects physiological processes, providing valu-
able insights into its potential applications.

Molecular Targets: Engaging the
Endocannabinoid System

The interaction between PEA and the endocan-
nabinoid system (ECS) is a key focus in the field
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of pharmacodynamics at present. However, the
role of PEA is controversial and still debated
since it binds to both CB1 and CB2 cannabinoid
receptors, with very low or negligible affinity,
suggesting possible indirect mechanisms [13,
25]. An ‘entourage hypothesis’, stating that the
effects of PEA are due to the enhancement of
the ECS, has also been proposed [25]. Indeed, it
has been shown that PEA is able to increase the
number of CB2 receptors on inflammatory cells
through a mechanism involving peroxisome
proliferator-activated receptor alpha (PPAR-a)
[25]. The expression of these receptors is highly
prevalent in immune cells and tissues closely
linked to inflammation, establishing a biologi-
cal basis for the anti-inflammatory effects of
PEA. Besides CB receptors, PEA exhibits molec-
ular versatility since it is able to interact with
other elements of the ECS, including the tran-
sient receptor potential vanilloid type-1 (TRPV1)
channels [23]. The complex interplay within the
ECS constitutes the fundamental basis of the
pharmacodynamics of PEA.

Cellular Targets: Modulating Mast Cells and
Glial Cells

The influence of PEA extends beyond the ECS to
include mast cells, which are significant contrib-
utors to the immunological and inflammatory
processes. PEA exerts its effects by stabilizing
the membranes of mast cells, thereby reducing
the release of proinflammatory mediators [24].
The effectiveness of PEA in controlling disorders
characterized by neuroinflammation, frequently
present in neuropathic pain, can be attributed to
its anti-inflammatory properties. Moreover, the
actions of PEA on glial cells, specifically micro-
glia and astrocytes in the central nervous system,
underscore its influence on neuroinflammatory
mechanisms [26]. The involvement of dysregu-
lated activation of glial cells has been identified
in chronic pain syndromes. The capacity of PEA
to control these cells highlights its potential to
address the neuroinflammatory aspect of neu-
ropathic pain. Using these cellular interactions,
PEA coordinates a complex response beyond
simply alleviating symptoms [24].

Biological Functions: Anti-Inflammatory and
Analgesic Actions

As mentioned above, the anti-inflammatory
effects of PEA have also been associated with
PPAR-a activation [24]. PPAR-a is well known
for its role in lipid metabolism. It regulates
transcriptional programs responsible for the
development of inflammation through mecha-
nisms directly related to the proinflammatory
transcription factors, NF-xBand AP1. Pharmaco-
logical studies have demonstrated that PPAR-a
agonists are efficacious in rodent models of
inflammatory and autoimmune diseases, and a
neuropathic pain model in which the PPAR-a
has been genetically deleted showed a loss of
PEA effectiveness, thus suggesting that PEA may
act as PPAR-a agonist [24].

As already shown, the molecular and cellu-
lar interactions of PEA result in a range of bio-
logical functions, primarily characterized by its
anti-inflammatory and analgesic properties. PEA
exerts a significant anti-inflammatory effect by
suppressing immunological responses and inhib-
iting the release of inflammatory mediators
[27]. The aforementioned anti-inflammatory
characteristics are especially relevant in cases of
chronic pain, as neuroinflammation plays a role
in the persistence of pain signals. The analgesic
benefits of PEA are derived from its ability to
modulate pain pathways at several levels [27].
Its analgesic efficacy is further enhanced by its
ability to attenuate neuroinflammation through
its activities on glial and mast cells. Using an
integrated approach in pain modulation high-
lights the potential of PEA as a viable therapeu-
tic agent that specifically targets the molecular
mechanisms associated with chronic neuro-
pathic pain [28].

Beyond Pain Management: Neuroprotective
and Homeostatic Roles

Although PEA was originally investigated for
its effectiveness in pain management, its phar-
macodynamics suggest that it may have wider
neuroprotective and homeostatic functions.
According to existing literature, PEA may have
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a role in maintaining neuronal integrity and
function [29]. Through its intervention in neu-
roinflammatory processes and potential influ-
ence on neurotrophic factors, the activities of
PEA extend beyond mere symptom control to
effectively address the fundamental patho-
physiology of neurodegenerative diseases. Fur-
thermore, the impact of PEA on homeostasis
encompasses metabolic processes, as evidenced
by research suggesting its possible involvement
in lipid metabolism and energy regulation [30].
This observation implies a wider-reaching sys-
temic influence, which presents opportunities
for investigating the potential applications of
PEA in metabolic illnesses and situations when
maintaining physiological balance is of utmost
importance [31].

Although the pharmacodynamics of PEA
show promise, obstacles still need to be
addressed. Therefore, further research is required
to enhance our comprehension and improve
treatment results, especially on the intimate
molecular mechanisms of receptors involved in
pain perception. Careful consideration is nec-
essary when evaluating the appropriate dose
regimens, potential interactions with other
drugs, and the impact of specific patient char-
acteristics on the pharmacological response to
PEA [25]. Potential avenues for future research
involve exploring the molecular complexities
of the interactions of PEA within distinct cel-
lular populations, and with other drugs, thereby
elucidating more refined mechanisms of its bio-
logical activity. Furthermore, exploring potential
synergistic effects with other therapeutic agents
can augment the overall effectiveness of inter-
ventions based on PEA [32].

PEA PHARMACOKINETICS:
EVOLVING APPROACHES TO
ENHANCE ABSORPTION AND
BIOAVAILABILITY

The investigation and analysis of the pharma-
cokinetics of PEA have garnered much attention
and examination, particularly about its adminis-
tration via the oral route [33]. The effectiveness

of PEA relies on its absorption and bioavail-
ability due to its inherent features as a natu-
rally occurring fatty acid amide [34]. Over time,
researchers have encountered several obstacles
in their efforts to maximize these essential ele-
ments to achieve the most favorable treatment
results [32]. The investigation into the evolu-
tionary patterns of the pharmacokinetics of PEA
provides insights into the novel approaches uti-
lized to address challenges related to absorption,
helping to improve the amount of drug available
in the systemic circulation.

The Challenge of Absorption

The investigation into the pharmacokinetics
of PEA commenced upon the realization that
its absorption was a notable obstacle. Due to
its lipophilic nature, there are challenges in
terms of solubility and subsequent absorption
throughout the gastrointestinal tract [33]. The
initial efforts to administer the drug orally were
impeded by inadequate absorption rates, which
directly affected the drug’s bioavailability and,
consequently, its therapeutic effectiveness.

Evolution of Formulations

To tackle the absorption issue, researchers cre-
ated formulations that could augment the sol-
ubility and bioavailability of PEA. Over time,
various techniques have been utilized, and the
development of micronized PEA has emerged as
a significant breakthrough [35]. The microni-
zation and ultra-micronization process entails
reducing particle size to increase the exposed
surface area and boost solubility [30]. The uti-
lization of micronized and ultra-micronized
PEA (PEA-m and PEA-um) formulations, as it
is in several products present on the market,
has demonstrated enhanced absorption, hence
allowing its necessary systemic circulation after
oral ingestion [35].

Liposomal formulations have emerged as a
viable route in advancing the pharmacokinet-
ics of PEA. Liposomes are lipid-derived vesicles
that serve as carriers for the encapsulation of
PEA, potentially enhancing its solubility and
safeguarding it from destruction [36]. These
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formulations aim to improve absorption and
extend the compound’s duration in the blood-
stream, maximizing its therapeutic efficacy.

Nanotechnology and PEA Delivery

Absorption is not the only factor determining a
drug’s bioavailability [32]. Several other aspects
have an impact, including metabolism and
excretion. This highlights the need to acquire a
complete understanding of the pharmacokinetic
profile of PEA.

The field of nanotechnology has witnessed
significant progress in recent times, leading to
a surge in innovation in the delivery of PEA.
Nanoparticle-based formulations, such as nanoe-
mulsions and polymeric nanoparticles, possess
distinct advantages in drug encapsulation and
targeted delivery [37]. The utilization of nano-
technology in delivering PEA is evidence of the
continuous endeavors to optimize its pharma-
cokinetic characteristics, hence augmenting
its therapeutic efficacy. Its primary objective
is to enhance the solubility and stability of
PEA, potentially addressing certain obstacles
commonly encountered with conventional
formulations.

Combination with Substances Promoting
Absorption

Equisetum arvense L.

Extracts of Equisetum arvense are well known for
their anti-inflammatory properties [38] and also
for topical application [39]. They may be used
to increase the absorption of other drugs [40].
For these reasons, PEA has been combined with
Equisetum arvense in a new oral formulation and
branded as EquiPEA® (Equisetum-PEA) [41].

Equisetum-PEA

The Equisetum-PEA patent strategically tack-
les the bioavailability limitations inherent in
previous PEA formulations. This drug aims to
improve absorption and therapeutic efficacy
by offering significant innovations in formu-
lation design [41]. Transepithelial electrical

resistance (TEER), apparent permeability coeffi-
cient (Papp) values and tight junction (TJ) activ-
ity were evaluated to document the absorption
of Equisetum-PEA. The results revealed that it
has a better absorption profile than PEA-um
because it can cross the transcellular pathway
(enterocyte) and the paracellular pathway (1J).
This is important considering that the intestinal
absorption phase is closely related to the tran-
sit in the small intestine, which is usually 6 h,
confirming an improvement in bioavailability
and suggesting a synergistic effect of the com-
bination of PEA and Equisetum arvense (Fig. 4).
The focused delivery mechanism of Equisetum-
PEA overcomes some limitations associated with
PEA dispersion throughout the body, allowing
for targeted transport to specific tissues and
cells [41]. Its interaction with receptors impli-
cated in anti-inflammatory, antioxidant, and
analgesic pathways is improved by this method
to increase the bioavailability, hence improving
therapeutic accuracy [41]. The patent also under-
lines the critical variables of action stability and
persistence. The drug appears to provide a more
dependable and long-lasting therapeutic option
than standard PEA formulations [41].

A human pharmacokinetic study, designed by
the author Gabriele Finco, is underway to rep-
licate the model-based study of Equisetum-PEA
absorption findings.

Equisetum-PEA vs. PEA-um

Improved bioavailability and customized admin-
istration strategy of Equisetum-PEA lead to its
significant anti-inflammatory effect, specifically
targeting immune cells and modulating inflam-
matory pathways [41]. The future clinical com-
parison with PEA-um will determine whether the
new drug has greater anti-inflammatory charac-
teristics, potentially offering breakthroughs in
treating chronic inflammation-related disorders
[42]; also, if it results in greater antioxidant ben-
efits, which is especially important in neurologi-
cal and neurodegenerative illnesses where oxida-
tive stress plays a key role [43]. While scalability,
cost-effectiveness, and future clinical validation
are significant roadblocks, the comparative
study with PEA-um will give critical insights into
its efficacy. Equisetum-PEA, if proven superior,
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could change PEA-based therapeutics by provid-
ing a potent and precise alternative for patients
suffering from inflammation, oxidative stress
consequences, and chronic pain.

Clinical Implications and Patient Outcomes

For patients affected by chronic neuropathic or
mixed pain, the optimization of the pharma-
cokinetics of PEA has a crucial role in attaining
enduring pain relief and enhancing the overall
quality of life. When clinicians are managing
PEA therapy, they must consider not only the
prescribed dosage schedules but also the particu-
lar formulation utilized [42]. Enhanced absorp-
tion and bioavailability of formulations can lead
to increased predictability and effectiveness of
therapeutic effects [41]. The selection of a spe-
cific formulation can substantially impact the
initiation and duration of therapeutic effects,
which are crucial considerations in customizing
treatment strategies to meet the unique require-
ments of each patient [44].

The dynamic nature of the pharmacokinet-
ics of PEA is closely intertwined with regulatory
factors. As innovative formulations and delivery
systems continue to emerge, regulatory agencies
should modify their evaluation processes specifi-
cally to assess these advancements’ safety and
efficacy [45]. Moving forward, it is anticipated
that there will be more breakthroughs in the
pharmacokinetics of PEA driven by progress in
pharmaceutical technology and a more com-
prehensive comprehension of the compound’s
physiological interactions [46]. The utilization
of combination medicines that exploit the syn-
ergistic effects between PEA and other drugs
presents promising opportunities for improv-
ing therapeutic outcomes while simultaneously
reducing adverse effects [47]. For instance, the
combined administration of PEA and non-ste-
roidal anti-inflammatory drugs (NSAIDs) can
result in heightened pain alleviation, indicat-
ing a possible synergistic interplay for improved
pain control, as shown in this clinical study [48].

Subsequent investigations could focus on
optimizing the delivery of PEA, encompass-
ing not just its oral administration but also
alternative routes, including transdermal and

intravenous delivery, thereby investigating more
possibilities for its effective administration [49].
It is imperative to comprehend the influence
of various formulations on the pharmacokinet-
ics of PEA in heterogeneous patient cohorts,
encompassing individuals with comorbidities or
differing degrees of inflammation. This knowl-
edge would be pivotal in customizing therapeu-
tic strategies.

NEUROPATHIC PAIN

Peripheral Neuropathic Pain

Peripheral neuropathic pain results, in general,
from peripheral nerve injury that causes abnor-
mal signaling and increased sensitivity. PEA’s
therapeutic efficacy in treating peripheral neu-
ropathic pain is mainly attributed to its capacity
to regulate immune responses, reduce neuroin-
flammation, and interact with crucial molecu-
lar targets [50]. PEA demonstrates significant
anti-inflammatory properties, fundamental in
peripheral neuropathic pain, where inflamma-
tion plays a central role [16]. Through its inter-
action with mast cells, PEA can stabilize cellular
membranes and effectively suppress the produc-
tion of proinflammatory mediators. The anti-
inflammatory mechanism of action facilitates
the resolution of neuroinflammatory processes,
hence mitigating hypersensitivity to pain [51].
The immunomodulatory characteristics of PEA
have a broader impact on other immune cells
and mast cells. The engagement of PEA with CB2
receptors on immune cells plays a crucial role
in regulating the immune response, effectively
maintaining a balanced inflammatory environ-
ment [52]. The management of immunologi-
cal dysregulation is of particular significance in
disorders such as diabetic neuropathy and post-
herpetic neuralgia. An animal model of oxalipl-
atin-induced neuropathy has demonstrated that
PEA may be highly effective in treating this side
effect of antiblastic drugs [53]. Indeed, PEA can
increase the antioxidant defense reducing oxida-
tive stress, a characteristic feature of oxaliplatin
neurotoxicity strongly related to pain. Moreover,
the activation of PPAR-a has a pivotal role in
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PEA-mediated pain relief and PEA modulation
of microglial cells [53]. In experimental models
of osteoarthritic pain, PEA has shown significant
activity on immune cells, playing a role in regu-
lating pain signaling and maintaining immuno-
logical balance [54].

Central Neuropathic Pain: Navigating the
Neural Landscape

Central neuropathic pain (CNP) is closely linked
to peripheral neuropathic pain, as both disorders
are characterized by abnormal communication
in the nervous system [50]. PEA, known for its
ability to protect the nervous system and reduce
inflammation, is a possible treatment option.
Research indicates that controlling neuroinflam-
mation by PEA may help alleviate peripheral
neuropathic pain and reduce central sensitiza-
tion in chronic neuropathic pain [16]. PEA’s dual
action makes it a good option for total relief of
neuropathic pain by targeting interconnected
pathways in the central and peripheral nervous
systems [50]. CNP, which originates from injury
within the neurosensorial system, poses unique
difficulties. The therapeutic efficacy of PEA in
significant neuropathic pain is distinguished
by its impact on glial cells, neuroinflammatory
mechanisms, and the modulation of pain path-
ways within the central nervous system (CNS)
[55]. The therapeutic effectiveness of PEA in cen-
tral neuropathic pain and other CNS disorders
is significantly influenced by its effects on glial
cells, particularly microglia and astrocytes [14,
44]. The maintenance of chronic pain states is
associated with dysregulated activation of glial
cells [50]. The capacity of PEA to decrease the
activation of glial cells mitigates neuroinflam-
mation, disrupting the process of central sensiti-
zation and offering therapeutic benefits in situa-
tions like spinal cord injury or multiple sclerosis
[56].

In addition to its immediate analgesic ben-
efits, PEA demonstrates neuroprotective qualities
relevant to the central neuropathic pain frame-
work. Research findings indicate that PEA may
promote the survival and proper functioning of
neurons, potentially alleviating the neurodegen-
erative effects commonly observed in chronic

pain situations within the central nervous sys-
tem [51]. The modulation of pain pathways
inside the CNS by PEA entails interactions with
different mechanisms, including TRPV1 chan-
nels. PEA has a role in the modulation of pain
signals by affecting the activity of TRPV1 [52].
This mechanism of action provides relief in situ-
ations where nociceptive input is amplified due
to central sensitization.

Clinical Evidence: From Bench to Bedside

The therapeutic potential of PEA in treating
both peripheral and central neuropathic pain is
supported by an expanding body of clinical evi-
dence. Many experiments and studies have been
conducted to examine the effectiveness of PEA
in various neuropathic pain syndromes, yield-
ing valuable insights into its clinical applicabil-
ity [52]. The efficacy of PEA in the management
of diabetic neuropathy, which is a prevalent
form of peripheral neuropathy, has been sug-
gested [32]. This publication has documented
positive outcomes in terms of pain scores, nerve
function, and quality of life among persons with
diabetic neuropathy who received supplementa-
tion with PEA [32].

The capacity of PEA to alleviate pain hyper-
sensitivity and inflammation related to nerve
injury has been emphasized in preclinical
investigations [57]. Within the domain of cen-
tral neuropathic pain, specifically in disorders
such as multiple sclerosis (MS), PEA has demon-
strated potential. Improvements in pain scores
and quality of life among individuals with MS
who were administered PEA supplementation
have been reported [3, 58]. These findings indi-
cate the possibility of PEA as a supplementary
treatment for peripheral and central neuropathic
pain linked to neurological illnesses.

NEUROINFLAMMATION AND PEA:
A COMMON THREAD

PEA has been identified as a versatile drug with
potential therapeutic efficacy in various CNS
disorders consequent to neuroinflammation
[14, 44]. The multiple modes of action exhibited
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by PEA render it an intriguing contender for
addressing a range of illnesses that impact the
CNS [59]. We will try to examine the scientific
underpinnings and clinical substantiation of
the involvement of PEA in each of these central
nervous system disorders.

Neuroinflammation is prevalent in numer-
ous neurological illnesses. It assumes a crucial
part in the development and advancement of
various conditions, including dementia, Parkin-
son’s disease, Alzheimer’s disease, amyotrophic
lateral sclerosis (ALS), and multiple sclerosis [59].
PEA, with its ability to regulate immunologi-
cal responses and mitigate neuroinflammatory
processes, may contribute to the reduction of
neuroinflammation.

Dementia

Dementia represents a substantial worldwide
health concern due to its manifestation of cog-
nitive deterioration and memory impairment.
The involvement of neuroinflammation has
been identified in the advancement of different
types of dementia [5, 60]. A clinical study has
suggested that supplementing of PEA could pro-
vide advantages in the context of disorders con-
nected to dementia [60]. This research has docu-
mented enhancements in cognitive performance
and a decrease in neuroinflammation among
persons diagnosed with vascular dementia and
Alzheimer’s disease. Further studies would be
very helpful.

Alzheimer’s Disease

Alzheimer’s disease is intricately associated with
neuroinflammation, defined by forming beta-
amyloid plaques and neurofibrillary tangles
[61]. The potential of PEA to modify inflamma-
tion and perhaps interfere in neurodegenerative
processes has garnered significant interest in the
field of Alzheimer’s research. The clinical data is
still limited, but recent research indicates that
PEA might play a role in safeguarding neuronal
integrity and cognitive function in Alzheimer’s
disease [61]. Additional investigation is neces-
sary to fully comprehend the extent of PEA’s
potential in Alzheimer’s treatments.

Parkinson’s Disease

Parkinson’s disease is a neurodegenerative
disorder that is characterized by the progres-
sive loss of dopaminergic neurons [22]. The
pathophysiology of this illness involves neu-
roinflammatory processes, which have a role in
the development and manifestation of motor
symptoms [22]. PEA would be a promising can-
didate for supplementary therapy in the treat-
ment of Parkinson’s disease. Studies suggest
that PEA may demonstrate neuroprotective
properties in experimental models of Parkin-
son’s disease [62, 63]. While clinical research
in this particular domain is still developing,
preclinical findings indicate potential in target-
ing neuroinflammatory mechanisms linked to
Parkinson'’s disease.

Amyotrophic Lateral Sclerosis

Amyotrophic lateral sclerosis (ALS) is associ-
ated with neuroinflammation, which is recog-
nized as a contributing factor [64]. PEA may
have potential opportunities for addressing the
inflammatory environment linked to ALS [63].
The investigation of PEA’s involvement in ALS
within clinical studies is currently constrained,
while studies indicate that PEA might demon-
strate neuroprotective properties in ALS models
[64]. Research conducted on human populations
is essential for determining the possible clinical
usefulness in ALS patients.

Multiple Sclerosis

Multiple sclerosis (MS), an autoimmune demy-
elinating illness, is characterized by the presence
of neuroinflammation as a prominent aspect.
PEA might be a compelling option for treating
neuroinflammation in MS [65]. The findings of
previous investigations indicate that PEA could
serve as a therapeutic intervention for MS [66].
These studies propose that PEA exhibits advanta-
geous effects by diminishing neuroinflammation
and safeguarding neurological function. Clinical
investigation is needed to achieve a thorough
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comprehension of the role of PEA in the man-
agement of MS.

PEA has demonstrated in animal experiments
its versatility and potential in effectively address-
ing a range of CNS diseases. The compound’s
ability to reduce inflammation, protect neu-
rons, and modulate the immune system makes
it a potential option for regulating the complex
mechanisms involved in neurodegenerative and
inflammatory conditions [67]. Although the
clinical landscape is still evolving, the available
preclinical evidence and initial clinical observa-
tions indicate that PEA shows the potential to
enhance outcomes for individuals affected by
illnesses such as dementia, Parkinson’s disease,
Alzheimer’s disease, ALS, and MS [68]. The com-
prehensive investigation, examination of inno-
vative compositions, and enhanced comprehen-
sion of individual patient variables are crucial in
tully harnessing the therapeutic capabilities of
PEA in the wide range of CNS disorders [69, 70].

CONCLUSIONS

In conclusion, PEA is a natural compound that
has been extensively studied as a supplemen-
tary pharmacological therapy for various clinical
conditions. It has shown significant anti-inflam-
matory and neuroprotective properties. To the
best of our knowledge, this is the most extensive
narrative review on the molecule.
Equisetum-PEA, recently introduced in the
market, might represent an advancement in
tackling key obstacles related to the pharma-
cokinetics of conventional PEA formulations, it
has enhanced bioavailability, therefore improv-
ing the efficacy of PEA therapy as an anti-
inflammatory, antioxidant, and analgesic, also
reducing concerns related to targeted delivery
and stability. However, direct comparative clin-
ical evaluations with PEA-um and other phazr-
maceutical preparations of PEA are necessary
to understand the level of innovation brought
into the field of PEA-based medicines. At the
moment, this novel compound seems to rep-
resent an effective therapeutical opportunity

for patients suffering from illnesses defined by
chronic inflammation, oxidative stress, and
pain. It exhibits considerable translational
potential in personalized medicine, offering
promising prospects for implementing tailored
techniques in PEA therapy. This aligns with the
ongoing paradigm shift towards personalized
medicine. Any PEA-based product capable of
increasing intestinal absorption and, therefore,
improving its pharmacokinetics would increase
the clinical usefulness of PEA therapy across a
range of central nervous system and inflamma-
tory illnesses. The data present in the literature
at the moment represent a promising route for
further investigation.
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