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Abstract: Palmitoylethanolamide (PEA) has been prescribed for neuropathic pain for several years.
This study is mainly addressed to summarize what has been published on the topic in the last
decades, and how appropriate the numerous prescriptions are. Among others, it examines the
innovative EquiPEA® patent, which aims to address obstacles encountered with conventional PEA
formulations. EquiPEA® seems to partially ameliorate the bioavailability and the targeted
distribution. It seems to introduce novel advancements that have the potential to enhance the
therapeutic effectiveness of PEA in terms of its anti-inflammatory, antioxidant, and analgesic
properties. The deep literature analysis aims to examine the potential advantages of this innovative
formulation, in the context of several pathological conditions that may benefit from this molecule.
In particular, it investigates the potential enhanced bioavailability and targeted delivery system of
EquiPEA®. 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 long-term inflammation, oxidative stress, and
neuropathic or mixed pain with a neuropathic component. The study examines the possible impact
of EquiPEA® on personalized medicine strategies and its potential for translation into clinical
practice. It analyses the possibilities that EQuiPEA® has in enhancing patient outcomes in a range of
central nervous system and inflammatory conditions. This narrative review makes a valuable
contribution 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

Key Points

e  Palmitoylethanolamide (PEA) is largely prescribed in neuropathic pain patients
e  Data on its clinical use have never been extensively reviewed
e  This review aims to analyze existing data on the site of action, pharmacodynamics, and

pharmacokinetics, on the occasion of the introduction into the market of a new formulation,
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EquiPEA®, which is suggested as an innovative potentiality to solve some of the

pharmacokinetics existing problems.

1. 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 neuropathic pain affects roughly 7-10% of the global population [2]. This
prevalence leads to a significant proportion of chronic pain instances. Most of this phenomenon is
observed across a wide range of demographic categories, affecting individuals regardless of age,
gender, or financial background. Neuropathic pain incurs a significant economic burden, including
direct healthcare expenditures, reduced productivity, and the societal impact of impaired quality of
life [3]. Consequently, there is an urgent need to develop novel and well-tolerated therapeutic
interventions.

In the pursuit of efficacious and lasting resolutions to this widespread health problem,
Palmitoylethanolamide (PEA) has been suggested as a notable contender [4]. The ascent of PEA as
an active molecule in treating neuropathic pain may be attributed to its unique mechanisms of action
and the accumulation of clinical evidence supporting its efficacy [5]. The multidimensional nature of
its pain modulation efficacy has attracted attention, presenting a divergence from conventional
analgesics that may exhibit limited effectiveness and unwanted adverse reactions.

Looking at the scientific literature, a comprehensive review of this molecule is missing. In light
of this context, this narrative review aims to offer a thorough examination of the trajectory of PEA,
encompassing its initial discovery, elucidation of its mechanisms of action, and its current standing
as a benchmark in managing chronic neuropathic pain. By engaging in this endeavor, 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.

2. Methodology

This study utilizes a thorough descriptive thematic 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 Narrative Review Articles (SANRA) standard [6].

2.1. Eligibility Criteria

Accepted papers need to fall into the category of peer-reviewed empirical or prospective papers.
Furthermore, the study topic needed to be focused on PEA and its role in chronic neuropathic 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 relevance criteria to 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.

2.2. Information Sources and Search

To ensure a complete literature study, the methodology for information retrieval in the research
on "Palmitoylethanolamide (PEA) Involvement in Chronic Neuropathic Pain Management" included
a comprehensive search across multiple databases. The search began with creating databases and
ended with the most recent update as of 2010-2023. PubMed was one of the key databases used in
this search. The search strategy's Medical Subject Headings (MeSH) terms were chosen to capture the
substance of the investigation, with an emphasis on "Palmitoylethanolamide,” "Chronic Neuropathic
Pain," and related terms. The Boolean operators "AND" and "OR" were used to refine and improve
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the search's specificity. The primary search term was "Palmitoylethanolamide AND Chronic
Neuropathic Pain". To encompass all relevant literature, this basic search phrase was expanded to
include synonymous terms, variants, and alternative formulations; e.g., the search query was
supplemented with phrases like "neuropathic pain management" and "PEA treatment". Scopus,
Embase, PsycINFO, and Web of Science were checked in addition to PubMed to ensure a more
extensive coverage. 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
publications and reviews were thoroughly examined to uncover potential supplementary sources.

2.3. Selection Process

The abstract and title screenings and full-text assessments were performed against the qualifying
criteria by two independent authors (CC and DEF), following pilot screenings with over 80%
agreement, which were monitored by the primary author (GV). Any disagreements were settled
through consensus or with the assistance of the lead author.

2.4. Data Charting and Items

The study team created a coding scheme to guide the extraction of formal data items. The
primary data extractor (CC) was in charge of obtaining elements such as publication type, sources,
geographies addressed, and the objectives and main findings of the selected literature. Another
author (GF) independently checked 5% 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 (Figure
1). The independent extractions, including formal data items and content quotations, were paired
following comparison and consistency. This methodological rigor ensured the data charting process's
dependability and accuracy in clarifying the role of PEA in chronic neuropathic pain management.
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Figure 1. Flowchart of selected manuscript.

3. 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 collectively informs the exploration of PEA's potential involvement
in chronic neuropathic pain management, offering a broad and nuanced perspective on the
multifaceted aspects of this subject.

3.1. Quality Assessment Following SANRA Assessment

The outcomes of the SANRA were documented in Table S1 (Supplementary Material). All 156
assessments, comprising evaluations 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. Notably, 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.

4. Evolution of PEA: A historical analysis

PEA, a fatty acid amide known for its anti-inflammatory and analgesic effects, has significantly
evolved from its initial discovery to its present recognition as a therapeutic component for managing
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chronic neuropathic pain. A comprehensive examination of the historical development of PEA
provides significant insights into the scientific advancements, pivotal discoveries, and transformative
shifts in thinking that have influenced its progression throughout its existence [7]. In Figure 2 we
have tried to summarize what has been suggested until now about its effects. The following
paragraphs provide a basis for comprehending the improvements achieved in utilizing the
therapeutic capabilities of PEA.
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Figure 2. Anti-inflammatory actions of PEA on neurological structures.

4.1. Discovery and Early Investigations

The narrative of PEA commences during the mid-20th century when researchers investigating
the pharmacological characteristics of egg yolk unexpectedly encountered this substance of natural
origin [8]. Initially regarded as a biochemical anomaly, the therapeutic implications of PEA remained
largely unexplored for a long time. The discovery of the anti-inflammatory characteristics of PEA and
its role in modifying the endocannabinoid system occurred in the late 1990s, as researchers began to
publish data related to its effects [9]. The preliminary inquiries established the foundation for
comprehending the anti-inflammatory and analgesic actions of PEA, namely its connections with
cannabinoid receptors and its function in alleviating neuroinflammation [10-12]

4.2. 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 developing PEA. 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 safety and tolerability. Some also
focused on the effectiveness of PEA expanded beyond its suggested generic application in treating
neuropathic 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 acknowledgment as an
interesting active molecule in the management of chronic neuropathic pain.
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4.3. Mechanistic Insights and Neuroprotective Dimensions

Deeper research gradually unfolded the mechanisms of action of PEA. Exploring PEA's capacity
to interact 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 interaction
is not limited to CB2 but also addresses the CB1, in its antinociceptive action [13]. Moreover, research
has offered valuable information regarding the neuroprotective attributes of PEA [14] (Figure 3).
These studies have elucidated its potential to modulate mechanisms implicated in neurodegenerative
processes. This demonstrated development broadened the scope of PEA beyond the mere
management of symptoms, suggesting its promise in addressing the fundamental pathophysiological
mechanisms associated with persistent neuropathic pain [15].

— — Cellular and molecular target

& Microglia

A Mast Cell © Pir
v 3 oo
r Subst: P ( i
Wm ubstance Y gk @ Degranulation
fenotipo % Histamine
M2 =
l Q@ (B2 Presynaptic
I~ Neuron
,' ke INi»uIl?ﬂ‘ © 246 g
g2 1 0
‘~ ST 9 A Increase e \.
~o e Neuroinflammation /\ "@ e
- ey
\_ _J % c81 | & o6

NG )
. . - g \ °
Microglia > . Mast Cell Presynaptic o.ﬁ“‘ el \F.A.AH
o i

Neuron

Vanilloid receptors
(I;E

INFLAMMATION 026 Plasma X
4 Mast cell activation @ AeA membrane
+ INOS expression AA+Etanolammina S

+ COX-2 expression
+ Neutrophil influx AA+ Glicerolo

ANALGESIA 1000000 ceess

+ Acute pain

+ Inflammatory pain UUU[[]U B2
+ Neuropathic pain ° .,
J000000 eeve NUCLEUS

Nucleus

Figure 3. Multi-modalities of PEA actions for its neuroprotective effects.

4.4. Comparative Analysis and Progress in Pain Management

One crucial element in the advancement of PEA pertains to its comparison with conventional
therapy. Comparative investigations, suggesting that PEA’s diverse modes of action provide benefits,
have yielded significant findings about its relative effectiveness and safety about conventional
analgesics [16,17]. The advancements in pain management by utilizing PEA extend beyond its direct
analgesic properties [18]. The importance of PEA in providing an option that effectively balances
efficacy and safety is indicative of the progression of treatment approaches in response to the opioid
pandemic [18].

4.5. Challenges and Future Directions

Although clinical data supports the therapeutic usefulness of this molecule, it is necessary to
conduct additional comprehensive and well-structured trials to solidify its significance. Further
investigation is needed to explore the ideal dose regimens, potential interactions with other drugs,
and long-term consequences [19]. Moreover, a more comprehensive understanding of the
mechanisms underlying PEA could facilitate the advancement of innovative formulations or
combination medicines to augment its therapeutic 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
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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 potential advantages that lay in the therapy path, the ongoing development
of PEA presents a progressively unfolding narrative [22].

5. Pharmacodynamics of PEA: Unraveling Molecular and Cellular Targets

PEA has attracted considerable interest due to its diverse pharmacological effects, notably in
treating chronic neuropathic pain [23]. 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 therapeutic efficacy [24]. A
detailed examination would elucidate the complex pathways by which PEA affects physiological
processes, providing valuable insights into its potential applications.

5.1. Molecular Targets: Engaging the Endocannabinoid System

The interaction between PEA and the endocannabinoid system (ECS) is a key focus in the field
of pharmacodynamics at present. However, the role of PEA is controversial and still debated since it
binds to 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
enhancement of the ECS, has been also proposed. 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 biological
basis for the anti-inflammatory effects of PEA. Besides CB receptors, PEA exhibits molecular
versatility since it is able to interact with other elements of the ECS, including the transient receptor
potential vanilloid type-1 (TRPV1) channels [23]. The complex interplay within the ECS constitutes
the fundamental basis of the pharmacodynamics of PEA.

5.2. Cellular targets: Modulating Mast Cells and Glial Cells

The influence of PEA extends beyond the ECS to include mast cells, which are significant
contributors to the immunological and inflammatory processes. PEA exerts its effects by stabilizing
the membranes of mast cells, thereby reducing the release of pro-inflammatory mediators [24]. The
effectiveness of PEA in controlling disorders characterized by neuroinflammation, such as
neuropathic pain, can be attributed to its anti-inflammatory properties. Moreover, the actions of PEA
on glial cells, specifically microglia and astrocytes in the central nervous system, underscore its
influence on neuroinflammatory mechanisms [26]. The involvement of dysregulated 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 neuropathic pain. Using these
cellular interactions, PEA coordinates a complex response beyond simply alleviating symptoms [24].

5.3. Biological Functions: Anti-Inflammatory and Analgesic Actions

As mentioned above, the anti-inflammatory effects of PEA have been also associated with PPAR-
a activation [24]. PPAR-« is well known for its role in lipid metabolism. It regulates transcriptional
programs responsible for the development of inflammation through mechanisms directly related to
the proinflammatory transcription factors, NF-kBand AP1. Pharmacological 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 cellular interactions of PEA result in a range of biological
functions, primarily characterized by its anti-inflammatory and analgesic properties. PEA exerts a
significant anti-inflammatory effect by suppressing immunological responses and inhibiting the
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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 highlights the potential of PEA as a viable therapeutic agent that specifically targets
the molecular mechanisms associated with chronic neuropathic pain [28].

5.4. Beyond Pain Management: Neuroprotective and Homeostatic Roles

Although PEA is mainly appreciated for its effectiveness in pain management, its
pharmacodynamics suggest that it may have wider neuroprotective and homeostatic functions.
According to existing literature, PEA may have a role in maintaining neuronal integrity and function
[29]. Through its intervention in neuroinflammatory processes and potential influence on
neurotrophic factors, the activities of PEA extend beyond mere symptom control to effectively
address the fundamental pathophysiology of neurodegenerative diseases. Furthermore, 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 systemic 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 necessary when evaluating the appropriate dose regimens, potential interactions
with other drugs, and the impact of specific patient characteristics on the pharmacological response
to PEA [25]. Potential avenues for future research involve exploring the molecular complexities of
the interactions of PEA within distinct cellular populations, thereby elucidating more refined
mechanisms of its biological activity. Furthermore, exploring potential synergistic effects with other
therapeutic agents can augment the overall effectiveness of interventions based on PEA [32].

6. PEA Pharmacokinetics: Evolving Approaches to Enhance Absorption and Bioavailability

The investigation and analysis of the pharmacokinetics of PEA have garnered much attention
and examination, particularly about its administration via the oral route [33]. The effectiveness of
PEA relies on its absorption and bioavailability due to its inherent features as a naturally occurring
fatty acid amide [34]. Over time, researchers have encountered several obstacles in their efforts to
maximize these essential elements to achieve the most favorable treatment results [32]. The
investigation into the evolutionary patterns of the pharmacokinetics of PEA provides insights into
the novel approaches utilized to address challenges related to absorption, helping to improve the
amount of drug available in the systemic circulation.

6.1. 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, PEA encounters 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.

6.2. Evolution of Formulations

To tackle the absorption issue, researchers created formulations that could augment the
solubility 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 micronization
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process entails reducing particle size to increase the exposed surface area and boost solubility [30].
The utilization of micronized PEA formulations has demonstrated enhanced absorption, hence
allowing its systemic circulation after oral ingestion.

Liposomal formulations have emerged as a viable route in advancing the pharmacokinetics 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 formulations aim
to improve absorption and extend the compound's duration in the bloodstream, maximizing its
therapeutic efficacy.

6.3. Nanotechnology and PEA Delivery

Absorption is not the only factor that determines the bioavailability of a drug [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
notable surge in innovation in the delivery of PEA. Nanoparticle-based formulations, such as
nanoemulsions and polymeric nanoparticles, possess distinct advantages in drug encapsulation and
targeted delivery [37]. The utilization of nanotechnology in delivering PEA is evidence of the
continuous endeavors to optimize its pharmacokinetic 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.

6.4. Combination with Substances Promoting Absorption

6.4.1. Equisetum Arvense L.

Extracts of Equisetum Arvense are well known for their anti-inflammatory properties [38], and
also for topical application [39]. They are also 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® [41].

6.4.2. EqQuiPEA®

The EquiPEA® patent strategically tackles the bioavailability limitations inherent in previous
PEA formulations. EquiPEA® aims to improve absorption and therapeutic efficacy by offering
significant innovations in formulation design [41]. Transepithelial electrical resistance (TEER),
apparent permeability coefficient (Papp) values and tight junction (T]) activity were evaluated to
document the absorption of EquiPEA®. The results revealed that EquiPEA® has a better absorption
profile than PEA-um because it can cross the transcellular pathway (enterocyte) and the paracellular
pathway (T]). This is important considering that the intestinal absorption phase is closely related to
the transit in the small intestine, which is usually 6 hours, confirming an improvement in
bioavailability and suggesting a synergistic effect of the combination of PEA and Equisetum Arvense
(Figure 4). The focused delivery mechanism of EquiPEA® overcomes the limitations associated with
PEA dispersion throughout the body, allowing for targeted transport to specific tissues and cells [41].
Its interaction with receptors implicated in anti-inflammatory, antioxidant, and analgesic pathways
is improved by this focused method addressed to increase the bioavailability, hence improving
therapeutic accuracy [41]. The patent also underlines the critical variables of action stability and
persistence. EquiPEA®, which focuses on the degradation of PEA within the human body, seems to
provide a more dependable and long-lasting therapeutic option than standard PEA formulations [41].
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Figure 4. Synthetic illustration of EquiPEA® absorption in the gastrointestinal tract.

6.4.3. EqQuiPEA® vs. PEA-um

Improved bioavailability and customized administration strategy of EquiPEA® lead to its
significant anti-inflammatory effect, specifically targeting immune cells and modulating
inflammatory pathways [41]. The future clinical comparison with PEA-um will determine whether
EquiPEA® has greater anti-inflammatory characteristics, potentially offering breakthroughs in
treating chronic inflammation-related disorders [42]. Future research will determine whether the
customized delivery strategy of EquiPEA® results in greater antioxidant benefits, especially
important in neurological and neurodegenerative illnesses where oxidative stress plays a key role
[43]. The targeted delivery mechanism and stability modifications of EquiPEA® aim to optimize its
analgesic characteristics, perhaps providing better and longer pain relief than traditional PEA
formulations. Future comparative clinical studies will clarify whether EquiPEA® may provide
analgesic efficacy breakthroughs, particularly in chronic pain conditions. The clinical value of the
EquiPEA® patent is in its potential to provide more tailored approaches to PEA therapy. While
scalability, cost-effectiveness, and future clinical validation are significant roadblocks, the
comparative study with PEA-um will give critical insights into its efficacy. EquiPEAS, if proven
superior, could change PEA-based therapeutics by providing a potent and precise alternative for
patients suffering from inflammation, oxidative stress consequences, and chronic pain. In conclusion,
the EquiPEA® patent might mark a considerable step forward in overcoming the problems associated
with traditional PEA formulations absorption. Its potential impact on clinical practice and patient
outcomes is still being investigated as research advances.

6.5. Clinical Implications and Patient Outcomes

For patients affected by chronic neuropathic or mixed pain, the optimization of the
pharmacokinetics 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 particular formulation utilized [42]. Enhanced absorption and
bioavailability of formulations can lead to increased predictability and effectiveness of therapeutic
effects [41]. The selection of a specific formulation can substantially impact the initiation and duration
of therapeutic effects, which are crucial considerations in customizing treatment strategies to meet
the unique requirements of each patient [44].

The dynamic nature of the pharmacokinetics of PEA is closely intertwined with regulatory
factors. As innovative formulations and delivery systems continue to emerge, regulatory agencies
must adjust their evaluation processes to assess these advancements' safety and efficacy [45].
Acknowledging PEA as a prominent active molecule in managing persistent neuropathic pain
highlights the significance of adapting regulatory frameworks to accommodate advancing
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pharmacokinetic approaches. 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
comprehensive comprehension of the compound's physiological interactions [46]. The utilization of
combination medicines that exploit the synergistic effects between PEA and other drugs presents
promising opportunities for improving therapeutic outcomes while simultaneously reducing adverse
effects [47]. For instance, the combined administration of PEA and non-steroidal anti-inflammatory
drugs (NSAIDs) can result in heightened pain alleviation, indicating a possible synergistic interplay
for improved pain control [48]. This partnership demonstrates the potential to enhance treatment
regimens by utilizing the synergistic advantages of PEA in conjunction with conventional analgesics.

Subsequent investigations could focus on optimizing the delivery of PEA, encompassing 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 pharmacokinetics of PEA in heterogeneous
patient cohorts, encompassing individuals with comorbidities or differing degrees of inflammation.
This knowledge would be pivotal in customizing therapeutic strategies.

7. Neuropathic pain
7.1. Peripheral Neuropathic Pain

Peripheral neuropathic pain results, in general, from peripheral nerve injury that causes
abnormal signaling and increased sensitivity. PEA's therapeutic efficacy in treating peripheral
neuropathic pain is mainly attributed to its capacity to regulate immune responses, reduce
neuroinflammation, and interact with crucial molecular targets [50]. PEA demonstrates significant
anti-inflammatory properties, fundamental in peripheral neuropathic pain, where inflammation
plays a central role [16]. Through its interaction with mast cells, PEA can stabilize cellular membranes
and effectively suppress the production of pro-inflammatory mediators. The anti-inflammatory
mechanism of action facilitates the resolution of neuroinflammatory processes, hence mitigating pain
hypersensitivity [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
environment [52]. The management of immunological dysregulation is of particular significance in
disorders such as diabetic neuropathy and post-herpetic neuralgia. In an animal model of
oxaliplatin-induced neuropathy, a complex panel of pharmacodynamic targets may account for the
different pharmacological effects [53]. Indeed, PEA can increase the antioxidant defense reducing
oxidative stress, a characteristic feature of oxaliplatin neurotoxicity strongly related to pain.
Moreover, the activation of PPAR-a has a pivotal role in PEA-mediated pain relief and PEA
modulation of microglial cells [53]. The activity of PEA on immune cells has a role in regulating pain
signaling and maintaining immunological balance, as well as in models of osteoarthritic pain [54].

7.2. 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 neuroinflammation by PEA may help alleviate peripheral
neuropathic pain and reduce central sensitization 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 pathways within the central nervous system (CNS) [55]. The therapeutic
effectiveness of PEA in central neuropathic pain is significantly influenced by its effects on glial cells,
particularly microglia and astrocytes. The maintenance of chronic pain states is associated with
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dysregulated activation of glial cells [50]. The capacity of PEA to decrease the activation of glial cells
mitigates neuroinflammation, disrupting the process of central sensitization and offering therapeutic
benefits in situations like spinal cord injury or multiple sclerosis [56].

In addition to its immediate analgesic benefits, PEA demonstrates neuroprotective qualities
relevant to the central neuropathic pain framework. Research findings indicate that PEA may
promote the survival and proper functioning of neurons, potentially alleviating the
neurodegenerative effects commonly observed in chronic pain situations within the central nervous
system [51]. The modulation of pain pathways inside the CNS by PEA entails interactions with
different mechanisms, including TRPV1 channels. PEA has a role in the modulation of pain signals
by affecting the activity of TRPV1 [52]. This mechanism of action provides relief in situations where
nociceptive input is amplified due to central sensitization.

7.3. 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 evidence. Many experiments and studies have been
conducted to examine the effectiveness of PEA in various neuropathic pain syndromes, yielding
valuable insights into its clinical applicability [52]. The efficacy of PEA in the management of diabetic
neuropathy, which is a prevalent form of peripheral neuropathy, has been suggested [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 supplementation with PEA [32].

The capacity of PEA to alleviate pain hypersensitivity and inflammation related to nerve injury
has been emphasized in preclinical investigations [57]. Within the domain of central neuropathic
pain, specifically in disorders such as multiple sclerosis (MS), PEA has demonstrated 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 indicate the possibility of PEA as a
supplementary treatment for peripheral and central neuropathic pain linked to neurological illnesses.

8. 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. The multiple modes of action exhibited 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 numerous neurological illnesses. It assumes a crucial part in
the development and advancement of various conditions, including dementia, Parkinson's disease,
Alzheimer's disease, amyotrophic lateral sclerosis (ALS), and multiple sclerosis [59]. PEA with its
mentioned capacity to regulate immunological responses and mitigate neuroinflammatory processes
may play a role in the reduction of neuroinflammation.

8.1. Dementia

Dementia represents a substantial worldwide health concern due to its manifestation of
cognitive 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 the supplementation of PEA could provide advantages in the context of disorders connected to
dementia [60]. This research has documented 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.
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8.2. 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 inflammation 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 models of Alzheimer's
disease [61]. Additional investigation is necessary to fully comprehend the extent of PEA's potential
in Alzheimer's treatments.

8.3. Parkinson’s Disease

Parkinson's disease is a neurodegenerative disorder that is characterized by the progressive loss
of dopaminergic neurons [22]. The pathophysiology of this illness involves neuroinflammatory
processes, which have a role in the development and manifestation of motor symptoms [22]. PEA
would be a promising candidate for supplementary therapy in the treatment of Parkinson's disease.
Studies suggest that PEA may demonstrate neuroprotective properties in experimental models of
Parkinson's disease [62,63]. While clinical research in this particular domain is still developing,
preclinical findings indicate potential in targeting neuroinflammatory mechanisms linked to
Parkinson's disease.

8.4. Amyotrophic Lateral Sclerosis

Amyotrophic lateral sclerosis (ALS) is associated with neuroinflammation, which is recognized
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 demonstrate neuroprotective
properties in ALS models [64]. Research conducted on human populations is essential for
determining the possible clinical usefulness in ALS patients.

8.5. Multiple Sclerosis

Multiple sclerosis (MS), an autoimmune demyelinating 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 advantageous
effects by diminishing neuroinflammation and safeguarding neurological function. Clinical
investigation is needed to achieve a thorough comprehension of the role of PEA in the management
of MS.

PEA has demonstrated in animal experiments its versatility and potential in effectively
addressing a range of CNS diseases. The compound's ability to reduce inflammation, protect neurons,
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 observations 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 comprehensive investigation,
examination of innovative compositions, and enhanced comprehension of individual patient
variables are crucial in fully harnessing the therapeutic capabilities of PEA in the wide range of CNS
disorders [69,70].

9. Conclusion

In conclusion, PEA is a natural product variously studied as supplementary pharmacological
therapy in several clinical conditions. It has shown significant anti-inflammatory and neuroprotective
properties. To the best of our knowledge, this is the most extensive narrative review on the molecule.
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EquiPEAS®, recently introduced in the market, might represent an advancement in tackling key
obstacles related to the pharmacokinetics of conventional PEA formulations. EquiPEA® is addressed
to enhancing the bioavailability, hence the efficacy of PEA therapy as an anti-inflammatory,
antioxidant, and analgesic by reducing concerns related to bioavailability, targeted delivery, and
stability. However, direct comparative clinical evaluations with PEA-um and other pharmaceutical
preparations are necessary to understand the level of innovation brought into the field of PEA-based
medicines. At the moment, this novel compound seems to represent 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. EquiPEA® would increase the clinical usefulness of
PEA therapy across a range of central nervous system and inflammatory illnesses. The data present
in the literature at the moment represent a promising route for further investigation.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Table S1. SANRA Score for quality assessment of the selected studies.
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