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ABSTRACT: Arachidonic acid (AA) and its mediators, including prostaglandins (PGs) and lipoxygenase (LOX)
products, have different and sometimes opposing effects on neuronal survival and inflammatory signaling. Evidence
indicates a functional and dynamic interaction between AA-derived lipid mediators and the nuclear factor erythroid
2-related factor 2 (Nrf2), a master regulator of antioxidant and cytoprotective responses. Certain AA metabolites,
such as the cyclopentenone prostaglandin 15-deoxy-Δ12,14-prostaglandin J2 (15d-PGJ2) and LOX-derived products
including 5-oxo-eicosatetraenoic acid (5-oxo-ETE), have been shown to activate Nrf2 signaling. This activation
enhances antioxidant defenses, promotes redox homeostasis, and mitigates inflammatory responses in neuronal
and glial cells. In contrast, other AA metabolites contribute to sustained neuroinflammation and cytotoxicity,
highlighting the dual and context-dependent role of AA signaling in the central nervous system. This duality positions
AA mediators as both drivers of pathology and modulators of endogenous protective pathways. Pharmacological
strategies targeting cyclooxygenase (COX) enzymes or downstream prostaglandin signaling have therefore been
explored for neuroprotective potential; however, clinical translation has been limited by the complex functions
of COX-derived products. Arachidonic acid-derived mediators regulating Nrf2 may offer anti-inflammatory yet
protective strategies.
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1 Introduction

Alzheimer’s disease (AD), Parkinson’s disease (PD), and amyotrophic lateral sclerosis (ALS) are among
the neurodegenerative diseases characterized by continuous neuronal loss, synaptic dysfunction, and
cognitive or motor impairments [1]. The neuroinflammation and chronic oxidative stress are essential
components of these diseases that contribute to disease advancement.

Arachidonic acid (AA) is a polyunsaturated fatty acid present in brain membranes that plays critical
roles in regulating inflammation, oxidative stress, and neuronal signalling [2]. Many arachidonic acid-derived
mediators have been observed in neurodegenerative diseases, both in humans and in animal models, due
to their role in inflammatory processes [3,4]. While arachidonic acid mediators play an essential role in
neuroinflammatory and oxidative processes underlying neurodegenerative diseases, increasing attention
has turned to the cellular defense mechanisms that counterbalance these effects, particularly the nuclear
factor erythroid 2-related factor 2 (Nrf2) signaling pathway. Nrf2 has a neuroprotective role by preventing
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inflammation and reducing oxidative stress [5]. Different studies have shown that Nrf2 signaling is
dysregulated in neurodegenerative disorders [6,7]. Given the growing evidence of interactions between
arachidonic acid-derived mediators and Nrf2 signaling, the aim of this paper is to provide a perspective on how
these lipid mediators regulate Nrf2 pathways and their potential implications in neurodegenerative diseases.

2 Arachidonic Acid Pathways in Neurodegenerative Diseases

AA can be further transformed by several main pathways, such as the cyclooxygenase (COX),
lipoxygenase (LOX), and cytochrome P450 (CYP450) epoxygenase pathways, among others [8]. AA-derived
mediators can either have a pro-inflammatory (e.g., prostaglandins (PGs: PGE2, PGD2, PGF2α),
leukotrienes (LTB4), thromboxane A2 (TXA2) effect, which promote microglial activation and
neuronal damage, or pro-resolving effect (e.g., prostacyclin, lipoxins (LXA4, LXB4), cyclopentenone
prostaglandin15-Deoxy-Delta-12,14-PGJ2 (15d-PGJ2), epoxyeicosatrienoic acids (EETs), which limit
inflammation and support tissue repair [2,9–11]. Classification depends on their cellular targets and
functional outcomes, though some mediators may have context-dependent effects [2].

The cyclooxygenase pathway is responsible for the transformation of AA to cyclic endoperoxides
(PGG2-PGH2), giving rise to prostaglandins and thromboxane [12]. The two main isoforms of
cyclooxygenase are COX-1, which is constitutively expressed also in microglia, neurons, and COX-2,
which is inducible in response to inflammatory stimuli and serves as the main contributor to prostaglandin
production during neuroinflammation [13]. Prostaglandins are AA pro-inflammatory mediators that play
an important role in inflammation, pain, and vascular homeostasis. In addition, TXA2 is a vasoconstrictor
and pro-aggregant mediator. Different studies have shown that prostaglandins, such as PGE2, PGF2α, and
PGD2, are involved in neurodegenerative processes and neuroinflammation [14]. Prostaglandins regulate
blood-flow homeostasis and inflammatory responses during nerve injury, with arachidonic acid metabolism
and increased COX and prostaglandin expression contributing to both nerve degeneration and regeneration.
In addition, activation of prostanoid receptors modulates Schwann cell function in vivo and plays a key
role in neuroinflammatory processes [3]. PGE2 can increase oxidative stress, leading to dysfunction
of neurons, particularly in some neurodegenerative diseases, like PD, Alzheimer’s disease, etc. [15].
In AD, COX-1-driven PGE2 signaling via EP2 receptors contributes to chronic neuroinflammation and
may exacerbate pathological progression. In PD, elevated COX-2 expression and increased PGE2 levels
have been detected in affected dopaminergic neurons, indicating a strong association between COX-driven
prostaglandin production, neuroinflammation, and neuronal injury [16,17]. PGE2 plays a dual role in the
nervous system, contributing both to neurodegeneration and to nerve regeneration depending on the
context. This balance is determined by receptor subtype engagement, concentration, timing of exposure,
and the local cellular environment. PGE2 primarily increases intracellular cAMP levels, particularly via
EP2 and EP4 receptors, which are involved in modulating inflammatory responses. In microglia, PGE2
can suppress inflammation by inhibiting the production of pro-inflammatory cytokines such as Tumor
Necrosis Factor-alpha (TNF-α), Interleukin-12 (IL-12), and Interleukin-18 (IL-18), reducing expression of
co-stimulatory molecules like CD86, and decreasing inducible nitric oxide synthase (iNOS), while at the
same time promoting anti-inflammatory mediators such as IL-10 [11,15]. However, under other conditions,
especially through EP2 receptor activation, PGE2 can contribute to neuroinflammation and neurotoxicity.
In contrast, EP4 receptor activation is generally associated with anti-inflammatory and neuroprotective
effects [16,18]. Moreover, the effects of PGE2 differ between neurons, microglia, and astrocytes, highlighting
the influence of the surrounding inflammatory and oxidative environment [15,16]. Experimental studies
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have helped delineate these roles, demonstrating that the “threshold” between protective and pathological
effects depends on receptor expression, PGE2 concentration, and exposure time [2,12,15,16].

Interestingly, PGD and 15d-PGJ are known to exert dual effects, playing roles in both neuroprotection and
neurodegeneration depending on the cellular context [19]. PGD2 plays an important role in neuroinflammation
and demyelinating processes in the CNS. It is produced by activated microglia and can act on DP1 receptors
on astrocytes, promoting astrogliosis and contributing to inflammatory responses [15,20]. Increased PGD2
production has been observed in experimental models, such as LPS-induced neuroinflammation, and elevated
expression of its synthase (HPGDS) and DP1 receptor has also been reported in Alzheimer’s disease in the
human brain [20]. PGD2 can additionally induce apoptosis of oligodendrocyte precursor cells, potentially
worsening demyelination in conditions like multiple sclerosis [21]. However, its role is complex, as certain
PGD2-related pathways, such as those involving lipocalin-type PGDS, may exert protective effects by reducing
neuronal and oligodendrocyte apoptosis [22,23]. Its metabolite, 15d-PGJ2, exerts mainly anti-inflammatory
actions through activation of PPARγ receptors, leading to reduced production of pro-inflammatory mediators
such as TNF-α and nitric oxide, as well as decreased expression of MHC class II and inflammatory enzymes
in microglia and astrocytes [15,24].

The lipoxygenase pathway through 5-lipoxygenase (5-LOX), 12-lipoxygenase (12-LOX), and
15-lipoxygenase (15-LOX) is responsible for the transformation of AA into leukotrienes (LTs) and
lipoxins [25]. In particular, 5-LOX enzyme and its activating protein (FLAP) are expressed in the brain and,
through the production of leukotriene metabolites, influence molecular events linked to AD, including
increased oxidative damage, enhanced amyloid-β accumulation, tau pathology, and neuronal dysfunction;
animal and genetic studies suggest that altering 5-LOX/FLAP activity can modulate both biochemical
markers and behavioral deficits in AD models, making this pathway a promising therapeutic target [26].
LOX expression and activity increase with aging, a characteristic that corresponds to the age-dependent risk
of Alzheimer’s disease, suggesting that dysregulated lipid oxidation is an early and sustained contributor to
disease vulnerability. Other than 5-LOX, 12/15-LOX are other LOX isoforms expressed in the central
nervous system. Evidence shows that these isoforms are associated with enhanced amyloidogenic
processing of amyloid precursor protein, leading to increased amyloid-β production, as well as increased
tau phosphorylation through kinase activation. In parallel, LOX-derived lipid mediators promote chronic
microglial activation and oxidative damage, creating a cycle in which inflammation, lipid peroxidation, and
neuronal dysfunction reinforce each other [26]. Leukotrienes are pro-inflammatory AA mediators involved
in chronic inflammation, whereas lipoxins have an opposing role as pro-resolving mediators. This shows
that the lipoxygenase pathway is important not only for causing inflammation, but also for resolving the
inflammatory processes [3]. For example, 5-LOX activation in microglia promotes neuroinflammation by
generating leukotrienes that enhance oxidative stress and pro-inflammatory signaling, which can exacerbate
neuronal injury [26,27]. In contrast, 12-LOX and 15-LOX pathways in neurons and astrocytes produce
specialized pro-resolving lipid mediators, such as lipoxins, that reduce leukocyte recruitment, limit cytokine
production, and promote tissue repair and neuronal survival [28,29]. These findings indicate that the dual
role of LOX can be experimentally distinguished based on the type of mediator produced (leukotrienes vs.
lipoxins), on the LOX isoform involved (5-LOX vs. 12/15-LOX), on the cell type (microglia vs. astrocytes),
and on the inflammatory context or timing.

Epoxyeicosatrienoic acids (EETs) are synthesized through the CYP 450 Epoxygenase Pathway and
possess anti-inflammatory and vasodilatatory effects [30]. In particular, EETs have an important role in the
regulation of neuronal survival under stress conditions, neuroprotection, and modulation of blood-brain
barrier function [30]. Pallàs et al. showed that soluble epoxide hydrolase (sEH), which hydrolyzes
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anti-inflammatory EETs into dihydroxyeicosatrienoic acids (DHETs), is also involved in neuroinflammation.
sEH expression is increased in the brains of PD patients, linking excessive EET degradation to chronic
neuroinflammation and neurodegeneration [31].

Other than pro-inflammatory mediators, AA also gives rise to pro-resolving mediators. Lipoxin A4 is
one of the pro-resolving AA mediators responsible for modulating microglial activation, reducing leukocyte
recruitment, and resolving inflammatory responses [32]. In neurodegenerative diseases such as Alzheimer’s
disease, multiple sclerosis, and Parkinson’s disease, impaired inflammation-resolution pathways lead to
persistent neuroinflammation and neuronal dysfunction, while restoration of pro-resolving arachidonic
acid signaling reduces inflammation, protects neurons, and represents a promising therapeutic strategy to
slow disease progression [32].

3 Nrf2 Dysregulation in Neurodegenerative Diseases

Nuclear factor-E2-related factor 2 (Nrf2) is a transcription factor, a member of the cap “n” collar family
of basic leucine zipper transcription factors, that has a protective role against oxidative stress, leading to the
induction of cytoprotective genes [33]. Normally, Nrf2 is kept inactive in the cytoplasm by the Kelch-like
ECH-associated protein (KEAP1), which targets it for continuous degradation [34]. When cells are exposed
to oxidative or electrophilic stress, Keap1 changes its shape, preventing Nrf2 degradation. As a result, Nrf2
becomes stable, moves into the nucleus, and activates protective antioxidant genes. Stress signals disrupt
the Keap1–Nrf2 interaction and allow Nrf2 to function. Other cellular proteins can also compete with Nrf2
for binding to Keap1, further promoting Nrf2 activation under stress conditions [35].

Several studies have evidenced the alteration of Nrf2 activity in neurodegenerative diseases, Alzheimer’s
Disease, and Parkinson’s Disease [35]. Nrf2 is identified as a central regulator of resistance to oxidative
stress. By controlling antioxidant and cytoprotective responses, Nrf2 plays a protective role in the brain
and contributes to defense mechanisms against neurodegenerative diseases [36]. Its activation is most
effective in the prevention or early stages of neurodegenerative disease, when oxidative stress and
inflammation are beginning, but neuronal loss is still limited [37–39]. In PD, Nrf2 activation has a
protective role on dopaminergic neurons against toxin-induced damage, whereas a reduction of its activity
accelerates neuronal loss and increases susceptibility to oxidative injury [37]. Evidence from human and
experimental studies shows that impaired Nrf2 signaling in Alzheimer’s disease reduces antioxidant and
cytoprotective responses, increasing neuronal vulnerability to oxidative stress and inflammation, while Nrf2
activation is considered a promising strategy to slow neurodegeneration and support cognitive function [38].
In multiple sclerosis, Nrf2 regulates antioxidant and anti-inflammatory pathways in neural cells, and its
activation reduces immune-mediated damage, oxidative stress, and supports remyelination, making it a key
therapeutic target [40].

However, chronic Nrf2 activation can alter normal ROS-mediated processes, such as autophagy and
immune responses, and may suppress NF-κB–dependent inflammatory pathways excessively, potentially
affecting immune surveillance or promoting maladaptive cell responses [41–43]. Hence, non-prolonged
modulation of Nrf2 activity is needed to maintain redox balance and prevent inflammatory responses [44].

In conclusion, Nrf2 protects the aging brain from oxidative stress and metabolic dysfunction, and its
decline contributes to increased vulnerability to neurodegeneration, vascular dementia, and ischemic injury,
highlighting its therapeutic potential role. In both amyotrophic lateral sclerosis and Huntington’s disease,
impaired Nrf2 signaling reduces antioxidant defenses and cellular resilience, contributing to neuronal
degeneration, while activation of Nrf2 in experimental models enhances neuroprotection and slows disease
progression [39].
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4 Crosstalk between Arachidonic Acid Mediators and Nrf2 Signaling

Since arachidonic acid mediators and Nrf2 both regulate key aspects of inflammation and oxidative
stress, their functional interaction represents an important point of convergence in neurodegenerative
disease pathology. Understanding this crosstalk helps bridge lipid signaling with cellular antioxidant
responses. Eicosanoids produced from arachidonic acid can trigger the NRF2 signaling pathway. Gong et al.
showed that arachidonic acid induces CYP2E1-dependent toxicity in HepG2 cells, which is counteracted
by Nrf2 activation through increased Nrf2 protein, nuclear translocation, and upregulation of antioxidant
genes, including glutamate-cysteine ligase, leading to elevated GSH levels [45]. Suppressing Nrf2 enhances
AA toxicity, causing oxidative stress, lipid peroxidation, and mitochondrial damage, while boosting Nrf2 or
GSH partially restores cellular protection, showing that Nrf2 is crucial for defending against AA-induced
oxidative injury [45].

15-deoxy-Δ12,14-prostaglandin J2 (15d-PGJ2) is a PGD2 metabolite, an arachidonic acid derivative
belonging to the cyclopentenone prostaglandins (cyPGs) [46]. Unlike conventional prostaglandins, cyPGs
do not bind to cell-surface receptors; instead, they enter cells, accumulate in the nucleus, and induce cell
differentiation [47]. Itoh et al. reported that some AA-metabolites, such as PGD2, PGE2, 15d-PGJ2, PGA1,
PGB2, and TXB2, activate the Nrf2 pathway in macrophages and increase the expression of Nrf2 target
genes [48]. 15d-PGJ2 binds to Keap1 and leads to the release of Nrf2, which therefore moves into the
nucleus and activates the genes that have a protective role from inflammation and stress, such as heme
oxygenase-1 (HO-1) and peroxiredoxin I (PrxI). A schematic diagram illustrating the key arachidonic acid
mediators involved in Nrf2 signaling, along with potential pharmacological targets, is presented in Fig. 1.
In a mouse model of inflammation reported by Itoh et al., it was observed that in the case of a lack of
Nrf2, the anti-inflammatory effects of 15d-PGJ2 are lost [48]. In addition, the same article also highlights
the role of COX-2 in PGJ2 production, suggesting a potential mechanism through which COX-2 mediates
the 15d-PGJ2 accumulation, activating Nrf2 and regulating the expression of peroxiredoxin I and other
antioxidant genes [48].

Bretscher et al. reported that AA derivatives, such as prostacyclin (PGI2) and Lipoxin B4, neither had
any effect on cytokine production nor activated the Nrf2 signaling pathway in myeloid cells [49]. In addition,
other studies have assessed the role of two AA derivatives, respectively: 5-hydroxyeicosatetraenoic acid
(5-HETE) and 5-hydroxyeicosapentaenoic acid (5-HEPE), produced by the 5-lipoxygenase (5-LOX) pathway
in Nrf2 in human umbilical vein endothelial cells (HUVECs) [50]. The results showed an activation of
the Keap1-Nrf2 pathway and increased the levels of HMOX1 and SLC7A11. In addition, 5-oxo-EPE (the
metabolite of 5-HETE) emerges as a safer and more effective Nrf2 activator in vivo, since it triggers Nrf2 and
antioxidant gene expression without strongly activating leukocytes or causing ROS-mediated damage [50].

Although eicosanoids can contribute to Nrf2 activation during early inflammatory or oxidative stress,
this interaction mainly functions as an initiating signal for endogenous protective responses. Activation of
Nrf2, however, leads to a primary inhibitory effect on arachidonic acid metabolism and neuroinflammatory
pathways. In the central nervous system, Nrf2 suppresses mainly NF-κB and downregulates the inducible
expression of COX-2 (Fig. 1) [42,43]. At the same time, Nrf2 promotes antioxidant response that enhances
neuronal stress resistance and supports blood–brain barrier integrity [51]. Due to suppressed COX-2
activity, the formation of prostaglandins mediated by COX-2 is decreased, with thromboxane synthesis
consequently reduced.

Microglia, a major source of leukotrienes, represent another critical target of Nrf2-mediated regulation.
Under inflammatory conditions, activated microglia stimulate leukotriene biosynthesis through the 5-LOX
and FLAP pathway, thereby amplifying neuroinflammatory responses [52]. Activation of Nrf2 causes
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microglia to change from a pro-inflammatory state to a more balanced, neuroprotective state. This change
is expected to lower leukotriene production via the 5-LOX/FLAP pathway, helping to reduce inflammation
in the brain.

While neurons, microglia, and astrocytes all engage in AA signaling, the crosstalk between AA
mediators and Nrf2 can vary substantially across these cell types. In neurons, AA-derived eicosanoids can
modulate oxidative stress responses directly via Nrf2-dependent antioxidant pathways, affecting survival
and synaptic function. Microglia, as the resident immune cells of the CNS, respond to AA metabolites by
modulating inflammatory signaling, with Nrf2 activation serving to limit pro-inflammatory responses and
neurotoxicity. Astrocytes contribute to redox homeostasis and neuroprotection, where AA-Nrf2 interactions
may influence glutathione metabolism and neurotrophic support. These differences suggest that AA-Nrf2
crosstalk is both cell-type- and context-dependent, with potential implications for disease-stage- and
region-specific neurodegenerative processes. Systematic studies are needed to delineate these interactions
more precisely, which could inform targeted therapeutic strategies.

Concluding, this evidence suggests a paradigm in which Nrf2 functions as a critical feedback regulator
of AA-derived lipid signaling in the brain. While eicosanoid production may initially participate in Nrf2
activation, Nrf2 subsequently acts to restrain excessive AA metabolism and inhibit the progression from
acute inflammation to chronic neuroinflammation. This mutual interplay illustrates Nrf2’s role as a key
regulator connecting lipid mediator signaling, redox homeostasis, and immune regulation, with significant
relevance to the understanding and treatment of neurodegenerative diseases.

Figure 1: Schematic diagram of Arachidonic Acid Mediators involved in the Nrf2 pathway, and potential
pharmacological targets. AA, Arachidonic acid; COX-2, cyclooxygenase-2; COXIB, COX-2 selective inhibitors;
KEAP-1, Kelch-like ECH-associated protein 1; 5-HETE, 5-Hydroxyeicosatetraenoic acid; 5-LOX, 5-Lipoxygenase;
NF-kB, nuclear factor-kappa B; Nrf2, Nuclear factor erythroid 2-related factor 2; PGD2, prostaglandin D2; PGI2,
prostacyclin; 15d-PGJ2, 15-deoxy-Δ12,14-prostaglandin J2; PPARγ, peroxisome proliferator-activated receptor gamma.
The COX and 5-LOX pathways are highlighted as key sources of AA-derived mediators involved in modulating Nrf2
activation and redox balance. Selected pharmacological targets are indicated with crosses, representing potential
intervention points to influence the crosstalk between AA metabolism and Nrf2 signaling.
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5 Therapeutic Implication

Itoh et al. assessed the role of NS-398, a COX-2–specific inhibitor, which alters the normal inflammatory
response by interfering with the production of 15d-PGJ2, which in turn activates the Nrf2 pathway [48].
Reduced levels of 15d-PGJ2 and reduced expression of antioxidant genes, such as PrxI, were observed.
The results of this study suggest that COX-2 activity contributes to the generation of 15d-PGJ2, and that
blocking COX-2 with NS-398 attenuates the downstream activation of Nrf2 and its anti-inflammatory gene
responses [48].

Dual compounds, such as COX-2 inhibitors/TP antagonists, could reduce the formation of
pro-inflammatory prostaglandins and prevent thromboxane A2 production, that brings to platelet activation,
vasoconstriction, and additional inflammatory mechanisms that aggravate barrier disruption and neuronal
loss [53]. While Nrf2 boosts antioxidant defenses and makes microglia more protective, blocking COX-2 and
TP reduces the initial inflammatory signals. Together, this creates a two-fold protective effect for neurons.

On the other hand, 5-LOX inhibitors can reduce leukotriene-mediated inflammation [27]. Hence,
combining Nrf2 and 5-LOX could be a potential strategy for offering strong neuronal protection, delaying
neurodegenerative progression, and maintaining cognitive function.

Considering that altered levels of specific AA metabolites have been detected in the cerebrospinal fluid
or plasma of patients with neurodegenerative diseases, correlating with disease severity and cognitive decline,
measuring these metabolites may serve as potential biomarkers for neurodegenerative disorders [15,16].
Similarly, the expression of Nrf2 target genes and antioxidant enzymes reflects the cellular redox state and
may indicate early compensatory responses to oxidative stress in neurodegeneration, suggesting their potential
as biomarkers as well [35,36]. Therefore, AA-derived mediators and Nrf2-regulated antioxidant markers can
serve as biomarkers of neuroinflammatory and oxidative stress status, aiding in diagnosis, prognosis, and
evaluation of therapeutic interventions.

6 Conclusions

The results indicate a functional interaction between AA-derived lipid mediators and Nrf2 signaling.
15d-PGJ and LOX products like 5-oxo-ETE can activate Nrf2, enhancing antioxidant defenses and mitigating
inflammatory responses in neuronal and glial cells. Understanding how these lipid mediators modulate
Nrf2 may provide novel insights into therapeutic strategies for neurodegenerative diseases.

While some AA metabolites contribute to neuroinflammation and cytotoxicity, others, such as
cyclopentenone prostaglandins (e.g., 15d-PGJ2) and certain lipoxygenase (LOX) products, can exert
protective effects by modulating redox-sensitive pathways. The dual role of AA mediators in neuronal
injury and protection positions them as important targets in neurodegenerative disease research. The
interplay between AA mediators and Nrf2 signaling emerges as a context-dependent regulatory axis
in neurodegenerative diseases, rather than a unidirectional pathway. A key insight from this review
is that AA metabolites cannot be classified strictly as detrimental or protective; instead, their effects
depend on enzymatic context, cellular environment, and disease stage. While certain mediators promote
neuroinflammation and oxidative damage, others contribute to adaptive antioxidant and cytoprotective
responses. This shows a balance between harmful and protective processes in neurodegenerative conditions.

Because of these pro-inflammatory effects, inhibition of COX enzymes or downstream prostaglandin
signaling has been explored for neuroprotective potential, although clinical utility is complicated by the
diverse and sometimes opposing roles of COX products. These observations suggest that more selective
approaches aimed at modulating specific lipid mediator profiles or enhancing endogenous Nrf2-activating
compounds may provide greater efficacy and precision.
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Moreover, lipidomics approaches offer a new pathway to address the dynamic changes in AA signaling
in human neurodegenerative conditions, enabling the identification of novel biomarkers and therapeutic
targets. Integrating these strategies with preclinical and clinical studies will be essential to translate
mechanistic insights into effective interventions for neurodegenerative diseases. Longitudinal studies in
human populations are needed to clarify how AA-derived mediators evolve during disease progression and
treatment. Furthermore, the development of targeted modulators that selectively enhance pro-resolving
lipid pathways or fine-tune Nrf2 activation without broadly suppressing essential inflammatory responses
represents a critical direction for therapeutic innovation.

Several limitations should be acknowledged. Much of the mechanistic understanding derives from
in vitro systems or animal models, which may not fully capture the complexity of human neurodegenerative
diseases. In addition, the temporal dynamics of AA mediator production and Nrf2 activation across disease
progression remain insufficiently characterized, and the interplay with other signaling pathways is not
yet fully resolved. Furthermore, the complexity of lipid mediator networks and variability in experimental
approaches may limit the ability to define the specific contribution of individual pathways.

In conclusion, a better understanding of the AA–Nrf2 axis, especially how it changes over time and
across systems, could help develop more effective and targeted treatments for neurodegenerative diseases.

Acknowledgement: None.

Funding Statement: The authors received no specific funding for this study.

Author Contributions: The authors confirm contribution to the paper as follows: Conceptualization, methodology,
software, validation, formal analysis, investigation, resources, data curation, writing—original draft preparation,
writing—review and editing, visualization, supervision, project administration, funding acquisition, Malvina Hoxha,
Domenico Tricarico, Loredana Capobianco. All authors reviewed and approved the final version of the manuscript.

Availability of Data and Materials: Not applicable.

Ethics Approval: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

Nomenclature

AA Arachidonic Acid
AD Alzheimer’s disease
ALS Amyotrophic lateral sclerosis
COX Cyclooxygenase
EET Epoxyeicosatrienoic acids
HO-1 Heme oxygenase-1
KEAP1 Kelch-like ECH-associated protein
LOX Lipoxygenase
LT Leukotrienes
Nrf2 Nuclear factor-E2-related factor 2
PD Parkinson’s disease
PG Prostaglandin
TXA2 Thromboxane A2
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