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Abstract: Neuropeptide Y (NPY), a 36 amino acid peptide, is widely expressed in the mammalian 
brain. Changes in NPY levels in different brain regions and plasma have been described in several neu-
rodegenerative diseases, including Alzheimer's disease, Parkinson's disease, Huntington's disease, Am-
yotrophic Lateral Sclerosis, and Machado-Joseph disease. The changes in NPY levels may reflect the 
attempt to set up an endogenous neuroprotective mechanism to counteract the degenerative process. 
Accumulating evidence indicates that NPY can function as an anti-apoptotic, anti-inflammatory, and 
pro-phagocytic agent, which may be used effectively to halt or to slow down the progression of the 
disease. In this review, we will focus on the neuroprotective roles of NPY in several neuropathological 
conditions, with a particular focus on the anti-inflammatory properties of NPY. 
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1. INTRODUCTION 

1.1. Neuroprotective Effects of Neuropeptide Y 

Neuropeptide Y (NPY), a 36 amino acid peptide, is wide-
ly expressed in the mammalian brain [1]. NPY is involved in 
many physiological and pathological processes such as feed-
ing behavior, anxiety, seizure, memory, and pain [2]. The 
NPY acts through 5 different G protein-coupled receptors 
designated as Y1, Y2, Y3, Y5, and Y6 receptors that are 
widely expressed during development and adulthood [3]. 
High levels of NPY mRNAs are found in numerous brain 
regions, such as the striatum and the dentate gyrus [1]. In the 
striatum, NPY is expressed by medium-size GABAergic 
neurons that receive both direct dopaminergic inputs from 
the substantia nigra and glutamatergic inputs from the cortex.  

The levels of the NPY are altered in several neurodegen-
erative disorders, such as Alzheimer's disease, Parkinson's 
disease, Huntington's disease, Amyotrophic Lateral Sclero-
sis, and Machado-Joseph disease. The changes in NPY levels 
may reflect the development of endogenous neuroprotective 
mechanisms to counteract the degenerative process. Therefore, 
NPY could be a potential neuroprotective agent for the treat-
ment of neurodegenerative disease. Indeed, several studies 
have demonstrated, both in vitro and in vivo, a neuroprotective 
action of exogenous NPY in several models of excitotoxicity 
and neuroinflammation, as well as in various neurodegenera-
tive pathologies [4]. In vitro, the neuroprotective effects of 
NPY have been revealed with respect to several neurotoxicity 
models. For example, NPY has a neuroprotective effect on 
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organotypic cultures of rat and mouse hippocampus exposed 
to excitotoxic lesions [5] and on retinal cells against ecstasy-
induced toxicity [6]. Similarly, C-terminal fragments of NPY 
protected human neuron cultures from the neurotoxic effect of 
the peptide β-amyloid [7]. In vivo, in the nigrostriatal system, 
methamphetamine-induced toxicity in the striatum is reduced 
by intracerebroventricular injection of NPY [8]. In humans, in 
epilepsy, an increase in the number of NPY-expressing inter-
neurons has been observed, and, in the animal model of this 
condition, an increase in the mRNA of this peptide has been 
shown in many brain regions. Collectively, these observations 
highlight the neuroprotective potential of NPY for the treat-
ment of neurodegenerative disease (Table 1).  

2. NEUROPROTECTIVE EFFECTS OF NPY IN 
PARKINSON'S DISEASE 

Parkinson’s disease (PD) is the second most common 
neurodegenerative disease, affecting about 1% of the popula-
tion over the age of 60 [9]. Clinically, PD is associated with 
motor impairments, including bradykinesia, akinesia, rigidi-
ty, resting tremor, and gait disturbance [10, 11]. PD is char-
acterized by the progressive and relatively selective loss of 
dopaminergic neurons in the substantia pars compacta (SN) 
and the presence of misfolded and aggregated α -synuclein 
inclusion named Lewy bodies [12, 13]. Degeneration of do-
paminergic neurons leads to dopamine depletion in the stria-
tum. The evolution of PD is progressive, and motor disturb-
ances only appear when 50 to 70% of the dopaminergic neu-
rons of the SNpc have degenerated [14-17]. Despite the lack 
of curative treatment, current symptomatic treatments pro-
vide good relief for motor disorders. Pharmacological treat-
ment based on L-Dopa, a dopamine precursor molecule, al-
lows dopamine supplementation in the striatum and has ben-
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eficial effects on motor activity [18]. However, the effec-
tiveness of this treatment diminishes due to the progression 
of the neurodegenerative process, and L-Dopa causes very 
disabling side effects in the long term. The search for thera-
pies to prevent the loss of dopaminergic neurons or their 
replacement [19,20] is a crucial issue in regenerative medi-
cine today. 

In PD, the loss of dopaminergic neurons induces adaptive 
changes in the expression of NPY proteins and NPY mRNA. 
Thus, an increase in the number of NPY neurons in the stria-
tum was observed in an animal model of PD [21]. Patients 
with PD have a greater number of cells expressing NPY 
mRNA in the caudate-putamen compared to healthy subjects 
[22]. The changes in NPY or NPY mRNA expression ob-
served in PD, as well as in other neurodegenerative diseases, 
may reflect the development of endogenous neuroprotective 
mechanisms to counteract the degenerative process.  Several 
studies have indicated a neuroprotective role for NPY in 
vitro and in vivo. NPY has been shown to protect dopamin-
ergic cells in vitro from neurotoxicity of 6-hydroxydopamine 
(6-OHDA) [23]. In an animal model of PD, striatal injection 
of NPY prevented the nigrostriatal pathway from degenera-
tion, as shown by anatomical and molecular studies. In addi-
tion, HPLC analysis revealed that NPY treatment in 6-
OHDA lesioned mice results in higher levels of striatal do-
pamine and DOPAC compared to lesioned but untreated 
animals. Interestingly, this neuroprotective effect is accom-
panied by a significant improvement in motor function. The 
use of agonists and antagonists specific for Y1 or Y2 recep-
tors and transgenic mice knockout for one of these receptors 
led the conclusion that the neuroprotective effect of NPY is 
preferentially mediated via Y2 receptors and may involve 
activation of the mitogen-activated protein kinase and Akt 
pathways and modified the expression of neither BDNF nor 
GDNF, suggesting a direct action of the neuropeptide on 
dopaminergic neurons [23]. The neuroprotective effect of 
NPY has also been confirmed in the 6-OHDA rat model of 
PD. Indeed, Pain et al. have shown that NPY induced a neu-
roprotective effect on microglia and caused inflammation, as 
observed by the specific binding of a ligand on the receptor 
translocator protein localized on microglial elements in the 
substantia nigra and striatum [24]. 

3. NEUROPROTECTIVE EFFECTS OF NPY IN ALZ-
HEIMER'S DISEASE 

Alzheimer's disease (AD) is an age-related neurodegen-
erative disorder characterized by cognitive dysfunction, 
memory impairment, and behavioral issues [25]. Neuropa-
thological hallmarks of AD are extracellular amyloid-beta 
(Aβ) protein aggregation and intraneuronal protein clusters 
of hyperphosphorylated Tau protein (neurofibrillary tangles) 
[26]. Several studies have reported the alteration in NPY 
levels in different brain regions and in plasma in AD, sug-
gesting the implication of NPY on the pathophysiology of 
the disease. The number of hippocampal NPY cells was sig-
nificantly decreased in presymptomatic transgenic mouse 
model AD, and this decrease coincides with the early im-
pairment of neuronal network activity [27]. Moreover, the 
expressions of NPY mRNAs were also decreased in the hip-
pocampal and cortical regions of a transgenic mouse model 
of AD [28]. In the brain of patients with AD, the levels of 

NPY are significantly reduced in the hippocampal regions 
[29], and this reduction is associated with an alteration of the 
number of NPY receptors [30]. Moreover, there is a correla-
tion between NPY levels in plasma and cerebrospinal fluid 
and stage of diseases severity; indeed, NPY plasma and cer-
ebrospinal fluid levels are reduced with the progression of 
AD [31,32]. Interestingly, several in vivo and in vitro studies 
have demonstrated that NPY has neuroprotective effects in 
AD. The administration of C-terminal NPY fragments in the 
brains of amyloid precursor protein transgenic mice amelio-
rated the neurodegenerative pathology [7]. Moreover, in 
vitro, the amidated C-terminal NPY fragments protected 
human neuronal cells from the neurotoxic effects of Aβ [7]. 
In the amyloid-β mouse model of AD, a single intracerebro-
ventricular administration of NPY prevents depressive-like 
behavior, spatial memory impairments, and oxidative stress 
following amyloid-β administration in mice [33]. In this 
model, pre-treatment with a selective Y2 receptor antagonist 
abolished the protective effects of NPY on spatial memory 
[33].  

4. NEUROPROTECTIVE EFFECTS OF NPY IN HUN-
TINGTON'S DISEASE  

Huntington's disease (HD) is an inherited neurodegenera-
tive disorder characterized by progressive neuronal dysfunc-
tion and cell loss, especially striatal GABAergic neurons, 
generating motor, cognitive and affective disturbances [15]. 
Furthermore, striatal neurons that express neuropeptide Y are 
preferentially spared in HD. The number of striatal GA-
BAergic neurons co-expressing NPY is increased in the 
brain of HD patients [34], suggesting that NPY may be of 
therapeutic interest in patients with HD. Interestingly, a sin-
gle ICV injection of NPY in R6/2mice, a transgenic mouse 
model of HD, increased survival time through reduced 
weight loss and a beneficial effect on motor function [35]. In 
addition, the degree of cerebral and striatal atrophy was re-
duced following NPY treatment [35]. More recently, Fatoba 
et al. have shown that intranasal administration of NPY to 
R6/2 mice model improved motor function, reduced inflam-
mation, and increased BDNF expression through the activa-
tion of Y2 receptors [36].  

5. NEUROPROTECTIVE EFFECTS OF NPY IN AM-
YOTROPHIC LATERAL SCLEROSIS  

Amyotrophic lateral sclerosis (ALS) is a neurodegenera-
tive disorder characterized by the progressive loss of motor 
neurons in the brain and spinal cord, leading to muscle 
weakness and paralysis [37, 38]. Extensive evidence indi-
cates that the NPY may play a role in ALS pathology. Nu-
merous studies reported the changes in the levels of NPY in 
ALS patients and as well as in rodent models of ALS. An 
increased number of NPY+ cells were found in the motor 
cortex of ALS transgenic mice carrying the G93A mutation 
on the superoxide dismutase 1 gene at the end-stage [39]. 
Increased levels of NPY were found in the blood of ALS 
patients [40]. Interestingly, increased levels of NPY correlat-
ed with shorter disease duration [40], indicating a role of this 
peptide in neuronal injury and disease progression. It has 
been suggested that NPY, through the activation of Y recep-
tor pathways, could modulate several pathways implicated in 
ALS such as motor neuron hyperexcitability, glutamatergic 
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Table 1.  Alteration of neuropeptide Y (NPY) levels in neurodegenerative diseases. 

Neurodegenerative 
Disease 

Changes of NPY Regions of Changes References 

Parkinson Disease 

*Increase of NPY neurons number in  animal models and in PD 
patients. 

*Striatum 
Caudate nucleus and putamen of PD. 

 [21, 22] 

*Neuroprotective role of NPY in vitro and in vivo in animal PD 

models. 

*Substantia nigra and striatum of rodent PD 

models. 
 [23, 24] 

Alzheimer Disease 

*Decrease of the number of hippocampal NPY cells in animal 

models and in AD patients  
*Alteration of number of NPY receptors. 

*Hippocampal and cortical regions of AD 
transgenic mouse models. 

 [27-30] 

*Changes of NPY plasma and cerebrospinal fluid levels in AD 
patients. 

*Plasma and cerebro-spinalfluid of AD  
patients. 

 [31, 32] 

*Neuroprotective role of NPY in vitro and in vivo in animal AD 
models. 

*Prefrontal cortex and hippocampus of AD 
mouse models. 

 [7, 33] 

Huntington Disease 
*Increase of NPY neurons in the brain of HD patient. *Striatum of HD patient.  [34] 

*Neuroprotective role of NPY in an animal HD model. *Cortex and striatum of HD mouse model.  [35, 36] 

Amyotrophic Lateral 
Sclerosis 

*Increase of NPY levels in animal models and in ALS patients 
*Neuroprotection of NPY in ALS. 

*Motor cortex of ALS mice and blood of ALS 
patients. 

 [39-41] 

Machado-Joseph 
Disease 

*Decrease of NPY levels in animal model and in MJD patients  
*Neuroprotection of NPY in MJD. 

*Cerebellum and striatum of MJD transgenic 
mice model and cerebellar extracts of MJD 

patients. 

 [4, 44, 45] 

Abbreviations: NPY, Neuropeptide Y; BDNF, Brain-Derived Neurotrophic Factor; ALS, Amyotrophic Lateral Sclerosis; AD, Alzheimer's Disease; PD, Parkinson’s Disease; HD, 
Huntington's Disease; ALS, Amyotrophic Lateral Sclerosis; MJD, Machado-Joseph Disease; MS, Multiple Sclerosis; Meth, Methamphetamine. 

 
excitotoxicity, oxidative stress, endoplasmic reticulum stress, 
neuroinflammation, and autophagy [41]. 

6. NEUROPROTECTIVE EFFECTS OF NPY IN MA-
CHADO-JOSEPH DISEASE 

Machado-Joseph disease (MJD), also known as Spino-
cerebellar Ataxia 3, is the second most common polygluta-
mine neurodegenerative disorder associated with neurodegen-
eration of brain regions, including the cerebellum and striatum 
[42]. MJD is caused by the expansion of CAG repeats within 
the ATXN3 gene and is characterized by progressive impair-
ment of motor coordination [43]. The levels of NPY were 
reduced in both post-mortem cerebellar extracts of MJD pa-
tients and in striata and cerebella of transgenic mice model of 
MJD. Interestingly, overexpression of NPY in transgenic mice 
model of MJD ameliorated the motor coordination, preserved 
cerebellar structure, and reduced striatal neuronal dysfunction. 
Additionally, NPY overexpression increased the levels of 
brain-derived neurotrophic factors and reduced neuroinflam-
mation associated with MJD [4, 44]. Collectively, these data 
suggest that NPY is a potential therapeutic strategy for MJD. 
More recently, Duarte-Neves et al. also demonstrated that 
intranasal administration of NPY improved motor and balance 
performance of MJD transgenic mice and reduced cerebellar 
neuropathology [45]. 

7. MECHANISMS RESPONSIBLE FOR THE NEURO-
PROTECTIVE EFFECTS OF NPY 

Many neurodegenerative diseases, including Parkinson's 
disease, Alzheimer's disease, and Huntington's disease, occur 

as a result of neuronal loss arising from numerous cellular 
and molecular events such as inflammation and apoptosis. 
NPY exerts its neuroprotective effects by modulating some 
of the mechanisms involved in neurodegenerative processes 
and that are common to several neurodegenerative diseases. 
Accumulating evidence indicates that NPY can function as 
an anti-apoptotic, anti-inflammatory, and pro-phagocytic 
agent, which may be used effectively to halt or to slow down 
the progression of disease (Fig. 1). 

7.1. NPY Decreases Glutamate-induced Excitotoxicity 
Glutamate is the main excitatory neurotransmitter in the 

central nervous system (CNS). Excitotoxicity is a process of 
neuronal death caused by the overactivation of glutamate 
receptors. Several studies have shown that NPY can exert 
neuroprotective effects against excitotoxicity induced by 
glutamate in multiple brain regions such as the hippocampus 
and striatum [5, 23, 46-48]. Similarly, NPY is implicated in 
the neuroprotective role against necrotic and apoptotic cell 
death induced by glutamate in rat retinal cells both in culture 
and in situ in the retina [49]. In PD, loss of nigral dopamin-
ergic neurons and the subsequent striatal depletion of dopa-
mine leads to the overactivation of glutamatergic projections 
from the subthalamic nucleus to the basal ganglia output 
nuclei. The implication of glutamatergic excitotoxicity in 
nigrostriatal degeneration provides potential targets for ther-
apeutic intervention in PD. Interestingly, the glutamate re-
ceptor antagonist improves motor impairment in Parkinson's 
patients. Some studies suggest that NPY is a neuroprotective 
agent against glutamate excitotoxicity. Indeed, NPY has 
been shown in vitro to protect cells of the hippocampus, 
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Fig. (1). Neuroprotective effects of NPY. The neuroprotective effects of NPY in neurodegenerative diseases include reduction of neuroin-
flammation, increase of BDNF level, stimulation of autophagy, antiapoptotic effect by reduction of oxidative stress and mitochondrial dys-
function, decrease of glutamate-induced excitotoxicity. NPY, neuropeptide Y; BDNF, Brain-derived Neurotrophic Factor; ALS, Amyotrophic 
Lateral Sclerosis; AD, Alzheimer's Disease; PD, Parkinson’s Disease; HD, Huntington's Disease; ALS, Amyotrophic Lateral Sclerosis; MJD, 
Machado-Joseph Disease; MS, Multiple Sclerosis; Meth, Methamphetamine. (A higher resolution/colour version of this figure is available in 
the electronic copy of the article). 

 
cortex, and retina against glutamate excitotoxicity by activat-
ing Y2 and Y5 receptors. These neuroprotective effects of 
NPY against glutamate excitotoxicity have also been demon-
strated in rodent models, reducing cell death in both the hip-
pocampus and retina. In ALS, an increase in the levels of 
glutamate in the cerebral spinal fluid of patients has been 
shown [50, 51]. As NPY decreases glutamate-induced exci-
totoxicity in other pathological conditions, one can expect a 
neuroprotective action of NPY in ALS. 

7.2. NPY Reduces Neuroinflammation 

Evidence from PD patients indicates that neuroinflamma-
tion, associated with microglia activation, may contribute to 
the development of the disease [52]. Several studies have 
demonstrated a relationship between dopaminergic neuron 
death and microglial activation in PD patients, both postmor-
tem and in vivo, using molecular imaging methods. A cas-
cade of events is involved in neuroinflammation processes in 
PD, including activation of microglia and increased secretion 
of cytokines [53]. Several clinical studies have shown an 
increased level of inflammatory enzymes, such as cyclo-
oxygenase-2, in DA neurons of the postmortem PD brain and 
in a mouse model of PD [54]. Activated microglial cells in-
tensively express a mitochondrial protein, the translocator 
protein, which is a sensitive biomarker associated with neu-
roinflammation. Recent work suggests a direct effect of NPY 
on neuroinflammatory processes [24]. In an animal model of 
PD, obtained by injection of 6-OHDA, treatment with NPY 
allows protection of dopaminergic neurons by decreasing the 
microglial reaction. Indeed, injured animals treated with 
NPY show a decrease in the binding of [3H]-PK11195, a 
TSPO ligand, in the striatum and black matter, compared to 
injured and untreated animals. 

In HD, intranasal NPY reduced induction of proinflammato-
ry cytokine and inflammatory mediators in R6/2 mice [36]. 

In the Machado-Joseph Disease, overexpressing NPY in 
the striatum and in the cerebellum of two different MJD 
mouse models reduced the mRNA levels of IL-6 and pre-
vented the mutant ataxin-3-induced increase of microglial 
immunoreactivity [44]. Moreover, overexpression of the 
NPY induced up-regulation of brain-derived neurotrophic 
factor (BDNF), and it has been shown that BDNF partici-
pates in the regulation of neuroinflammation by reducing 
astrocytosis and proinflammatory cytokines levels [55, 56]. 
Therefore, NPY could directly restrain the exacerbation of 
the inflammatory response via the activation of the BDNF 
signalling pathway. NPY was also observed to protect hip-
pocampal cells against METH-induced toxicity through the 
release of BDNF from microglia, which has been shown to 
attenuate neuroinflammation by reducing astrocytosis and 
pro-inflammatory cytokine production [57].  

Anti-inflammatory effects of NPY were also investigated 
in neuroimmune diseases. Multiple sclerosis (MS) is a chron-
ic autoimmune disease of the CNS characterized by multifo-
cal inflammation in the brain, extensive demyelination, ax-
onal loss, and gliosis. It was found that the levels of NPY 
were decreased in the cerebrospinal fluid of MS patients 
[58]. The suppressive role of exogenous NPY has been 
demonstrated in experimental autoimmune encephalomyeli-
tis, an animal model of MS [59]. 

The mechanisms underlying NPY-mediated anti-
inflammatory effects in neurodegenerative disorders may 
involve suppression of excessive inflammatory response 
and/or activation of the BDNF signalling pathway. 

7.3. Interplay between NPY and BDNF 

Brain-derived neurotrophic factor (BDNF) is a member 
of the neurotrophin family of growth factors that plays a cru-
cial role in neuronal survival, growth, differentiation, and 
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neurogenesis [60]. The concentration of BDNF is reduced in 
the blood and brain of patients in several pathological condi-
tions and neurodegenerative diseases, including epilepsy, 
Alzheimer’s disease, Parkinson’s disease, Huntington’s dis-
ease, and amyotrophic lateral sclerosis [61]. During the de-
velopment of epilepsy, BDNF is up-regulated in different 
brain areas, including the hippocampus. Several studies have 
shown that, in animal models of epilepsy, infusion of BDNF 
into the hippocampus can attenuate the development of epi-
lepsy, and this effect is mediated by an increase in the ex-
pression of neuropeptide Y [62, 63]. In patients with epilep-
sy, the level of NPY is increased in the cortex, and this in-
crease is correlated with the BDNF level [64]. Exposure of 
mouse organotypic hippocampal cultures to a glutamate re-
ceptor agonist evoked a significant increase in BDNF. Tox-
icity mediated by AMPA receptor activation could be pre-
vented by neuroprotective pathways activated by NPY recep-
tors, which can be impacted by BDNF released by microglia 
and neurons [57]. 

Regarding Alzheimer's disease, it has been reported that 
the neuropeptide Y protects cultured rat cortical neurons 
exposed to amyloid-beta. The neuroprotective effects of 
NPY are mediated by alteration of the expression of mi-
croRNA, small non-coding DNA fragments involved in 
BDNF tuning expression. Treatment with NPY decreased 
microRNA expression and increased BDNF mRNA and pro-
tein expression [65]. 

The interplay between NPY and BDNF was also investi-
gated in Huntington's disease. In R6/2 mice model Hunting-
ton's disease, NPY induced a decrease in aggregated mutant 
huntingtin and mediated increase in dopamine and cAMP-
regulated phosphoprotein, 32kDa, BDNF, and activated ex-
tracellular signal-regulated protein kinases levels [36]. 

7.4. NPY Stimulates Autophagy 

Autophagy is a cellular process responsible for removing 
protein aggregates and damaged organelles. Many neuro-
degenerative diseases are associated with an accumulation of 
undegraded and aggregated proteins as well as autophagic 
dysfunction. Indeed, protein misfolding and aggregation 
cause neurofibrillary tangles and amyloid β plaques in Alz-
heimer's disease [66]. These α-synuclein aggregates consti-
tute Lewy bodies in Parkinson's disease [67] and expanded 
polyglutamine protein aggregates in polyglutamine diseases, 
such as Huntington's disease and Machado-Joseph Disease 
[68-70]. Increasing evidence suggests that autophagy defects 
are involved in PD pathogenesis. Aberrant autophagy activi-
ty is identified in the substantia nigra of patients with PD 
[71]. Recent studies have shown that modulation of autopha-
gy could be an interesting therapeutic strategy for these dis-
eases. NPY has been shown to exert a neuroprotective effect 
on the striatum and cerebellum of two mouse models of 
spinocerebellar ataxia type 3. It has been suggested that this 
action could be related to NPY stimulation of autophagy. 

Aveleira and collaborators showed that NPY not only in-
duces autophagy, increasing the number of autophagosomes, 
but also increases autophagic flux in hypothalamic neurons 
[72, 73]. In both hypothalamic neuronal in vitro models, rat 
hypothalamic neural cell primary cultures, and a mouse hy-
pothalamic cell line, NPY1R (neuropeptide Y receptor Y1), 

NPY2R, or NPY5R antagonists were able to block autopha-
gy induction. Therefore, their results show that NPY induces 
autophagic flux through NPY1R and NPY5R activation, and 
this involves a concerted action of the PI3K, MAPK1/3, and 
PKA pathways [73].  

Because hypothalamic autophagy and NPY levels de-
crease with aging and NPY regulates autophagy in the hypo-
thalamus, Aveleira et al. [72] suggest that modulation of 
NPY levels may be manipulated to produce protective ef-
fects against hypothalamic impairments associated with age.  

7.5. NPY Reduces Oxidative Stress and Mitochondrial 
Dysfunction 

Activation of the apoptosis signalling pathway is associ-
ated with oxidative stress and reactive oxidative species 
(ROS) production [74]. In this line, Lee et al. have shown 
that NPY was able to decrease key pro-apoptotic caspases 
(caspases 3 and 4) activation [75]. Indeed, NPY could atten-
uate oxidative stress through inhibition of ROS via Y1 and 
Y2 receptor modulation [76]. 

In the case of neurodegenerative disease, NPY protects 
mitochondria against oxidative damage by inhibiting nitric 
oxide production [33,77]. 

In ALS, oxidative damage is dependent on NO-induced 
progressive motor neuron death by inhibition of mitochon-
drial respiration, increased glutamate release, and excitotoxi-
city [78].  

The production of mitochondrial superoxide contributed 
to cellular damage. However, it has been reported that the 
exposure of neurons to a low and temporary level of super-
oxide has a neuroprotective effect. This neuroprotective ef-
fect induced by a subtoxic increase in oxidative stress has 
been termed preconditioning hormesis [79-81]. In this line, 
the hormesis mechanism may account for the observed pro-
tective effects of NPY, which could be hormesis. Several 
studies demonstrated that hormesis dietary phytochemicals 
might improve health and extend lifespan through mild ele-
vation of ROS [82]. It has been reported that low concentra-
tions of natural polyphenols generate moderate stress that 
prolongs lifespan in animal models of PD [83, 84]. Taken 
together, these observations suggest that hormesis effects 
could be exploited to prevent the emergence of various neu-
rodegenerative disorders and to slow down the aging process 
[85]. 

7.6. Concluding Remarks and Perspectives for NPY in 
Clinical Therapeutics 

Neuropeptide Y is widely expressed in the brain, and its 
level of expression is increased in several neuropathological 
conditions. Accumulating evidence indicates that NPY can 
function as an anti-apoptotic, anti-inflammatory, and pro-
phagocytic agent, which may be used effectively to halt or to 
slow down the progression of the disease. 

However, given the multiple physiological functions that 
are regulated by NPY, its potential use as a therapeutic agent 
in the clinic is not without critical aspects. To restrain the 
action of NPY, the development of specific agonists or an-
tagonists targeting NPY receptors is attractive in clinical 
settings. Over the past years, several agonists and antagonists 
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against Y receptors have been developed and tested as re-
search tools and in clinical trials [86]. However, to date, the-
se drug leads have not yet been translated into clinical tools. 

Another important issue concerning the use of NPY as a 
therapeutic agent is its mode of administration. Indeed, NPY 
has a poor capacity to cross the blood-brain barrier, a low 
oral bioavailability, and a short half-life. Previous studies 
have demonstrated the feasibility of intranasal delivery of 
NPY in rodents [45] and in humans [87]. It has been shown 
that following intranasal administration, NPY reaches sever-
al brain regions along olfactory and trigeminal pathways that 
innervate the nasal cavity [87]. 
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