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ABSTRACT

PD (PD) is a debilitating progressive age-related neurodegenerative disorder that negatively
impacts bodily movement. It is the second most common type of neurodegenerative disease after
Alzheimer's disease. Although the etiology and pathogenesis of PD remain unknown, a vast body
of evidence indicates that oxidative stress, inflammation, apoptosis, mitochondrial dysfunction,
and proteasomal dysfunction all play a role in the disease's pathogenesis. Because of the
multifactorial nature of the disease, current drug treatment can only offer symptomatic relief and
cannot stop or delay the disease progression. The Peroxisome proliferator-activated receptors
(PPARSs) are the member of the receptor’s superfamily called, nuclear receptors, regulates the
growth, differentiation of the tissues, inflammation, mitochondrial function, wound healing, lipid
metabolism, and glucose metabolism. Several PPAR agonists have recently been shown to
protect neurons from oxidative damage, inflammation, and apoptosis in Alzheimer's disease, PD,
Huntington's disease, amyotrophic lateral sclerosis, and multiple sclerosis. We review the
research on the neuroprotective effects of PPAR agonists in in-vitro and in-vivo models of PD in
this paper. Similarly, the pharmacological mechanism of PPAR agonists' neuroprotective effects
is examined. Finally, PPAR agonists exert neuroprotective effects by controlling the expression
of a set of genes involved in cell survival processes, suggesting that they may be a potential
therapeutic target in crippling neurodegenerative diseases like PD.
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INTRODUCTION

PD is a second common neurodegenerative disease that occurs due to the loss of dopaminergic
neurons in the substantia nigra in the brain. PD affects more than 6 million people globally and is
expected to multiple two-fold in the next decade (1). The signs of PD range from tremors to
stiffness and also cognitive dysfunction. Dopaminergic medications that compensate for the lack
of dopamine (DA) in the brain are the primary treatment choices. Replacement of DA with L-
Dopa, DA agonists, and enzyme blockers for MAO-B and COMT can reverse L-Dopa treatment
complications such as dyskinesis and motor response oscillations (2,3). Moreover, many of the
non-motor PD symptoms can be alleviated by multiple therapeutic options available currently
(4). Non-pharmacological therapies based on physical exercise, support the therapeutic
armamentarium, which halts serious impairments over many years and maintains the quality of
life for most patients.

However, despite all symptomatic PD therapy refined over the past decades, none of the drugs
currently available have been shown to slow down or inhibit the development of the disorder.
In long-term, most PD patients will suffer significant impairments in motor and non-motor
function and reach the key features such as postural instability, serious dysarthria and dysphagia,
orthostatic symptoms, urinary preservation and/or incontinence, and dementia and hallucinosis as
well as cognitive decline (3,5,6).

Treatment options are very limited for all such late-stage complications, and management of
those in PD patients is an urgent unmet need. New clinical goals and medicines must therefore
be developed urgently to address the unmet need for a safe and effective disease-modifying
therapy option for PD.

PATHOLOGICAL MECHANISMS INVOLVED IN PARKINSON’S DISEASE

Increased oxidative stress (7), mitochondrial dysfunction (8), apoptosis (9), neuroinflammation
(10), excitotoxicity (11), and abnormal protein aggregation/proteasomal dysfunction (12,13) are
proposed cellular mechanisms responsible for idiopathic PD.

Oxidative stress

Since endogenous DA undergoes both enzymatic and nonenzymatic oxidative metabolism,
resulting in the formation of reactive oxygen species (ROS) in the SN, oxidative stress has
received the most attention in PD pathogenesis among the many pathogenic mechanisms thought
to lead to the demise of DA neurons in PD (7,14). Increased iron, decreased GSH, increased
levels of the lipid peroxidation product malondialdehyde, and oxidative damage to lipids and
proteins have all been found in post-mortem studies of PD brains, implying that oxidative stress
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plays a role in the disease (15-20). Similarly, increased expression of the DNA repair by enzyme
8-oxoguanine DNA glycosylase (OGG1) in the SN of PD patients suggests increased DNA
oxidation in the disease (17,21). Furthermore, cytoplasmic 8-hydroxyguanosine (80OHG; a
typical result of nucleic acid oxidation) immunoreactivity was found to be significantly higher in
the SN of PD patients as compared to age-matched controls.

Mitochondrial dysfunction

A significant body of evidence indicates that mitochondrial function is impaired in PD (22,23).
The discovery of a synthetic opiate, 1-methyl-4-phenyl-1,2,3,6-tetranhydrodropyridine (MPTP),
which was found to induce parkinsonism in drug-addicted young people, provided the most
convincing evidence of mitochondrial dysfunction in PD. In glial cells, MPTP is converted to
MPP+, which is preferentially taken up by DA neurons and inhibits complex | of the electron
transport chain, resulting in neuronal death (24). Platelets, SN, and skeletal muscle of PD
patients had lower mitochondrial complex-1 activity (25-28). Similarly, cybrids containing
mitochondrial DNA from PD patients have lower complex-I activity and are more vulnerable to
MPP+ (29). As a result, the mitochondrial complex-1 defect can play a role in PD cell
degeneration by reducing ATP synthesis and causing a bioenergetic defect. Several studies have
also shown the function of a mitochondrial complex-I defect in the pathogenesis of PD. Other
complex-I inhibitors, such as rotenone and paraquat, were found to cause oxidative damage to
dopaminergic neurons in the SN and cultured DA neurons, similar to MPTP, indicating that
mitochondrial dysfunction plays a role in PD pathogenesis (30,31). Several studies have shown
the existence of mutations in mitochondrial DNA (mtDNA) in addition to the mitochondrial
complex-I deficiency. Mutations in mtDNA polymerase gamma have recently been discovered in
five ethnically diverse Finnish families, and they have been identified as a major cause of
inherited neurodegenerative diseases (32).

Recently, a fascinating study found that mouse SN DA neurons have lower mitochondrial mass
than non-DA neurons, indicating that these neurons are more vulnerable to mitochondrial
dysfunction in PD (33).

Apoptosis and neuroinflammation

The pathogenesis of PD is complicated by neuroinflammation and apoptosis. Apoptosis and
autophagy have been observed in postmortem PD brains (9). In PD patients' dopaminergic
neurons, elevated nuclear translocation of NF-kB was also reported (34). Apoptosis and
inflammation in the parkinsonian brain are also suggested by altered expression of pro-apoptotic

genes, elevated levels of p53 protein, interferon-gamma, and NF-kB, and stimulation of caspases
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in the SN of PD patients (35-40). Microglia that have been activated have been found in the SN
of PD patients, where they release interleukins, interferon, and tumor necrosis factor-a, all of
which cause apoptosis (41,42). In PD, synuclein accumulation induces microglial activation,
which results in chronic and progressive nigral neurodegeneration (43). While the triggers for
microgliosis in PD are unclear, neuromelanin-containing DA neurons are more susceptible to
neuroinflammation in the disease. Furthermore, it is unclear if neuroinflammation is a primary
cause of PD or merely a side effect of the disease.

Proteasomal dysfunction

Proteasomal dysfunction leads to an accumulation of misfolded proteins, which eventually leads
to neuronal death. Parkin, a-synuclein, DJ-1, and UCH-L1 gene mutations indicate a role for
proteasomal dysfunction in the pathogenesis of PD (44). In the SN of post-mortem tissue from
PD patients, there was confirmed proteasomal dysfunction/reduced proteasomal activity (12,45).
In PD patients, selective loss of the 205 proteosome a-subunit has also been documented in the
SN (13). Lactacystin (a selective proteosome inhibitor) injections into the striatum resulted in
increased levels of heme oxygenase-1, alpha-synuclein accumulation, and retrograde neuronal
degeneration in the SN, indicating a role for proteasomal dysfunction in PD (46).
PEROXISOME PROLIFERATOR-ACTIVATED RECEPTORS: FUNCTION AND
PHARMACOLOGY

PPARs are nuclear receptor superfamily transcription factors that are activated by ligands (47)
(Figure 1). PPARs have three isoforms (a, /0, and y), each with different physiological and
pharmacological roles depending on their target genes and tissue distribution (48,49). Indeed,
natural ligands such as fatty acids and eicosanoid derivate, as well as synthetic ligands (lipid-

lowering fibrates), activate PPAR, which regulates lipid and lipoprotein metabolism (50).
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Figure 1: Ligands of PPARs and their cellular action (Adapted from Swati et al., 2017)
Prostaglandins or synthetic ligands like anti-diabetic thiazolidinediones activate PPAR-y which
controls glucose metabolism by modulating insulin sensitivity (50). Non-steroidal anti-
inflammatory drugs are also weak agonists of PPAR-y and PPAR-a. PPAR/ is one of the PPAR
family's most commonly articulated members. Until recently, the function of PPAR-B/6 was
unknown, but new research has revealed that it controls serum lipid profiles and fatty acid
oxidation in muscle and adipose tissue, and thus plays a key role in lipid metabolism. Synthetic
PPAR-p/5 ligands are currently in the preclinical stages of their development.

PEROXISOME PROLIFERATOR-ACTIVATED RECEPTORS IN THE BRAIN

The PPARs, induced by ligands known as transcription factors, belonging to the superfamily
nuclear hormone receptors (NHR). As with other members of the NHR superfamily comprising
steroid, thyroid, and retinoid receptors, during metazoan developments, it is assumed that PPARS
are capable of binding to a ligand because they are present in all metazoan phyla. There are three
different PPAR isotypes (PPAR-a, PPAR-fB, also called 6, and PPAR-y), which have been
identified and are structurally uniform in different species.

Therefore, it appears that in rodents, foetal growth in a wide variety of cell types of ectodermal,

mesodermal or endodermic embryos, PPAR-a, PPAR-B/5, and PPAR y show unique spatialise
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tissue-dependent patterns of expression. PPARs have a role in various aspects of tissue
differentiation and rodent growth such as adipose tissue, brain, placenta, and skin differentiation
(reviewed in (51). It, therefore, appears that PPAR-a, /3, and y are derived from an ancient
Orphan receptor from a common PPAR gene, with wide ligand-binding specificity developed
from a common PPAR gene with broad ligand-binding specificity, itself derived from the
ancestral orphan receptor (reviewed in (52).

PPARSs regulate genetic expression via several mechanisms and act as compulsory heterodimers
with receptors for retinoid X. (RXRs). PPARs are composed of four domains, like the other
members of the superfamily. The highly conserved DNA-binding domain and the zinc finger
domain are common features of all NHR members. The C-terminal ligand-binding region by the
hinge region is connected to the DNA binding domain. The E/F domain is responsible for
dimerizing RXR PPARs, while the N-terminal domain is responsible for ligand-independent
regulation of the receptor activity (53).

PPARs work to stimulate gene expression through the binding of their target genes with
preserved DNA sequences, called peroxisome-proliferator response elements (PPRESs). These
heterodimers are physically linked to co-repressor complexes, which suppress gene transcription,
in the absence of ligands (51). The NCor-containing complexes are discharged and replaced by
co-activator complexes when the ligand is binding to the receptor. Then these coactivators are
connected to the base transcription device and activate the transcription of these genes.

They also work to inhibit the expression of pro-inflammatory genes and do so by mechanisms
not dependent on their ability to bind to DNA. Several mechanisms have been postulated for
their trans repression activity and their selectiveness, none of which are completely satisfactory
for NFxB-regulated genes (54). The new mechanism of PPAR-y -mediated trans repression has
recently been described by Glass and colleagues. NFxB-regulated inflammatory genes are
maintained by their combination with N-Cor that contains corepressor complexes in a repressed
state. This complex is dissociated and gene expression is initiated after exposure to
proinflammatory stimuli. PPAR-y agonists bind to the PPAR-y receptor, which is then modified
by adding a sumoyl moiety to this ligand-receptor complex. This modified receptor binds to NC
or complexes inhabiting NFkB gene promoters, preventing the release of the corepressor
complex, thereby preventing an inflammation of the gene (55,56).

In response to dietary lipid intake, the PPARs act primarily as lipid sensors and control whole-
body metabolism and direct the subsequent metabolism and storage (57). The prototypical family

member, PPAR-a, was initially identifying the subfamily of three related receptors as induced by
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proliferators of peroxisomes. Dietary lipids and their metabolites are the natural ligands of these
receptors. Due to the relatively low-affinity interactions and the broad ligand specificity of the
receptors, the specific ligands of the different receptors were hard to determine.

PPAR-o mainly acts to regulate energy homeostasis by stimulating fatty acid and cholesterol
disintegration, leading to gluconeogenesis and a reduction in serum triglyceride levels. The
receiver acts as a lipid sensor that binds and initiates the metabolism of the fatty acids. PPAR-a
binds several fatty acids and natural lipid ligands including fats, eicosanoids. Its primary action is
to encourage differentiation of adipocytes and to direct lipid metabolites into the tissue. PPAR-y
works at the critical lipid and carbohydrate metabolism metabolic intersection. The activation of
PPAR-y is linked to a decrease in serum glucose, which is likely to be the second effect of
endocrine control. The development of specific PPAR-y agonists in the treatment of diabetes
type 2 (58) resulted from this latter activity. PPAR-B/6 binds to and responds to fatty acids
derived from VLDL, eicosanoids, including prostaglandin A; (59), and seems to have mainly an
impact on fatty acid oxidation, especially in muscles.

Linking PPARSs to their specific ligands leads to conformational changes that enable the release
of co-repressors and the recruitment of co-activators. Although each PPAR isotype has its ligand
binding properties, although the common ancient nuclear recipient can be attributed to a common
nuclear receptor. Selective PPAR-y ligands are synthetically prescribed thiazolidinediones
(TZDs) for the treatment of type Il diabetes. Of course, eicosanoids and cyclopentenone
prostaglandin 15d-PGJ2 are included in PPAR-y ligands. The TZDs including pioglitazone
(Actos) and rosiglitazone (Avandia), approved for the treatment of type 1l diabetes by the Food
and Drug Association (FDA), are the best-characterized PPAR-y agonists. Some of the PPAR-y
agonists not based on TZD, such as GW78456 and others, have also been developed as a part of
drug discovery.

PPAR-a ligands include fibrates that are commonly used in hypertriglyceridemia treatment and
WY 14,643 and GW7647 synthetic agonists developed for the same purpose. Prostacyclin PGI2,
including GWO0742, GW501516, and GW7842 are included in PPAR-B/6 agonists.
Polyunsaturated fatty acids with different affinities and efficiencies can activate all three PPAR
isotypes (60). Bernado and Minghetti have recently summarized an overview of the affinity of
several natural and synthetic ligands (61).

ROLE OF PEROXISOME PROLIFERATOR-ACTIVATED RECEPTORS IN
PARKINSON’S DISEASE
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The pathological characteristic of idiopathic PD is the loss of dopaminergic neurons in the
substantia nigra pars compacta (SNpc). The production of reactive oxygen species and apoptosis
can contribute significantly to neuronal cell degeneration through excitotoxicity, oxidative
phosphorylation. The neurotoxin MPTP was experimentally used to assess the pathogenesis of
PD. NO is a key MPTP toxicity mediator in the dopaminergic neurons (62—64). More studies
have shown that the effect of neuroinflammation changes in PD (37) and MPTP-induced
toxicity, accompanied by the astrocytic and micrographic expression of iNOS, may be crucial
(65,66).

Given that PPAR-y activations result in deep iNOS suppression in peripheral macrophages
(67,68) and neuroinflammation models (69,70), synthetic PPAR-y ligands were treated to test the
possibility that neuroprotection could be performed through PPAR-y mediation of anti-
inflammation effects. The pioglitazone therapy protected against DA-cell death induced by
MPTP was discovered in the SNpc by Breidert and colleagues (71). Dehmer and colleagues have
shown PPAR-y expression in striatum and substantial nigra in mouse and MPTP-treated mouse
(72) have confirmed this finding. Pioglitazone also protected neurons from the MPTP-induced
cell death from tyrosine hydroxylase-positive nigra. But striatal DA decrease was only partially
prevented in both studies. The number of iINOS-positive cells in the striatum and SNPc was
reduced and pioglitazone decreased by microglial and astrocyte activation (73,74). Partly the
removal of iNOS from treated MPTP mice by NFk-B related signal transduction could have been
achieved, as pioglitazone therapy induced a striatal decrease in TNF-o and NF«x-B. Similar data
were obtained using the dopaminergic neurodegeneration induced by lipopolysaccharide and
inflammation-driven rat model, in which pioglitazone reduces microglial inflammation
effectively, attenuates oxidative stress, and restores mitochondrial function (75).

In addition to the PPAR-y agonist results observed with the MPTP model, PPAR-a shown to be
protective from TH-positive loss in SNpc and TH immunoreactivity in the striatum by tyrosine
hydroxylase cells and preventative treatment of the mouse with PPAR-o agonist fenofibrate
induced by MPTP. Clearly, another PPAR-a agonist in the same research failed to perform a
bezafibrate, probably because the bezafibrate experiments contained a 10-fold lower drug
concentration (76). Iwashita and colleagues have also shown that neuroprotective effects were
exercised in PPAR-B/3 agonistic treatment of neuroblastoma cells stimulated by MPP+ (77).
Recent evidence has shown that NSAIDs, especially ibuprofen, can delay or prevent PD
progression (78,79). Since Ibuprofen passes the blood-brain barrier and is a potential agonist of

PPAR-y (80), it is possible to have a beneficial effect on PD epidemiology from PPAR-y
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activation. In conjunction with these figures, treatment with PPAR-y agonists can provide a new
treatment approach to PD.

PEROXISOME PROLIFERATOR-ACTIVATED RECEPTORS AS A THERAPEUTIC
OPTION FOR PARKINSON’S DISEASE

It is well known that ROS formation, which leads to oxidative damage, microglial activation,
mediated neuroinflammation, and mitochondrial dysfunction, causes degeneration of the DA
neurons and eventually leads to cell mortality, apoptosis, and necrosis activation. Therefore,
oxidative stress and mitochondrial dysfunction control can reduce neurodegeneration in PD (81).
In some studies, in vitro and in vivo, PPAR agonists suggested potential neuroprotective effects
(82-89).

In a mouse model of PD, pioglitazone, a PPAR-y agonist shielded dopaminergic neuronal cell
bodies in the substantia nigra and its terminals in the striatum regions against MPTP, a potent
mitochondrial neurotoxin (87). Dopaminergic cell loss and neurodegeneration in SNPc were
prevented by oral dosing of pioglitazone before MPTP treatment (15 mg/kg i.p.) in an
experimental animal model (90). In one of the studies also it was found that pioglitazone exerted
a neuroprotective effect against MPTP-induced neuronal damage (88). Pioglitazone protects the
brain from MPTP-induced neurotoxicity by inhibiting the activity of the enzyme monoamine
oxidase-B due to blockage of the conversion of MPTP to MPP+ (91). Additionally, pioglitazone
inhibits microglial activation, reduces inflammatory mediator levels, nitrotyrosine production in
dopaminergic neurons, and significantly decreases the number of activated astrocytes in the
striatum and substantia nigra regions of the brain (92). Numerous additional studies corroborate
pioglitazone's anti-inflammatory and anti-apoptotic properties (93,94). Pioglitazone was found to
be neuroprotective against inflammation and dopaminergic neurodegeneration caused by
intrastriatal injected lipopolysaccharide (LPS) in the rat brain (95). In another study, pioglitazone
suppressed microglial activation and neuroinflammation induced by LPS (96). Pioglitazone
inhibits oxidative stress and restores the mitochondrial capacity and function of dopaminergic
neurons in the brain (97). Pioglitazone protects dopaminergic neurons from LPS-activated COX-
2 and prostaglandin E2-mediated microglial activation in co-cultures of dopaminergic neurons
and astrocytes by interfering with other signalling pathways such as the Jun N-terminal kinase
pathway, which is involved in COX-2 inhibition (98).

Another PPAR-agonist, Rosiglitazone was shown to be neuroprotective against MPTP by
increasing PPARs activation in neurons (99). Activation of PPARs with rosiglitazone reverses

mitochondrial dysfunction caused by the mitochondrial complex-I inhibitor rotenone and PINK1
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loss (100). MPTP lowers DA levels in the striatum and substantia nigra, which were contained in
the PD model by rosiglitazone (101). Additionally, rosiglitazone was found to shield
neuroblastoma cells from acetaldehyde, a mitochondrial function inhibitor (102). It protects
neurons from oxidative stress and apoptosis caused by neurotoxin acetaldehyde (103).
Rosiglitazone stimulates the expression of antioxidant enzymes and also controls the expression
of apoptotic factors, reversing the neurotoxic effect of acetaldehyde (104). Additionally,
rosiglitazone has been shown to protect human neuroblastoma cells from the toxicity caused by
MPP, which results in mitochondrial dysfunction and oxidative stress (105). These findings
provide strong evidence for the hypothesis that, in addition to their anti-inflammatory properties,
PPAR agonists contribute to neuroprotection by controlling the expression of antioxidant
enzymes and maintaining a balance between pro-and anti-apoptotic gene expression (103).

The hypothalamus is home to the PPAR-6 isoform, which is involved in maintaining brain
homeostasis. PPAR-3 reduces inflammation, which protects against the production of diet-
induced obesity (106). PPAR-6 is also known to be a powerful anti-inflammatory response
regulator. Radiation-induced inflammatory responses in microglial cells, which are involved in
inflammatory responses, are controlled by it (107). The PPAR-6 agonist L-165041 protected
murine microglial cells from radiation-induced damage, including increased oxidative stress,
COX-2, and MCP-1 expression, as well as increased levels of various cytokines and
inflammatory mediators (108). By interacting with the p65 subunit, PPAR-$ inhibits NF-kB by
trans-repression, preventing activation of the PKCa/MEK1/2/ERK1/2/AP-1 pathways (107). As
a result, the findings suggest that PPAR activation can influence radiation-induced oxidative
damage and inflammatory responses in microglial cells (109). By inhibiting caspase-3 activation,
PPAR-6 agonists [.-165041 and GW-501516 protect SH-SY5Y neuroblastoma cells from MPP+-
mediated apoptosis (110). These agonists also protect the striatum from MPTP-induced DA and
metabolite depletion (111). Another PPAR-6 agonist, GW(0742, has been shown to protect the
spinal cord from damage (112,113). PPAR-6 agonists reduce p38 MAP kinase, NF-kB
activation, and COX-2 expression, resulting in reduced cell death (114).

Co-treatment with the PPAR-y antagonist GW-9662 and the agonist rosiglitazone has
neuroprotective effects by inhibiting MPP+ formation as well as ROS generation (105). Many
other PPAR-a agonists, such as fenofibrate and bezafibrate, have been studied in MPTP mouse
models of PD (90). Fenofibrate has been found to protect dopaminergic neurons in the substantia
nigra and to prevent the loss of tyrosine hydroxylase immunoreactivity in the striatum (90).

Bezafibrate, on the other hand, had no major neuroprotective effect, which was attributed to the
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fact that the dose of bezafibrate was 10 times lower than that of fenofibrate (90). Many
medications, such as indomethacin, naproxen, and fenoprofen, are non-steroidal anti-
inflammatory (NSAID) drugs that bind and activate PPAR-o and PPAR-y (106,107).
Neuroprotection is provided by ibuprofen and indomethacin against neurodegenerative disorders
such as PD (108). In mesencephalic cultures, ibuprofen at 0.1 mM and acetaminophen at 1 mM
concentrations were found to reduce dopaminergic neurotoxicity induced by MPP+ (110). In a
mouse model of PD, indomethacin also protects against MPTP-mediated neurotoxicity by
reducing microglial activation and lymphocyte infiltration (110). Several other NSAIDs do not
activate PPAR, but they still provide neuroprotection in MPTP-induced PD models by reducing
oxidative damages and NF-kb expression via PPAR-independent mechanisms (111). It has been
discovered that people who take these NSAIDs daily have a lower risk of developing PD than
people who do not take them (112).

In human neuroblastoma SH-SY5Y cells, the PPAR-6 antagonist GSK0660 and the agonist
GWO0742 defend against MPP+-induced toxicity. In mice, intrastriatal infusion of GW0742
decreased MPTP-induced dopaminergic neuron loss (113). PPAR agonists are neuroprotective
not only in PD, but also in other neurodegenerative diseases such as Alzheimer's disease, ALS,
and Huntington's disease (114).

CONCLUSION AND FUTURE DIRECTION

Currently available medications for PD only offer symptomatic relief and do not stop or hinder
the disease's progression. As a result, neuroprotective molecules are desperately needed to cure
this crippling disease. In the pathophysiology of PD, many molecular pathways are involved,
including oxidative stress, mitochondrial dysfunction, inflammation, and apoptosis. This may
explain why existing therapeutics are unable to delay disease progression because they only
modulate one target. Modification of many cellular and neuropathological pathways at the same
time could be a more effective strategy for neuroprotection. This can be accomplished by
combining many pharmacological agents or, more preferably, by using only one with pleiotropic
implications. At the transcriptional level, PPAR agonists can induce gene expression and
modulate multiple molecular pathways. As a result, PPAR agonists or drugs that function on
transcription factor receptors may be used to treat neurodegenerative diseases. Further,
exploratory, preclinical, and clinical investigations are essential using PPAR agonists to assess
neuroprotective therapeutic benefits on disease progression as well as on onset of the disease.
PPAR agonists' safety and tolerability concerns must also be discussed before large-scale clinical
trials. Finally, realizing the molecular paths by which PPAR elicits neuroprotective effects can
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contribute to the development of a successful PD treatment. Prospects in terms of

neuroprotection and neural repair include the development of new and more active PPAR

activators, as well as the combined action of the various PPAR isoforms.
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