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Abstract

Current studies of NAAG Peptidase Inhibitors show their potential for neuroprotection of dopaminergic cells and result in a reduction in
Glutamate excitotoxicity. These results reveal that NAAG Peptidase Inhibitors could assist clinicians in understanding the pathophysiology of PD
leading to a more effective treatment of patients’ symptoms. They underscored some of the most historical attempts in experimental therapeutics of
PD in the past decade. The futility of some of the studies should be examined in the context of the current science as discussed in our paper. A deeper
understanding of NAAG Peptidase inhibition could potentially accelerate early stages of PD interventions.
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Opinion

Parkinson’s disease (PD) is a neurodegenerative disorder
that clinically manifests through symptoms such as resting
tremors, bradykinesia, rigidity, and postural instability [1-4].
Currently L-DOPA (L-3,4-dihydroxyphenylalanine) preparations
are employed most commonly to treat these symptoms given its
consistent and proven clinical efficacy [2-6]. Over time, however,
clinicians have seen that long-term use of L-DOPA precipitates the
fluctuation of symptoms, resulting in a reduction of the patient’s
quality of life. Side effects of longterm L-DOPA use include rapid
wearing offs and L-DOPA induced dyskinesia (LID) [5-7]. L-DOPA
is the primary medication used by clinicians so finding a method
to reduce LID and other motor symptoms in order to improve a
patient’s quality of life led them to research other interventions that
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could be given alongside L-DOPA [2,3]. Glutamate excitotoxicity
is associated with the pathophysiology of PD [1,3,8]. Glutamate
release and glutamate receptors have been extensively studied to
improve symptoms of PD and LID [3]. Modulation of metabotropic
glutamate (mGlu) receptors have shown improvements in the
symptoms of PD and long-term use of L-DOPA [3]. Studies on mGlu3
receptors show that modulating mGlu3 receptors may potentiate
various neuroprotective mechanisms [3,9,10]. One agonist of
mGlu3 receptors is NAAG (N-acetly-L-aspartyl-L-glutamate), a
neurotransmitter, which has shown to provide neuroprotection by
decreasing the release of glutamate presynaptically and enhancing
the release of neurotrophic factors [10-13]. These downstream

results of NAAG have led scientists to study mechanisms that
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increase the concentration of NAAG. Investigators have been
studying various inhibitors of enzymes that break down NAAG
peptides known as NAAG Peptidases [13]. Currently, NAAG
peptidase (NP) inhibitors are being primarily studied in various
brain injury and neurodegenerative disease models other than
PD but their translatory clinical implications have shown that NP
inhibitors could potentially provide neuroprotection in PD patients
as well [13-14].

Metabotropic glutamate receptors release neurotrophic
factors such as TGF- and GDNF which provide neuroprotection to
dopaminergic neurons [10,15]. Studies have shown that TGF-8 and
GDNF provide neuroprotection and they are synergistically required
in order for both to provide benefits to dopaminergic neurons
particularly in the areas that PD pathology is primarily seen [10,15].
NAAG peptides activate presynaptic mGlu3 receptors and stimulate
the release of neurotrophic growth factors [10]. Various studies
show that NP inhibitors increase the levels of NAAG peptides, which
enhances the stimulation of trophic factors that have been shown
to provide neuroprotection to dopaminergic neurons in several
studies [10,13,15]. The primary action seen when NP inhibitors
are introduced into a research model is a decrease in the release
of glutamate into the synaptic region [10,12,14]. A lower level of
glutamate reduces glutamate excitotoxicity; therefore, decreasing
dopaminergic neuron death [3,8,10,17]. An intervention that
decreases the release of glutamate and provides neuroprotection
to dopaminergic neurons could allow a lower dose of L-DOPA and
this could improve a patient’s quality of life for a longer period of

time by slowing disease progression and symptom severity [3].
Conclusion

Although there are many studies that briefly mention the
plausible benefits of NAAG peptides on neurodegenerative
diseases while using non-PD models, the results of those studies
are directly translatable to PD’s symptoms and pathology [13].
NAAG’s downstream effects have the potential to reduce the loss of
dopaminergic neurons, which have a primary role in the pathology
and clinical manifestations in PD patients, since they reduce the
release of glutamate and increase the release of neurotrophic
factors as seen in other mechanisms that are neuroprotective
of dopaminergic neurons [3,15-18]. Therefore, the use of NP
inhibitors could decrease the degeneration of dopamine neurons
which have a role in the primary pathophysiology of PD, since they
decrease the release of glutamate and increase neuroprotection by
increasing NAAG peptide levels and by preventing the hydrolysis
of NAAG into glutamate [3,12-15,17]. This will allow the clinician
to provide a better quality of life to PD patients. Future studies on
PD-specific models of whether NP inhibitors that modulate mGlu3
receptors along with L-DOPA or other mGlu receptor modulators
could provide potential therapeutic benefit may lead to new
pharmacological interventions for PD patients.

In conclusion, the futility of some of the landmark trials
using PD models and enrolling early stage PD patients to
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assess metabotropic glutamate receptor neuroprotection were
unsuccessful due to the lack of tests and biomarkers to define the
ideal stages of such intervention to take place. Future studies may
elucidate the full effect of these modulator’s neuroprotection by
performing experiments on earlier stages of PD animal models,
ideally prodromally [19].
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