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Abstract

Parkinson's disease (PD) is a common neurodegenerative disease, which is mainly
appeared in the middle aged and elderly people, and glutamate excitotoxicity
contributes significantly to the pathogenesis of PD. Glutamate transporter attenuates
glutamate excitotoxicity via glutamate uptake. Studies have shown that upregulation
of glutamate transporters could weaken excitotoxic damage to the nervous system,
protect dopaminergic neuron and ameliorate movement deficiency in PD animal
models. Therefore, in this study, we focus on the regulatory mechanism of glutamate
transporters in the pathogenesis of PD and explore the possibility of treating PD by
promoting glutamate transporter. Our work is divided into two sections as below.

Part 1. Rapamycin upregulates glutamate transporter and IL-6 expression in
astrocytes in a mouse model of Parkinson’s disease

Rapamycin protects mice against 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP)-induced loss of dopaminergic neurons, which is an established model for
Parkinson’s disease. WWe demonstrated that rapamycin preserves astrocytic expression
of glutamate transporters and glutamate re-uptake. The protective effect was also
observed in astrocyte cultures, indicating that rapamycin acts directly on astrocytes.
In the MPTP model, rapamycin caused reduced expression of the E3 ubiquitin ligase
Nedd4-2 and reduced co-localization of glutamate transporters with ubiquitin.
Rapamycin increased interleukin 6 (IL-6) expression, which was associated with
reduced expression of inflammatory cytokines, indicating anti-inflammatory
properties of IL-6 in the MPTP model. NF-kB was shown to be a key mediator for
rapamycin, while Janus kinase 2, signal transducer and activator of transcription 3,
phosphoinositide 3-kinase, and Akt partially mediated rapamycin effects in astrocytes.
These results demonstrate for the first time in a Parkinson’s disease animal model that

the neuroprotective effects of rapamycin are associated with glial and
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anti-inflammatory effects.

Part Il. Ginsenoside Rb1 confers neuroprotection via promotion of glutamate
transporters in a mice model of Parkinson’s disease

Ginsenoside Rbl has been demonstrated to protect dopaminergic (DA) neurons
from death in vitro. However, the neuroprotective effects and underlying mechanism
of Rbl in treating Parkinson’s disease (PD) remain uncharacterized. In this study, we
explored the effects of Rbl on the glutamatergic systems in the
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) mouse model of PD. Here, for
the first time, we report that Rb1 treatment ameliorates motor deficits, prevents DA
neuron death, and suppresses a-synuclein expression and astrogliosis in the MPTP
mouse model of PD. Rbl attenuates glutamate excitotoxicity by upregulating
glutamate transporter expression and function, and modulating the nigrostriatal and
cortico-nigral glutamatergic transmission pathways. Our results demonstrate that Rb1
increases glutamate transporter expression via nuclear translocation of nuclear
factor-kappa B, regulates glutamate receptor expression and promotes synaptic
protein expression. These results indicate that Rbl suppresses glutamate
excitotoxicity and modulate synaptic transmission to improve the impairments in
motor functions of the MPTP model of PD, suggesting that Rb1 may serve as a
potential therapeutic agent for PD.

In summary, our study focus on glutamate transporters as targets to study the
mechanisms and neuroprotective effects of rapamycin and Ginsenoside Rb1 in PD
animal models. We indicate that rapamycin and Ginsenoside Rbl can reduce
glutamate excitotoxicity and modulate excitatory synaptic transmission via
upregulation of glutamate transporters. Thus glutamate transporters are prospective
drug target in treating Parkinson’s disease.

Keywords: Parkinson’s disease; Excitotoxicity; Excitatory synaptic transmission;
Rapamycin; Ginsenoside Rb1l
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