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prevent stroke damage. Interest in excitotoxicity began fifty years ago when monosodium glutamate was
found to be neurotoxic. Evidence soon demonstrated that glutamate is not only the primary excitatory
neurotransmitter in the adult brain, but also a critical transmitter for signaling neurons to degenerate
following stroke. The finding led to a number of clinical trials that tested inhibitors of excitotoxicity in

gi{;/:gtrg;dty stroke patients. Glutamate exerts its function in large by activating the calcium-permeable ionotropic
Glutamate NMDA receptor (NMDAR), and different subpopulations of the NMDAR may generate different functional
NMDA receptor outputs, depending on the signaling proteins directly bound or indirectly coupled to its large cytoplasmic
Ischemia tail. Synaptic activity activates the GIuN2A subunit-containing NMDAR, leading to activation of the pro-
Stroke survival signaling proteins Akt, ERK, and CREB. During a brief episode of ischemia, the extracellular
Neurodegeneration glutamate concentration rises abruptly, and stimulation of the GIuN2B-containing NMDAR in the

extrasynaptic sites triggers excitotoxic neuronal death via PTEN, cdk5, and DAPK1, which are directly
bound to the NMDAR, nNOS, which is indirectly coupled to the NMDAR via PSD95, and calpain, p25, STEP,
p38, JNK, and SREBP1, which are further downstream. This review aims to provide a comprehensive
summary of the literature on excitotoxicity and our perspectives on how the new generation of
excitotoxicity inhibitors may succeed despite the failure of the previous generation of drugs.

© 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY -NC-ND license.
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1. Introduction

In the past several decades, excitotoxicity, a type of neurotox-
icity mediated by glutamate, has been at the center stage of stroke
research. Glutamate is the principle neurotransmitter in the adult
central nervous system. In addition to being required for the rapid
synaptic transmission that is critical for neuron-to-neuron
communication, glutamate plays important roles in neuronal
growth and axon guidance, brain development and maturation,
and synaptic plasticity in health and disease. Among the ionotropic
and metabotropic glutamate receptors in the adult central nervous
system, the N-methyl-p-aspartate (NMDA) type of glutamate
receptor (the NMDAR) acts as a hub, by detecting and processing
extracellular glutamate signals into diverse intracellular signaling
outputs. With the emergence of cellular and molecular biology,
scientists are unraveling the mechanisms by which glutamate-
mediated activation of the NMDAR in health and disease transmits
so many different functional outputs, at both the microscopic
neuron level and the macroscopic behavior level. These mecha-
nisms have important implications for research concerning
excitotoxicity and its role in ischemic neuronal death. The
identification of distinct intracellular pathways linking NMDAR
activation to neuronal death allows scientists to develop novel
treatments that target specific death signaling pathways without
affecting all the signaling pathways downstream of the receptor.
This increased specificity not only translates into reduced side

effects but also increases the therapeutic window in which the
drug can be efficaciously administered.

2. Stroke and the NMDAR

Compared to other tissues and organs in the body, the brain is
particularly prone to ischemic damage. Unlike the immediate
ischemic damage that is observed in other tissues, a transient
period of cerebral ischemia (approximately 10 min) can produce
profound neuronal damage that only becomes evident 3d post-
ictus and continues progressively for months. As relief of vascular
occlusion is the primary method by which tissue ischemia is
treated in the clinic, the propensity for ischemic damage to occur
regardless of the recovery of blood flow highlights the need for an
alternative method for treating cerebral ischemia. Importantly, the
delayed and progressive nature of neuronal damage following
cerebral ischemia points to a wide time window for therapeutic
intervention and emphasizes the importance of understanding the
nature of ischemic neuronal death. An improved understanding of
the processes that translate cerebral ischemia into neuronal
damage would highlight new therapeutic targets for stopping the
seemingly inevitable progression from ischemia to neuronal death.
One explanation for the peculiar susceptibility of the brain to
ischemic damage is that brain tissue contains high levels of the
neurotoxic excitatory neurotransmitter glutamate, and many
neurons in the brain contain receptors that actively respond to
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