Glutamate
excitotoxicity in
glaucoma: truth or
fiction?
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In the journal this month, Kwon ef al report that
vitreous and retinal glutamate levels are not
raised in a primate model of central retinal
artery occlusion. Why is this negative result
important?

In recent years, glutamate ‘excitotoxicity’
has been proposed as a mechanism by which
retinal ganglion cells die in glaucoma." If true,
this could lead to exciting new treatments for
glaucoma. Perhaps an entirely novel portfolio
of glutamate antagonist drugs could be
developed and provide an additional
treatment armamentarium rather than
simply treating intraocular pressure.

However, if the basic hypothesis is false
then valuable research funds should be
directed elsewhere.

Unfortunately, one of the principal
researchers involved in developing the
glutamate retinal toxicity hypothesis, has been
found guilty of scientific fraud.>® Therefore, in
the context of this new negative study it is
important to re-evaluate the evidence for and
against glutamate being causal in the
development of glaucoma.

Glutamate is an essential amino acid. It is the
main excitatory neurotransmitter in the
mammalian central nervous system (CNS) and
mediates neurotransmission across most
excitatory synapses.* It binds to three receptors,
with glutamate toxicity apparently being
primarily mediated via glutamate binding to the
N-methyl-p-aspartate (NMDA) glutamate
receptor.*®* NMDA receptors are abundant,
ubiquitously distributed throughout the brain,
fundamental to excitatory neurotransmission,
and critical for normal function.* Excess
glutamate chronically over stimulates NMDA
receptors with subsequent release of excess
intracellular calcium leading to neuronal cell
death.>”~ This then causes ‘excitotoxicity’,
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that is, toxicity due to excess stimulation by an
excitatory amino acid.

CNS disorders in which glutamate-induced
excitotoxicity are implicated include cerebral

ischaemia, in stroke or brain trauma;
neurodegenerative disorders such as
Parkinson’s and Huntington’s diseases and
disorders such as epilepsy and neuropathic
pain, in which there is overactivity of excitatory
pathways.*” The rationale for the acute
treatment of brain ischaemia with NMDA
antagonists is strong'® as nonselective NMDA
antagonists are the most consistently
neuroprotective agents in animal models with
stroke. Nevertheless, clinical trials in stroke and
traumatic brain injury with NMDA antagonists
have so far been disappointing.'*

In the mammalian eye, the toxic effects of
glutamate have been known since 1957.'3
Investigators trying to block retinal
degenerations found that subcutaneous
glutamate injections in mice led to severe
degeneration of the inner retinal layers
especially the ganglion cell layer. Intraocular
glutamate can also cause excavation of the optic
nerve in neonatal mice injected with intraocular
glutamate." Direct toxicity to retinal ganglion
cells has also been demonstrated. A single
intravitreal injection of 20nM of NMDA killed
70% of retinal ganglion cells in the adult rat
retina."

These findings support the hypothesis that
increased glutamate synthesis or decreased
glutamate clearance results in excitotoxic
damage to ganglion cells and contributes to the
pathophysiology of glaucoma. However, if this Tremona Road
is true, elevated glutamate levels should be Southampton S016 6YD
detected in both the eyes of humans with UK
glaucoma and animal models.

This is exactly what Dr Evan Dreyer
demonstrated in what is considered the
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seminal paper in this field.'® He reported
strikingly elevated vitreal glutamate



Editorial

370

concentrations in all forms of glaucoma to
concentrations twice that of control eyes in patients, six-
to eight- fold in monkeys with experimental glaucoma'®
and four-fold in dogs with naturally occurring
glaucoma.'” Based on these reports of elevated vitreal
glutamate, glutamate excitotoxicity has been proposed
to contribute to the ganglion cell death which is
fundamental to glaucoma.'

However, neither a larger study of vitreal glutamate
concentration in monkeys with experimental glaucoma'®
nor a further study of vitreal glutamate levels in
humans'® could replicate Dr Dreyer’s findings.'® What
is even more surprising are the results of the current
study by Kwon et al. Elevated vitreal glutamate levels
were not found in a primate model of central retinal
artery occlusion. If the ischaemic death of a small
number of retinal ganglion cells in glaucoma truly
produces elevated vitreal glutamate levels, then this
model of profound inner retinal ischaemia with the
associated death of a million ganglion cells should
produce grossly elevated vitreal glutamate levels. It
did not.

How can we reconcile these disparate findings?

Of note, Dr Dreyer has admitted to falsifying
experimental results to support the hypothesis that
elevated levels of glutamate play a role in Meniere’s
disease.>® A subsequent review of Dr Dreyer’s work
noted that the primary high-performance liquid
chromatography data for his prominent article on
elevated intravitreal glutamate levels'® could not be
found.® It was these same data that were falsified in
his study of Meniere’s disease. In January 2000, the
Office of Research Integrity (ORI) of the National
Institutes of Health became sufficiently concerned
about this paper'® to notify both the National Institute
of Health and the Food and Drug Administration
(FDA). The FDA was informed because ORI officials
believed that the paper had been used in support of
a clinical trial of an NMDA antagonist drug called
memantine being undertaken by Allergan of Irvine,
California.?

In light of these concerns, the negative result reported
by Kwon et al is important. Authors of negative studies
often have great difficulty getting their work published.
In some cases, such studies may be more important to
the scientific community than positive studies. At the
very least, this study significantly adds to the body of
evidence that there is no elevation of vitreal glutamate
in patients with glaucoma'® or in animal models of
glaucoma.’® It suggests the need to re-evaluate carefully
the potential role of glutamate excitotoxicity in glaucoma.
This is vital so we can tell our patients what is truth
and what is fiction and direct our research efforts
appropriately.
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