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Dual Nature of Excitatory Amino Acids in the Vertebrate Retina
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Abstract

Glutamic acid plays an important role as a main
excitatory amino acid and also as one of the central
metabolites in the central nervous system (CNS).
This amino acid also acts as a toxic substance in the
vertebrate CNS, including the retina, especially in
ischemic conditions. This paper reviews recent
advances in retinal research on glutamate metabo-
lism and its relationship with pathogenesis of
retinal deseases. Excessive administration of
glutamate induces overstimutation of N-methyl-D-
aspartate (NMDA) and non-NMDA receptors, and
influx of Na*, CI", and water to postsynaptic ele-
ments, causing lysis and swelling. In hypoxic or
ischemic conditions, accumulation of glutamate was
observed in most parts of the retina. Morphological
and functional changes induced by ischemia could be

prevented by preadministration of an antagonist of
NMDA receptors. These results suggest that the
same pathological mechanism as in the CNS exists
in the retina. They also suggest that a new phar-
macological approach for treating retinal abnor-
malities caused by ischemia could be introduced in
the ophthalmology clinic in the near future. Ab-
nomality of glutamate dehydrogenase, an important
enzyme in the glutamate metabolism, has been
reported in patients with spinocerebellar degenera-
tions. Retinal dystrophy was also reported in some
of them. Partial deficiency of heat-labile activity of
this enzyme has been reported to be profoundly
related with those patients with retinal ab-
nomalities. This suggests that not only glutamate
itself, but also abnormalities in its metabolic path
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way might be deeply correlated with the patho-
genesis of retinal degenerations. (J Jpn Ophthalmol
Soc 98 : 411—418, 1994)
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Ornithine a-KG
GDH _
Proline < -- Glutamate GZ—_’PTGlUtamlﬂe

G%y/<
GABA )
Glutathione
1 7% 3 EEROICE L RBHER.

GDH : glutamate dehydrogenase, GS: glutamine
synthetase, GA : glutaminase, GAD : glutamic acid
decarboxylase, GABA : y-amino butylic acid, a-
KG : a-ketoglutarate
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Quantitative measurement of glutamate

Fluorophotometry with GDH and NAD

L-Glutamate + NAD *+ H20

{fia

2-Oxoglutarate + NADH + NH4"
5 EOiEEnsILE I CBREE.

%£1 BPESLIUENRCHSTEEOBILE I BT
R %4 ras i ke

n (nmoles/mg protein)
I AR 6 62.8+4.1
H2B 10 HfEgm 4 54.5+2.6*
# 3B 20 SREem 5 66.0+11.6
B4R 30 oI 4 74.8+£10.6**
O 5 RIEAMEE T - 6 63.1+7.2
25 SRIZEAIT T

[=2]

HOR 24 FERARFIEIS 50,3412, 1"
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T 48°C0HOMEBATGDH FHEF:AFIET T
% (X#R52 7 55(A).
High-speed supernatant (HSS) =tk GDH 7] &H#
4r#%, high-speed pellet (HSP) iziX GDH %D
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PRl A
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FH#+SD (nmoles/mg protein/hr)
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1,812+274 1
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DETCERAT EHCETE 712 s vERRBHORE
X hxoERMNRD Y, MEMR, foRECEED
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