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Background: Glutamate released from photoreceptors and bipolar 

neurons exerts its effect on various glutamate receptors in the neural 

circuitry of the retina. Thus, GluN1/GluN2A-type N-methyl-D-

aspartate (NMDA) receptors may be present in the synapses of ON 

and OFF bipolar and ganglion cells, whereas extrasynaptic 

GluN1/GluN2B-type NMDA receptors are expressed in ON ganglion 

cells. GluN1/GluN2A and GluN1/GluN2B receptors, using D-serine 

and glycine as co-agonists, mediate neuroprotection and neuro-

degeneration, respectively. In the retina, glycine is involved in 

synaptic glycinergic and NMDA receptor-mediated glutamatergic 

neurotranmission and it may also diffuse into the extrasynaptic space 

by spillover mechanisms activating extrasynaptic GluN1/GluN2B 

receptors. As extrasynaptic glycine concentration is known to be 

controlled by nonsynaptic glycine transporter 1 (GLYT1), we have 

studied the regulatory role of this carrier in energy-deprived retina in 

which an excessive amount of glycine is released pathologically, 

activating GluN1/GluN2B receptors and thereby leading to retinal 

neurodegeneration. 

Methods: Chickens or rats were anesthetized, decapitated, the 

eyeballs were removed and the posterior eyecups containing the 

retinae were used. The eyecups were loaded with [3H]glycine, and its 

release and that retained in the tissue were determined by the 

superfusion technique. Oxygen and glucose deprivation (OGD) was 

used for stimulation of [3H]glycine release; drugs were added to the 

superfusion buffer. In some experiments, the eyecups with the retinae 

were immersion-fixed, embedded and sectioned. The retinae were 

stained with hematoxylin-eosin, or immunocytochemical labeling was 

carried out with goat anti-GLYT1 primary antibody and conjugated 

donkey anti-goat IgG applied as a secondary antibody. 

Results: (1) OGD reduced [3H]glycine uptake and evoked an 

increase in [3H]glycine release in the retina. This release was inde-

pendent on external Ca2+. (2) The OGD-induced [3H]glycine release 

was inhibited by sarcosine-containing (NFPS, Org-24461) and non-

sarcosine-based GLYT1 inhibitors (Merck 13-h, SSR-504734). The 

release inhibition related to the GLYT1-inhibitory potency of the drugs 

tested. (3) The substrate-type GLYT1 inhibitor sarcosine enhanced 

[3H]glycine release by an external-Ca2+-independent mechanism and 

this effect was also reversed by GLYT1 inhibitors. (4) Intensive 

staining for GLYT1 was found in the inner nuclear and plexiform 

layers of the retina. Expression of GLYT1 was visable in glycinergic 

amacrine cells and GFAP-immunoreactive Müller glia cells. 

Discussion: We have found that glycine is excessively released from 

amacrine cells and  / or Müller cells in energy-compromised retinae. 

This release may occur with parallel release of glutamate resulting in 

overstimulation of GluN1/GluN2B receptors expressed in ON 

ganglion cells, and neurodegeneration of these cells may develop. 

Inhibitors of GLYT1 reduced the excessive glycine release evoked by 

OGD, and lack of receptor co-agonist may suspend pathological 

overactivation of GluN1/GluN2B receptors responsive to hypoxic 

degeneration of ON ganglion cells. The possible neuroprotective 

effects of GLYT1 inhibitors in the retina is now under investigation in 

our laboratory. 
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