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Selective Interaction with the Glycine Modulatory Site 
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3-Amino-l -hydroxypyrrolid-2-one (HA-966) has been known 
for several years as an excitatory amino acid antagonist, 
acting principally at the N-methyl-D-aspartate (NMDA) re- 
ceptor subtype. We report here that HA-966 blocks NMDA 
responses through a selective interaction with the glycine 
modulatory site present within the receptor complex. In ra- 
dioligand binding experiments, HA-966 inhibited strychnine- 
insensitive 3H-glycine binding to rat cerebral cortex synaptic 
plasma membranes with an IC,, of 17.5 PM. At concentrations 
up to 1 mM, HA-966 caused minimal inhibition of radioligand 
binding to the transmitter recognition sites of the NMDA, 
quisqualate, or kainate receptor subtypes and was similarly 
inactive against the binding of 3H-strychnine to rat spinal 
cord/brain stem membranes. In electrophysiological exper- 
iments, HA-966 produced a selective block of NMDA re- 
sponses in a rat cortical slice preparation. The degree of 
antagonism caused by HA-966 was maximal at 250 PM and 
was not increased further by raising the HA-966 concentra- 
tion. Both glycine (1 mM) and D-serine (100 FM) reversed the 
antagonism of NMDA responses caused by HA-966. In patch- 
clamp experiments using rat cortical neurons in culture, HA- 
966 blocked the potentiation of NMDA responses by glycine 
but had little effect on basal NMDA responses themselves. 
This profile of antagonism differs from that observed with 
7-chlorokynurenate, another recently discovered antagonist 
of the glycine site on the NMDA receptor (Kemp et al., 1966) 
and may indicate that glycine antagonists of differing effi- 
cacies can exist. Previous experiments with HA-966 may now 
be interpreted to suggest that activation of the glycine site 
on the NMDA receptor occurs in viva and is important for 
the participation of NMDA receptors in synaptic transmis- 
sion. 

The N-methyl-D-aspartate (NMDA, or AA-l) receptor is the 
best characterized of the receptor subtypes mediating the effects 
of the excitatory amino acid neurotransmitters (Watkins and 
Evans, 1981; Dingledine, 1986; Foster and Fagg, 1987a). Both 
competitive antagonists, e.g., D-2-amino-5-phosphonovalerate 
(D-APS; Evans et al., 1982), which act at the transmitter rec- 
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ognition site, and noncompetitive antagonists, e.g., Mg2+, phen- 
cyclidine, and MK-801 (Anis et al., 1983; Nowak et a1.,1984; 
Wong et al., 1986; Kemp et al., 1987), which dct at the ion 
channel, have been described for the NMDA receptor. 

Recently, Johnson and Ascher (1987) provided evidence for 
a further site on the receptor that may allosterically regulate 
receptor activation. Using patch-clamp techniques, they showed 
that NMDA receptor responses in cultured cerebral neurons 
were greatly potentiated in the presence of low concentrations 
of glycine. This effect was strychnine insensitive, and therefore 
unrelated to the classical inhibitory glycine receptor, and did 
not involve intracellular messengers. The effect of glycine was 
to increase the frequency of channel opening (Johnson and Asch- 
er, 1987). The idea that a “glycine site” exists on the NMDA 
receptor is supported by the distribution of strychnine-insen- 
sitive 3H-glycine binding sites as determined autoradiographi- 
tally in rat brain sections (Bristow et al., 1986), which closely 
parallels that of NMDA receptors labeled by GH-glutamate 
(Monaghan and Cotman, 1985). Subsequently, several groups 
have reported that glycine, D-serine, and other amino acids that 
compete at strychnine-insensitive 3H-glycine binding sites can 
potentiate the ability of NMDA receptor agonists to increase 
the binding of 3H-thienylcyclohexylpiperidine (TCP) and 3H- 
MK-801 (Bonhaus et al., 1987; Reynolds et al., 1987; Snell et 
al., 1987; Wong et al., 1987; Kloog et al., 1988; Thomas et al., 
1988). Further evidence in support of an allosteric site for gly- 
tine on the NMDA receptor complex has come from the finding 
that 7-chlorokynurenate (7-ClKYNA) antagonizes NMDA re- 
spdnses by a selective action at this site (Kemp et al., 1988). 

3-Amino- 1-hydroxypyrrolid-2-one (HA-966) was one of the 
first substances proposed as an antagonist of excitatory amino 
acid receptors (Davies and Watkins, 1972, 1973a; Curtis et al., 
1973). In the spinal cord, HA-966 has the profile of an NMDA 
receptor antagonist (Biscoe et al., 1978; Evans et al., 1978); 
however, this compound is structurally unrelated to any of the 
competitive or noncompetitive NMDA antagonists described 
to date. Here, we present evidence that HA-966 has a selective 
action at the glycine modulatory site of the NMDA receptor 
complex but possesses a different profile as an antagonist of 
NMDA receptor-mediated responses to that of 7-C 1 KYNA. 

Materials and Methods 
Radioligand binding experiments. NMDA-sensitive QH-glutamate 
binding to crude postsynaptic densities (PSD) from rat cerebral cortex 
was determined as described by Foster and Fagg (1987b). The binding 
of 3H-a-amino-3-hydroxy-5-methyl-4-isoxazolepropionate (AMPA) and 
3H-kainate was also measured using crude PSD by modifications of the 
methods of Honore and Nielson (1985) and Simon et al. (1976). For 
each binding assay, crude PSD (50 pg membrane protein) were incubated 
at 32°C for 30 min with 50 mM Tris-acetate buffer (pH 7.0) and either 
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50 nM L-3H-glutamate (40-60 Ci/mmol), 36 nM 3H-AMPA (5-15 Ci/ 
mmol), or 16 nM 3H-kainate (30-60 Ci/mmol; each radioligand obtained 
from DuPont-New England Nuclear) in a final volume of 0.5 ml. In the 
3H-AMPA binding assays, 100 mM KSCN was included (Honore and 
Nielson, 1985). Nonspecific binding was determined by the inclusion 
of 1 mM L-glutamate. For L-‘H-glutamate and 3H-AMPA binding assays, 
bound and free radioactivity were separated by centrifugation in an 
Eppendorf microcentrifuge. Filtration through Whatman GF/C filters 
using a Brandel cell harvester was used in the case of 3H-kainate binding. 
)H-strychnine binding to rat brain stem/spinal cord membranes was 
determined as described by Young and Snyder (1974). 

For 3H-glycine binding experiments, synaptic plasma membranes 
(SPM) were prepared from rat cerebral cortex as described by Foster 
and Fagg (1987b). However, they were not treated with Triton X- 100 
but frozen at -20°C for at least 18 hr before being washed 4 times by 
resuspension in 50 vol (wt/vol), with respect to original tissue weight, 
of 5 mM Tris-acetate buffer (pH 7.0) with a glass Teflon homogenizer 
and centrifugation at 50,000 x g for 60 min. The final pellet was re- 
suspended in a small volume of 5 mM Tris-acetate (pH 7.0) to give a 
membrane protein concentration of approximately 3 mg/ml and stored 
at -80°C. For the binding assay, SPM (So-100 pg membrane protein) 
were incubated at 4°C for 30 min with 50 mM T&acetate buffer (pH 
7.0) and 50 nM ‘H-glycine (40-60 Ci/mmol; DuPont-New England Nu- 
clear) in a final volume of 0.5 ml. Nonspecific binding was determined 
by the inclusion of 1 mM glycine, and bound radioactivity was separated 
by centrifugation in an Eppendorf microcentrifuge. 

Rat cortical slice recordings. Population depolarizations of rat cortical 
tissue induced by excitatory amino acids were recorded using a greased- 
gap technique in a manner similar to that first described by Harrison 
and Simmonds (1985). Male Sprague-Dawley rats, weighing approxi- 
mately 100 gm, were killed by decapitation and their brains rapidly 
removed. A 3- to 4-mm-thick coronal slice was cut bv hand from an 
area delineated rostrally by the olfactory tubercle andcaudally by the 
optic chiasm. The rostra1 surface of the section was fixed, using cy- 
anoacrylic glue, to a glass slide attached to an aluminum block and 
mounted on the stage of an Oxford vibratome. The section was com- 
pletely immersed in continuously gassed (95% 0,/5% CO,) artificial 
cerebrospinal fluid (aCSF), at room temperature, of the following com- 
position (in mM): NaCl, 124; MgSO,, 2; KCl, 2; KH,PO,, 1.25; NaHCO,, 
25; CaCl,, 2; glucose 11. 

Coronal sections. 500 urn thick. were cut usine the vibratome and 

phase-contrast optics and continuously perfused (approx. 1 ml/min) 
with a gassed (5% CO,/95% 0,) aCSF of the following composition (in 
mM): NaCl, 124; KCl, 2; KH,PO,, 1.25; MgCl,, 2; CaCl,, 2; NaHCO,, 
25; glucose, 11. 

Patch pipettes with an approximate tip diameter of 2 pm were pulled 
using a Mechanex BBCH puller using borosilicate glass (Clarke Elec- 
tromedical). No additional fire polishing was performed. These pipettes 
had resistances of approximately 4 MQ when filled with the usual me- 
dium, which contained (in mM): CsF, 120; CsCl, 10; HEPES, 10; EGTA, 
10: NaCI. 4: CaCl,. 0.5: oH adiusted to 7.25 with CsOH. 

Whole ceil cum&s &re recbrded from cultured neurons l-4 weeks 
after plating using a List EPC-7 amplifier. The headstage was mounted 
on a Narishige 3-dimensional hydraulic manipulator. Positive internal 
pressure was applied to the pipette prior to lowering it into the bath 
solution and maintained until contact had been established with the 
cell. The pressure was then released and gentle suction applied, which 
generally led to the formation of a high-resistance seal with the cell 
membrane. After clamping the patch potential to ~60 mV, further 
suction was applied to rupture the membrane under the patch pipette. 
The seal resistance prior to rupturing the membrane patch was’usually 
in the order of 40 GQ. 

Drug solutions were applied to individual cells by rapid perfusion 
from a double-barreled pipette assembly as described by Johnson and 
Ascher (1987). Stepwise movement of the pipette assembly enabled 
rapid equilibration ofeither control or test solutions. MgCl, was omitted 
from the pipette solutions and 0.1 FM tetrodotoxin added. 

Materials. HA-966 was a generous gift from Organon (The Nether- 
lands). All other drugs and reagents were obtained from commercial 
sources at the highest purity available. 

Results 

further dissected into 1 -mm-wide’ wedges consi&g of cortex, white 
matter, and underlying striatal tissue. The wedges were mounted in a 
2-compartment chamber with the ventral margin of the cortical tissue 
traversing a greased slot in such a way that the cortical tissue lay almost 
entirely in one compartment and the white matter and striatal tissue 
within the other. 

The chamber containing the cortical tissue (vol 5 0.3 ml) was con- 
tinuously gravity-perfused with aCSF at a rate of 1.5-2 ml/min. At this 
stage, Mg2+ was omitted from the aCSF to prevent the voltage-depen- 
dent block of NMDA responses by this cation, and tetrodotoxin (IO-’ 
M) included to prevent spontaneous paroxysmal potentials induced by 
the removal of MgZ+. The d.c. potential between the 2 compartments 
was monitored on a potentiometric recorder via conventional Ag/AgCl 
electrodes. The chamber containing the cortical tissue was always elec- 
trically grounded. 

Radioligand binding experiments 
In view of its NMDA receptor antagonist effects in electro- 
physiological experiments (Biscoe et al., 1978; Evans et al., 1978; 
see below), HA-966 was tested as an inhibitor of NMDA-sen- 
sitive +H-glutamate binding to crude PSD from rat cerebral 
cortex. HA-966 displayed negligible affinity for the recognition 
site of the NMDA receptor, causing 5 -t 3% inhibition (n = 3) 
of NMDA-sensitive L-3H-glutamate binding at a concentration 
of 1 mM. HA-966 (1 mM) was similarly ineffective at the rec- 
ognition sites of the quisqualate and kainate receptors, causing 
4 f  3% and 24 f  6% inhibition, respectively (n = 3) of 3H- 
AMPA and 3H-kainate binding to crude PSD from rat cerebral 
cortex. 

Excitatory amino acid agonists, dissolved in aCSF, were applied for 
periods of 1 min with a separating interval of not less than 10 min. 
HA-966 was perfused for 15-30 min prior to repeating excitatory amino 
acid concentration-response curves. 

Whole-cellpatch-clamp recordingsfrom rat cortical neurons. Primary 
cultures of rat cortical neurons were prepared from l-d-old neonatal 
rats essentially as described by Kaplan et al. (1986). Cells were plated 
onto poly(D-lysine)-coated glass coverslips at a density of 1 x lo5 cells/ 
coverslip and cultured in a growth medium of the following composi- 
tion: Dulbecco’s Modified Eagle’s Medium (DMEM, Gibco) and Ham’s 
F12 nutrient mixture (F12, Gibco) in a 2: 1 ratio, supplemented with 
10% donor horse serum (Gibco) and 2 mM glutamine (Gibco). Cultures 
were kept at 37°C in an incubator containing 5% CO,. Cytosine ara- 
binofuranoside (lOms M, Sigma) was added to each dish to inhibit non- 
neuronal cell proliferation after attaining confluency (usually 4-5 d after 
plating). 

For electrophysiological recordings, glass coverslips were transferred 
to a glass-bottomed, Perspex recording chamber mounted on the stage 
of a Nikon Diaphot inverted microscope. Cultures were observed using 

The binding of 3H-glycine to SPM from rat cerebral cortex 
was used to label the glycine modulatory site on the NMDA 
receptor complex. As previously described (Kemp et al., 1988), 
the binding was insensitive to strychnine and was inhibited by 
amino acids (Fig. l), which act at the glycine site to potentiate 
NMDA responses (Reynolds et al., 1987; Wong et al., 1987). 
As shown in Figure 1, HA-966 inhibited 3H-glycine binding 
with an IC,, of 17.5 (15.2, 20.3) ELM [geometric mean (-SEM, 
+SEM) of 4 experiments]. However, the classical inhibitory 
glycine receptor as labeled in rat brain stem/spinal cord mem- 
branes using 3H-strychnine was insensitive to HA-966, which, 
at a concentration of 1 mM, caused 11 ? 10% inhibition (n = 

3). 
These observations led us to investigate whether the block of 

NMDA responses by HA-966 was due to antagonism at the 
glycine modulatory site on the NMDA receptor complex. 

Cortical slice experiments 
As shown in Figure 2, HA-966 antagonized depolarizing re- 
sponses to NMDA but had no effect on responses to quisqualate. 
At a concentration of 1 mM, HA-966 did not affect responses 
to kainate (30 PM, n = 3; data not shown). The threshold con- 
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Figure 1. Inhibition of ‘H-glycine binding to rat cerebral cortex syn- 
aptic plasma membranes by o-serine (0), L-serine (O), and HA-966 (0). 
Each curve is from a single experiment that was repeated 2-3 times 
with similar results. Percent inhibition data was analyzed using a l-site 
model with variable slope. The equation used was: %I = % Z,,,,,/l + 
(IGo~[W, where La, is the maximum percent inhibition, IC,, is the 
concentration of ligand giving a 50% inhibition of binding, [L] is the 
ligand concentration and S is the slope factor (Hill coefficient). 
Calculations were performed using the data manipulation and analysis 
software RSl (Bolt, Beranek and Newman, Inc). IC,, values in this 
experiment were as follows: D-serine = 0.35 PM, L-se&e = 56.8 PM, 

HA-966 = 14.1 FM. Typical levels of counts in the jH-glycine binding 
assay were as follows: total binding = 18,521 + 655 dpm, nonspecific 
binding (in presence of 1 mM glycine) = 4682 t 372 dpm (n = 4). 

centration for NMDA antagonism by HA-966 was 100 PM (Ta- 
ble 1). The degree of antagonism increased at a concentration 
of 250 FM, but raising the HA-966 concentration to 500 and 
1000 PM produced no further significant increases in the NMDA 
antagonism. 

Glycine (1 mM) was able to completely reverse the antagonism 
of NMDA responses produced by HA-966 (100 KM; Fig. 3A). 
On 4 slices the mean log concentration-ratio produced by HA- 
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Figure 2. Selective antagonist effects of HA-966 on NMDA-induced 
depolarizations of a rat cortical slice. Concentration-response curves 
for NMDA (0, n ) and quisqualate (0, 0) before (open symbols) and 
after (closed symbols) HA-966 (500 MM). HA-966 was without effect on 
responses to 10 and 30 PM quisqualate but antagonized responses to 
NMDA resulting in a rightward shift of the concentration-response 
curve. 
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Figure 3. A, Reversal of the NMDA antagonist effect of HA-966 (0.1 
mM) by glycine (1 mM). Trace of depolarizations produced by 1 min 
applications of NMDA (N) and quisqualate (Q) (numbers indicate con- 
centration in PM). HA-966 (0.1 mM, from arrow) reduced the responses 
to NMDA but not quisqualate. Coadministration of glycine (1 mM, 1 
min before and during the NMDA application) reversed the antagonist 
effect of HA-966. At this concentration glycine produced a small de- 
nolarization of its own. B. Reversal bv o-serine of the NMDA antag- 
onism produced by HA-966 on a rat cortical slice. NMDA responses 
were obtained before (0) and in the presence of 1 mM HA-966 (0) 
(nerfused for 15 min mior to reneatine the NMDA anolications). HA- 
966 antagonized the NMDA responses, resulting in â  shift of the con- 
centration-response curve to the right. Co-perfusion of D-serine (0.1 
mM) with the HA-966 (for 15 min) reversed this NMDA antagonism 
and returned the NMDA response (0) back almost to control levels. 

966 (100 PM) was reduced from 0.26 f 0.05 to 0.04 f 0.03 by 
glycine (1 mM). Furthermore, D-serine (100 PM), another agonist 
at the glycine site, was able to almost completely reverse the 
effects of 1 mM HA-966, reducing the mean log concentration- 
ratio from 0.47 f 0.02 to 0.08 f 0.018 (n = 3; Fig. 3B). HA- 
966, even at the highest concentrations tested, produced no 
obvious flattening of the NMDA concentration-response curve, 
although only a limited agonist concentration range was studied 
because of the neurotoxic effects of high agonist concentrations. 

Whole-cell patch-clamp experiments 
Whole-cell patch-clamp recordings were made from rat cortical 
neurons in primary cell culture to examine the effects of HA- 
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Figure 4. Antagonism by HA-966 of 
the alvcine notentiation of NMDA-in- 
duced inward currents in a rat cultured 
cortical neuron. Whole-cell currents 
recorded at a holding notential of -60 
mV. HA-966 (300 $) had no antag- 
onist effect on basal NMDA (30 PM) 

responses obtained in the absence of 
any added glycine. Addition of glycine 
(1 PM) resulted in a large potentiation 
of the NMDA response, and this effect 
was reversibly antagonized by HA-966 
(300 /,lM). 
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966 on NMDA responses in conditions under which extracel- 
lular glycine concentrations could be more easily controlled. 
Addition of glycine (1 PM) always resulted in a large potentiation 
of the NMDA (30 KM) response (Fig. 4) which could be as great 
as a 50-fold increase in the size of the induced current. HA- 
966, at concentrations up to 1 mM, had no antagonist effect on 
basal responses to NMDA (30 PM) evoked in the absence of 
added glycine (Fig. 4). However, the potentiation of NMDA 
responses by glycine (1 PM) was reduced by HA-966 (100-300 
PM), as illustrated in Figure 4. On a further 4 cells, 30 FM HA- 
966 reduced the potentiation caused by 300 nM glycine almost 
to basal levels [relative to responses evoked by 10 PM NMDA 
alone, the mean (f SEM) percentage values were: 10 PM NMDA 
+ 300 nM glycine = 770 f 90% and 10 PM NMDA + 300 nM 
glycine + 30 PM HA-966 = 160 f 17%]. 

Table 1. Antagonism of NMDA responses on rat cortical slices by 
HA-966 

HA-966 CUM) 

Log concentration-ratio 
(mean i- SEM) (4 

50 0.05 * 0.04 (3) 

100 0.21 * 0.04 (7) 

2.50 0.47 * 0.04 (4) 

500 0.53 k 0.04 (4) 

1000 0.47 k 0.02 (3) 

Shift in the NMDA concentration-response curve caused by increasing 
concentrations of HA-966. Note that a maximal shift is achieved at 250 PM HA- 
966, and no further significant effect is obtained at 500 or 1000 FM. 

200 pA 

Discussion 

The radioligand binding and electrophysiological results pre- 
sented here indicate that HA-966 is a specific antagonist at the 
glycine modulatory site on the NMDA receptor complex. Thus, 
the antagonism by HA-966 of NMDA responses in intact cor- 
tical slices and cortical neurons in culture was reversed by 
glycine and o-serine (note that glycine agonists do not affect the 
blockade of NMDA responses by competitive or noncompeti- 
tive NMDA antagonists: Kemp et al., 1988). While this paper 
was in preparation, a report appeared by Fletcher and Lodge 
(1988) who have obtained preliminary evidence that the antag- 
onism of NMDA responses in rat cortical slices by HA-966 can 
be reversed by glycine. Among binding sites associated with 
excitatory amino acid receptors, HA-966 was highly selective 
for the glycine site, having little affinity for the recognition sites 
of the NMDA, quisqualate, and kainate receptors. The poor 
ability of HA-966 to inhibit 3H-strychnine binding indicates 
that it has a low affinity for the classical inhibitory glycine re- 
ceptor, in agreement with electrophysiological studies indicating 
that the antagonism of excitatory amino acid responses by HA- 
966 is not mediated by an agonist action at this inhibitory 
receptor (Davies and Watkins, 1972, 1973a; Curtis et al., 1973). 

In rat cortical slice preparations, the glycine modulatory site 
on the NMDA receptor appears to be maximally activated since 
addition of exogenous glycine or o-se&e does not potentiate 
responses to NMDA (cf. Kemp et al., 1988). Therefore, the 
antagonism of NMDA responses by HA-966 in this preparation 
appears to be the result of competition with endogenous acti- 
vators of the glycine site (presumably glycine itself). Thus, it is 
interesting that the antagonism of NMDA responses by HA- 
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966 reaches a maximal value (Table 1) beyond which raising 
the HA-966 concentration results in no further block of the 
NMDA response. This may suggest that HA-966 blocks only 
the component of the NMDA response that is potentiated by 
glycine. This hypothesis was supported by the patch-clamp ex- 
periments in which HA-966 was able only to antagonize that 
part of the NMDA response which was potentiated by glycine, 
and was without effect on basal NMDA responses obtained in 
the absence of exogenous glycine. These results with HA-966 
differ from those recently obtained using 7-Cl KYNA, another 
compound that appears to be an antagonist at the glycine mod- 
ulatory site on the NMDA receptor (Kemp et al., 1988). In the 
rat cortical slice, 7-Cl KYNA can produce a complete flattening 
of the NMDA concentration-response curve, and in patch-clamp 
experiments 7-Cl KYNA can completely block both the glycine 
potentiation of NMDA responses and basal NMDA responses 
evoked in the absence of added glycine. All of these effects can 
be reversed by the addition of glycine or D-serine and occur at 
concentrations of 7-Cl KYNA below those necessary for an 
interaction with the transmitter recognition site of the NMDA 
receptor (Kemp et al., 1988). One possible explanation for the 
different properties of HA-966 and 7-Cl KYNA is that they may 
act at the glycine modulatory site on the NMDA receptor in an 
analogous way to the interactions of ligands for the benzodi- 
azepine site on the GABA, receptor complex. Thus, HA-966 
may be an antagonist (i.e., possessing no intrinsic activity) that 
simply blocks the action of an agonist such as glycine (positive 
modulator), and 7-Cl KYNA may be an inverse agonist (neg- 
ative modulator) that allosterically reduces receptor activity. An 
alternative possibility is that HA-966 is a weak partial agonist 
at the glycine site which cannot cause appreciable potentiation 
ofthe NMDA response and that 7-Cl KYNA is a true antagonist. 
This would imply that activation of the glycine site is an absolute 
requirement for NMDA receptor activation. Indeed, this has 
recently been suggested by Kleckner and Dingledine (1988) based 
on their experiments with NMDA receptors expressed in Xen- 
opus oocytes following injection of rat brain messenger RNA. 
The response shown in Figure 4 was the most obvious example 
of a potentiation of basal NMDA responses by HA-966 ob- 
tained, but in general no difference from basal values was ob- 
served. In fact, sometimes a small and incomplete inhibition of 
basal NMDA responses by HA-966 was apparent, but this oc- 
curred in neurons that showed a relatively large basal response 
to NMDA and a smaller than average potentiation by glycine, 
suggesting that extracellular glycine levels were already quite 
high. If  HA-966 is a partial agonist, it must possess a relatively 
low efficacy. 

The realization that HA-966 antagonizes the ability of glycine 
to potentiate NMDA responses raises some interesting points 
in relation to previous in viva studies carried out with this com- 
pound. The fact that HA-966 antagonizes responses to ionto- 
phoretically applied NMDA receptor agonists (Davies and Wat- 
kins, 1972, 1973a, b; Curtis et al., 1973; Clarke and Straughan, 
1977; Biscoe et al., 1978; Kemp and Sillito, 1982) suggests that 
activation of the glycine modulatory site occurs in vivo. Fur- 
thermore, synaptic responses in the cuneate nucleus (Davies and 
Watkins, 1973a, b), on Renshaw cells (Curtis et al., 1973), in 
the dorsal lateral geniculate nucleus in response to visual stim- 
ulation (Kemp and Sillito, 1982), and in the spinal cord (Evans 
et al., 1978) are reduced by HA-966. Thus, activation of the 
glycine modulatory site appears to be important in synaptic 

ported to possess antitremor and anticonvulsant activity in cer- 
tain animal models (Bonta et al., 197 1; Menon, 198 1). 

I f  the effects of HA-966 previously observed in vivo are due 
to a blockade of the potentiation of NMDA receptor-mediated 
responses by glycine, the existing data indicate the importance 
of this interaction for CNS function. It is hoped that HA-966 
will be a useful tool in the further investigation of the modu- 
latory glycine site on the NMDA receptor and the role it plays 
under both physiological and pathophysiological conditions. 
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