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ABSTRACT

Objective: We have used chemiluminescence (CL)
measurements to investigate the effect of modulatory

compounds on N-methyl-D-aspartate (NMDA)
receptor activity in rat brain frontal cortex
synaptosomes.

Methods: Freshly prepared synaptosomes (protein
concentration: 5 mg/mL) were incubated with different
modulatory molecules such as Zn++ (1 mM), Cd++ (1
mM), reduced glutathione, (GSH) (1 mM, 10 mM),
oxidized glutathione (GSSG) (1 mM, 5 mM),
dithiothreitol (DTT) (@ mM, 10 mM) and N-
ethylmaleimide (NEM) (1 mM, 10 mM) for 5 minutes at
room temperature. After preincubation, 0.1 mM NMDA
was added either alone or in the presence of 65 mM
KCI. CL measurements were taken with lucigenin as
enhancer, at 10 second intervals for 1 minute.

Results: Synaptosomes showed a marked increase in
CL upon addition of NMDA both in the presence and
absence of KCl. When preincubated with the non-
competitive NMDA receptor antagonist (Zn++) or with
the calcium channel blocker(Cd++), CL formation was
suppressed. DTT, a strong sulfhydryl group reducing
agent, increased the activity of NMDA receptor,
whereas NEM, a sulfhydryl group alkylating agent,
decreased the NMDA receptor activity. Reduced and
oxidized forms of glutathione decreased the receptor
activity and were protective under excitotoxicity and
depolarization conditions.

Conclusion: Our results demonstrated that
endogenous and exogenous sulfhydryl compounds
affect the redox modulatory site and play important
roles in the generation of reactive oxygen species after
activation of the NMDA receptor.
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INTRODUCTION

Glutamate is the major excitatory amino acid and plays
a dominant role in fast information transfer, memory
and learning through its membrane-associated
receptors (1,2). Glutamate receptors can be grossly
subdivided into ionotropic (N-methyl-D-aspartate
(NMDA) and non-NMDA) receptors and metabotropic
types (1). The predominant form of excitotoxic injury
observed after a variety of neurologic insults is
mediated by the activation of the NMDA receptor.
NMDA related disorders include hypoxia/ischemia,
trauma, epilepsy and possibly some
neurodegenerative diseases such as HIV-associated
dementia (3-5). A number of pharmacological sites
modulate the activity of the NMDA receptor complex;
these are the agonist-binding, the glycine-binding, the
inhibitor cationic (zinc)-binding, the voltage-sensitive
magnesium binding, the phencyclidine-binding and the
polyamine-binding sites (1,6). One recently discovered
site has been designated the redox modulatory site.
This site is of particular interest since it acts as a
control for current flux through NMDA receptor
operated channels and can affect the degree of
neurotoxicity produced by excessive NMDA receptor
activation (7,8).

We have previously shown that chemiluminescence
(CL) measurements may be used for investigating
glutamate/NMDA  excitotoxicity in rat brain
homogenates (9). In this study, we have used rat brain
frontal cortex synaptosomes and the CL assay to
investigate the NMDA receptor activity upon addition
of different modulators, especially those acting on the
redox modulatory site.

MATERIALS AND METHODS

Male Sprague-Dawley rats (200-230 g) were used
throughout the study. The animals were housed in a
well-ventilated room at ambient temperature with a 12
hr light-dark cycle. Food and water were available ad
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libitum. Prior to the experiments, rats were killed and
their brains were immediately removed. Frontal
cortices were freshy homogenized in 0.32 mM sucrose
solution (10% wi/v) using a motor driven Potter-
Elvehjem glass homogenizer with a teflon pestle.
Crude synaptosomal pellets (P2 fraction) were
obtained by ultracentrifugation (10), suspended in
Hank’s buffer (130 mM NaCl, 5.2 mM KCI, 1.3 mM
CaCl2, 0.58 mM KH2P04, 1.5 mM NaHCO03, 10 mM
glucose and 20 mM HEPES) and left at room
temperature for 15 minutes to reach equilibrium.
Synaptosomes were first preincubated with different
modulatory molecules: zinc (1 mM), cadmium (1 mM),
reduced glutathione (GSH, 1 mM and 10 mM),
oxidized glutathione (GSSG, 1 mM and 5 mM),
dithiothreitol (DTT, 1 mM and 10 mM) and N-ethyl
maleimide (NEM, 1 mM and 10 mM) for 5 minutes at
room temperature. Samples were then placed in glass
scintillation vials at a final volume of 3 mL and a protein
concentration of 5 mg/mL. CL measurements were
taken with lucigenin as enhancer, at 10 second
intervals for 1 minute, immediately after addition of 0.1
mM NMDA in the presence and the absence of 65 mM
KCI (9). The area under curve (AUC) of each
experiment was calculated (11).

Statistical analyses were performed with “Dunn’s
multiple comparison test". The results were considered
significant when p<0.05.
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RESULTS

The results of our study are summarized in Figure 1
We have observed significant increases in CL upon
addition of 0.1 mM NMDA (excitotoxic concentration)
to freshly prepared synaptosomal suspensions. CL
counts were also increased with 65 mM KCI (chemical
depolarization) and when NMDA and KCI were added
together the increase was more pronounced.
Preincubation with the NMDA receptor cationic
inhibitor Zn++ (1 mM) and with the Ca++ - channel
blocker Cd++ (1 mM), suppressed the formation of CL
under excitotoxicity and depolarization conditions.

In the second part of our study, we have studied CL
formation under excitotoxicity and depolarization
conditions  after preincubating  synaptosomal
suspensions  with  different  sulfhydryl group
modulators. DTT, a strong sulfhydryl reducing agent,
increased CL measurements significantly at 1 mM and
10 mM concentrations. NEM, a sulfhydryl group
alkylating agent, decreased the NMDA receptor
activity at both concentrations. On the other hand,
reduced and oxidized forms of lutathione decreased
the receptor activity and were protective against CL
formation under excitotoxicity and depolarization
conditions.

Effect of NMDA-receptor and -SH group modulators on lucigenin CL upon addition of NVDA and KO
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Fig.l s NMDA and depolarization induced changes in NMDA-receptor activity upon addition of different

modulator molecules.

Rat brain cortical synaptosomes (S) were first preincubated with different modulating molecules for
5 minutes at room temperature. CL measurements were taken after addition of 0.1 mM NMDA
(excitotoxic concentration) in the absence and presence of 65 mM KCI (chemical depolarization).
Results are expressed as the area under the curve (AUC) of CL. Further experimental details are

described in materials and methods.
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DISCUSSION

NMDA receptors have received the greatest attention
with regard to excitotoxicity as they possess high
permeabilty to Ca++ ions besides Na+ and K+ ions. It
is known that Ca++ ions play important roles In the
fast and slow intracellular signal transduction as well
as cellular toxicity (2). We have previously shown that
increasing concentrations of NMDA resulted in
concomitant CL formation in rat brain homogenates.
Moreover, upon addition of different NMDA receptor
modulators, CL measurements were decreased or
increased as expected (9). Lafon-Cazal et al. (13)
have demonstrated by using “spin resonance trapping”
that the activation of NMDA receptor occurred via
superoxide radical formation. Patel et al. (14) have
also shown the direct implication of superoxide
generation in the pathogenesis of excitotoxic injury.
This was confirmed by our CL measurements where
lucigenin, the enhancer specific for superoxide radical,
was more effective in following NMDA receptor activity

(9).

The synaptosome is the simplest system which retains
the full machinery for the uptake, storage, and release
of neurotransmitters. Moreover, it also involves the
presynaptic receptor-mediated signal transduction
pathways which regulate release (12). In this report,
with the CL assay described above, we aimed to study
changes in the NMDA receptor activity by using the
synaptosome model. We were particularly interested
in the effects of different sulfhydryl group compounds
on the redox modulatory site of the receptor. We have
observed significant increases in CL under
excitotoxicity and depolarization conditions. As
expected, preincubation with the NMDA receptor
cationic inhibitor Zn++ and with the Ca++-channel
blocker Cd++, suppressed CL formation, revealing that
CL follows receptor activation.

The redox modulatory site is affected by sulfhydryl
reducing and oxidizing agents, showing the existence
of disulfide bond(s) on the NMDA receptor complex
(7,8,15,16). In particular, thiol reducing agents have
been observed to dramatically enhance NMDA-
mediated responses, whereas oxidizing agents can
decrease native responses and reverse the effects of
reductants (17). In our experimental conditions the
strong sulfhydryl reducing agent DTT increased CL
formation significantly, whereas the sulfhydryl blocking
agent NEM was protective against excitotoxicity and
depolarization induced CL formation. This implicates
that, sulfhydryl group reducing agents act on the
NMDA receptor-channel complex and enhance the
activity of the receptor by breaking the extracellular
disulfide bonds.

On the other hand, reduced and oxidized forms of
glutathione had no effect on the receptor activity of
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synaptosomes before preincubation, but were
protective against CL formation under excitotoxicity
and depolarization conditions. Glutathione is the major
endogenous non-protein sulfhydryl compound of the
cell and occurs mainly in the reduced form. Following
periods of oxidative stress or excitotoxicity, substantial
GSH is converted to GSSG as the cell attempts to
prevent further damage. GSSG is then actively
transported out of the cell and accumulates in the
extracellular space (16). Oxidizing agents like GSSG
may also form disulfide bonds with vicinal free thiol
groups and down regulate NMDA receptor. It was
recently shown that both reduced and oxidized
glutathione inhibit the binding of specific ligands to
ionotropic glutamate receptors including the NMDA
receptor complex (17). Thus, the effects are complex,
involving both interaction with the agonist site and
regulation of the receptor redox state.

In the present study, we have used a practical and
sensitive method to investigate NMDA receptor activity
and its modulation. Our results demonstrated that
endogenous and exogenous sulfhydryl compounds
affect the redox modulatory site and play important
roles in the generation of reactive oxygen species after
activation of the NMDA receptor. Similar studies may
provide important clues regarding endogenous
modulation and activation of the NMDA receptor under
excitotoxicity and depolarization conditions.
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