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MÉLAN, C., D. EICHENLAUB, A. UNGERER, C. MESSIER AND C. DESTRADE. Blockade of spontaneous post-
training performance improvement in mice by NMDA antagonists. PHARMACOL BIOCHEM BEHAV 56(4) 589–594,
1997.—We investigated the effects of immediate post-training systemic administration of g-l-glutamyl-l-aspartate (g-LGLA)
and 3-(2-carboxypiperazine-4-yl)-propyl-1-phosphonate (CPP), antagonists at the N-methyl-d-aspartate receptor, in a lever-
press task in two inbred strains of mice. When retention performance was tested in control animals 24 h after partial
acquisition of the task, BALB/c mice exhibited a spontaneous performance improvement whereas C57BL/6J mice did not.
g-LGLA at doses of 2.5 and 25 mmol/kg and CPP at doses ranging between 0.025 and 2.5 mmol/kg blocked the spontaneous
performance improvement found in BALB/c mice but had no apparent effects on the retention performance of C57BL/6J
mice. These data suggest that retention impairment induced by CPP and g-LGLA in BALB/c mice results from an interference
with posttraining memory processes.  1997 Elsevier Science Inc.
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CONVERGENT data indicate that memory traces are not in task. Thus, retention performance enhances progressively in
BALB/c mice between 1 and 24 h after partial acquisition oftheir definite form at the end of learning acquisition. On one

hand, numerous reports indicate that memory traces can be an appetitive lever-press task but not in an active avoidance
task in a Y-maze, whereas in the same conditions C57BL/6Jconsiderably modified during the hours following acquisition

by inferences, addition of information, or modulation of en- mice exhibit the opposite response profile, that is, spontaneous
performance improvement in the Y-maze task but not in thedogenous systems (19). On the other hand, memory processing

does not appear to develop monotonically over time. Thus, lever-press task (9,40).
The mechanisms underlying this memory process are farretention performance, when tested at increasing delays after

partial acquisition of a task, enhances correlatively to the from being understood but likely require functional plasticity
of the central nervous system. In favour of this hypothesis, itdelay, before stabilizing at a high level after hours or days

(14,18,21). Because this performance increment occurs with- has been shown that posttraining improvement of perfor-
mance can be modulated by hippocampal activity and moreout complementary training, it is called ‘‘spontaneous post-

training performance improvement.’’ This phenomenon is especially by activation of the hippocampal cholinergic system
(20). Indeed, electrical stimulation of the dorsal hippocampusthought to reflect an organization of memory traces allowing

subsequent long-term storage (36). It has been observed in at low intensities immediately after partial acquisition of a
lever-press task shortened the onset of performance improve-various appetitive and aversive tasks, depending on factors

such as strength of learning, task complexity, species, and ment and increased its amplitude in BALB/c mice (8–10).
Correlatively to this modulation of the memory trace, thestrain (13,18,21,35). In mice, for instance, performance im-

provement varies considerably across strains according to hippocampal choline acetyltransferase activity increased (20).
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However, more recent studies have revealed that com- Procedure
pounds acting as competitive antagonists at the NMDA sub-

Four days before training, food was removed from hometype of glutamate receptors suppressed posttraining perfor-
cages and the food ration was adjusted individually such that,mance increment in a Y-maze avoidance learning task (39).
on the day of the test, the weight loss of the subjects corre-This was first demonstrated by using g-l-glutamyl-l-aspartate
sponded, respectively, to 17–19% and 21–23% of the ad lib(g-LGLA), a pseudopeptide that almost completely inhibits
weight of the BALB/c and C57BL/6J mice. This weight lossbinding of 3H-CPP in a hippocampal membrane preparation
was achieved by decreasing the food ration on consecutive(39) and selectively blocks the clonic–tonic seizures induced
days from 2 g to 1.5 g and 0.5 g in C57BL/6J mice and fromby NMDA while being devoid of apparent effects on seizures
3 g to 2 g and 1 g in BALB/c mice. This has been shown toinduced by quisqualate or kainate (25). Consequently,
produce optimal learning in each strain (8).g-LGLA has the pharmacological properties of an NMDA

During training, each animal remained in the test cage untilantagonist. Its systemic administration immediately after ac-
it made 15 reinforced responses. A reinforced response wasquisition of the active avoidance task blocks spontaneous per-
defined as a bar-press followed within 30 s by food consump-formance improvement normally observed in C57BL/6J mice
tion. Retention of the bar-pressing task was tested in a 30-between 1 and 24 h after training. In contrast, performance
min session 24 h after training. Animals received a food rationin BALB/c mice, which donot exhibit spontaneously enhanced
adjusted such that their weight remained the same duringretention, was not impaired (40). In C57BL/6J mice, the im-
training and testing. Spontaneous performance improvementpairment appeared to be very selective, as it concerned only
was determined by comparing the number of reinforced lever-retention of the temporal component of the task (leave the
presses during the last 5 min of training and during the firststart alley of the maze within 5 s), which improved significantly
5 min of retention testing. Training and testing took placeover time in this strain, whereas it had no effect on retention
during the light period.of the spatial component (choose the left alley of the maze),

which did not improve over time (40).
TreatmentThe competitive NMDA antagonists 3-(2-carboxypipera-

zine-4-yl)-propyl-1-phosphonate (CPP) and d-2-amino-5- Chemicals. CPP was purchased from Tocris Neuraminphosphonovalerate (D-AP5) induced selective behavioural ef- (Buckhurst Hill, UK), and g-LGLA was synthesized and puri-fects similar to those seen for g-LGLA in Swiss mice submitted fied in the laboratory. In both experiments, drugs and salineto the avoidance task (26,39). Conversely, neither g-LGLA were administered systemically immediately after training.nor CPP had any apparent effect on spatial recognition mem- Subjects were assigned to groups matched for performanceory in an alternation task in which Swiss mice did not exhibit during acquisition.spontaneous performance improvement (39). Taken together, Experiment I. Thirty BALB/c and 30 C57BL/6J male micethese results suggest a specific action of NMDA antagonists
received a post-training IP injection of either normal salineon memory processing during the hours following acquisition
(0.9% NaCl, 25 ml/kg) or 2.5 or 25 mmol/kg of g-LGLA (dis-of the avoidance learning task.
solved in saline). For both strains, each of the three treatmentThe aim of the present study was to determine whether the
conditions included 10 animals.hypothesis of an involvement of NMDA receptor activation in

Experiment II. Sixty C57BL/6J and 60 BALB/c miceposttraining improvement of performance could be general-
trained and tested as in experiment I received an IP adminis-ized to an operant lever-press task. Therefore, we investigated
tration of either 0.9% NaCl or CPP at doses of 0.025, 0.25,the effects of g-LGLA and CPP on retention performance of
or 25 mmol/kg immediately after the learning session. A nonin-BALB/c and C57BL/6J mice in such a task. Because BALB/c
jected control group was also included in experiment II. Eachbut not C57BL/6J control mice show a significant posttraining
group comprised 12 animals. This experiment was replicatedimprovement of performance 24 h after training [(9,20); see
with BALB/c mice using one placebo control group (n 5 14)above], both compounds should affect retention performance
and four groups (n 5 10) treated with 0.025, 0.25, 2.5, and 25of the former but not of the latter strain.
mmol/kg CPP, respectively.

METHOD

Subjects Statistics.
A total of 144 BALB/c and 90 C57BL/6J male mice were Interstrain comparison of performance during acquisition,

used. They were maintained at 238C on a 12:12 hour light: expressed by the latency to perform the first bar-press, the
dark cycle (lights on at 0800 h) and were housed individually time to complete 15 reinforced bar-presses, and the number
with food and water ad lib for 1 week prior to testing. of reinforced bar-presses recorded during the last 5 min, was

analyzed by two-way ANOVAs (strain 3 group). Spontaneous
Apparatus performance improvement was analyzed for each strain sepa-

rately by two-way ANOVAs with repeated measures (ses-The test cage was made of translucent Plexiglas (14 cm
sion 3 group) followed by post hoc Newman–Keuls tests.square and 18 cm high); it was dimly illuminated (10 lux) and
When indicated, each treatment group was compared sepa-placed in an experimental room with white noise (60 dB). The
rately to controls.conditioning box contained a bar (3 3 2 cm) and a food cup

separated by a 5-cm-long partition such that, after a bar-press,
RESULTSthe mouse had to go around the partition to collect a 5-mg

food pellet. A continuous reinforcement schedule (CRF1) was Experiment I
applied; bar-presses and the presence of the animal in front
of the food cup or in front of the bar were recorded on cali- The mean latency to make the first reinforced bar-press

during acquisition did not differ between the two strains (Tablebrated paper.
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TABLE 1 and needed less time to reach the partial acquisition criterion
(mean 6 SEM: 804.5 6 25.1 s) compared with C57BL/6J miceACQUISITION OF AN OPERANT LEVER-PRESS

TASK IN BALB/c AND C57BL/6J MICE [1162.3 6 339.9 s; F(1, 110) 5 71.17, p , 0.0001]. The latencies
(MEANS 6 SEM), EXPERIMENT I to perform the first reinforced bar-press did not differ between

the two strains (mean 6 SEM: BALB/c, 69 6 7.8 s; C57BL/Latency (s) to Total Time (s) for Number of
6J, 61 6 4.6 s).First Bar-Press 15 Bar-Presses Bar-Presses

The mean number of reinforced bar-presses made by
BALB/c mice during the first 5 min of the retention test didBALB/c 121.3 (15.0) 777.3 (35.5) 7.8 (0.4)

C57BL/6J 110.0 (10.4) 916.0 (26.4) 6.7 (0.3) not differ between injected and noninjected controls (Table
2). The dose–response effects of CPP were nonlinear, so each
CPP group was compared separately with the NaCl group.
The lowest dose of CPP (0.025 mmol/kg) significantly reduced
the performance improvement observed 24 h after training

1), indicating comparable reactivities to the bar-pressing task (p , 0.02), whereas no significant effect was found for the
(9,20). However, C57BL/6J mice were slower to reach 15 rein- other two doses. This quite unexpected result led us to repli-
forced bar-presses [F (1, 54) 5 10, p , 0.003] and as a conse- cate the experiment in BALB/c mice by completing the dose
quence they also made a smaller number of reinforced bar- range of CPP with a 2.5-mmol/kg group.
presses during the last 5 min of training [F (1, 54) 5 4.88, The results obtained in the replication experiment (Fig. 2)
p , 0.031]. The different experimental subgroups within each revealed comparable bar-press performance in the different
strain did not differ from each other in either of these pa- groups of BALB/c mice during the last 5 min of training, and
rameters. demonstrated a reliable effect of treatment on bar-pressing

Comparison, for each strain, of the mean number of bar- during the first 5 min of the retention test [F (4, 49) 5 5.31,
presses made during the last 5 min of the training period and p , 0.001]. This effect was due to a performance decrement
during the first 5 min of the retention test (Fig. 1) revealed a of the 0.025-, 0.25-, and 2.5-mmol/kg CPP groups compared
peptide effect only for the BALB/c mice [F (2, 27) 5 5.83, with the control group (p , 0.05). No impairment occurred
p , 0.008]. The spontaneous memory improvement expressed in the 25-mmol/kg group.
in controls by an increase of reinforced bar-presses was com- In C57BL/6J mice, a significant performance decrement
pletely abolished by both doses of g-LGLA (p , 0.05). was observed between training and testing that was similar to

The C57BL/6J strain did not show any time-dependent the one observed in experiment I: the number of reinforced
memory improvement in this task, but did display a time- bar-presses decreased overall between training and the reten-
dependent memory decrement between training and the re- tion test [F (1, 55) 5 22.03, p , 0.0001]. CPP did not produce
tention test as expressed by a global decrease of reinforced any effect on C57BL/6J performance, as shown by the absence
lever-presses [F (1, 27) 5 35.6, p , 0.0001]. of any difference between the CPP-treated and saline-

injected animals.
Experiment II

DISCUSSIONAs was observed in experiment I, during acquisition,
BALB/c mice made more reinforced bar-presses during the These results show that g-LGLA and CPP effectively
last 5 min of training (mean 6 SEM: 6.12 6 0.21) than did blocked the posttraining performance increment in BALB/c
the C57BL/6J mice [4.3 6 0.15; F(1, 110) 5 46.39, p , 0.0001] mice in a lever-press task but had no effect on retention in

C57BL/6J mice, which do not exhibit improved retention per-
formance. The present results are to be compared with those
obtained in C57BL/6J and BALB/c mice in an active avoid-
ance task in a Y-maze (40). Following partial acquisition of
this task, spontaneous performance enhancement occurred for
the C57BL/6J strain only. Impairment of retention perfor-
mance 24 h after posttraining administration of g-LGLA
was restricted to C57BL/6J mice in the Y-maze task and to
BALB/c mice in the operant task. The disrupting effects of
g-LGLA occurred at the same doses for both tasks (40). Con-
versely, the compound was devoid of effects in either strain
when no such performance increment was evident.

Moreover, g-LGLA and AP5 suppressed the posttraining
performance increment observed in Swiss mice in both tasks
(27,39). CPP administered under the same conditions in the
Y-maze task had comparable effects on retention performance
in Swiss mice (39). Moreover, the dose–effect curve found in
the Y-maze avoidance task was very similar to the dose range
antagonizing enhanced retention of operant learning in
BALB/c; high doses of CPP (25–200 mmol/kg) did not affect

FIG. 1. Effects, in an operant bar-pressing task, of g-LGLA on the retention performance of avoidance and operant learning.number of reinforced bar-presses (mean 6 SEM) made by BALB/c
In both tasks, the retention deficits induced by g-LGLAand C57BL/6J mice during the last 5 min of training and during the

and CPP are restricted to those strains of mice demonstratingfirst 5 min of the retention test 24 h later. The evolution of performance
posttraining performance improvement. In addition, for abetween the two sessions was compared between groups. *p , 0.05,

post hoc Newman–Keuls test. given strain of mice, performance is only affected in those
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TABLE 2
EFFECTS OF POST-TRAINING ADMINISTRATION OF CCP

ON THE NUMBER OF REINFORCED BAR-PRESSES (MEANS 6 SEM)
DURING THE FIRST 5 MIN OF RETENTION TESTING IN BALB/c

AND C57BL/6J MICE, EXPERIMENT II

Controls Dose of CPP (mmol/kg)

Non-injected NaCl 0.025 2.5 25

BALB/c 14.7 (1.7) 14.3 (1.4) 9.9 (1.5) 13.8 (3.0) 11.2 (1.9)
C57BL/6J 3.5 (0.7) 3.0 (0.6) 2.6 (0.4) 3.0 (0.5) 2.9 (0.5)

tasks in which it improves spontaneously after training. Taken learning and task complexity, in addition to genetic differences
together, the results strongly support the hypothesis of a medi- (13,18,35). Whether interstrain differences of behavioural al-
ation by NMDA receptors of some mechanism underlying terations by NMDA antagonists reflect genetic differences in
spontaneous performance improvement. excitatory amino acid systems, especially in NMDA receptors,

The strain-dependent treatment effects raise the question remains unclear. No difference in glutamate binding to the
of strain-specific learning in the operant task. BALB/c mice NMDA receptor was found between the BALB/c and the
more readily associated the bar-pressing and the delivery of C57BL/6J strains in whole sections of brain tissue (24,33).
food, as indicated by the smaller amount of time required to These data are in agreement with a preliminary study carried
complete the acquisition criterion, and showed enhanced out in our laboratory indicating that g-LGLA displaced [3H]l-
lever-press performance after the 24-h delay. As the opposite glutamate on hippocampal membranes in the two strains, with-
evolution of retention performance was observed in the two out revealing significant differences of site densities or dissoci-
strains in the Y-maze avoidance task, a strain-dependent sensi- ation constants (40).
tivity to various factors may be inferred. For instance, it is During the last 5 years, numerous experiments have ex-
noteworthy that BALB/c and C57BL/6J mice are known, re- plored the involvement of NMDA receptors in learning and
spectively, as “emotional” and “nonemotional” strains, re- memory processes. Most of them have investigated the effects
acting differently to agonists of the benzodiazepine receptor of NMDA antagonists on memory formation (7), as they were
(5). Treated BALB/c mice exhibited reduced neophobia in a shown to block induction of hippocampal long-term potentia-
free-exploratory paradigm, whereas responses of C57BL/6J tion, an experimental model thought to reflect processes com-
mice toward novelty remained unchanged (16). In contrast, parable to those encountered during learning (3). In view of
posttrial administration of corticosterone or a posttrial stress- this hypothesis, the blockade of NMDA receptors by adminis-
ful experience (e.g., constraint) improved retention of passive tration of competitive antagonists prior to training or by their
avoidance in C57BL/6J mice but not in DBA mice (4). Thus, perfusion during training has been shown to produce very
interstrain variations of retention performance reflect, at least different effects on memory processes, depending on a number
partially, differences of behaviour according to memory load of factors such as the mode of action and application of the
and/or emotional factors differing between tasks. compounds and response requirements (6,43). Thus, chronic

Spontaneous enhancement of retention performance is fur- ICV infusion of AP5 impairs acquisition of place learning
ther dependent on a number of factors such as strength of without affecting visual discrimination learning in a water-

maze task in rats (30), whereas daily pretraining systemic
administration of CPP retards acquisition of both versions of
a water-maze task in mice (41) and retention of well-learned
place and cue tasks in a radial-arm maze in rats (23,42). Simi-
larly, the competitive NMDA antagonist CGS 19775, when
administered prior to passive avoidance training, disrupts re-
tention performance of mice in a step-through but not in a
step-down protocol (22). Retention of the former task was
impaired and that of the latter improved following pretraining
administration of AP7, which was devoid of effects in either
task when administered after training (29). These conflicting
results make it difficult to draw general conclusions about
the precise nature of the mnesic process requiring intact
NMDA function.

On the other hand, Freed and Wyatt (11), suggesting for
the first time that antagonism at glutamate receptors impairs
learning, showed that pretraining administration of the nonse-
lective antagonist glutamic acid diethyl ester (GDEE; 240 or
480 ng/kg IP) impaired acquisition and, transiently, retention
of a noncontingently reinforced bar-pressing task in rats.FIG. 2. Effects of CPP on the number of reinforced bar-presses
GDEE did not affect performance when administered to pre-(mean 6 SEM) made by BALB/c mice during the last 5 min of training
viously trained rats. In well-trained rats, ICV perfusion of AP5and during the first 5 min of the retention test 24 h later. The evolution
or IP administration of noncompetitive NMDA antagonistsof performance between the two sessions was compared between

groups. *p , 0.05, post hoc Newman–Keuls test. resulted however in a persistent impairment in a DRL sched-
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ule (34,38). However, animals must withhold responses in this The procedure used in the present experiments, consisting
of drug administration following partial acquisition of a task,task for a certain period of time in order to be reinforced,
focuses its action on memory trace rather than on perfor-and the results obtained do not allow differentiation of a
mance-related events (4,43). Drugs were administered tospecific effect on short-term memory from effects on the timing
groups matched according to acquisition performance, so in-ability of animals or on their ability to refrain from responding.
terference with acquisition processes as such may be ruledFurther, various NMDA antagonists have been shown to in-
out and effects on memorisation and retrieval may be distin-crease lever-press responses suppressed by punishment proce-
guished easily. Indeed, as long as a spontaneous performancedures (34) and to affect conditional emotional procedures (17),
improvement occurs, ongoing memory formation may be rea-thereby suggesting antianxiety effects.
sonably inferred. Conversely, performance stabilization prob-Anxiolytic-like effects of competitive NMDA antagonists
ably reflects the outcome of memory trace consolidation. Ac-(CPP, 3 mg/kg; and 2-amino-7-phosphonoheptanoate, 30 mg/
cording to this view, analysis of the data obtained withkg) have indeed been reported (1). In addition, retention
g-LGLA and CPP points to a role of NMDA receptors indeficits after pretraining administration of NMDA antagonists
formation of long-term memory occurring during the hoursmay result from an interference with nonspecific factors.
following training. These effects appear to be specific in thatWorking memory impairments (32,42) have been reported at
efficient doses of CPP (2.5 mmol/kg, corresponding to 0.63doses of CPP and CGS19955 (.2.5 and 4 mg/kg, IP, respec- mg/kg) are significantly lower than those reported in the litera-tively) eliciting motor disturbances and ataxia (23,39). More- ture to induce ataxic or anxiolytic effects (23,29). At the dosesover, intrathecal CPP, AP5, and AP7 act as analgesics in the used, the two compounds did not produce apparent ataxic

mouse hot-plate and formalin models of pain (15,31). Perfor- effects. As shownpreviously for g-LGLA (28), treated animals
mance decrease of rats in a delayed conditional auditory dis- consumed the food reward as quickly as controls. Thus, it
crimination after posttraining administration of CPP revealed seems unlikely that the behavioural effects of g-LGLA and
disruption of stimulus discriminability rather than increased CPP in the lever-press task result from an interference with
forgetting (37). These studies provide some evidence of an motivational processes or general activity.
involvement of NMDA receptors in early stages of memory
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g-l-glutamyl-l-aspartate, a NMDA antagonist, on retention of alearning in mice. Behav. Neural Biol. 55:356–365; 1991.

29. Mondadori, C.; Weiskrantz, L.; Buerk, H.; Petschke, F.; Fagg, Y-maze avoidance task in mice. Behav. Brain Res. 55:69–75; 1993.
41. Upchurch, M.; Wehner, J. M.: Effects of N-methyl-d-aspartateG. E.: NMDAreceptor antagonists can enhance or impair learning

performance in animals. Exp. Brain Res. 75:449–456; 1989. antagonism on spatial learning in mice. Psychopharmacology
100:209–214; 1990.30. Morris, R. G. M.; Anderson, E.; Lynch, G. S.; Baudry, M.: Selec-

tive impairment of learning and blockade of long-term potentia- 42. Ward, L.; Mason, S. E.; Abraham, W. C.: Effects of the NMDA
antagonists CPP and MK-801 on radial arm maze performancetion by an N-methyl-d-aspartate receptor antagonist, AP5. Nature

319:774–776; 1986. in rats. Pharmacol. Biochem. Behav. 35:785–790; 1990.
43. Wroblewsky, J. T.; Danysz, W.: Modulation of glutamate recep-31. Näsström, J.; Karlsson, U.; Post, C.: Antinociceptive actions of

different classes of excitatory amino acid receptor antagonists in tors: Molecular mechanisms and functional implications. Annu.
Rev. Pharmacol. Toxicol. 29:441–474; 1989.mice. Eur. J. Pharmacol. 212:21–29; 1992.


