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NMDA receptor and shuttle avoidance

Involvement of hippocampal NMDA
receptors in retention of shuttle
avoidance conditioning in rats
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Abstract

The purpose of this research was to evaluate the role of hippocampal
N-methyl-D-aspartate (NMDA) receptors in acquisition and consoli-
dation of memory during shuttle avoidance conditioning in rats. Adult
male Wistar rats were surgically implanted with cannulae aimed at the
CA1 area of the dorsal hippocampus. After recovery from surgery,
animals were trained and tested in a shuttle avoidance apparatus (30
trials, 0.5-mA footshock, 24-h training-test interval). Immediately
before or immediately after training, animals received a bilateral
intrahippocampal 0.5-µl infusion containing 5.0 µg of the NMDA
competitive receptor antagonist aminophosphonopentanoic acid (AP5)
or vehicle (phosphate-buffered saline, pH 7.4). Infusion duration was
2 min per side. Pre-training infusion of AP5 impaired retention test
performance (mean ± SEM number of conditioned responses (CRs)
during retention test session was 16.47 ± 1.78 in the vehicle group and
9.93 ± 1.59 in the AP5 group; P<0.05). Post-training infusion of AP5
did not affect retention (mean ± SEM number of conditioned re-
sponses during retention test session was 18.46 ± 1.94 in the vehicle
group and 20.42 ± 2.38 in the AP5 group; P>0.10). This impairment
could not be attributed to an effect on acquisition, motor activity or
footshock sensitivity since AP5 affected neither training session
performance measured by the number of CRs nor the number of
intertrial crossings during the training session. These data suggest that
NMDA receptors in the hippocampus are critical for retention of
shuttle avoidance conditioning, in agreement with previous evidence
showing a role of NMDA receptors in fear memory.
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The N-methyl-D-aspartate (NMDA) glu-
tamate receptor channel has been implicated
in learning and memory for several tasks.
Intraventricular infusion of the NMDA re-
ceptor competitive antagonist aminophospho-
nopentanoic acid (AP5) impairs acquisition
in the Morris water maze (1). Both intraven-
tricular (2) and intrahippocampal (3) infu-
sions of AP5 given before training block

memory of fear conditioning measured 24 h
later. Also, immediate post-training intrahip-
pocampal infusion of AP5 impairs retention
of a step-down inhibitory avoidance task (4-
7). Taken together, these data provide evi-
dence for the involvement of the dorsal hip-
pocampus in fear memory through an NMDA
receptor-dependent mechanism. It has been
suggested that the impairing effects of intra-
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hippocampal AP5 on memory are related to
a blockade of NMDA receptor-dependent
long-term potentiation (LTP) at hippocam-
pal glutamatergic synapses (1-8).

The purpose of the present study was to
further characterize the involvement of hip-
pocampal NMDA receptors in fear memory.
We evaluated the effects of intrahippocampal
infusions of AP5 on retention of a shuttle
avoidance conditioning (SA), a multiple-trial
type of fear memory task, in rats. The effects
of both pre- and post-training infusions of
AP5 were investigated in order to separate
acquisition from consolidation processes.

Sixty adult male Wistar rats (220-300 g)
obtained from our breeding colony were
housed in a temperature-controlled environ-
ment on a 12-h light/dark cycle, with free
access to water and food.

The surgical procedure has been described
(4). Animals were implanted with 9-mm can-
nulae aimed 1.0 mm above the CA1 area of
the dorsal hippocampus under thionembutal
anesthesia (30 mg/kg, ip). Stereotaxic coor-
dinates obtained from the atlas of Paxinos
and Watson (9) were as follows: AP: 4.3 mm
posterior to the bregma, ML: 2.0 mm from
the bregma, and DV: 2.0 mm from the skull.

Three to five days after surgery, animals
were trained in the SA (10). Training and test
sessions were carried out in a 50 x 25 x 25-
cm automated acrylic box (Albarsh, Porto
Alegre, RS) with a floor consisting of 0.1-cm
parallel bronze bars spaced 0.8 cm apart.
Animals were allowed to freely explore the
box for 3 min and then received 30 trials of a
5-s, 80-dB, 1-kHz tone (conditioned stimu-
lus), immediately followed by a 0.5-mA
scrambled footshock (unconditioned stimu-
lus) until they crossed to the opposite side of
the box (escape response). Animals avoided
the shock by crossing during the tone pres-
entation (conditioned response, CR). Re-
cording of conditioned responses and cross-
ings was automated. Training and test reten-
tion sessions were procedurally identical and
separated by 24 h. Retention was measured

by comparing the number of CRs observed
during the training and test sessions. The
number of training session intertrial cross-
ings (ICs) was used as a measure of locomo-
tor activity.

Immediately before (pre-training treat-
ment) or after (post-training treatment) the
training session, a 30-g cannula was fitted
into the guide cannula. The infusion cannula
was connected to a microsyringe by a poly-
ethylene tube (4). The tip of the infusion
cannula protruded 1.0 mm beyond that of the
guide cannula and was therefore aimed at the
CA1 region of the dorsal hippocampus. Ani-
mals received a bilateral intrahippocampal
infusion (0.5 µl/side) of D-L-2-amino-5-
phosphonopentanoic acid (AP5) (Research
Biochemicals International, Natick, MA,
USA) (5.0 µg) or vehicle (0.1 M sodium
phosphate-buffered saline, pH 7.4).

Cannula placement inside the hippocam-
pus was confirmed by histology (4). Briefly,
at the end of each experiment, rats were
killed by decapitation, and the brains were
removed and placed in a formaldehyde solu-
tion for at least 72 h. Brains were sectioned
and cannula placement in the dorsal hippo-
campus was confirmed. Only data from ani-
mals considered to have correct cannula
placement (28 vehicle-treated animals and
27 AP5-treated animals) are reported.

Comparisons of vehicle- and AP5-treated
groups (retention scores, performances in
each session and intertrial crossings) were
made by the unpaired Student t-test. Com-
parisons of training and test session perfor-
mances within groups were made by the
paired Student t-test. Data are reported as
mean ± SEM. P<0.05 was considered to
indicate statistical significance.

The results of pre-training infusion of
AP5 are shown in Table 1. In the training
session there was no difference between
groups in the number of CRs (unpaired t-
test, P>0.10). There was a significant differ-
ence between training and test session num-
ber of CRs in the vehicle group (paired t-test,
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P<0.05), but not in the AP5-treated animals
(paired t-test, P>0.10) and there was a sig-
nificant difference in test session perfor-
mance between groups (unpaired t-test,
P<0.05). The results show that pre-training
treatment with AP5 impaired retention test
performance. This impairment could not be
attributed to an effect on acquisition, motor
activity or footshock sensitivity since AP5
affected neither training session performance
measured by the number of CRs nor the
number of intertrial crossings during the train-
ing session.

The effects of post-training infusion of
AP5 are shown in Table 2. In the training
session, there were no significant differences
between groups in the number of CRs (un-
paired t-test, P>0.10) or in the number of
intertrial crossings (unpaired t-test, P>0.10,
data not shown). There was no significant
difference between groups in the test session
performance (unpaired t-test, P>0.10), and
differences between training and test session
number of CRs were significant in both
groups (paired t-test, P<0.05), showing that
post-training treatment with AP5 did not
affect retention of SA.

The present results show that pre-train-
ing, but not post-training, intrahippocampal
infusions of AP5 impaired retention of shuttle
avoidance conditioning in rats, an effect that
could not be attributed to sensorimotor im-
pairments. This suggests that memory for
SA measured 24 h after training requires
activation of NMDA receptors in the dorsal
hippocampus at the time of training, but not
in the early post-training period. Thus, hip-
pocampal NMDA receptors may be involved
in acquisition rather than in consolidation of
SA. This is strongly consistent with previous
reports showing that intraventricular (2) or
intrahippocampal (3) infusions of AP5 block
fear conditioning when given before, but not
after, training. It is also consistent with stud-
ies showing that pre-training, but not post-
training, infusions of AP5 into the amygdala
block contextual fear conditioning (11). How-

ever, retention of inhibitory avoidance, an-
other fear-motivated task, is blocked by im-
mediate post-training intrahippocampal in-
fusion of AP5 (4-7). Thus, the lack of an
effect of post-training AP5 on SA could
result from the delay of infusion. In a 30-trial
training session in SA, an immediate post-
training infusion is administered approxi-
mately 15 min after the first trial, whereas in
step-down inhibitory avoidance it is admin-
istered no more than 1 min from the begin-
ning of training.

Our results are consistent with the view
that an NMDA receptor-dependent neural
plasticity process such as LTP at the level of
hippocampal glutamatergic synapses is in-
volved in memory processes (1-8). Another
possibility is that AP5 interfered with other
neurotransmitter systems. There is evidence

Table 1 – Effect of pre-training intrahippocampal infusion of AP5
on retention of shuttle avoidance conditioning.

Data are reported as mean ± SEM number of conditioned re-
sponses (CRs) in training and retention test sessions and num-
ber of intertrial crossings (ICs) in training sessions by rats bilater-
ally infused into the dorsal hippocampus with AP5 (5.0 µg) or
vehicle (phosphate-buffered saline, pH 7.4) immediately before
a training session in shuttle avoidance conditioning. *P<0.05
compared to training session number of CRs (paired t-test).
**P<0.05 compared to vehicle group (unpaired t-test).

Group N CR (training) CR (test) ICs (training)

Vehicle 15 12.07 ± 1.20 16.47 ± 1.78* 23.87 ± 3.83
AP5 15 11.20 ± 1.28 9.93 ± 1.59** 22.86 ± 3.21

Table 2 – Effect of post-training intrahippocampal infusion of
AP5 on retention of a shuttle avoidance conditioning.

Data are reported as mean ± SEM number of conditioned re-
sponses (CRs) in training and retention test sessions by rats
bilaterally infused into the dorsal hippocampus with AP5 (5.0 µg)
or vehicle (phosphate-buffered saline, pH 7.4) immediately after
a training session in shuttle avoidance conditioning. *P<0.05
compared to training session (paired t-test).

Group N CRs (training) CRs (test)

Vehicle 13 13.85 ± 2.15 18.46 ± 1.94*
AP5 12 15.58 ± 2.73 20.42 ± 2.38*
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that NMDA receptor antagonists affect
NMDA-induced release of acetylcholine and
dopamine in the nucleus accumbens (12)
and NMDA-induced release of norepineph-
rine in the hippocampus (13).

The data reported here show that pre-

training, but not immediate post-training,
intrahippocampal infusion of AP5 impairs
retention of shuttle avoidance conditioning
without affecting training session perfor-
mance in rats.
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