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Abstract

We evaluated the effects of infusions of the NMDA receptor antagkey words
nistp,L-2-amino-5-phosphonopentanoic acid (AP5) into the basolateraimygdala
nucleus of the amygdala (BLA) on the formation and expression «0fMDA receptor
memory for inhibitory avoidance. Adult male Wistar rats (215-300 g)Féar

were implanted under thionembutal anesthesia (30 mgdkgyith ~ * Memory
9.0-mm guide cannulae aimed 1.0 mm above the BLA. Bilateral’™" """ """
infusions of AP5 (5.0 pg) were given 10 min prior to training,

immediately after training, or 10 min prior to testing in a step-down

inhibitory avoidance task (0.3 mA footshock, 24-h interval between

training and the retention test session). Both pre- and post-training

infusions of AP5 blocked retention test performance. When given

prior to the test, AP5 did not affect retention. AP5 did not affect

training performance, and a control experiment showed that the

impairing effects were not due to alterations in footshock sensitivity.

The results suggest that NMDA receptor activation in the BLA is

involved in the formation, but not the expression, of memory for

inhibitory avoidance in rats. However, the results do not necessarily

imply that the role of NMDA receptors in the BLA is to mediate long-

term storage of fear-motivated memory within the amygdala.

Introduction acquisition of contextual fear conditioning
(5,7,12), second-order fear conditioning (6),

Extensive evidence suggests that theonditioned fear-potentiated startle (4,13),
amygdala, particularly the basolateral nucleustep-through inhibitory avoidance (9,11), and
(BLA), is involved in emotional memory step-down inhibitory avoidance (7,8). Al-
processing (for reviews, see 1-3). Amonghough the role of the amygdaloid NMDA
other system$\-methylo-aspartate (NMDA) receptor in the formation of memory for fear-
glutamate receptors in the amygdala havenotivated tasks is well established, its in-
been implicated in fear-motivated learningvolvement in memory expression remains
(2,4-15). Infusion of the NMDA receptor unclear. Intra-amygdala AP5 blocks both the
antagonistp,L-2-amino-5-phosphonopen- acquisition and the expression of contextual
tanoic acid (AP5) into the amygdala blockdear conditioning (12), but does not affect
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expression of fear-potentiated startle (3,13)2-h light/dark cycle (lights on at 7:00 a.m.).
or step-through inhibitory avoidance (11). Behavioral tests were conducted between
It has been postulated that the amnestit3:30 and 16:30.
effects of intra-amygdala infusions of AP5
are related to a blockade of neural plasticitgurgery
processes such as NMDA-dependent long-
term potentiation (LTP) at amygdaloid glu-  Animals were implanted under thionem-
tamatergic synapses (2,5,6,10,13,14). In supputal anesthesia (30 mg/kg) with 9.0-mm
port of this view, it was recently shown thatguide cannulae (1.0-mm diameter) aimed
fear conditioning induces LTP-like changesl.0 mm above the BLA. Coordinates relative
in auditory-evoked potentials in the laterako bregma, obtained from the atlas of Paxinos
nucleus of the amygdala, suggesting a roland Watson (21) and adjusted according to
for LTP in the amygdala in fear memorypilot data, were AP -2.3 mm, ML 5.0 mm,
(14). However, extensive evidence suggestnd DV -6.0 mm from the dura mater.
that the amygdala is a modulatory site which
regulates memory storage and/or consolid@ehavioral procedures
tion in other brain regions, rather than a
critical site for plasticity underlying memory  Inhibitory avoidanceAnimals were sub-
acquisition and storage (1,3,16-20). This viewnitted to the behavioral procedure 3 to 7
is supported by studies showing that amygdatays after surgery. The inhibitory avoidance
loid lesions do not block contextual fearapparatus was a 50 x 25 x 25-cm acrylic box
conditioning (20) and retention of inhibitory whose floor consisted of parallel stainless
avoidance (16). Moreover, overtraining carsteel bars (1 mm in diameter) spaced 1 cm
attenuate the amnestic effects of amygdaloidpart. A 7-cm wide, 2.5-cm high platform
lesions (18), intra-amygdala infusions ofwas placed on the floor of the box against the
NMDA receptor antagonists (9) and intra-eft wall. Animals were placed on the plat-
amygdala infusions of the non-NMDA re-form and their latency to step down on the
ceptor antagonist 6-cyano-7-nitroquinoxagrid with all four paws was measured with an
line-2,3-dione (CNQX) (17,19). automatic device. In the training session,
In the present study, we investigated thémmediately after stepping down on the grid,
role of amygdaloid NMDA receptors in thethe animals received a 0.3 mA, 2.0-s scram-
formation and expression of fear memory byled footshock. In the test session, carried
evaluating the effects of pretraining, postout 24 h after training, no footshock was
training, and pretest infusions of AP5 onmadministered and the step-down latency was
retention of a step-down inhibitory avoid-used as a measure of retention (7,8).
ance task in rats. A control experiment was Footshock sensitivity tesReactivity to
carried out in order to evaluate the effects athe footshock was evaluated in the same

APS5 on footshock sensitivity. apparatus as used for inhibitory avoidance,
except that the platform was removed. The

Material and Methods “up and down” method (17,22) was modi-
fied as previously described (15,23) and used

Subjects to determine the nociceptive thresholds. Each

animal was placed on the grid and allowed a
Eighty-three adult male Wistar rats (215-2-min habituation period prior to the start of
300 g) obtained from our breeding colonya series of shocks (0.5 s), delivered at 10-s
housed five to a cage with food and wateintervals. Shock intensities ranged from 0.1
availablead libitum were maintained on a to 0.5 mA in 0.1 mA increments. The adjust-
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ments in shock intensity were made in accothrough the cannulae. Brains were stored in
dance to each animal’s response. The intefermalin for at least 72 h and cannula place-
sity was raised by one unit when no responseent was verified by histological examina-
occurred and lowered by one unit when &@on. Cannulae were found to be correctly
response was made. A “flinch” response waplaced in the BLA in 73 rats (Figure 1). Data
defined as withdrawal of one paw from thefrom only these animals were included in the
grid floor, and a jump response was definefinal analysis.
as withdrawal of three or four paws. Two
measurements of the “flinch” threshold andbtatistical analysis
then two measurements of the “jump” thresh-
old were made. The mean of the two scores Data for inhibitory avoidance are shown
for the flinch and the jump thresholds wereas mean £ SEM retention test latencies. Data
calculated for each animal (15,17,22,23). for the footshock reactivity test are shown as
mean + SEM flinch and jump thresholds
Drugs and infusion procedures expressed as milliamps (mA) (15,23). In all
experiments, comparisons between the ve-
Ten minutes prior to training, immedi- hicle and the AP5 groups were performed
ately after training, or 10 min prior to theusing the unpaired-tests. In all compari-
retention test session in the inhibitory avoidsons, P<0.05 was considered to indicate sta-
ance task, or 10 min prior to the footshockistical significance.
reactivity test, an infusion cannula was fitted
into the guide cannula. The tip of the infu-Results
sion cannula protruded 1.00 mm beyond the
guide cannula and was aimed at the BLA. The first experiment was designed to
Through the infusion cannula animals reevaluate the effects of pretraining infusion
ceived a bilateral 0.5-pl infusion of vehicleinto the BLA on inhibitory avoidance reten-
(phosphate buffer in saline, pH 7.4) or APion. Results are shown in Figure 2A. The
(5.0 pg) (Research Biochemicals Internapretraining intra-amygdala infusion of AP5
tional, Natick, MA, USA) dissolved in ve- impaired retention test performance of the
hicle (4,5,12). Vehicle or AP5 was infusedinhibitory avoidance task. There was a sig-
over a period of 2 min, and the infusionnificant difference between groups in reten-
cannulae were left in place for an additionation test session step-down latency (unpaired
minute to allow diffusion of the drug away t-test, t = 4.00, P<0.01), but not in training
from the cannula tip. The dose of AP5 andession step-down latency (unpaitedst, t
the volume of infusion were chosen on the= -0.09, P = 0.90). In addition, AP5 impaired
basis of previous studies showing that 0.5-|fetention test performance when infused
infusions of 5.0 ug of AP5 are adequate for
the study of the effects of AP5 infused spe-
cifically into the BLA on memory (4,12).

Histology

Postmortem verification of cannula place-
ment was performed as described in previ-
ous papers (7,8,15). Briefly, animals were
killed by decapitation and 0.5 pl of a solu-
tion of methylene blue in saline was infused
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Figure 1 - Drawing of the A -2.3
mm plane of the Paxinos and
Watson (21) atlas showing the
area (hatched) where the micro-
injections considered to be cor-
rect were placed.
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Figure 2 - Effects of pretraining
(A), post-training (B), and pretest
(C) infusions of D,L-2-amino-5-
phosphonopentanoic acid (AP5)
(5.0 pg) into the basolateral
nucleus of the amygdala on re-
tention of an inhibitory avoid-
ance task. Data are means +
SEM of the step-down latencies;
N = 8-11 animals per group.
*P<0.01 compared to the ve-
hicle group (unpaired t-test).

Figure 3 - Effect of intra-amyg-
dala infusion of D,L-2-amino-5-
phosphonopentanoic acid (AP5)
on reactivity to the footshock.
Data are flinch and jump thresh-
olds expressed as milliamps
(mA). Animals were given an in-
fusion of AP5 (5.0 pg) into the
basolateral nucleus of the amyg-
dala 10 min prior to testing for
nociceptive thresholds; N = 8
animals per group. There were
no significant differences be-
tween groups.
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immediately after training (Figure 2B). Again, expression of memory for inhibitory avoid-
there was a significant difference betweemnce.
groups in retention test session step-down To examine if the deficits in inhibitory
latency (unpaired-test, t = 4.01, P<0.01), avoidance memory were due to an AP5-
but not in training session step-down latencinduced shift in footshock sensitivity, we
(unpairedt-test, t = -0.09, P = 0.93). verified the effects of intra-amygdala AP5
When given prior to the retention teston reactivity to the inhibitory avoidance box
session, AP5 did not affect retention (Figuréootshock, assessed by flinch and jump
2C). There were no significant differenceghresholds. Results are shown in Figure 3.
between groups in the training (unpaited Consistent with previous findings (9,12,
test, t=1.48, P =0.16) or in the retention test3,15), AP5 did not affect footshock sensi-
(unpairedt-test, t = 1.16, P = 0.26) perfor-tivity. There were no significant differences
mance. The results indicate that the infusiobetween groups in the flinch (unpairetgst,
of AP5 into the BLA did not affect the t =-0.98, P = 0.34) or the jump (unpaited
test, t = -0.09, P = 0.93) nociceptive thresh-

olds.
A —
g; §§ ‘ L e Discussion
5 S 30
53 ig J * The results of the present report show
? 0 e # that both pretraining and post-training, but
not pretest, infusion of AP5 into the
= = 60 N basolateral amygdala blocked retention of a
2 ¢ 50 E' o i step-down inhibitory avoidance task in rats.
2 § g The effects of AP5 were not due to alter-
5 Efg * ations in training session performance or
770 Saine —T==—  footshock sensitivity. Furthermore, previous
data from our laboratory have shown that
C infusion of AP5 into the BLA does not affect
e gg L Training locomotor activity assessed by the number
> § 40 = Test of crossings and rearings made during explo-
$ S 30 . 9 aring gexp
g 220 . l ration of an open field (15).
@ 18 The results suggest that intra-amygdala
el oS AP5 impaired the formation of memory for
inhibitory avoidance. This is consistent with
previous reports showing that AP5 infused
into the amygdala impairs memory of sev-
eral types of fear-motivated conditioning,
namely, inhibitory avoidance (7-9,11,15),
E' ig"sne contextual fear conditioning (5,12), and con-
0.5 ditioned fear-potentiated startle (4,13). These
o § 0.4 results are consistent with the view that an
283503 | NMDA receptor-dependent neural plasticity
o O . . .
8502 mechanism such as LTP in the amygdala is
Z £ 01 involved in fear memory (2,10,12-14). How-
, ever, extensive evidence suggests that the
Flinch Jump

amygdala is not a critical site for acquisition
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and storage of fear-motivated memory (1,3;eceptors are not involved in the expression
16-20). Thus, it is possible that AP5 induceaf memory for inhibitory avoidance. This is
nonspecific effects such as interfering withconsistent with previous reports showing that
other neurotransmitter systems rather thaimtra-amygdala AP5 does not affect expres-
blocking LTP induction (9), or that AP5 sion of fear-potentiated startle (4,6,13) or
interfered with basal synaptic transmissiorstep-through inhibitory avoidance (11). How-
in the BLA (2). Furthermore, the fact thatever, it disagrees with the finding by Maren
APS5 infused into the amygdala impairs feaet al. (12) that infusion of AP5 into the BLA
memory may be consistent with the viewimpairs expression of contextual fear condi-
that NMDA receptor activation within the tioning. The possibility that AP5 affects ba-
amygdala affects the regulatory activity ofsal synaptic transmission in the BLA has
the amygdala on memory storage in othebeen raised as an interpretation for the find-
brain areas (1). ing by Maren et al. (12) that AP5 blocked the
The finding that immediate post-trainingexpression of fear conditioning (2,9).
intra-amygdala infusion of AP5 impaired In summary, the present report shows
inhibitory avoidance retention suggests thahat both pretraining and post-training, but
amygdaloid NMDA receptors are involvednot pretest, infusion of AP5 into the basolat-
in the early consolidation phase of memongeral amygdala prevents retention of inhibito-
for that task. This is consistent with previousy avoidance, suggesting that amygdaloid
reports showing the effects of post-trainingNMDA receptors are involved in formation,
AP5 on inhibitory avoidance retention (7,8,but not in the expression, of this type of fear-
11). However, this is in contrast to the lackmotivated memory. This does not imply that
of effect of intra-amygdala infusions of AP5the role of NMDA receptors in the BLA is to
on contextual fear conditioning when themediate long-term storage of fear-motivated
drug is given immediately after training (12).memory in the amygdala.
This discrepancy might be due to differences
in training procedures (for example, numbeAcknowledgments
of trials and training period) between the two
tasks. Authors thank Dr. Ivan Izquierdo and Dr.
The lack of effect of the pretest infusionMaria Beatriz Cardoso Ferreira for helpful
of AP5 suggests that amygdaloid NMDAsupervision.
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