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Abstract

Pharmacological evidence indicates that the basolateral nucleus of the
amygdala (BLA) is involved in the mediation of inhibitory avoidance
but not of escape behavior in the elevated T-maze test. These defen-
sive responses have been associated with generalized anxiety disorder
(GAD) and panic disorder, respectively. In the present study, we
determined whether the BLA plays a differential role in the control of
inhibitory avoidance and escape responses in the elevated T-maze.
Male Wistar rats (250-280 g, N = 9-10 in each treatment group) were
pre-exposed to one of the open arms of the maze for 30 min and 24 h
later tested in the model after inactivation of the BLA by a local
injection of the GABA 4 receptor agonist muscimol (8 nmol in 0.2 uL).
It has been shown that a prior forced exposure to one of the open arms
of the maze, by shortening latencies to withdrawal from the open arm
during the test, improves the escape task as a behavioral index of
panic. The effects of muscimol in the elevated T-maze were compared
to those caused by this GABA agonist in the avoidance reaction
generated in the light/dark transition test. This defensive behavior has
also been associated with GAD. In the elevated T-maze, intra-BLA
injection of muscimol impaired inhibitory avoidance (control: 187.70
+ 14.90 s, muscimol: 37.10 + 2.63 s), indicating an anxiolytic effect,
without interfering with escape performance. The drug also showed an
anxiolytic effect in the light/dark transition test as indicated by the
increase in the time spent in the lighted compartment (control: 23.50
+ 2.45 s, muscimol: 47.30 = 4.48 s). The present findings point to
involvement of the BLA in the modulation of defensive responses that
have been associated with GAD.
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The amygdala complex has been impli-
cated in fear and anxiety (1). There is evi-
dence that this limbic area is critical for the
anxiolytic effect of benzodiazepine drugs
(2). GABA ,/benzodiazepine receptors are
found in different nuclei of the amygdaloid
complex, with the highest concentration pres-
ent in the basolateral nuclear complex (3).

Administration of benzodiazepines or
GABA, receptor agonists into the basolat-
eral nucleus of the amygdala (BLA) causes
anxiolytic effects in different animal models
of anxiety, such as the elevated plus-maze
(4,5), the social interaction test (6), the pas-
sive avoidance model (7), and the contextual
fear conditioning test (8).

Evidence obtained in our laboratory in-
dicates that the BLA may play a differential
role in the regulation of defensive behaviors
that have been associated with distinct sub-
types of anxiety disorders. More specifical-
ly, we observed that microinjection of the
benzodiazepine receptor agonist midazolam
into this nucleus impaired the acquisition of
inhibitory avoidance in the elevated T-maze
without interfering with the expression of
escape behavior in the same test (9).

In the elevated T-maze, inhibitory avoid-
ance and escape responses are measured in a
maze consisting of three elevated arms - one
of them enclosed and two open. For inhibi-
tory avoidance measurement, rats are placed
at the distal end of the enclosed arm and the
latency to withdraw from this arm with the
four paws is recorded in three successive
trials. Because of their innate fear of height
and openness (10), rats learn to remain longer
in the enclosed arm over trials, indicating the
acquisition of inhibitory avoidance to the
open arms. On the other hand, when the
animals are placed at the end of one of the
open arms they move towards the enclosed
arm, presumably performing an escape re-
sponse. Based on the effects of different
classes of anxiety-modulating drugs in this
test, inhibitory avoidance has been related to
generalized anxiety disorder (GAD) and es-
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cape to panic disorder (11-16). The results of
the study with midazolam in the elevated T-
maze indicate that the BLA exerts preferen-
tial control on defensive behaviors that have
been associated with GAD, but not with
panic disorder (9). Nevertheless, given the
elevated T-maze test protocol employed by
the authors, the inefficacy of this drug re-
garding the elevated T-maze escape perfor-
mance may be a false-negative result. In the
mentioned analysis, inhibitory avoidance and
escape were measured in rats that had no
previous experience with the open arms of
the elevated T-maze. It has been shown that
a prior forced exposure to one of the open
arms of the maze, by shortening latencies to
withdrawal from the open arm during the
test, improves the escape task as a behavior-
al index of panic (16,17). For instance,
whereas in naive rats chronic treatment with
the antidepressant compound imipramine,
which has also been used in clinical settings
to treat panic disorder, did not affect escape,
in rats previously exposed to the open arm
the drug inhibited this behavior, indicating a
panicolytic-like effect (17). Thus, more re-
cent studies using the elevated T-maze have
incorporated this methodological modifica-
tion (for a review, see Refs. 17-19).

In light of these considerations, in the
present study we further addressed the in-
volvement of the BLA in the regulation of
the two defensive behaviors measured by
the elevated T-maze. To this end, we inves-
tigated the effect of the inactivation of this
nucleus by means of local injection of the
GABA , receptor agonist muscimol in rats
previously exposed to one of the elevated T-
maze open arms. The effects of muscimol in
this test were compared to those obtained in
the light/dark transition model, an animal
model that has been related to GAD (15).

Male Wistar rats weighing 250-280 g
were stereotaxically implanted with stain-
less-steel guide cannulae aimed at the BLA.
Six or seven days after surgery, the animals
were tested in the elevated T-maze and light/
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dark transition model. The elevated T-maze
consists of three arms of equal dimensions
(50 cm x 12 cm) elevated 50 cm from the
floor. One arm, enclosed by 40-cm high
walls, was perpendicular to two opposed
open arms. One day before testing, the ani-
mals were exposed to one of the open arms
for 30 min as described by Sena et al. (20).
The light/dark test apparatus was a wood
box (48 x 24 x 27 cm) divided by a barrier
possessing a doorway (10 x 10 cm) through
which rats could pass into two chambers of
equal measures: one painted black, not illu-
minated, and one painted white and brightly
illuminated by a 60-lux light source. On the
test day, rats were injected bilaterally (0.2
pL, 2 min) with muscimol (8 nmol, N =9) or
saline (N = 10). Ten minutes later, inhibitory
avoidance was measured by recording the
time taken by the rats to withdraw from the
enclosed arm of the elevated T-maze in three
consecutive trials at 30-s intervals (baseline,
avoidance 1 and avoidance 2 latencies). Fol-
lowing avoidance training (30 s), each ani-
mal was placed at the end of the same open
arm as used in the pre-exposure session and
the time taken to leave this arm was recorded
in three consecutive trials (escape 1 to 3),
again with 30-s inter-trial intervals. Immedi-
ately after the tests in the elevated T-maze,
the animals were tested in the light/dark
transition model. Each rat was placed in the
middle of the lighted compartment facing
the doorway separating the two compart-
ments. After the first transition from the
lighted to the dark compartment, the behav-
ior of the animals was recorded for an addi-
tional 5-min period for measurements of two
parameters: the total number of transitions
between the two compartments, and the time
spent in the lighted compartment. For fur-
ther details of both tests, see Sena et al. (20).
After the behavioral tests, the animals were
killed and their brains removed to examine
the location of the injection site. Only data
from animals injected into the BLA were
considered for statistical analysis.

Figure 1A shows that intra-BLA injec-
tion of muscimol impaired inhibitory avoid-
ance acquisition, indicating an anxiolytic
effect. Repeated measure ANOVA showed
asignificanteffect of trials (F(2,36)=111.55;
P < 0.01), treatment (F(1,18) = 156.61; P <
0.01) and treatment by trial interaction
(F(2,36) = 65.73; P > 0.01). The unpaired
Student r-test showed that animals treated
with muscimol showed significantly (P <
0.01) shorter avoidance 1 and 2 latencies
compared to control.

On the other hand, escape was not altered
by intra-BLA injection of muscimol (Figure
1B). Repeated measure ANOVA showed an
effect of trials (F(2,36) = 45.69; P < 0.01),
but not of treatment (F(1,18) = 0.05; P >
0.05) and no interaction between treatment
and trials (F(1,18) = 0.49; P > 0.05).

Figure 2A shows that in the light/dark
transition model, intra-BLA injection of
muscimol increased the time spent in the
lighted compartment (Student z-test: t(18) =
-5.14; P < 0.01), indicating an anxiolytic
effect. The drug did not significantly affect
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Figure 1. Effect of intra-basolat-
eral nucleus of the amygdala in-
jection of muscimol or saline on
inhibitory avoidance (A) and es-
cape (B) latencies measured in
the elevated T-maze. Twenty-
four hours before the test, all ani-
mals were exposed to one of the
open arms for 30 min. The ani-
mals received 8 nmol/0.2 pL of
the drug. Data are reported as
means + SEM for N = 9-10 ani-
mals. *P < 0.01 compared with
the saline group in the same trial
(unpaired Student ttest).

Braz ) Med Biol Res 38(11) 2005



1700

Figure 2. Effect of intra-basolat-
eral nucleus of the amygdala in-
jection of muscimol or saline on
the time spent in the lighted com-
partment (A) and the number of
transitions between compart-
ments (B) in the light/dark transi-
tion test. The animals received 8
nmol/0.2 pL of the drug. Data
are reported as means + SEM
for N = 9-10 animals. *P < 0.01
compared with the saline group
(unpaired Student t-test).
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Therefore, the present results showed that
the inactivation of the BLA by local micro-
injection of muscimol caused anxiolytic ef-
fects in two different animal models of GAD.
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not seem to be related to a primary effect of
this compound on the locomotor activity of
the animals. In this respect, although the
motor demand for inhibitory avoidance and
escape in the elevated T-maze is nearly the
same, muscimol shortened avoidance laten-
cies without interfering with escape laten-
cies. In the light/dark test, the drug enhanced
the time spent in the lighted compartment
without affecting the number of transitions
between the two compartments. Changes in
the latter parameter have also been used to
infer the effect of a given drug on motor
performance (for a review, see Ref. 15).
The present findings agree with the re-
sults of a study showing that intra-BLA/
lateral injection of the benzodiazepine re-
ceptor agonist midazolam impaired inhibi-
tory avoidance acquisition, but did not change
escape behavior in the elevated T-maze (9).
In contrast to the present study, in the previ-
ous study rats were tested in the elevated T-
maze without prior experience in the open
arms. Therefore, the present study suggests
that, independently of the test protocol used,
activation of GABA ,/benzodiazepine recep-
tors in the BLA selectively interferes with
the inhibitory task in the elevated T-maze.
Overall, the results reported herein pro-
vide further evidence for the involvement of
the BLA in the modulation of defensive re-
sponses that have been associated with GAD.
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