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Abstract

Ž . Ž . ŽThe effects of intra-amygdala injection of midazolam 20 nmol and 8-hydroxy-2- di-n-propylamino tetralin 8-OH-DPAT; 8 and 16
.nmol were investigated in rats submitted to the elevated T-maze, a new animal model of anxiety. This test allows the measurement, in

the same rat, of conditioned and unconditioned fearranxiety responses. Both drugs impaired inhibitory avoidance of the open arms of the
Ž .T-maze task representing conditioned fear , indicating an anxiolytic effect, but did not change escape performance from one of the open

Ž . Ž .arms representing unconditioned fear . The results further implicate g-aminobutyric acid GABA rbenzodiazepine and serotonergic
systems within the basolateralrlateral amygdala in the modulation of conditioned anxiety responses. q 1999 Elsevier Science B.V. All
rights reserved.
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1. Introduction

The role of the amygdala in the mediation of fear and
anxiety has been extensively investigated in recent years
Ž .Davis, 1992; Graeff et al., 1993 . The clinical effective-
ness of benzodiazepine and buspirone-like drugs in treat-
ing generalised anxiety states has motivated efforts for the
elucidation of the involvement of the amygdaloid g-

Ž .aminobutyric acid GABA rbenzodiazepine and seroton-
ergic systems in the modulation of emotional processes.

The amygdala is particularly rich in benzodiazepine
Ž .receptors Young and Kuhar, 1980 . Many studies have

demonstrated that the administration of benzodiazepine
compounds directly into this brain area can reduce the

Žanxiety generated in different animal models Hodges et
al., 1987; Zangrossi and Graeff, 1994; Gonzalez et al.,

.1996 . Nevertheless, the amygdala loci responsible for
anxiolytic effects are still controversial, with some studies
pointing to the central subdivision and others to the baso-
lateral area. Thus, in conflict tests, an anxiolytic-like effect
of benzodiazepines has been shown both in central
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Ž .Kataoka et al., 1987 and in basolateral subdivisions
Ž .Hodges et al., 1987 . In the more ‘natural’ model of the
elevated plus-maze, the basolateral nucleus seems to be
more important than the central area for the anxiolytic

Žeffects of benzodiazepine drugs Green and Vale, 1992;
Zangrossi and Graeff, 1994; Pesold and Treit, 1995; but

.see Gonzalez et al., 1996 .
The intra-amygdala effects of buspirone or other 5-HT1A

receptor agonist drugs have been less explored. It has been
suggested that the effects of both systemic and intra-
amygdala administered 5-HT receptor interacting drugs
may be dependent on the type of animal model used
ŽHandley and McBlane, 1993a; Zangrossi and Graeff, 1994;

.Gonzalez et al., 1996 . In this respect, the full 5-HT1A
Ž .receptor agonist 8-hydroxy-2- di-n-propylamino tetralin

Ž .8-OH-DPAT injected into the basolateral complex has
anxiogenic effects in a modified Geller–Seifter paradigm
Ž .Hodges et al., 1987 and in the social interaction test
Ž .Gonzalez et al., 1996 , but does not affect the anxiety

Žmeasured in the elevated plus-maze Zangrossi and Graeff,
.1994; Gonzalez et al., 1996 .

In the present study we evaluated the effects of the
benzodiazepine receptor agonist midazolam and the 5-HT1A

receptor agonist 8-OH-DPAT injected into the basolat-
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eralrlateral amygdala of rats submitted to a new animal
Žmodel of anxiety, the elevated T-maze Viana et al., 1994;

.Zangrossi and Graeff, 1997 . This test is derived from the
Ž .elevated plus-maze Pellow et al., 1985 and has been

developed to allow the measurement, in the same rat, of
conditioned and unconditioned fear responses. These two
tasks supposedly relate to generalised anxiety and panic

Ž .disorders, respectively Graeff et al., 1998 . In the elevated
T-maze, conditioned fear is represented by inhibitory
avoidance of the open arms and unconditioned fear by
escape responses from one of the open arms. It has been

Ž .proposed Graeff et al., 1998 that these two types of
fearranxiety responses may explain the inconsistent ef-
fects obtained with 5-HT-interacting drugs in the elevated

Ž .plus-maze Rodgers and Cole, 1994 , which has been
Ždefined by some authors as a ‘mixed’ test of anxiety File

.et al., 1993; Handley and McBlane, 1993b .

2. Materials and methods

2.1. Subjects and surgery

ŽMale Wistar rats University of Sao Paulo, Campus of˜
.Ribeirao Preto, Brazil , weighing 280–310 g, were stereo-˜

Žtaxically implanted, under tribromethanol 2-2-2-tri-
.bromethanol, Aldrich, WI, USA anaesthesia, with bilat-

eral cannulae aimed at the basolateralrlateral amygdaloid
complex. The two stainless steel guide cannulae were
inserted according to the coordinates: APs2.5 mm, Ls
4.8 mm, Vs4.8 mm below the dura. Following surgery,
animals were allowed to recover for 6–7 days.

2.2. Apparatus

The elevated T-maze was made of wood and had three
Ž .arms of equal dimensions 50 cm=12 cm . One of the

arms, enclosed by 40-cm high walls, was perpendicular to
two opposed open arms. In order to avoid falls, the open
arms were surrounded by a 1-cm high Plexiglas rim. The
whole apparatus was elevated 50 cm above the floor.
Illumination was provided by a 60-W white light bulb

Ž .fixed to the ceiling 50 lx on maze central area .

2.3. Experimental procedure

Prior to the experimental sessions, animals were gently
handled for 5 min for two consecutive days. On the
following day, they were randomly assigned to different

Ž . Žtreatment groups ns9–16 and bilaterally injected drugs
.dissolved in saline; total volume 0.2 mlr2 min , into the

basolateralrlateral amygdaloid complex, with midazolam
Ž . Žmaleate 20 nmol; Roche, Brazil , 8-OH-DPAT 8 or 16

.nmol; Sigma, USA or saline. During this procedure,
animals were gently held by the experimenter. The needles
were introduced 2 mm below the cannula end. Ten minutes
after injections, animals were tested in the elevated T-maze.

Each animal was initially placed at the end of the enclosed
arm of the T-maze and the time taken to withdraw from

Žthis arm with the four paws was recorded baseline la-
.tency . Next, the same measurement was repeated in two

Ž .subsequent trials avoidance 1 and avoidance 2 at 30-s
Ž .intervals. Following avoidance training 30 s , each animal

was placed at the end of the right open arm and the time
taken to withdraw from this arm with the four paws was

Ž .recorded escape . Immediately after the T-maze session,
animals were individually placed into the centre of a

Ž .wooden square arena 60 cm=60 cm , with walls 30 cm
high, in order to evaluate locomotor activity. The total
distance travelled during 5 min was recorded with a video

Ž .tracking system Ethovision; Noldus, The Netherlands .
After the experiment, the injection sites were histologi-

cally verified. Only data from animals with cannula place-
ment in the basolateralrlateral nuclei were used. Avoid-

Žance data were analysed by two-way ANOVA analysis of
.variance , with treatment as ‘between subjects’ and trials

as ‘within subjects’ factors, respectively. Escape and loco-
motor activity in the arena were analysed either using

Ž . Žunpaired t-test midazolam or one-way ANOVA 8-OH-
.DPAT .

3. Results

As illustrated in the upper panel of Fig. 1, midazolam
decreased the inhibitory avoidance latency. Two-way

Ž .Fig. 1. Effect meanqS.E.M. of midazolam microinjected into the
basolateralrlateral amygdaloid complex on the behaviour of rats exposed

Ž . Ž . )to the elevated T-maze. Ns9 control and 16 midazolam . P -0.05,
compared to the control group in a same trial.
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Ž .Fig. 2. Effect meanqS.E.M. of 8-OH-DPAT microinjected into the
basolateralrlateral amygdaloid complex on the behaviour of rats exposed

Ž . Ž .to the elevated T-maze. Ns12 control and 10 8 and 16 nmol .
) P -0.05, compared to the control group in a same trial.

ŽANOVA showed a significant effect of treatment F s1,23
. Ž .8.44; P-0.01 and trials F s29.44; P-0.001 , as2,46

Žwell as a significant treatment= trial interaction F s2,46
.4.86; P-0.05 . Unpaired t-test showed that the effect of

the drug was significantly different from control on avoid-
w Ž . xance 2 T 21.73 s3.42; P-0.01 . Escape performance

Ž .was not affected by the drug treatment Fig. 1, bottom .
The upper panel of Fig. 2 illustrates the dose-dependent,

anxiolytic effect of 8-OH-DPAT on inhibitory avoidance.
Like midazolam, 8-OH-DPAT significantly decreased the
avoidance latency. Two-way ANOVA showed a signifi-

Ž .cant effect of treatment F s3,86; P-0.05 and trials2,29
Ž .F s31,80; P-0.001 , but no significant treatment=2,58

trial interaction. One-way ANOVA showed a significant
Ždifference among groups on avoidance 2 F s3,45;2,29

.P-0.05 . At that time point, the Student–Newman–Keuls
post hoc test indicated a significant difference between the
control group and the group treated with 16 nmol of

Ž .8-OH-DPAT P-0.05 . Again, escape performance was
Ž .not affected by the drug treatment Fig. 2, bottom .

Intra-amygdala injection of midazolam or 8-OH-DPAT
did not affect the total distance travelled by the animals in

Ž .the arena data not shown .

4. Discussion

The results of the present study showed that the benzo-
diazepine midazolam and the 5-HT receptor agonist1A

8-OH-DPAT injected into the basolateralrlateral nuclei of

the amygdala impaired inhibitory avoidance but did not
change the escape response measured in the elevated T-
maze test of anxiety. These findings are in agreement with
the effects of systemically injected benzodiazepines and

Ž5-HT receptor agonists in the same animal model Viana1A
.et al., 1994 . In terms of psychopathology, inhibitory

avoidance in the T-maze has been related to generalised
anxiety and escape from the open arm to panic disorder
Ž .Graeff et al., 1998 . Thus, the effect of both drugs in
decreasing avoidance of the open arms correlates with

Ž .their clinical profile Nutt, 1990 , suggesting the involve-
ment of the GABArbenzodiazepine and the serotonergic
system within the amygdaloid nuclei in the mediation of
anticipatory or generalised anxiety states. The importance
of these neurotransmitter systems in this brain area is less
evident in a situation supposedly mimicking panic.

Similar to the effects obtained for inhibitory avoidance
in the T-maze, anxiety engendered by exposure to the open
arms of the elevated plus-maze is also decreased by intra-

Žbasolateral injection of midazolam Green and Vale, 1992;
.Zangrossi and Graeff, 1994; Pesold and Treit, 1995 .

Additionally, the drug is effective in ameliorating anxiety
Ž .in a Geller–Seifter test Hodges et al., 1987 . In contrast to

midazolam, intra-basolateral injection of 8-OH-DPAT
failed to change anxiety in the elevated plus-maze
Ž .Zangrossi and Graeff, 1994; Gonzalez et al., 1996 . These
results suggest that the conditioned anxiety generated by
the elevated T-maze is more susceptible to the effects of
5-HT -acting drugs than the supposedly ‘mixed’ anxiety1A

of the elevated plus-maze. However, the discrepancy be-
tween the results of the two tests may lie in the dose of the

Ž .drug used. In the study of Gonzalez et al. 1996 , 8-OH-
ŽDPAT was injected in a much lower dose range 50–200

.ng, approximately 0.15–0.6 nmol than in the present
Ž . Žexperiment 8–16 nmol . In our previous study Zangrossi

.and Graeff, 1994 , even though intra-amygdala injection of
Ž .8-OH-DPAT 2, 4 and 8 nmol had no significant overall

effect in the elevated plus-maze, the analysis of the data
showed that, when individually compared to the control

Žgroup, the dose of 8 nmol significantly increased Ps
.0.049 the percentage of time spent in the open arms

wŽ .mean " S.E. : control group s 10.63 " 2.24; 8-OH-
xDPATs19.46"3.82 , indicating an anxiolytic effect.

Thus, inhibition of open arm avoidance may occur in both
elevated mazes. It is noteworthy that the anxiety generated
by open spaces seem to be different from the anxiety
generated by other aversive stimuli such as social contact
or punishment with electric shocks. In the latter cases, low

Ž .doses of 8-OH-DPAT 50–500 ng cause clear anxiogenic
Žeffects both in the social interaction test Gonzalez et al.,

. Ž1996 and in a modified Geller–Seifter paradigm Hodges
.et al., 1987 .

The differential effects of intra-amygdala injection of
midazolam and 8-OH-DPAT on inhibitory avoidance and
escape behaviours in the elevated T-maze further indicates
that different kinds of fear are generated by this model.
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