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Emotional reactivity, memory and elevated T-maze

Effects of emotional reactivity on
inhibitory avoidance in the
elevated T-maze
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Abstract

The possibility of the presence of inter-individual emotional differ-
ences and the memory performance of rats was examined in the
elevated T-maze. Two kinds of aversively motivated behaviors, inhib-
itory avoidance and escape learning, were measured. Based on the
number of trials to achieve a learning criterion, rats were divided into
two subgroups with either low or high avoidance reactivity (LAR or
HAR, respectively). Retention test avoidance latencies showed that
HAR animals had better avoidance memory (Mann-Whitney rank sum
test, P = 0.0035). No such differences were found for the escape
component of this test. These data suggest that individual emotional
differences affect inhibitory avoidance performance, which may help
to explain the dispersion of the data observed in other studies using
this paradigm.
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A large number of studies have described
strains of rats selected on the basis of their
emotional reactivity and conditionability. In
general, these strains are the outcome of bi-
directional selection for emotionality differ-
ences determined by open-field defecation
and ambulation scores, as well as the speed
of acquisition and retention of a conditioned
avoidance response measured in an escape-
avoidance conditioning apparatus. Examples
are the Maudsley rats (1), Roman rats (2),
Naples rats (3), Syracuse and Australian rats
(4), and some selections of Sprague-Dawley
rats (5).

Recently, Graeff and co-workers (6-8)
described the elevated T-maze test as a new
method for investigating emotionally related

behaviors and processes underlying learn-
ing. The apparatus is composed of two open
arms arranged at right angles to one enclosed
arm, elevated above the ground. The maze
permits the measurement of two kinds of
aversively motivated behaviors, namely, in-
hibitory avoidance (time the animal takes to
leave the enclosed arm) and one-way escape
(time taken to leave the open arm). This
experimental model allows the parallel meas-
urement of responses related to both innate
and learned fear in the same subject, and
permits the simultaneous assessment of
memory for these behaviors. The elevated T-
maze has been shown to be sensitive to the
effects of anxiolytic and memory-modulat-
ing drugs such as diazepam, the 5-HT1A ligand
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ipsapirone (6,7,9) and the 5-HT3 receptor
antagonist BRL 46470A (10). Moreover, the
results of these studies suggest that the two
tasks measured in the T-maze test (inhibitory
avoidance - conditioned component, and one-
way escape - unconditioned component) gen-
erate distinct types of fear and memory that
could be related to different kinds of psychi-
atric disorders and thus be differently af-
fected by distinct drugs.

Although the results of these studies are
promising, an examination of the data for the
conditioned component indicates a wide dis-
persion of measured values. This dispersion
is not likely to be due to animal manipulation
by the experimenter. In a recent study we
observed a similar dispersion in rats tested in
the T-maze using a free exploration para-
digm, i.e., animals were not handled during
the experimental sessions (Echeverry MB,
Hasenhöhrl R, Huston JP and Tomaz C,
unpublished results). Therefore, it is pos-
sible that such dispersion could indicate in-
dividual differences in emotional reactivity.
If this is the case, the conditioning perfor-
mance in the T-maze may reflect the emo-
tionality profiles of the subjects, which could
then be selected on the basis of number of
training trials required to achieve a learning
criterion. The present study was undertaken
to examine this possibility using a learning-
to-criterion procedure.

Male Wistar rats (weight, 250-230 g)
obtained from the animal colony of the
Ribeirão Preto Campus, University of São
Paulo, were housed in groups of 4-6 and
maintained under controlled temperature (22
± 1oC), with a 12-h light/dark cycle (lights on
7:00). Food and water were freely available.
The elevated T-maze apparatus was made of
wood and had three arms of equal dimen-
sions (50 x 10 cm). One arm, enclosed by 40-
cm high walls, was perpendicular to the two
opposite open arms. The whole apparatus
was elevated 40 cm above the floor. The
animals were handled gently for 5 min for 3-
6 days after their arrival in the laboratory.

Training and testing in the elevated T-maze
were as follows. On the first day, each rat
was placed at the end of the enclosed arm
facing the intersection of the arms, and the
time taken to leave this arm with the four
paws was recorded (baseline latency). The
animal was then immediately removed from
the maze and the same measurement was
repeated (60-s intervals) for as many trials as
needed for the rat to stay in the enclosed arm
continuously for 300 s (learning criterion for
the avoidance conditioning). After another
60 s, the rat was placed at the end of the right
open arm, and the time taken to leave this
arm with the four paws was recorded (escape
learning). Three days later, avoidance and
escape latencies were measured again in one
trial.

Using the number of trials required to
achieve the criterion of 300 continuous sec-
onds in the enclosed arm as a �reactivity
indicator�, the animals were divided into
two groups: �high avoidance reactivity rats�
(HAR), that needed three or less trials, and
�low avoidance reactivity rats� (LAR), that
needed more than three trials.

The correlation between the number of
trials to reach the criterion and the corre-
sponding test trial values was statistically
significant (r = -0.472, P = 0.002, N = 41;
Spearman rank order correlation), i.e., HAR
showed better retention performance than
LAR. Test latencies for the inhibitory avoid-
ance component were higher than baseline
values for both the HAR and LAR groups
(P<0.001; Wilcoxon signed rank test). How-
ever, when comparing the test avoidance
latencies of HAR and LAR we observed that
HAR latencies were higher (P = 0.0035;
Mann-Whitney rank sum test; see Figure 1
A). These results suggest a close relation-
ship between �reactivity level� and memory
performance for the avoidance component
in the elevated T-maze test.

Analysis of escape behavior does not
indicate such a difference between HAR and
LAR. There was no significant difference
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(P<0.05; unpaired Student t-test) between
the two groups in the time taken to leave the
open arm during the retention trial. More-
over, both groups showed a significant la-
tency decrease between training and test tri-
als (P<0.05; paired Student t-test; see Figure
1B) indicating good memory performance
for this component of the elevated T-maze.

The results of the present study suggest
that Wistar rats from our animal colony are
heterogeneous in terms of parameters asso-
ciated with inhibitory avoidance in this pro-
tocol. In contrast, in the same animals, es-
cape behavior seems to be associated to
another phenomenon or another kind of
mechanism, which is homogeneous in this
population. In fact, the elevated T-maze has
been proposed (6-8) for the measurement of
two kinds of aversively motivated behaviors
that could be related to different types of
fear: anticipatory anxiety and innate fear.
The inhibitory avoidance behavior could rep-
resent a generalized anxiety disorder, while
the one-way escape could be related to pho-
bia or panic disorder, since escape from the
open arm of the maze is a response seem-
ingly motivated by species-typical fear of
openness and elevation. It has also been
demonstrated that these two behaviors in
this protocol are affected differently by dis-
tinct classes of drugs, suggesting different
brain mechanisms involved in their control
(6,7,9). The present findings provide addi-
tional empirical support for this hypothe-
sis.The results of the avoidance conditioning
retention trial indicate that this measure of
memory is influenced by emotional factors.
HAR rats, which learned the task to criterion
in three trials or less, showed a better reten-
tion performance than the LAR rats, which
needed 4-13 trials to reach the learning crite-
rion. Several studies have pointed out that
anxiety and negative reinforcement memory
are closely linked (11-13). It has been sug-
gested that inter-individual neuroendocrine
and neurochemical characteristics are asso-
ciated with behavioral differences observed

in tests of anxiety and memory (14,15). The
possible nature of this difference in the el-
evated T-maze has not been investigated.
Further neurobiological studies are impor-
tant for a better understanding of these mech-
anisms since they might be related to human
syndromes like anxiety, mood and cognitive
disorders. Additionally, experiments includ-
ing physiological measurements are impor-
tant to corroborate our suggestion that ani-
mals reaching the criterion in three trials or
less are more emotional reactive. Neverthe-
less, the present data show that investigators
should account for possible inter-individual
differences in terms of avoidance perfor-
mance when using the elevated T-maze pro-
tocol. The use of a learning-to-criterion pro-
cedure (see also 16), as employed in the
present study, could be useful to select rat
subpopulations regarding emotional reactiv-
ity and conditionability.
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Figure 1 - Exit latency from the
enclosed (A) and the open arms
(B) in the elevated T-maze. BL =
Baseline latency (first avoidance
latency), TT = test trial latency
measured 72 h after the first ex-
posure to the maze, HAR = high
avoidance reactivity, LAR = low
avoidance reactivity, E1 = es-
cape latency measured immedi-
ately after inhibitory avoidance
training, E2 = escape latency
measured 72 h later. Data are
reported as means ± SEM.
*P<0.001 compared with BL val-
ues (A) and *P<0.01 compared
with E1 values (B) (Wilcoxon
signed rank test). **P = 0.0035
compared with TT LAR values
(A) (Mann-Whitney rank sum
test).
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