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Abstract

Studies have shown an increased open arm avoidance in rats re-exposed to the elevated plus-maze (EPM), which suggests a
qualitative shift in emotional states from an unconditioned (Trial 1) to a learned (Trial 2) form of fear response, but a precise
source of aversion has not been determined. Using rats submitted to the EPM or various EPM-derived configurations, this study
was designed to investigate what previous maze experiences in Trial 1 are required to increase avoidance of open arms in EPM
Trial 2. Results obtained from rats submitted to the EPM or EPM-derived configurations confirmed the increased open arms
avoidance in Trial 2. Rats confined to either open or enclosed arms failed to show the increased avoidance of open arms in Trial
2. The results are discussed in terms of the minimum prerequisite in Trial 1 to elicit an avoidance learning response to open arms
in Trial 2, and also the implications of an acquired fear response in rats for the study of the biological basis of anxiety. © 2000
Elsevier Science B.V. All rights reserved.
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1. Introduction

A series of experiments conducted in 1955 studied the
relationship between fear and exploratory behavior in
an elevated Y-maze composed of a varying numbers of
open and enclosed arms [23]. Based on the fact that rats
would explore the enclosed arms with a higher fre-
quency than the open arms, one of the Montgomery’s
main conclusions was that in this model, novel stimula-
tion elicited both the exploratory and the fear drive,
thus generating approach-avoidance conflict behavior.
Thirty years later, Handley and Mithani [16], in an
attempt to study the involvement of the noradrenergic
systems in anxiety, developed a symmetrically con-
structed elevated X-maze consisting of two open and
two enclosed arms, based on earlier observations by
Montgomery [23]. Their assumptions were that the

response by rats to this type of maze would be sensitive
to the anxiolytic and anxiogenic drugs in rats, and
therefore the effects of anxioselective drugs should be
assessed in terms of preference for the open arms as
simple ratios (open arm/total entries percentage). These
predictions were subsequently confirmed (see [29] for a
review) and validated for both rats [26] and mice [21].
The elevated plus-maze test (EPM) is the most popular
of all currently available animal models of anxiety,
based on the study of spontaneous behavior [4,8]. The
consistency and relevance of this model can be assessed
in 900 published papers over the past 15 years
[8,16,17,19,21,26,29,39].

Rats are normally cautious when exploring open
spaces and in the EPM, after an initial overall explo-
ration, they avoid the open arms starting around the
third minute of trial 1 [18], and instead remain in the
two enclosed arms of the maze [2,20,26]. Although rats
forced to stay in the open arms of the EPM show
fear-like reactions such as freezing, defecation, and
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increased production of plasma corticosterone [26], the
precise source of aversion has not been determined [17].
Treit et al. [39] showed that in the EPM, the lack of
thigmotaxis in the open arms might be the main avoid-
ance-promoting feature, rather than height or novelty.

As pointed out by Rodgers and Cole [29], there are
two major groups of variables influencing behavior
and/or drug response in the EPM: (1) organismic vari-
ables such as, species, genetic strain [27,28], gender
[19,28,37] and age [22]; and (2) procedural variables
such as housing [22], prior handling [1,9], prior stress
[38,41], and lighting levels [15,24], which have all been
reported to have significant effects on basal anxiety.

Although early results regarding the influence of
previous maze experience in EPM performance showed
that repeated testing did not modify baseline open arm
entries or time [3,11,21,26], nowadays there is an agree-
ment that the retest of rats and mice in the EPM
increases the open arm avoidance, therefore suggesting
an anxiogenic tendency [31,34,39]. File et al. [11] de-
scribed a phenomenon named ‘‘one trial tolerance’’ due
to the lack of anxiolytic effect by benzodiazepines in
the EPM for rats submitted to a single prior exposure
to the apparatus. The main line of reasoning to explain
the retest effect includes the fact that a 300 s prior
experience in the EPM is able to release endogenous
inverse agonists that bind to and alter the state of
benzodiazepine receptors in brain areas, further induc-
ing desensitization of benzodiazepine receptors [13].
This pharmacological evidence would reflect an en-
hancement in memory processes, therefore supporting
the notion that a prior undrugged EPM experience
induces a qualitative shift in anxiety/fear reaction from
an unconditioned to an acquired phobic response
[18,33,39].

An unanswered question related to test–retest or
Trial 1–Trial 2 data in the EPM refers to the key
feature in the avoidance learning process. The purpose
of this study was to investigate what previous maze
experiences in Trial 1 were required to alter baseline
EPM results in Trial 2, confirming the hypothesis of a
qualitative shift in anxiety/fear response.

2. Materials and methods

2.1. Subjects

The subjects were 149 male Wistar rats weighing
250–300 g, aged 12–14 weeks at the time of testing,
housed in groups of five or six per cage (50×30×15
cm), under a 12 h light:12 h dark cycle, in a tempera-
ture-controlled environment (2391°C) and with free
access to food and water. The period of adaptation to
laboratory conditions was of 48 h prior to testing. The
experimental sessions were conducted during the light
phase of the cycle, between 12:00 and 17:00 h.

2.2. Apparatus

2.2.1. Ele6ated plus-maze
This equipment was made of wood and consisted of

two opposite open arms, 50×10 cm (surrounded by 1
cm high Plexiglas), and two enclosed arms, 50×10×
40 cm, elevated to a height of 50 cm above the floor.
The junction area of the four arms (central platform)
measured 10×10 cm. The floor of the maze was
painted with impermeable dark epoxy resin, in order to
avoid urine impregnation.

2.2.2. EPM-deri6ed mazes
The elevated T-maze (ETM) consisted of an adapta-

tion of the EPM where one enclosed arm was blocked
off forming a T-shaped device. The elevated L-maze
(ELM) consisted of an adaptation of the EPM with one
enclosed and one open arm blocked, resulting in an
L-shaped device.

The open arm confinement (OAC) or enclosed arm
confinement (EAC) groups were obtained after the
isolation of the rat in a confinement maze with barriers
installed in the exits of one open or one enclosed arm,
respectively, in the EPM. The ‘‘open arm plus central
platform’’ (OACP) was obtained through barriers in-
stalled in the exits of the two enclosed arms and one
open arm.

2.3. Procedures

The experiments were carried out in a dimly-lit room
(44-lux). Behavior was recorded by videocamera. A
monitor and a video-recording system were installed in
an adjacent room. A trained observer scored the
parameters from the videotape. After each trial, the
maze was cleaned with ethanol solution (10% v/v).

In Trial 1, 95 naive rats were randomly assigned to
one of the experimental groups described in Table 1.
Rats submitted to the EPM, ETM or ELM were placed
at the end of the enclosed arm. Rats from the OACP
group were first placed on the central platform. Rats
from OAC and EAC groups were isolated inside a
single open or enclosed arm respectively. In all groups,
the test duration of Trial 1 was set at 300 s.

Forty-eight hours after Trial 1, Trial 2 was conducted
with all rats tested in the EPM for 300 s. Maze-naive
(MN) rats, only exposed to the EPM once, were used as
the control. The parameters analyzed in Trial 2 com-
prised the frequency of open and enclosed arm entries,
and the amount of time spent by the rats in the center
platform, open and enclosed arms (four paws inside the
arm). These data were used to calculate percentage
open entries (% OE, [open entries/(open+enclosed en-
tries)]×100), percentage time spent in open arms (%
OT, (open arm time/300)×100) and percentage time
spent in the central platform (%CT, (central time/



L.J. Bertoglio, A.P. Carobrez / Beha6ioural Brain Research 108 (2000) 197–203 199

Table 1
Code and group assignments for the first trial (300 s duration)

300)×100). In addition, aborted attempts to reach the
open arms were counted as frequency of tries [35]. Risk
assessment (RA) behavior was interpreted according to
the formula: RA= [frequency of tries/(300− time spent
in open arms)×60].

In addition, data from 81 MN rats (including 27 rats
from the control group) submitted to the elevated plus-
maze test (300 s) were analyzed through factor analysis
techniques in order to detect structure in the relation-
ships between variables.

2.4. Statistics

Data obtained from results in the EPM in Trial 2,
according to procedures detailed in Table 1, were ana-
lyzed by single-factor (group) analysis of variance

(ANOVA). Further comparisons were performed using
the Newman–Keuls test. The level of statistical signifi-
cance adopted was PB0.05.

Data from 81 MN rats were analyzed using a principal
component solution with orthogonal rotation (varimax)
of the factor matrix. The number of factor matrices
corresponded to those reaching eigenvalues equal or
greater than 1. All statistical analyses were performed
using the Statistica® software package.

3. Results

Table 2 shows the factor analysis including all five
parameters studied in MN rats submitted to the EPM.
Three factors were detected accounting for 90.1% of
total variance. The results showed that high factor
loading were detected for %OE and %OT on factor 1,
for %CT on factor 2 and for enclosed arm entries on
factor 3. RA presented a moderate loading on factor 1
and a higher loading on factor 2. Factor 2 high loading
for RA and %CT suggests this factor to be related to the
decision-making process. Based on the factor analysis
presented here (Table 2) and in the literature [18,30], RA
data obtained according to our methodology matches
the available data on stretch attend postures, %CT and
enclosed arm returns published elsewhere [18].

Data illustrated in Figs. 1 and 2 assesses the effects of
Trial 1 maze experience in Trial 2 (EPM, 300 s perfor-
mance). ANOVA of data from Trial 2 showed a

Table 2
Factor analysis for variables detected in maze-naive rats submitted to
the elevated plus-maze testa

Factor 1 Factor 2 Factor 3

0.42−0.85Percentage open arm entries
−0.97Percentage open arm time

Enclosed arm entries −0.96
−0.89Percentage central platform

−0.48Risk assessment behavior −0.75
27.0 23.539.6Percentage of total variance

represented

a Factor loading lower than 0.4 has not been included. The three
factors account for 90.1% of the total variance.



L.J. Bertoglio, A.P. Carobrez / Beha6ioural Brain Research 108 (2000) 197–203200

Fig. 1. Changes in number of entries (upper panel) and time spent
(lower panel) in open arms by rats tested in the elevated plus-maze in
Trial 2. Data are represented as mean9S.E.M. X-axis labels for
groups refer to Table 1. * Significantly different from MN group
(post-hoc Newman–Keuls test, PB0.05).

4. Discussion

A crucial theme in behavioral pharmacology is the
carryover effect, a phenomenon related either to long-
term drug effects or to repeated and sequential experi-
mental approaches in the same animal. Although
long-term drug-effect problems can be partially re-
solved by increasing the time between experiments, the
same does not apply to sequential experimental ap-
proaches if there is a learning component in the first
trial that modifies performance in subsequent trials.
This later affirmation appears to fit the EPM model of
anxiety when comparing the performance of the same
animals in Trial 1 and on subsequent trials [10,18,39]. It

Fig. 2. Changes in risk assessment behavior (top), enclosed arm
entries (middle) or percentage central time (bottom) in rats tested in
the elevated plus-maze on Trial 2. Data are represented as mean9
S.E.M. X-axis labels for groups refer to Table 1. * Significantly
different from MN group (post-hoc Newman–Keuls test, PB0.05).

marked group effect for both %OE (F(6,88)=12.0;
PB0.00001) and %OT (F(6,88)=16.4; PB0.00001).
Post-hoc Newman–Keuls tests revealed that prior ex-
posure to the EPM, ETM or ELM test significantly
(PB0.05) reduced %OE and %OT in Trial 2, whereas
previous exposure to the EAC increased only %OT.
Trial 1 exposure to the OAC and OACP failed to alter
%OE and %OT values in EPM Trial 2 (Fig. 1).

ANOVA of RA behavior data showed a marked
Trial 1 maze-experience effect in the Trial 2 EPM test
(F(6.88)=6.8; PB0.00001). The Newman–Keuls test
revealed a significantly (PB0.05) increased RA in Trial
2 for groups ETM, ELM, OAC and EAC, while prior
EPM or OACP tasks failed to significantly alter this
parameter (Fig. 2, top).

Locomotor activity, represented by enclosed arm en-
tries data (Fig. 2, middle), showed also a Trial 1 group
effect revealed by ANOVA (F(6,88)=5.5; PB0,0001).
Further comparisons using the Newman–Keuls test
showed an increased (PB0.05) enclosed arm entries in
Trial 2 EPM for the group previously submitted to the
ETM.

No previous maze experience in Trial 1 altered the
time on the central platform in the EPM in Trial 2 (Fig.
2, bottom).
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has been claimed by Rodgers et al. [32] that the retest in
the EPM is associated with behavioral changes [33],
indicative of aversive learning, which are independent
of manipulations of extra-maze cues.

The results obtained in the present study agree with
the suggestion that previous maze experience modifies
Trial 2 performance in the EPM. Rats submitted to the
EPM in Trial 1 showed a significant reduction in %OE
and %OT in the EPM in Trial 2. Risk assessment
behavior, %CT, and enclosed arm entries were not
modified in Trial 2 in comparison with control, showing
that although rats were not exiting to open arms, there
were as many movements toward open arms as in Trial
1. These results suggest that rats in Trial 2 were still
motivated to explore the open arms in spite of a high
avoidance response to this arm (Fig. 2). Fernandes and
File [7] have shown that the addition of ledges affects
the outcome of pharmacological manipulations; how-
ever, a factor analysis reported in the same study
concluded that these differences are probably due to the
expression of different types of fear/anxiety in mazes
constructed with or without ledges, rather than just to
a change in sensitivity to pharmacological
manipulation.

Elevated maze models of anxiety for rodents are
generally constructed to include at least two different
surroundings with graded aversive meanings to the
animal [14,16,21,26,36]. This feature seems to be the
minimal prerequisite for the approach-avoidance confl-
ict elicited in the EPM, and the strategy outlined in this
study to test this assertion was to evaluate the influence
of the ratio ‘‘number of open:enclosed arms’’. Two
different EPM configurations, ETM and ELM, were
used in Trial 1. The results showed that in both groups
(ETM and ELM), the %OE and %OT were reduced in
the EPM in Trial 2 in comparison with the control,
revealing a response profile, which was quite similar to
that of the EPM group. Although %CT was not
modified, there was a significant increase in risk assess-
ment behavior, suggesting that in the ETM and ELM
configurations, although derived from the EPM model,
the lack of room for locomotor activity actually stimu-
lates the rat to attempt a further exploration of the
maze.

The fact that EPM, ETM or ELM experience in Trial
1 was able to influence EPM performance in Trial 2
suggests that the existence of at least two different
aversive environments is the key feature in the Trial 1
avoidance learning process, rather than the ratio num-
ber of open:enclosed arms attempts. To assess this
suggestion, rats were confined in open (group OAC) or
enclosed (group EAC) arms, or in the open arm plus
central platform (group OACP) in Trial 1 and further
placed in EPM in Trial 2. Rats submitted to OAC or
OACP in Trial 1 performed in a manner equal to the
MN group regarding %OE and %OT in Trial 2. Rats

from EAC groups showed a significantly increased
%OT. In all cases, Trial 1 experience failed to increase
open arm avoidance in Trial 2, in agreement with the
suggestion that at least two different environments are
needed in order to modify EPM performance in Trial 2.
The fact that EAC group significantly increased %OT
and also risk assessment behavior in EPM in Trial 2
suggests that a previous minor aversive exposure could
motivate the rat’s exploratory activity towards the open
arm. On the other hand, the lack of influence from
OAC and OACP on EPM on Trial 2 suggests that the
high aversion present in the open arms and the impossi-
bility of escape caused a deficit in the avoidance learn-
ing process, detected in Trial 2. Although it is difficult
to grade the intensity of the stress, it has been shown
that corticosterone levels are raised in rats confined to
the open arms of the EPM [26]. Stress and corticos-
terone can block long-term potentiation induction, a
feature that can be related to learning processes
[5,25,40]. Taken together, both facts could explain the
impaired learning in OAC, regarding data taken from
the literature showing that prior stress can enhance
anxiety [17,29]. A small enclosed environment repre-
sented by expansion of the open arms encompassing the
central platform was not sufficient to further stimulate
the rats to explore the EPM, as indicated by the
maintenance of risk assessment equal to that of the
control subjects.

Recent behavioral studies agree with the proposal
that for rodents, the test–retest in the EPM results in a
qualitative shift in emotional state. More specifically,
factor analysis on anxiolytic measures in the EPM in
Trials 1 and 2 loads in independent factors [12,18]. It is
interesting to point out that anxiety measures obtained
from rats submitted to EPM in Trial 3 load in the same
factors as in Trial 2. Treit et al. [39] showed that
open-arm avoidance increases in the second trial, but
that no habituation occurs in subsequent exposures in
up to 18 trials. This learned emotional response of
remarkable endurance has recently been shown using
the elevated T-maze model of anxiety, one of the
experimental approaches used in Trial 1, where rats
maintain increased avoidance to the open arms for up
to 3 months [35]. This wealth of evidence reinforces the
suggestion that an initial unconditioned fear in Trial 1
would shift to a learning avoidance in Trial 2 [10,33].

A curious and still unclear fact regarding the EPM is
the precise source of aversion to the open arms. Falter
et al. [6] showed that the height of the maze did not
modify the EPM exploration. Treit et al. [39] suggested
that rather than the height, the lack of thigmotaxis in
the open arms was the main avoidance-promoting fea-
ture. File et al. [10] proposed that the experience in the
open arms, including exploration and head-dipping
over the edges, is the crucial factor in the avoidance
learning process. However, the present study does not
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support this proposition, mainly because of the results
obtained using the OAC group. In agreement with the
study from Falter et al. [6], the rat’s confinement to an
open arm in Trial 1 does not modify EPM performance
in Trial 2, regardless of the amount of time spent
exploring it. This fact invalidates the hypothesis that
any activity exclusive to the open arms is the main
avoidance-promoting feature, but suggests that the
learning process may involve the cognitive ability to
choose among different levels of aversive-bound situa-
tions. It seems that in maze models of anxiety, the
pairing of a highly aversive meaning with the impossi-
bility of exhibiting thigmotaxis in the open arm, and
the association with a less aversive (thigmotaxis-posi-
tive) environment, might be the key feature in the
aversive learning process, which changes the qualitative
emotional state. The increased risk assessment behavior
in the OAC group suggests a familiarity with the maze,
supporting the notion that the high aversion elicited in
the open arms impairs associative avoidance learning.

In conclusion, the facts presented in this paper
confirm that the test–retest in the EPM involves behav-
ioral changes, suggesting a qualitative shift in emo-
tional state. Our results also support the idea that the
existence of at least two environments with different
levels of aversion is the key feature in the Trial 1
avoidance learning process, rather than the ratio of
open:enclosed arms. In addition, the results suggest that
the learning process may involve the cognitive ability to
choose among different levels of aversive-bound
situations.

Most treatable anxiety disorders are composed of an
acquired phobic response, which in most of cases im-
pairs the occupational life of a person. This clinical
fact, and the improvement of our knowledge in animal
models of anxiety, will certainly converge in order to
provide a better understanding of the biological basis of
anxiety. It remains to be determined whether the
learned fear responses obtained in Trial 2 are suscepti-
ble to the same pharmacological or cognitive treat-
ments as are phobias in humans.
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