Pharmacology Biochemistry and Behavior, Vol. 58, No. 4, pp. 915-921, 1997
© 1997 Elsevier Science Inc.

Printed in the USA. All rights reserved

0091-3057/97 $17.00 + .00

7

LSEVIER

PII S0091-3057(97)00299-2

Effect of Diazepam and A B-Carboline on
Open-Field and T-Maze Behaviors in
2-Day-0Old Chicks

RAUL H. MARIN, IRENE D. MARTIJENA AND AUGUSTO ARCE!

Catedra de Quimica Biolégica, Facultad de Ciencias Exactas Fisicas y Naturales,
Universidad Nacional de Cordoba, Av. Vélez Sarsfield 299 (5000), Cordoba, Argentina

Received 27 August 1996; Revised 20 January 1997; Accepted 12 February 1997

MARIN, R. H., . D. MARTIJENA AND A. ARCE. Effect of diazepam and a B-carboline on open-field and T-maze
behaviors in 2-day-old chicks. PHARMACOL BIOCHEM BEHAV 58(4) 915-921, 1997.—The effects of diazepam and the
B-carboline FG 7142 in chicks were examined on several behavioral measures in open-field and T-maze tasks. In the open
field, only the higher doses of diazepam affected behavior, suggesting a sedative-like effect, while FG 7142 influenced behav-
ior as would a fear-inducing manipulation. After a low dose of either drug was injected, testing in a T-maze showed that diaz-
epam improved and FG 7142 impaired the escape performance from the isolation chamber, without affecting the time spent
in the T-corridor. In three groups of chicks selected on the basis of their first escape performance, only lower performance
chicks were affected by an anxiolytic dose of diazepam. T-maze results suggest that: (a) T-maze is more sensitive than open-
field test to behavior changes induced by anxiolytic doses of diazepam; (b) isolation chamber behavior could be an index of
general emotionality in young chicks; (c) diazepam and FG 7142 do not modify the social motivation to escape the maze; (d)
higher performance chicks present an escape behavior of a less anxious type than lower performance chicks. The results sug-

gest that the GABAergic system is involved in the behavioral expression of fear and anxiety in young chicks.
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THE subtype A of the gamma-aminobutyric acid (GABA)
receptors (GABA, receptor) is a pentameric ligand-gated
chloride channel protein, and the site of action of a variety of
pharmacologically important drugs including benzodiazepines
(BZDs) (26). The central-type benzodiazepine receptor (CBR)
is an allosteric modulatory site of the GABA 4 receptor (2).
Diazepam (DZ) is a classical BZD, a CBR agonist (15,
27,28) that increases the effects of GABA on the GABA , re-
ceptor (8,13), with an anxioltytic effect mediated by an en-
hancement of chloride conductance. On the other hand, CBR
inverse agonists such as -carbolines exert a negative modula-
tory effect on the function of the GABA , receptor. Adminis-
tration of B-carbolines elicits behavioral effects in the opposite
direction to the BZDs, for instance, the B-carboline FG 7142
has been reported to induce anxiety in laboratory animals and
in humans (4,7,24). Anxiolytic drugs might be expected to re-
duce fear associated with the new environment, and hence, to
release supressed behavior. On the other hand, anxiogenic
drugs enhance fearfulness in a variety of behavioral tasks
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(8,29), then the effects of anxiogenic drugs should be the inhibi-
tion of reinstatement behavior by increasing the fear response.

The open-field test has been extensively used to assess emo-
tionality in animals (1,3,9,10,14,20). In domestic fowls, open-
field behavior has been defined as an interaction or compro-
mise between tendencies to reinstate contact with conspecifics
and evade predation (10,19). The one-trial T-maze has been
developed as a learning paradigm for use in young chicks (11).

In the present work, we study the effects of DZ and FG
7142 on several behaviors of young chicks in an open-field test
and in a T-Maze task. The objetive was to determine the roles
of fear of isolation and need for social interaction and rein-
statement in the expression of behavioral measures in these
tasks.

EXPERIMENT 1

A dose-response curve of DZ and the response to two
doses of FG 7142 on open-field behaviors were assessed.
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METHOD
Subjects

Chicks (Cobb Harding, of both sexes) were obtained from
a commercial hatchery, INDACOR (Argentina). A total of
80 birds in groups of 20 each, were housed in brooders in a
room with constant temperature (31°C) and humidity at a 12 D:
12 L cycle (lights on at 0700 h) with food and water freely
available and maintained in these conditions until they reached
2 days old.

Drugs

DZ and FG 7142 (Sigma Chemical Co.) were suspended in
distilled water added with Tween 80 (1 drop every 2 ml) and
dispersed by ultrasound. Injections were given intraperito-
neally (IP) 20 min before each test, at a volume of 0.2 m1/100 g
of body weight. Control chicks received injections of vehicle
(water/Tween 80 mixture).

Open-Field Apparatus

A 60 X 60 cm open-field activity monitor, with 30-cm high
sides was used. It was made of wood and painted white. The
floor of the activity monitor was marked off into 25 equal-
sized squares, and was illuminated by a 100 W overhead bulb.

Procedure

Chicks were removed from the brooder, weighed, and ran-
domly assigned to one of eight groups that received either DZ
(0.05, 0.1, 0.2, 0.5, or 1 mg/kg), FG 7142 (0.1 or 1 mg/kg), or
vehicle alone. After the appropriate injection was given, the
chick was placed in a cardboard box and carried to the experi-
mental room. Twenty minutes after the injection the chick
was removed from the box and placed in the center square of
the open-field apparatus. The ambulation latency (time elapsed
before the bird left the center square), locomotor activity (the
number of squares crossed), the number of escape attempts
from the apparatus (jumps at the walls), and the number of
defecations was registered during 5 min by an observer who
was blind to the drug treatment. The floor of the open-field
was wiped clean after each chick was tested.

RESULTS AND DISCUSSION

Figure la shows the dose-response curve of DZ and re-
sponse to two doses of FG 7142 on the ambulation latency. A
one-way analysis of variance (ANOVA) revealed significant
differences between groups, F(7,72) = 5.69, p = 0.0001. LSD
pairwise comparison of means test showed significant differ-
ences in DZ group (1 mg/kg) and FG 7142 group (1 mg/kg)
compared to the control vehicle group (p < 0.05).

Figure 1b shows the dose-response curve of DZ and re-
sponse to two doses of FG 7142 on the number of squares
crossed. A one-way ANOVA revealed significant differences
between groups, F(7, 72) = 3.54, p = 0.0027. LSD pairwise
comparison of means test showed significant differences in
DZ groups (0.5 and 1 mg/kg) and FG 7142 group (1 mg/kg)
compared to the control vehicle group (p < 0.05).

Figure 1c shows the dose-response curve of DZ and re-
sponse to two doses of FG 7142 on the number of escape at-
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tempts. A one-way ANOVA revealed significant differences
between groups, F(7, 72) = 2.15, p = 0.0493). LSD pairwise
comparison of means test showed significant differences in
DZ group (1 mg/kg) and FG 7142 group (1 mg/kg) compared
to the control vehicle group (p < 0.05).

Figure 1d shows the dose-response curve of DZ and re-
sponse to two doses of FG 7142 on the number of defecations.
A one-way ANOVA revealed significant differences between
groups, F(7,72) = 2.98, p = 0.0087. LSD pairwise comparison
of means test showed significant differences in DZ group (1 mg/
kg) and FG 7142 group (0.1 mg/kg) compared to the control ve-
hicle group (p < 0.05).

The results show that at lower doses (0.05, 0.1, 0.2 mg/kg)
DZ had no effect on the open-field parameters, while a de-
crease in the number of squares crossed was induced by the
higher doses of DZ (0.5 and 1 mg/kg). Increase on the ambu-
lation latency and decrease in both the number of escape at-
tempts and defecations were induced by the highest dose of
DZ (1 mg/kg). Taken together, the results indicate that the
sedative effect of DZ on open-field behaviors was evidenced
at a 0.5 mg/kg dose and clearly observed at a 1 mg/kg dose. It
is relevant that these and even higher doses of DZ were con-
sidered anxiolytic by several reports, i.e., 2 mg/kg in mice (31);
1.5 in rats (29); 1.75 mg/kg in pigeons (25).

On the other hand, FG 7142 at a dose of 1 mg/kg signifi-
cantly increased the ambulation latency, decreased both the
number of squares crossed and escape attempts, and de-
creased but not significantly, the number of defecations. FG
7142 at a dose of 0.1 mg/kg induced similar tendencies than at
a dose of 1 mg/kg on these behavioral parameters, except on
the number of defecations, which was significantly increased.
These results (Fig. 1d) are consistent with the hypothesis from
Gallup et al. (9), who suggested that defecation in chicks is
suppressed during intense fear and represents a reaction to
more moderate fear. Taken together, the results suggest that
FG 7142 at either doses displayed an anxiogenic-like behav-
ior. The anxiogenic effect of FG 7142 influenced open-field
behavior as would a fear-inducing manipulation, which is con-
sistent with a previous report in chicks, but at a dose of 2.5
mg/kg (23).

It has also been reported that in open-field experiments
the number of defecations is positively correlated with the
ambulation scores (9). Our results in the FG 7142 treated
chicks also showed a positive correlation between number of
defecations and squares crossed (Fig. 1b and d).

EXPERIMENT 2

The T-maze test has been employed to select either chicks
with different susceptibility to swim stress (22) or with differ-
ent growth capacity (unpublished data). Because the lower
dose of DZ (0.05 mg/kg) and FG 7142 (0.1 mg/kg) had no ef-
fect on the locomotor activity and other parameters in the
open-field test, these doses were chosen to be assayed on the
T-maze test. The present experiment was designed to further
support the hypothesis that the T-maze is a more sensitive test
to assess fear/anxiety in chicks than the open-field test.

METHOD
Subjects

A total of 220 2-day-old chicks were obtained and main-
tained as indicated in Experiment 1.
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FIG. 1. Effects of DZ and FG 7142 on open-field behaviors: (a) ambulation latency; (b) number of squares crossed; (c) number of escape
attempts, and (d) number of defecations. Bars represent the mean, and vertical lines the SEM. Chicks were injected with vehicle, diazepam (0.05,
0.1, 0.2, 0.5, or 1 mg/kg, IP) or Fg7142 (0.1 or 1 mg/kg, IP) 20 min before the experimental session. *p < 0.05, compared to the vehicle control
group (LSD test); n = 24 for the vehicle control group and n = 8 for the remaining drug-treated groups.

Drugs

DZ (0.05 mg/kg), FG 7142 (0.1 mg/kg) and vehicle were

prepared and injected as indicated in Experiment 1.

T-Maze Apparatus

The apparatus, as described by Gilbert et al. (11) consisted
of a T-maze joined to an isolation chamber, placed inside a

communal brooder, but separated from the brood area by
chicken wire. A small 10 X 10 cm mirror was located at the
T-junction of the maze, just above the floor of the T-maze, to
facilitate the arrival of the chick to the T-junction. Then, the
chick could choose to enter any of the maze arms. The brood
area was illuminated with a bright lamp (100 W) suspended
immediately above it, and food and water were freely avail-
able. The apparatus and brooder were contained in a 95 X 60
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cm box that was kept in a small room (2 X 3 m) held at con-
stant temperature and humidity during testing.

Procedure

The procedure was essentially as described in previous re-
ports (11,22). Groups of 20 birds each, were individually
marked with spray dye 1 day before the test. Each group was
placed in the communal brooder area before training to inter-
act with each other freely for at least 1 h. Training always
commenced at 1000 h. Chicks were removed from the com-
munal brooder, weighted, and randomly assigned to one of
three groups that received either DZ (0.05 mg/kg), FG 7142
(0.1 mg/kg), or vehicle. Twenty minutes after the injection,
each chick was placed individually in the center of the isola-
tion chamber facing away from the T-corridor. The time
taken for the chick to arrive to the exit of the apparatus (total
first escape time) was recorded. Time taken for the chick to
leave the isolation chamber because the begining of the test
(latency to escape from isolation chamber) and the time spent
in the T-corridor were also registered. Then the chick was im-
mediately returned to its broodmates. After 3 h the chick was
placed again in the isolation chamber and the second trial be-
gan, without been injected again. The same behavioral mea-
sures as indicated for the first trial were recorded. After the
completion of each test the maze was wiped clean.

RESULTS AND DISCUSSION

Figure 2 shows the effects of DZ and FG 7142 on the first
escape time in the T-maze test. A repeated measures ANOVA
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FIG. 2. Effects of DZ and FG 7142 over the escape behavior in the
T-Maze test. Bars represent the mean, and vertical lines the SEM.
Chicks were injected with vehicle, DZ (0.05 mg/kg, IP) or FG 7142
(0.1 mg/kg, IP) 20 min before the first escape. ANOVA shows
significant differences between groups. *p < 0.016, compared with
vehicle control group. *p < 0.001, compared with the respective
second escape time (LSD test); n = 110 for the vehicle control group,
n = 68 for the DZ group and n = 42 for the FG 7142 group.
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revealed significant differences between groups, F(2,217) = 6.40,
p < 0.01, significant differences within groups, F(1, 217) =
50.40, p < 0.01, as well as a significant interaction, F(2, 217) =
3.41, p < 0.01. LSD pairwise comparison of means test showed
significant differences in the total first escape time between
DZ (38.56 s) compared to the vehicle control group (53.63 s)
(p < 0.015), and FG 7142 (69.67 s) compared to the vehicle
control group (53.63 s) (p < 0.016). Moreover, LSD test showed
a significant difference between the first and second escape
time in vehicle group (p < 0.001), DZ group ( p < 0.036), and
FG 7142 group (p < 0.001). No differences were observed be-
tween groups in the total second escape time. The escape per-
formance was inversely correlated with the escape time.

To analyze the behavioral effects of DZ and FG 7142 on
the two maze sections, time taken for the chicks to escape the
isolation chamber (latency to escape), and the time spent in
the T-corridor were compared between the three experimen-
tal groups (Table 1). One-way ANOVA on the latency to es-
cape, revealed significant differences between groups, F(2,
217) = 5.71, p < 0.005. LSD pairwise comparison of means
test showed significant differences on the latency to escape
between DZ (18.01 s), FG 7142 (45.31 s) and vehicle-treated
(33.96 s) groups (p < 0.05). No differences were observed be-
tween these three groups in the time spent in the T-corridor.

The decrease and increase in the total first escape time in-
duced by the DZ and FG 7142, respectively, suggest that the
first escape behavior was sensitive to low doses of an anxi-
olytic or anxiogenic drug. A similar result (midazolam at 0.1
mg/kg tended to decrease the latency to escape the T-maze)
was reported (11). Hence, it is probable that chicks with a
higher escape performance display an escape behavior of a
less anxious type than chicks with a lower escape performance.

The escape performance depended on the latency to es-
cape from the isolation chamber, suggesting that the behavior
in this section of the T-maze could be useful as an index of
general emotionality. It was observed that the time spent in
the isolation chamber was associated with immobility; this
motor inhibition of short duration might be a fear indicator.
After this initial phase of inhibited response, an investigation
phase with calling and locomotor activity was progressively
developed. The decrease of latency in the DZ group is in
agreement with the fact that anxiolytic drugs reduce fear asso-
ciated with the new environment, and hence, release sup-
pressed behavior. The increase of latency in the FG 7142
group was principally associated with immobility behavior,
which is consistent with increased anxiety.

TABLE 1

EFFECTS OF DZ AND FG 7142 ON THE FIRST ESCAPE
PERFORMANCE IN THE TWO SECTIONS OF THE
T-MAZE APPARATUS

Latency to Escape
From Isolation Chamber

Time Spent in the
T-Corridor

Vehicle 34 +3.1(110) 19 = 2.6 (110)
Diazepam 18 = 3.2* (68) 20 + 3.0 (68)
FG 7142 45 £ 5.6% (42) 24 £ 42 (42)

Each value is the mean = SEM of the scored time (s) in the isola-
tion chamber and T-corridor of the T-maze apparatus, in 2-day-old
chicks. DZ (0.05 mg/kg, IP) and FG 7142 (0.1 mg/kg, IP) were in-
jected 20 min before the first escape. Number of chicks is indicated in
parentheses.

*p = 0.05 compared to vehicle control chicks (LSD test).
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At the beginning of the test, the chick did not see the mir-
ror because it was placed in the center of the chamber facing
away from the T-corridor. Only when the chick began the ex-
ploration phase in the chamber it could see its reflection and
immediately walk into the T-corridor. The time spent in the
T-corridor might be an index of social reinstatement. No dif-
ferences were observed between groups on the time taken
into the T-corridor, suggesting that the drugs, at the adminis-
tered doses, did not modify the social motivation to escape
the maze.

It was reasoned that chicks who remembered the way out
from the first escape would show an improved performance,
leaving the isolation chamber more quickly on the second es-
cape. The lack of differences between groups in the second es-
cape time suggests that DZ and FG 7142 do not affect reten-
tion on this task at the doses used in the present work.

EXPERIMENT 3

Preinjection of an anxiolytic dose of DZ or an anxiogenic
dose of FG 7142 respectively increased or decreased the first
escape performance in the T-maze test (Experiment 2). Fur-
thermore, it was reported that chicks selected on the basis of
their second escape performance in the T-maze test exhibited
different susceptibility to acute stress associated to increases
of both central and peripheral-type BZD receptors (22). In
the present experiment we study if chicks with different first
escape performance present different susceptibility to an anx-
iolytic DZ dose on the second escape performance.

METHOD
Subjects, Drugs, and Apparatus

Subjects were 129 2-day-old chicks, obtained and man-
tained as indicated in Experiment 1. The T-maze was described
in Experiment 2. An anxiolytic dose of DZ (0.05 mg/kg) and
vehicle were prepared and injected as described in Experi-
ment 1.

Procedure

The procedure was essentially as described in Experiment
2. Three chick groups were selected on the basis of their first
escape time. Chicks that escaped in less than 25 s were termed
the high-performance (H-P) group, the ones that escaped in
25-75 s were termed the moderate-performance (M-P) group,
and the ones that escaped in 75-300 s were termed the low-
performance (L-P) group. Chicks that took longer than 300 s
to escape were discarded (less than 3% of total of the chicks).
Chicks selected for each condition (H-P, M-P, and L-P) were
removed from the communal brooder, weighed, and ran-
domly assigned to one of two groups, and then injected with
vehicle or DZ 20 min before the second escape.

RESULTS AND DISCUSSION

Figure 3 shows the effect of DZ on the second escape per-
formance in chicks previously selected according to the first
escape performance. Two-way ANOVA on the second escape
time (selection X treatment) revealed significant differences
of selection, F(2, 123) = 11.14, p < 0.0001, a significant effect
of DZ treatment, F(1, 123) = 17.73, p < 0.0001, as well as a
significant interaction, F(2, 123) = 5.40, p < 0.006. LSD pair-
wise comparison of means test showed significant differences
(p <0.05) between the H-P, M-P, and L-P control groups (16.30,
27.00, and 53.64 s, respectively). The DZ significantly in-
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FIG. 3. Effect of DZ (0.05 mg/kg, IP) over the second escape
behavior of H-P, M-P, and L-P chick groups previously selected by
their first escape time in the T-Maze test. Bars represent the mean
and vertical lines the SEM. Chicks were injected with vehicle or DZ,
20 min before the second escape. *p < 0.05, compared to the M-P and
H-P control groups. *p < 0.05, compared to H-P control group. *p <
0.05, compared to the vehicle control L-P group; n = 40 for the H-P
group, n = 64 for the M-P group and n = 25 for the L-P group.

creased the second escape performance in L-P group (25.62 s)
compared with the control (53.64 s) (p < 0.05). Significant
differences in the second escape performance were not ob-
served between M-P and H-P groups, suggesting that this
drug selectively affects the L-P more anxious chick group.
This results can be compared with previous results (22) that
showed that L-P chicks displayed lower increase than H-P
chicks in the forebrain BZD receptors associated to acute swim-
ming stress. Taken together, the results suggest that the anxi-
ety level is inversely correlated with the degree of BZD recep-
tor increase associated to stress in chicks.

On the other hand, the significant differences observed be-
tween the three control selected groups in the second escape
time (Fig. 3) suggest a direct relationship between the first
and second escape performance. That is, chicks with a lower
first escape time (H-P) showed a lower second escape time,
and chicks with higher first escape time (L-P) showed a higher
second escape time.

GENERAL DISCUSSION

Several behavioral constructs, such as general activity, ex-
ploration, social motivation, and predator avoidance have
been evoked to explain open-field behaviors (6,10,20). It was
proposed that the response to open field primarily represent a
compromise between opposing tendencies to reinstate contact
with its social companions and to avoid detection by potential
predators (10). Thus, the lower ambulation latency, the higher
number of squares crossed and the higher number of escape
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attempts can be regarded as socially motivated behavior pat-
terns that increase the likelihood of the isolated chick rein-
stating social contact in the open-field test (6,30).

In the maze-learning task, just as in the open-field test,
chicks may present the same two motivations that control
their behavior: fear and social reinstatement. In both tests,
chicks are separated from their imprinted companions and
placed in an unfamiliar environment, where they usually show
signs of emotional stress (distress calling, freezing behavior,
and in some cases, defecating). Chicks work to escape the iso-
lation-induced stress and get back with the conspecifics
(10,11,22). It was reported (22) that in T-maze selected chicks
on their second escape performance, H-P chicks were more
susceptible to acute stress associated to the increase of BZD
receptors than L-P chicks, probably due to differences in the
degree of endogenous emotionality. However, we do not
know other reports in the literature on the factors that may
control behavior in the T-maze test.

The behavioral effects of FG 7142 (Experiments 1 and 2)
should be the inhibition of reinstatement behavior. These ef-
fects are consistent with the results suggesting that anxiogenic
drugs enhance fearfulness in a variety of behavioral tasks
(7,24,29). A low DZ dose improved the escape performance
of the T-maze (Experiment 2). This result is consistent with
the fact that anxiolytic drugs reduce fear associated to a new
environment and, hence, release supressed behavior. It is not
clear why the same anxiolytic dose of DZ (0.05 mg/kg) did not
affect the open-field behavior (Experiment 1); however, sev-
eral differences between tasks should be considered: in the
T-maze task, after translation to the testing room, animals
spent 1 h in habituation to the novelty to the environment in
the presence of their cage mates; chicks in the isolation cham-
ber can find their way out of the box having heard the call of
their companions, and can display an escape-oriented behav-
ior. Moreover, their own reflection in a mirror simulates the
presence of a companion. On the other hand, in the open-field
test, chicks are captured and placed into a big lighted arena
without prior habituation, without sound stimulus, and they
have not the posibility to escape. Thus, both tasks seem to in-
volve a different bidirectional approach/avoidance conflict

MARIN, MARTIJENA AND ARCE

that may not model the same state of fear/anxiety. The behav-
iors modulated by anxiety/fear appear to be more sensitive to
anxiolytic BZDs in the T-maze task than in the open-field
task. It has also been reported that the nature and degree of
conflict between the tendencies that influence the task behav-
iors may determine the efficacy of CBR ligands (17).

The behavioral change in the T-maze test induced by an
anxiolytic dose of DZ, mainly occurs in the isolation chamber
sector (Experiment 2) and in the L-P chick group (Experi-
ment 3). The escape latency from the isolation chamber could
be a useful index of general emotionality. The results of Ex-
periment 2 also suggest that H-P chicks present an escape be-
havior of a less anxious type than L-P chicks.

Genetic variation in behavioral characteristics exist be-
tween and within population of Galliforms (21), and selection
programs for divergence in behavioral traits have been under-
taken in chickens (12). It was proposed that fear exerts a pro-
gressively inhibitory effect on activity of chicks (16,18), so do-
mestic chicks genetically selected for high activity in a novel
environment (5) were considered less fearful in a variety of
situations than the corresponding “inactive” line. The exist-
ence of strain differences in fear/anxiety behavior suggest that
this character may be open to genetic manipulation. Thus, the
higher sensitivity of the T-maze test to pharmacological ma-
nipulations suggest that the escape performance can represent
a useful selection criterion in future breeding programs.

The CBR plays a crucial role in the responses asociated
with anxiety and stress and it was suggested that the GABA ,
system is involved in the behavioral expression of fear and
anxiety in chickens (23). Taken together, our results in very
young chicks suggest that the GABAergic system is involved
in the behavioral expression of fear and anxiety in the T-maze
and open-field task.
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