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CLEMENTS, M. P. AND R. C. BOURNE. Passive avoidance learning in the day-old chick is modulated by GABAergic
agents. PHARMACOL BIOCHEM BEHAYV 53(3) 629-634, 1996. — Injection of drugs directly into the intermediate medial
hyperstriatum ventrale (IMHV) of day-old chicks, prior to training on a chrome bead dipped in either the strong aversant
methyl anthranilate (MeA), or the weak aversant quinine, allows investigation of the effects of potential amnestic and
memory-enhancing agents on retention of a passive avoidance task. Chicks were injected into the left and right IMHYV, with
either saline or muscimol (GABA agonist), 30 minutes before training on an MeA-coated bead. On test, either 10 min, 30 min
or 24 h after training, birds were presented with a dry chrome bead. Normally, trained birds will avoid the test bead; however,
significantly more muscimol-injected birds pecked the dry bead than did saline-injected chicks, indicating amnesia in the
muscimol-injected birds. In chicks injected bilaterally into the IMHYV with bicuculline, a GABA , antagonist, 30 minutes prior
to training on a quinine-coated bead, avoidance scores were significantly improved on testing at 24 h compared with saline-
injected control chicks, indicating enhanced retention in bicuculline-treated birds. These results suggest a role for the GABAer-

gic system in the acquisition and retention of passive avoidance learning in the day-old chick.
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vy-AMINOBUTYRIC ACID (GABA) is the dominant inhibi-
tory neurotransmitter in the mammalian brain, and it is well
established that in rats (11,63) and mice (5,6,7,8,12,35) injec-
tions of GABAergic antagonists can enhance retention for
a number of different aversively motivated tasks. Evidence
suggests that delivery of the drug around the time of the train-
ing experience is most effective, and that the antagonistic ac-
tion is a centrally mediated effect, because peripheral injec-
tions of bicuculline methiodide, a GABA antagonist that does
not cross the blood-brain barrier, does not affect retention
(7). In contrast, injections of the GABA receptor agonist,
muscimol, impair retention (21,39) and block GABA antago-
nist-enhancement of memory (13,60,64). Benzodiazepines,
which enhance the response of neuronal cells to GABA (30),
cause retrograde amnesia in humans (40) and amnesia in a
number of animal models employing different tasks (9,38,
55,61). Inverse agonists of the benzodiazepine receptor en-
hanced acquisition in mice in an habituation model of learning
(62), in rats (22) and mice (62) in a passive avoidance task and,
importantly, in chicks during imprinting (62).

Although much is known about the function of GABA in

the mammalian central nervous system, little comparable
work has been carried out in the avian brain. A number of
autoradiographic (43,48,57,58) and biochemical (57) studies
have indicated the presence of GABA receptors in the chick
brain, with particularly high receptor density in the hyperstria-
tum ventrale and lobus parolfactorius (LPO; 57). These two
regions of the chick forebrain, the intermediate medial hyper-
striatum ventrale (IMHV) and the LPO, have also been identi-
fied in a number of studies to be sites of the formation of
memory for a one-trial passive avoidance task in the day-old
chick (26,45,46,52). This task employs the natural ability of
young chicks to peck spontaneously at bright objects and to
be able to discriminate between aversive and nonaversive sub-
stances. Thus, if a day-old chick is presented with a chrome
bead coated with the bitter-tasting substance methyl anthrani-
late (MeA), the chick will peck once, show a strong disgust
response and, subsequently, avoid a similar, but dry, bead for
at least 48 h (14,26,41). Formation of long-term memory for
this task involves a series of well-documented, time-related
electrophysiological (42), morphological (56), and biochemi-
cal events (49,50,51). Initially these are localised, in the left
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IMHYV (52) followed by rapid redistribution to other regions
(i.e., the right IMHYV and the LPO) (46), and ultimately result
in de novo synthesis of proteins and restructuring of synaptic
terminals (49). Although much of the biochemical cascade has
previously been elucidated, what initiates it is still unclear. It
has been suggested that this early stage may be associated with
a phase of neuronal hyperpolarization and an alteration in K*
conductance, because an intracranial injection of potassium
chloride (1-2 mM) causes amnesia for the task (44). Given
that the activation of the bicuculline-sensitive GABA, recep-
tor increases postsynaptic permeability to chloride ions (25)
and that GABA antagonists enhance retention of memory
(5,6,11,12,13,35,64), this early phase of memory formation
in the chick may be controlled locally by GABA, receptor
function.

To investigate the role of the GABAergic system in acquisi-
tion and retention of passive avoidance learning in the chick
we have used 2 forms of the learning task, “strong” and
“weak,” which allows the investigation of potential amnestic
and retention-enhancing drugs, respectively. In the strong
learning task, chicks are trained using a chrome bead dipped
in 100% MeA. In the “weak” version of the learning task,
chicks are trained on a chrome bead dipped in a weak aversant
(e.g., quinine (4) or 10% MeA) (29,49,54). Chicks demon-
strate a similar disgust response as they do to the strong aver-
sant, but the avoidance response is only retained for 6-8
hours. Retention can be enhanced, however, and can persist
for at least 24 h, by injecting a retention-enhancing agent
(e.g., phorbol ester (29) or corticosterone) (54). Here, we re-
port on the effect of pretraining injections of muscimol, a
GABA agonist, on retention of the “strong” learning task, and
pretraining injections of bicuculline, a GABA, antagonist, on
retention of the “weak” learning task, in day-old chicks.

METHODS
Passive Avoidance Training

Day-old Ross 1 chunky chicks of both sexes were used in
all experiments, which were carried out within the guidelines
of the UK Animals Scientific Procedures Act 1986. The chicks
were hatched on site and held in a communal incubator on a
12-h light/dark cycle at 38-40°C until they were 24 + 8 h old.
Animals were placed in pairs in pens illuminated by a 25 W
red light and allowed to acclimatise for 1 h before subsequent
training procedures. To ensure pecking behaviour was nor-
mal, birds were presented 3 times at 5-min intervals with a
small (2.5 mm diameter) white bead. Only birds that pecked
the pretraining bead at least 2 out of the 3 trials (more than
85%) were carried forward into the training trials. Training
occurred 30 min after pretraining.

For investigations into possible amnestic effect of drugs,
birds were trained by a single presentation for 30 s of a chrome
bead dipped in the strong aversant MeA. These birds were
then tested for their response to a similar, but dry, chrome
bead either 10 min, 30 min, or 24 h after training. To investi-
gate the possible memory-enhancing effect of drugs, birds
were trained by a single presentation for 30 s of a chrome
bead dipped in the weak aversant quinine (a saturated solution
prepared in 20% ethanol) (4). These chicks were then tested
by the single presentation of a dry chrome bead either 4 or
24 h after training. On testing, the response of the birds to the
dry chrome bead was observed. Generally birds either actively
avoided the bead or pecked it (those birds which showed no
active response were discarded from the experiment), and an
avoidance score was calculated as the percentage of all trained
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birds avoiding the bead on testing. An MeA or quinine-trained
bird that pecked within 20 s of presentation of the dry chrome
bead was regarded as amnesic for the task. Each bird was
trained and tested only once. After each test, birds were pre-
sented with a white bead similar to that used for pretraining,
to test the birds’ ability to discriminate between an aversive
(chrome bead) and a nonaversive (white bead) stimulus.

Drugs and Injection Procedure

Drugs were injected bilaterally into the left and right
IMHYV either 30 min before or 4 h after training. Five ul of
drug or saline (0.9% NaCl) were injected directly into the
IMHY using a Hamilton syringe fitted with a sleeve to control
the depth of injection to 4 mm below the skull, and a specially
designed head-holder (19,34,45,53). Five microlitre injections
take only a few seconds, do not require the use of anesthetic,
and appear to produce no adverse affects (19,34). Drugs used
were muscimol (0.01 mM, 0.05 mM, and 0.1 mM prepared in
saline (Sigma, Poole, U.K.) and bicuculline (0.01 mM, 0.05
mM and 0.1 mM prepared in saline (Sigma, U.K). Injections
more concentrated than 0.1 mM produced behavioural abnor-
malities in the chicks.
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FIG. 1. Effect of muscimol and saline injections on the retention of
the strong version of the passive avoidance task. (A) Muscimol (5 ul
of 0.1 mM; filled histograms) injected 30 min prior to training on an
MeA-coated bead produced amnesia in chicks when tested 10 min, 30
min, and 24 h after training, compared to saline-injected controls
(clear histograms). (B) Muscimol injections 4 h after training on an
MeA-coated bead produced avoidance scores similar to those of sa-
line-injected controls on testing at 24 h. ***p < 0.005; **p < 0.025
x* test; number indicates number of chicks in each group.
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RESULTS

The first set of experiments were designed to investigate the
effect of stimulation of the inhibitory GABAergic system by
muscimol on the ability of chicks to learn the passive avoid-
ance task with the strong aversant. Muscimol, injected bilater-
ally into the left and right IMHV (5 ul/hemisphere, 0.1 mM)
30 min prior to training on an MeA-coated bead, produced
amnesia in chicks when tested 10 min, 30 min, or 24 h after
training, compared to saline-injected control chicks (Fig. 1A).
Amnesia was indicated by an increase in the number of chicks
pecking the dry chrome bead on testing (i.e., a reduced avoid-
ance score). Thus, 10 min after training, 51.0% of muscimol-
injected birds avoided the dry chrome bead on test compared
to 88.6% avoidance in saline-injected birds (x* = 13.74, df =
1, p < 0.005). Thirty minutes after training, avoidance scores
for muscimol- and saline-injected chicks were 52.3% and
75.5%, respectively (x* = 5.23, df = 1, p < 0.025), and 24
h after training avoidance scores were 53.0% and 85.0% for
muscimol- and saline-injected chicks, respectively (x> = 5.48,
df = 1,p < 0.025).

In contrast, bilateral injections of muscimol 4 h after train-
ing on an MeA-coated bead produced avoidance scores for
chicks, when tested 24 h after training, that were not signifi-
cantly different from those of saline-injected birds (Fig. 1B).
Thus, 75.0% of muscimol-injected birds and 65.8% of saline-
injected birds avoided the chrome bead on testing.

A dose-response curve for muscimol indicated that a 30-
min pretraining injection of 0.1 mM muscimol caused amnesia
when tested 30 min after training, but that neither 0.01 mM,
nor 0.05 mM muscimo! produced avoidance scores that were
significantly different from those of saline-injected control
birds (Fig. 2).

The second set of experiments was designed to test the
hypothesis that inhibition of the GABAergic system using the
antagonist bicuculline would enhance retention in chicks
trained on the weak version of the learning paradigm. Injec-
tions of bicuculline (0.10 mM) 30 min before training on the
weak aversant, quinine, produced a significant improvement
in avoidance scores compared with saline-injected birds, when
tested 24 h after training (Fig. 3A). Fifty percent of bicucul-
line-injected birds avoided the chrome bead on testing com-
pared with 25.6% of saline-injected birds (¢ = 5.079, df =
1, p < 0.025). However, in birds that were tested 4 h after
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FIG. 2. Muscimol dose-response curve. A 30-min pretraining injec-
tion of 0.1 mM muscimol, but not 0.01 mM or 0.05 mM muscimol
(filled histograms), produced amnesia when tested 30 min after train-
ing compared with saline-injected chicks (clear histograms). **p <
0.025 x* test; number indicates number of chicks in each group.
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FIG. 3. Effect of bicuculline and saline injections on the retention of
the weak version of the passive avoidance task. (A) Bicuculline (5 ul
of 0.1 mM; filled histograms) injected 30 min prior to training on a
quinine-coated bead enhanced retention for the task compared to
saline-injected controls (clear histograms) when tested 24 h after train-
ing, but not 4 h after training. (B) Bicuculline injections 4 h after
training on a quinine-coated bead produced avoidance scores similar
to those of saline-injected controls on testing at 24 h. **p < 0.025 x*
test; number indicates number of chicks in each group.

training, following a 30-min pretraining injection of bicucul-
line or saline, that is, prior to the drop in retention in saline-
or noninjected birds, there was no significant difference in the
avoidance scores of drug- and saline-injected birds (62.2%
and 59.5% avoidance in bicuculline- and saline-injected birds,
respectively; Fig. 3A). In birds injected bilaterally with bicu-
culline 4 h after training on a quinine-coated bead, avoidance
scores on testing at 24 h were not significantly different from
those of saline-injected birds (39.0% and 31.0%, respectively;
Fig. 3B).

A dose-response curve for bicuculline indicated that a 30-
min pretraining injection of either 0.05 mM or 0.1 mM bicu-
culline, but not 0.01 mM, enhanced retention for the weak
version of the passive avoidance task, when tested 24 h after
training, compared with saline-injected controls (Fig. 4).

DISCUSSION

The resuits described here indicate that acquisition and/or
the retention of memory for a simple passive avoidance learn-
ing task in the day-old chick can be modulated by alteration
of the functioning of the GABAergic system. The GABA ago-
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FIG. 4. Bicuculline dose-response curve. Injection of 0.1 mM or 0.05
mM bicuculline, but not 0.01 mM bicuculline (filled histograms) 30
min prior to training on a quinine-coated bead enhanced retention for
the task compared to saline-injected controls (clear histograms) when
tested 24 h after training. **p < 0.025; ****p < 0.005 x* test; num-
ber indicates number of chicks in each group.

nist, muscimol, when injected 30 min before training, pro-
duced amnesia, the onset of which was as early as 10 min after
training, indicating an involvement of GABA at, or around,
the time of training. Furthermore, injection of the GABA,
antagonist, bicuculline, 30 min before training on a weak ver-
sion of the avoidance task, enhanced retention for this version
of the task when tested at 24 h. Neither of the drugs produced
any effect on the ability of chicks to discriminate between an
aversive (chrome bead) and nonaversive (white bead) stimulus,
indicating a lack of effect on normal neuronal functioning
(results not shown).

These results are in accordance with previous investigations
on the role of the GABAergic system in retention of memory.
It has been shown that bilateral infusion of muscimol into
the amygdala of rats immediately after inhibitory avoidance
training causes retrograde amnesia (8,37). Moreover, post-
training bilateral infusion of muscimol into the hippocampus
of rats causes amnesia for inhibitory avoidance and for habit-
uation to a novel environment (37). A number of reports have
provided evidence of the enhancing effects of the GABA,
antagonist bicuculline on memory retention (5,6,7,13,35),
which has been associated with an interaction of the 8-
noradrenergic system (35). In the chick, agonists of the 8-
noradrenergic system enhance retention for the weak learning
paradigm and appear to extend the period between intermedi-
ate and long-term memory (16,17), and it is feasible that the
GABAergic and B-noradrenergic system are functioning in
conjunction in the chick as they do in the rat and mouse.
There is also a strong body of evidence describing the interac-
tions of the GABAergic and cholinergic systems and their
involvement in memory storage (20). Retention in rats and
mice is enhanced by posttraining injections of cholinesterase
inhibitors (36) or muscarinic cholinergic agonists (3,15,23,36).
In the chick, pretraining injections of the cholinergic receptor
antagonist, scopolamine, and the specific M, receptor antago-
nist, piperazine, cause amnesia for the one-trial passive avoid-
ance task with an onset time of between 15 and 30 min post-
training (47). The results of the present study indicate a role
for the GABAergic system in the acquisition and/or retention
of the passive avoidance task in chicks, which may be as a
result of a direct or indirect interaction with the cholinergic
system, the noradrenergic system, both systems or, indeed,
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neither system. Further experiments are necessary to elucidate
these potential interactions.

Prior to the experiments reported here, few potential am-
nestic agents have been shown to produce such early onset of
amnesia for the passive avoidance task, as do the pretraining
injections of muscimol. Ng and Gibbs (44) have demonstrated
that intracranial posttraining injections of 1-2 mM KCI and
lanthanum chloride up to 2.5 min after training, produce am-
nesia 5 min posttraining. These workers suggest that this stage
of memory, termed short-term memory (27,28), may be asso-
ciated with a phase of neuronal hyperpolarization. In the light
of the findings presented here, it is reasonable to conclude
that formation of this early stage of memory is controlled by
a subtle modification of the state of neuronal depolarization
in the IMHV. Stimulation of the GABAergic system by musci-
mol, leading to synaptic inhibition, blocks retention, and the
specific GABA, antagonist enhances retention. We propose,
therefore, that GABA, receptor activation is critical to the
establishment of memory for this task and that increased syn-
aptic inhibition prevents memory formation. Because consoli-
dation of memory for this passive avoidance task involves a
cascade of time-dependent biochemical (49,50,51) and mor-
phological changes (56) in the chick forebrain, we suggest that
a decrease in GABA ,-modulated synaptic inhibition may be
the trigger or one part of this cascade. It is interesting to note
that the induction of long-term potentiation (LTP), a neural
model of memory formation, was facilitated in slices by perfu-
sion with picrotoxin, a GABA, antagonist (31). Reduction of
postsynaptic inhibition at the time of induction of LTP in-
creased the stability of the lasting potentiation. In the chick
IMHYV, reduction of postsynaptic inhibition at the time of
training may have the same effect on memory consolidation,
enabling the transition from short to longer term memory.

The cascade of events that lead to long-term memory for-
mation in the chick can be broadly divided into 2 phases,
early events (within 30 min of the training experience) and
longer-term biochemical and structural changes. The early
events, which occur primarily in the IMHYV, include upregula-
tion of NMDA receptors (59), phosphorylation of presynaptic
proteins (e.g., B50) (10), enhanced glutamate release (18), and
release of the putative retrograde messenger nitric oxide (33).
These events are paralleled by induction of mRNA for the
immediate early genes c-fos and c-jun (1,2) and precede a
period of protein synthesis (24) that is susceptible to inhibition
by the protein synthesis inhibitor anisomycin. Although these
early synaptic events are critical for acquisition of the task,
formation of long-term memory for the task requires a second
wave of glycoprotein synthesis some 5-8 h after training
(49,50,51). It is this second wave of protein synthesis that is
not apparent in chicks trained on the weak version of the
training paradigm (4). Because pretraining injections of bicu-
culline enhance retention for the weak learning task, activa-
tion of GABA receptors around the time of training is neces-
sary for the consolidation of memory into a long-term event.

To clarify the role of the GABAergic system in the transi-
tion from short- to long-term memory, we investigated the
requirements of the GABAergic system to initiate the second
wave of protein synthesis. To test this, we injected the
GABAergic agonist and antagonist 4 h after training on the
strong or weak paradigm, respectively. This time point was
chosen to ensure that activation or inhibition of GABA recep-
tors preceded the onset of the second wave of protein synthe-
sis. It has been shown that a single injection of muscimol
produces a sustained increase in GABA receptor activation for
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up to 2 h (32). An injection into the IMHV 4 h after training
will, therefore, precede the onset of the second wave of pro-
tein synthesis and influence GABAergic activity during the
early stages of the second wave. On testing at 24 h, following
a 4-h posttraining injection, neither muscimol nor bicuculline
produced any significant change in avoidance scores compared
with saline-injected control birds. Thus, although GABA, re-
ceptor activity is involved in the modulation of memory for-
mation, it is not required immediately prior to the second
wave of protein synthesis. These results support the hypothesis
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that modulation of GABAergic inhibition at the time of train-
ing is critical for the development of short-term memory.
Given the early onset of amnesia induced by a pretraining
injection of muscimol, we suggest that memory formation for
a passive avoidance task in the day-old chick is dependent on
a reduction in postsynaptic inhibition at the time of training.
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