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(2) 423–430, 1998.—In sickness-conditioned learning, animals become ill after sampling a new substance and develop an
aversion that is expressed as avoidance of that substance in subsequent presentations. We examined the parameters of a one-
trial, nongustatory, sickness-conditioned learning task in day-old chicks. Chicks pecked a bead and were made ill by IP injec-
tion of lithium chloride (LiCl). Both 0.5 and 1.0 M LiCl (0.1 ml) produced reliable avoidance at test. Chicks injected with LiCl
between 15 and 45 min after training avoided the bead at test, whereas those injected within 5 or 10 min or more than 45 min
after training did not. Avoidance was present until 24 h posttraining and absent after 48 h. Therefore, robust learning of the
sickness-conditioned learning task occurs in one trial without the need for gustatory cues, and memory for the task lasts at
least 24 h. Uses of this task to study memory formation in the day-old chick are discussed. © 1998 Elsevier Science Inc.
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A variety of behavioral tasks have been used to study learning
and memory in day-old chicks, from autoshaping to Y-maze
discrimination (22,38). Most commonly, chicks are trained
and tested in one of two tasks, either filial imprinting or pas-
sive avoidance learning. In the chick filial imprinting task, the
chick is exposed to a particular object, either the chick’s natu-
ral mother or an artificial stimulus. Following exposure, the
chick will approach or follow the object rather than novel ob-
jects and emit distress calls when separated from the object
(8). In passive avoidance learning, chicks peck a bead coated
with a bitter substance such as methylanthranilate. If the
chick forms a memory of the bead and bad taste, it will not
peck that color of bead again, but will peck other beads (12).

The passive avoidance task is especially appropriate for
the study of learning and memory because of the duration of
the training trial, which occurs as a brief and discrete event,
taking a mere 10 s in many studies (25,29). Rose has argued
that this feature of passive avoidance produces a separation of
events surrounding the training experience from the processes

that occur during memory formation (28). The timing of the
training trial is precise enough to allow researchers to deter-
mine time-dependent processes involved in different phases
of memory formation, even those occurring close to the train-
ing trial (2,17,25).

Considerable research using the passive avoidance task has
examined the biochemical, electrophysiological, pharmacolog-
ical, and anatomical correlates of memory formation. In the
minutes following training on this task, there is upregulation
of 

 

N

 

-methyl-

 

D

 

-aspartate receptor activity, phosphorylation of
the presynaptic membrane protein B50, and genomic activa-
tion of the immediate early genes c-

 

fos

 

 and c-

 

jun

 

 (1,4,35).
During the next hours after training, increased incorporation
of fucose into brain glycoproteins occurs (10). During this
time, memory for the passive avoidance task can be impaired
by inhibitors of glycoprotein synthesis injected around the
time of training (31). Training in passive avoidance produces
lasting changes in spontaneous neuronal activity recorded in a
forebrain structure called the intermediate medial hyperstria-
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tum ventrale [IMHV; (20)]. Changes in postsynaptic densities
and increases in the number of dendritic spines have also been
found in the IMHV after training (24,36).

Although the passive avoidance task has many advantages,
there are some shortcomings inherent in its design. First, to
measure changes in biochemistry, electrophysiology, and
morphology following training, chicks that peck a bead coated
with methylanthranilate are compared to chicks that do not
experience the training, but still peck a bead. Normally the
control procedure used is one in which the chicks peck at a
bead coated with water. However, studies indicate that these
control chicks may form a representation of the bead (5) and
biochemical changes found in the brains of these control ani-
mals resemble to some degree the changes found in trained
chicks (4). Researchers have recently turned to using a more
complex multiple trial task in chicks to compensate for this
problem (37); however, this multiple trial task has its own dis-
advantages because it does not use a brief and discrete train-
ing trial, which is the principal advantage of the passive avoid-
ance task over other tasks. In addition, the passive avoidance
task is ill-suited to the study of enhancement of memory, be-
cause the aversive substance used to coat the beads (methylan-
thranilate) produces high levels of avoidance for several days
(11). Other versions of this task have been developed, using
weaker training stimuli such as 10% methylanthranilate or
quinine (9,32,33,34). However, in the weak training task, a
second wave of glycoprotein synthesis (and presumably mor-
phological change) does not occur, indicating, perhaps, some
failure in long-term memory formation (9).

There is another chick one-trial task in which the temporal
separation between training and memory formation is even
greater than that found in passive avoidance. It has been
known for some time that chicks can learn to avoid visual
stimuli associated with sickness, a task similar to that in which
a rat learns to avoid food associated with injection of a sub-
stance that produces gastric distress (15). In early studies of
sickness-conditioned learning, the chick drank from a colored
sucrose solution or ate food of a distinct color, then was in-
jected with lithium chloride (LiCl), a substance that produces
reliable symptoms of sickness such as diarrhea and lethargy.
Chicks injected with LiCl did not drink the colored solution or
eat the colored food at test, and showed a preference for con-
trol substances not paired with the LiCl injection (16,19).

In these studies of sickness-conditioned learning in the
chick, the training trial lasted up to an hour, and the chicks
were injected with LiCl at the end of training. Given such a
long training trial duration, it was difficult to determine when
an association was formed. Barber, Gilbert, and Rose modi-
fied the sickness-conditioned learning task to better define
this training time and to remove the gustatory component
from the task (5). In this newer paradigm, the chick was of-
fered a dry bead, allowed to peck, and then injected 30 min
later with LiCl. At test, the chicks avoided the bead presented
before the LiCl injection, but pecked novel beads not associ-
ated with the LiCl injection. Removing the gustatory compo-
nent of the task changed it from a specialized form of learning
to a more traditional visual association task. The change also
made the training trial a discrete 30-s event, in which the chick
pecked a bead and presumably learned about the visual char-
acteristics of the training stimulus that allowed it to distin-
guish the training bead from other beads at test. Learning of
this task was impaired by an inhibitor of glycoprotein fucosy-
lation injected near the time of presentation of the bead,
whereas injection of the inhibitor near the time of LiCl injec-
tion was not amnestic (5). This indicates that a memory for

the visual characteristics of the bead, dependent upon glyco-
protein fucosylation, is made at the time of pecking, even if
there are no immediate consequences to that behavior.

Despite the long separation between presentation of the
conditioned and unconditioned stimuli, the sickness-condi-
tioned learning task shares many features with the passive
avoidance task. The chicks distinguish and identify the char-
acteristics of the training stimulus to respond correctly at test
and associations must be made between pecking the bead and
its consequences. This suggests that memory formation fol-
lowing training in both passive avoidance and sickness-condi-
tioned learning may be similar in biochemistry, electrophysi-
ology, and morphology, with differences in anatomical
location and time of changes related to differences between
the two tasks. We have recently used the sickness-conditioned
learning task to examine the effects of lesions of the IMHV, a
forebrain structure known to be involved in memory forma-
tion for passive avoidance learning in the chick (26). Bilateral
pretraining lesions of the IMHV impair sickness-conditioned
learning (6), which is consistent with results found in passive
avoidance, indicating that the location, and possibly the mech-
anisms of memory formation might be similar in both types of
learning.

These studies and other experiments in our laboratory
(7,13) suggest that the sickness-conditioned learning task can
be used as an important addition to the study of memory and
learning in young chicks. Before this can be concluded, how-
ever, we need to know the optimal parameters of training,
such as doses of LiCl, times of LiCl injection, and the time
course of memory retention. The present study examined the
different training parameters in this task. First, we determined
the dose response curve for LiCl to identify the most effective
dose that produced robust and consistent avoidance of the
bead. Then we examined the effects of varying the time of
LiCl injection on retention, to determine the most appropri-
ate time of injection and to determine the longest possible
time window between pecking the bead and injection of LiCl.
Finally, we examined the time course of memory for the sick-
ness-conditioned learning task to determine how long the
memory endures for this task.

 

GENERAL METHOD

 

Animals

 

Male leghorn-derived chicks were purchased from a local
supplier (Hy-Line Hatchery, Elizabethtown, PA) and arrived
at 0800 h the day after hatching. The chicks were placed in
pairs in white opaque Plexiglas pens (9 

 

3

 

 9 inches) in the be-
havioral testing room, which is maintained on a 12 L:12 D cy-
cle (lights on at 0800 h) at 38.5–40.5

 

8

 

C and 45–51% humidity.
The Plexiglas pens, which were open at the bottom, sat on
white paper towels that were replaced before each experi-
ment. A chick in each pen was marked on the back to distin-
guish one chick from the other.

 

Drug Injection

 

The saline (0.9%) and LiCl solutions were made up fresh
each morning. LiCl was purchased from Sigma Chemical
Company (St. Louis, MO) and was made up in saline solution
(0.9%). Intraperitoneal (IP) injections of either saline or spe-
cific doses of LiCl, depending upon the experiment, were
given in a volume of 0.1 ml using a 27-gauge needle at pre-
specified times after training.
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Training and Testing Procedure

 

Upon arrival from the hatchery, the chicks were housed in
pairs in the training pens for at least 1 h before the experiment
began to allow them to acclimate to the behavior testing
room. The chicks were then pretrained by a 30-s presentation
of a 2-mm diameter pearl bead to initiate pecking behavior. A
high number (98%) of chicks pecked at this small bead. Ten
minutes after pretraining, the chicks were trained by a 30-s
presentation of a dry 3-mm diameter chrome bead. Again,
high numbers of chicks (91%) pecked the training bead. The
chicks were then injected with saline or LiCl according to the
specific experiment. Two hours after injection, all birds were
provided with a small dish of tap water, to aid the recovery of
the LiCl-injected chicks.

The chicks were tested by two sequential 30-s presentations
of beads. The chick was offered a 3-mm chrome bead similar
to that used in training, then a novel 3-mm gold bead. During
the retention tests, the behavior of each chick was recorded as
either pecking or avoiding the test bead. Chicks that receive
saline injections following training normally peck the beads
again at test, indicating that they do not form any aversions to
the training bead because of the injection, nor have they ha-
bituated to presentation of the bead. Chicks that receive LiCl
after training and avoid the chrome bead but peck the gold
bead at test are considered to have learned an aversion be-
tween pecking the chrome bead and the aversive conse-
quences of the LiCl injection. Chicks that peck both beads af-
ter receiving LiCl are considered amnesic for the association.

In all experiments, chicks not pecking at training were not
included in the final analyses. To eliminate sources of con-
found due to generalized avoidance of both beads at test or
any lingering sickness produced by the LiCl during the test

phase, only chicks that pecked the gold bead were included in
the analyses. All training and testing procedures were carried
out blind as to the treatment the chick received. The perfor-
mance of saline-injected and LiCl-injected animals was com-
pared using chi-square tests of independence.

 

Experiment 1: Dose Response Function of Lithium Chloride

 

This experiment was designed to determine the optimum
doses of LiCl. Chicks were pretrained and trained as de-
scribed above. One-half hour after training the chicks were
given 0.1-ml IP injections of either saline solution or varying
doses of LiCl (0.1, 0.5, or 1.0 M). In pilot studies it was deter-
mined that higher doses than 1.0 M of LiCl produced behav-
ioral side effects that limited the behavior of the animals at
test, such as swaying back and forth, inability to peck the bead
when attempting to, and excessive diarrhea. Four hours after
training the chicks were tested by sequential presentations of
the dry chrome and gold beads.

As can be seen in the results presented in Fig. 1, control sa-
line solution injected 30 min after training did not produce
avoidance of the test bead; high numbers of animals pecked
the bead again at test (100%). The low dose of LiCl (0.1 M
LiCl) did not produce avoidance at test (75% pecked), pre-
sumably because it was not strong enough to make the ani-
mals ill enough to produce a conditioned aversion. The two
higher doses of LiCl (0.5 M and 1.0 M LiCl) both produced
significant avoidance of the test bead. Sixty-five percent of the
birds injected with 0.5 M LiCl and 20% of the birds injected
with 1.0 M LiCl pecked the test bead (
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 5.73, saline com-
pared to 0.5 M LiCl, 
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 0.05, 
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 15.94, saline compared to
1.0 M LiCl, 
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 0.01). The 1.0 M dose of LiCl produced signif-
icantly greater avoidance than did the 0.5 M dose (
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 5.04,

FIG. 1. Effects of different doses of lithium chloride (LiCl) on percent pecking of beads at test. *p , 0.05, saline-injected
group compared to LiCl-injected group. n for each group is shown at the bottom of each histogram.



 

426 BARBER ET AL. 

 

p 

 

,

 

 0.05), without any of the behavioral side effects found
with higher doses. The 1.0 M dose of LiCl produced diarrhea
within 15 min of injection and made the chicks noticeably
“sick” (lethargy with eyes closed) for about 1.5 h. This dose of
LiCl is the same dose used by Barber et al. (5). Although 0.5
M LiCl produced some avoidance at test, the current results
indicate that 1.0 M LiCl should be used to produce consistent
avoidance of the training bead.

The results demonstrate that chicks can form and maintain
a representation of the training stimulus for at least 30 min be-
fore an association with sickness is made. Barber et al. (un-
published experiments) reported that the injection of LiCl
could be delayed up to 60 min posttraining, but the aversion
produced was less than that found with the 30-min posttrain-
ing injection (5). Experiment 2 examined the optimum period
of delay between training and LiCl injection in greater detail.

 

Experiment 2: Time Windows of Effectiveness for Lithium 
Chloride Injection

 

In sickness-conditioned learning there is a significantly
longer conditioned stimulus-unconditioned stimulus interval
compared to more traditional forms of learning such as pas-
sive or active avoidance (15). It was hypothesized that the
strength of the association between pecking the bead and
sickness produced by LiCl would vary based on the time be-
tween the two events. This experiment examined learning fol-

lowing different times between presentation of the training
bead and LiCl injection. Groups of chicks were given 0.1-ml
IP injections of either 0.9% saline or 1.0 M LiCl 5, 10, 15, 20,
30, 45, 60, or 120 min after pecking the training bead. Chicks
were tested 4 h after training as described above.

Chicks injected with saline at any time point after training
pecked the bead again at test (see Fig. 2). Chicks injected with
LiCl 5 or 10 min after training also pecked the bead at test and
there were no significant differences between saline-injected
and LiCl-injected chicks at these time points. In contrast,
chicks injected with LiCl 15, 20, 30, or 45 min after training
avoided the bead at test (15 min, 44% pecked, 
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 5.04; 20
min, 31% pecked, 
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 6.75; 30 min, 21% pecked, 
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 13.27;
45 min, 18% pecked, 
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 12.44; all significant at 

 

p 

 

,

 

 0.05). By
60 min posttraining, the LiCl was no longer effective in pro-
ducing an aversion, and there were no significant differences
between chicks injected with saline or LiCl at the 60 or 120
min time points.

The results of Experiment 2 demonstrate that the aversion
to pecking the bead can be produced even with a relatively
long interval between pecking and injection of LiCl. Chicks
can acquire an aversion to green sucrose solution if they are
injected immediately following a 1-h exposure to the stimulus
(16) and can form aversions to colored food if injected with
LiCl immediately following a 15-min feeding session (19).
However, in these studies, chicks were exposed to the stimu-
lus for a considerable time, and it cannot be precisely deter-

FIG. 2. Effects of different times of injection of lithium chloride (LiCl) on percent pecking of beads presented 4 h after
training. *p , 0.05; saline group compared to LiCl group at each time point. n for each group ranged from 9 to 18 animals
per group.
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mined when learning about the visual characteristics of the
colored and flavored solution occurred. The use of the term
“immediately after training” is misleading, because training
(that is, learning about the visual characteristics of the train-
ing stimulus) could have occurred much earlier and the delay
between training and injection much longer than that indi-
cated in these earlier studies. The present experiment,
through the use of a well-defined, discrete training event last-
ing 30 s, allows us to determine, with greater precision, that
injections of LiCl given earlier than 15 min after training are
not effective in producing a conditioned aversion to the train-
ing bead.

Experiment 2 also demonstrates that memory for the con-
ditioned aversion is not produced when LiCl is injected more
than 45 min after training. Chicks can form aversions to the
color of food when injected up to 4 h posttraining and aver-
sions to the texture of food when injected up to 7 h posttraining
(19). These are both relatively long time periods compared to
the present experiment. However, given the differences in the
training trial duration (15 min vs. 30 s) and the fact that in ear-
lier studies the chicks actually ingested the training stimulus,
it is not surprising that conditioned aversions could be pro-
duced with such long delays.

 

Experiment 3: Time Course of Memory for 
Sickness-Conditioned Learning

 

Training for passive avoidance is brief, yet the memory has
a long duration, lasting up to 9 days (11). This allows research-
ers to examine memory formation processes that occur min-
utes or days after training. Previous studies of sickness-condi-

tioned learning in chicks showed that memory for this task is
present 24–48 h after training; however, the duration of the
memory has not been measured (16,19). Experiment 3 deter-
mined the duration of memory for the current sickness-condi-
tioned learning task. Chicks pecked the chrome bead and 30
min later were injected with either 0.9% saline or 1.0 M LiCl
(0.1 ml). Groups of chicks were then tested at either 4, 6, 8, 24,
or 48 h after training.

As can be seen in Fig. 3, the saline-injected chicks pecked
the bead again at test, regardless of the time tested. The
chicks injected with LiCl, however, showed a distinct time
course in avoidance of the bead. The LiCl-injected chicks
showed strong avoidance at 4 h (23% pecked, 
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 28.67, 
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,

 

0.01) and 6 h (35% pecked, 
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 18.53, 
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,

 

 0.01). The avoid-
ance was still present in LiCl-injected chicks 8 and 24 h after
training, although it was considerably smaller (8 h, 72%
pecked, 
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 9.25; 24 h, 73% pecked, 
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 7.05; both 

 

p 

 

,

 

 0.01).
When tested 48 h after training, the LiCl-injected chicks
pecked the bead again and were not significantly different
from the saline-injected control animals.

The results of Experiment 3 indicate that memory for the
conditioned aversion remains strong for 6 h, weakens consid-
erably between 6 to 24 h, and then is absent 2 days after train-
ing. It is not surprising that chicks fail to retain the task as
long as they do in other types of sickness-conditioned learning
tasks. This is most likely due to the fact that in the present
task, chicks peck a dry bead at training rather than eating a
novel colored or flavored substance. An aversion can be
maintained over a 5-day period if chicks are given a highly
novel food (19). The memory for pecking the dry bead fol-
lowed by sickness might be highly susceptible to interference

FIG. 3. Time course of memory formation for sickness-conditioned learning. *p , 0.05; saline group compared to LiCl
group at each time point. n for each group ranged from 14 to 36 animals per group.
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or retrieval cues less salient after 24 h. It is also probable that
higher doses of LiCl would lead to a more lasting memory in
the current task; however, higher doses of LiCl produce long-
lasting behavioral side effects that make testing unreliable.

We can conclude that the memory for sickness-condi-
tioned learning in the present study produces a truly long-
term memory of the training bead. In passive avoidance, 4 to
8 h after training is considered long-term memory and many
of the biochemical, electrophysiological, and anatomical stud-
ies of training-induced changes have been conducted using
these time points.

 

GENERAL DISCUSSION

 

These data demonstrate that significant avoidance of a
particular bead can be produced by pairing pecking of that
bead with sickness produced by LiCl injection. The sickness
produced by LiCl injection can be given between 15 and 45
min after the chicks peck the training bead, and memory for
the task is strong for several hours after training, gradually di-
minishing into amnesia by 48 h after training.

This sickness-conditioned learning task has several intrigu-
ing qualities that make it an appealing addition to the body of
learning tasks used to study learning and memory in day-old
chicks. First, it is clear that the association between sickness
and the bead is based only on the visual characteristics of the
training bead because the chicks do not ingest anything during
training. It is possible that chicks receive some information
from tactile senses when pecking the bead at training, but the
clear avoidance of the bead at test (rather than pecking once
or twice to confirm the tactile characteristics) indicates that
this is primarily a visual association task. Thus, this task shares
some of the features of other visual discrimination tasks
(3,14,37).

It has been suggested that the passive avoidance paradigm
is advantageous over the imprinting task because the brief
training trial separates the biochemical processes of training
from those of learning, allowing researchers to examine mem-
ory formation that occurs minutes after training (28). The
sickness-conditioned learning task produces an even greater
separation than that found for passive avoidance; this should
provide a good opportunity for researchers to distinguish
memory formation for the training stimulus (how and where
in the brain the visual aspects of the bead are stored) from the
association with LiCl.

Sickness-conditioned learning separates out the training
experience from the stressful effects of the UCS (in this case
the LiCl injection) because they can be separated from each
other by 15 min or more. The training stimulus is no longer
present when memory formation for the association of peck-
ing the bead and sickness occurs. This is an important differ-
ence between passive avoidance and sickness-conditioned
learning. Researchers using the passive avoidance task have
had to rule out the possibility that concomitant CNS changes
found after learning are due to stress encountered during
training. One procedure used to accomplish this is to train the
chicks on passive avoidance and then give brief subconvulsive
electroshock 5 min after training, which produces amnesia in
some of the chicks. Animals that are amnesic do not show
training-induced changes in glycoprotein synthesis, electro-
physiology, or morphology (21,23,30). However, this proce-
dure must produce some changes in the brain, and care must
be taken to show that subconvulsive electroshock itself does
not produce detectable differences between shocked and un-
shocked animals. The sickness-conditioned learning tasks of-

fers a much simpler paradigm. Chicks can be injected with
LiCl 5 min after pecking the bead or they can be injected 20
min after pecking the bead. Both groups undergo exactly the
same procedures; however, one group will form an aversion
(the 20-min group), and the other group will not (the 5-min
group). It is predicted that training-induced changes found in
the brains of animals trained with the 20-min delay between
training and injection would not be present in those animals
trained with the 5-min delay.

It is clear that the chicks are able to distinguish the chrome
bead from the gold bead because they consistently avoid one
and peck the other if they are given LiCl after pecking the
chrome bead. However, at the time the chick pecked the
chrome bead, there were no immediate consequences to
pecking. Therefore, the chick must make some type of repre-
sentation of the training bead, at the time of training, to allow
discrimination at the time of test. Whether the chicks learn
more about the bead beyond its color is not yet known, and
we are currently examining whether chicks can distinguish
shape and size characteristics of beads using the sickness-con-
ditioned learning task. However, the finding that chicks learn
a great deal about beads that they peck, regardless of the con-
sequences of pecking, raises some questions concerning the
interpretation of data in studies using chicks that peck water-
coated beads as a control group. The results of the current ex-
periments would suggest that this control group also forms a
representation of a control bead for at least 45 min. This find-
ing would account for the changes in c-

 

fos

 

 expression found
following control procedures in passive avoidance (4). The
sickness-conditioned learning task does not utilize these types
of control procedures. Using the sickness-conditioned learn-
ing task should provide all the necessary controls for accurate
determination of training-induced biochemical, electrophysio-
logical, and anatomical correlates of memory formation.

Although the results of Experiment 3 suggest that the
memory for sickness-conditioned learning is brief, substantial
evidence exists to support the hypothesis that long-term mem-
ory is formed in this task. The chicks are capable of showing
clear aversion to the training bead for 8 h after training. In
both passive avoidance and imprinting tasks, processes occur-
ring in the brain at this time period would be those considered
to underlie long-term memory formation (1,6,25,28). There-
fore, biochemical and electrophysiological processes of long-
term memory formation could be accurately measured in the
sickness-conditioned learning task.

Given the robust avoidance 4 to 6 h after training, the sick-
ness-conditioned learning task seems well suited for pharma-
cological investigation of memory formation. The separation
of CS (conditioned stimulus, in this case pecking the bead)
and US (unconditioned stimulus, in this case the sickness pro-
duced by LiCl injection) in this task allows researchers to de-
termine the effect of agents on the processes involved with the
initial representation of the bead. For example, learning is im-
paired by 2-deoxygalactose, an inhibitor of glycoprotein syn-
thesis, when injected near the time of training (5). Further-
more, unpublished experiments in our laboratory show that
scopolamine [a muscarinic receptor antagonist known for its
amnestic effects in a variety of tasks (18,27)] produces amne-
sia when injected before, but not after, presentation of the
training bead, indicating that the cholinergic system is re-
quired for this short-term nonassociative memory.

Last, the comparatively brief duration of long-term mem-
ory found in the sickness-conditioned learning task makes this
an ideal model to study memory enhancement, in addition to
memory impairment. In the sickness-conditioned learning
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task, memory can be tested 48 h after training for enhance-
ment, a paradigm with a brief enough test point to rapidly
gather data. This means that there needs to be no special
modification to the training paradigm to adequately measure
any enhancement of memory. We are currently examining
agents that improve memory on retention of sickness-condi-
tioned learning.

In conclusion, the sickness-conditioned learning paradigm
produces robust learning with a brief training trial. The char-
acteristics of the training protocol suggest that memory for
this task is similar to other forms of visual discrimination
tasks. The parameters of this task suggest the interesting pos-
sibility that associative memory formation can be delayed,
and further that a nonassociative visual memory is suppressed
(or at least uncoupled from potential associations) for a short
(5–10 min) period of time. This memory is then recovered or

made available to delayed association for a 30-min period, fol-
lowed by either erasure or decay. We suggest that the bio-
chemistry of memory formation be investigated using the
sickness-conditioned learning task. We have used this task to
examine the effects of forebrain lesions on learning and reten-
tion and have begun to examine the pharmacology of memory
impairment and enhancement. The results obtained thus far
suggest that using this task will provide a promising avenue of
research.
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