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Preface

This volume is intended to provide students and investigators of brain-be-
havior relationships with an understanding of the current concepts of the
role of catecholamines in the regulation of behavior. Catecholamines are
now believed to be modulators or transmitters in systems regulating a
number of important aspects of behavioral function. The present intense
interest in catecholamines is reflected by the large number of scientific
reports dealing with these compounds. Even those reports which are rele-
vant to behavior are staggering in number. The contributors to this book
have drawn on the salient literature, as well as on their own work, with a
view toward clarifying relationships between the basic neurobiology of cate-
cholaminergic neural systems and normal and abnormal behavioral func-
tion. Current work in this field is heavily dependent on the use of
psychotropic drugs to produce model behavioral states, or as biological
probes. As a result psychopharmacological studies are generously
represented. In the last chapter of Volume 2 the editor has attempted to
further relate and develop the material in the two volumes from the con-
ceptual and theoretical standpoint.

New York AJF
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Chapter 1

The Role of Catecholamines in Animal
Learning and Memory*

David A. Gorelick, Thomas R. Bozewicz,
and Wagner H. Bridger

Departments of Pharmacology and Psychiatry
Albert Einstein College of Medicine
Bronx, New York

1. DEFINITIONS

1.1. Catecholamines

Since the locus of learning and memory is presumably within the CNS, we
will consider only the two catecholamines (CA) which are important puta-
tive CNS neurotransmitters in mammals, dopamine (DA) and norepi-
nephrine (NE). We exclude epinephrine, which is found chiefly in the pe-
ripheral nervous system (PNS), because little CNS pharmacological work
has been done with it, although recent evidence suggests that it may func-
tion as a CNS neurotransmitter (Hokfelt er al., 1974; Koslow and
Schlumpf, 1974).

1.2. Learning and Memory

For the purposes of this chapter, we will use an empirical definition of
learning: the process by which experience or practice leads to a relatively

* During the preparation of this chapter David A. Gorelick was supported by NIH training
grant 5T5 GM 1674 from the National Institute of General Medical Sciences; Thomas R.
Bozewicz was supported by NIMH grant MH 06418.



2 David A. Gorelick et al.

permanent change in behavior (Kimble, 1961). Thus, we exclude from
consideration changes in behavior which are due to factors other than
experience, e.g., maturation, senescence, or nutrition, or factors which are
not relatively permanent, e.g., sensitization or fatigue. As so defined, the
concept of learning includes that of memory, since the former could not oc-
cur without the latter. However, we will reserve the word “‘learning” for the
acquisition of behavioral change and use the word “memory” to refer to the
persistence of learning over time so that it can be expressed in later be-
havior. Memory can be subdivided into three separate processes: (i) con-
solidation, the entry of the information into storage, (ii) retention, the
storage process itself, and (ii1) retrieval, the bringing of the information out
of storage.

2. PROBLEMS OF SPECIFICITY

2.1. Behavioral Specificity

In any behavioral experiment, the learning process is not observed
directly. What is observed is a change in the behavior or performance of an
animal in a particular task. Such a change can be caused not only by learn-
ing, but also by changes in other processes which contribute to the perform-
ance of the behavior, such as perception, motivation, or motor ability. A be-
havioral change can be attributed to learning only after establishing its inde-
pendence from changes in other behavioral processes. This is particularly
important when studying the relation between CA and learning, because CA
play a role in many behavioral processes besides learning (see other chapters
of these volumes).

Two types of control experiments are important in ruling out effects on
behavioral processes other than learning. One type is to show that the treat-
ment used to affect behavior does not affect the particular perceptual, moti-
vational, and motor variables used in that experiment. This is usually done
by showing that conditioned or spontaneous behavior involving these
variables is unaffected. The other type of control experiment is to show that
the behavioral effect of the treatment is consistent even when completely
different variables are used. Examples of such variables include, for percep-
tion, the sensory modality of the conditioned stimulus (CS); for motivation,
the type of reinforcement; for motor ability, the response requirements of
the task. Ideally, one should parametrically alter these variables to ensure
that they are equivalent in their ability to control the animal’s behavior.

An experimental example may help clarify how a change in behavior
can be attributed to learning by use of proper controls. Cooper et al. (1973)
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trained rats in a discriminated shuttlebox escape/avoidance task. The task
involved presenting the rat with a CS, in this case a light plus a tone,
followed after 10 sec by an unconditioned stimulus (UCS), continuous 0.8
mA electric shock to the feet. If the rat made a conditioned response (CR),
crossing to the other side of the shuttlebox within 10 sec of CS onset, the
UCS was avoided. A CR made after UCS onset resulted in escape from the
UCS. Rats given a 6-hydroxydopamine (6-OHDA) treatment which
decreased brain CA levels during training made significantly fewer avoi-
dance responses than did control rats given saline. Does this difference in
performance reflect a difference in learning because of altered brain CA
levels?

One alternate possibility is that the treatment altered the perceptual
process. A rat whose vision was impaired would obviously do poorly in a
task involving a visual CS. A general visual perceptual deficit could be ruled
out by showing that unconditioned responses to a visual CS, e.g., orienting,
photophobic, visual cliff, or startle responses, were not impaired by the
treatment. Another necessary control would be to show that similar be-
havioral effects were obtained when using CS of different sensory mo-
dalities, e.g., auditory or tactile. Since CS of different modalities may differ
in the extent to which they can control behavior, a parametric comparison
should be done. The finding of a consistent effect with different stimulus
modalities would suggest that the treatment’s behavioral effect was not due
to visual impairment.

Another possibility is that the treatment altered motivation. If an
electric shock were less painful or produced less fear in a treated rat, the rat
would be less motivated to exert effort to avoid or escape the shock. One
way to rule out a specific deficit of fear motivation would be to test the ef-
fect of the treatment on different unconditioned responses (UCR) elicited by
the UCS, e.g., freezing, jumping, squealing. Another way would be to use
completely different aversive UCS such as an air blast or sudden loud noise,
instead of electric shock. The use of other motivational states, such as
hunger, thirst, or sex, provides a further necessary control to ensure that the
treatment is not affecting this process. Each type of motivation used should
be tested parametrically to ensure that equivalent motivational states are in-
duced in the animal. The finding of a consistent effect with different levels
and types of reinforcers would suggest that the treatment’s behavioral ef-
fects were not due to a motivational alteration.

A third possibility is that the treatment affected motor ability. A rat
could have learned the appropriate CR but still be unable to perform it be-
cause of a motor deficit. This possibility could be ruled out by showing that
the treatment does not affect similar responses when made spontaneously or
as UCR. Cooper et al. (1973) found that neither spontaneous motor activity
in an activity cage nor crossings in the shuttlebox between trials (no CS
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present) were affected by the treatment. Another necessary control would be
to show that the treatment has similar behavioral effects on tasks requiring
different types of responses. Some important comparisons would be
between tasks requiring active vs. passive responses and between tasks
requiring a certain response rate or latency for a correct response (strict re-
quirements) vs. tasks with broader requirements such as making a correct
choice (e.g., discrimination task). The finding of a consistent effect on tasks
with these different response requirements would suggest that the treat-
ment’s behavioral effects were not due to alteration of motor ability.
Cooper et al. (1973) found that their treatment did not affect the acquisition
of a one-trial passive avoidance task. This difference in behavioral effect
between active (shuttlebox) and passive avoidance tasks suggests that the
treatment does not affect learning, but does have some effect on the ability
to make this type of active learned response. This effect appears to be
limited to learned responses because, as mentioned above, unconditioned
and spontaneous active motor responses were not affected by the treatment.
Another explanation for the absence of a deficit on the passive avoidance
task may be that this task is not of equivalent difficulty to the active task. If
the passive task were much easier to learn than the active (as suggested by
the fact that significant learning occurs in one trial), the lower level of CA
activity remaining after the treatment might still be sufficient to maintain
performance without a deficit.

The time at which a treatment is active in relation to the time the be-
havior is measured affects the behavioral specificity of the results (Mc-
Gaugh, 1973). Only experiments where the treatment is active during train-
ing (acquisition) can provide information about learning, per se. A key cri-
terion for the occurrence of a learning effect is whether the behavioral
change persists after the effects of the experimental treatment have worn
off, since learning, by definition, must involve a relatively permanent change
in behavior. However, there are several difficulties in interpreting such
results. A learning effect might occur but not be reflected in later behavior
because of state dependency effects, i.e., an impairment of performance be-
cause of the difference in “‘brain states’ during training and during later
performance caused by the treatment (Overton, 1974). A behavioral change
may persist after training and yet not be due to an effect of the treatment on
learning. Instead, the treatment might have altered other behavioral
variables during training (e.g., arousal, number of reinforcements received)
in such a way as to change later behavior. Experiments where the treatment
is active only immediately (seconds to hours) after training can provide in-
formation about consolidation and retention. However, possible state-de-
pendency effects must be controlled (Wright, 1974). Information about
retention alone can be provided by experiments where the treatment is ac-
tive a sufficient time (days) after acquisition and before later performance



