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ABSTRACT

Previous research has shown that opioid receptor activity within the
rostral fourth ventricle of the rat brain can decrement the development of a
classically conditioned bradycardia response (HR CR). The purpose of the
current series of experiments was to further characterize the role specific
structures within the ventricle might play in mediating the opioid-induced
abolition of the bradycardia response. The noradrenergic nucleus, the locus
coeruleus, was a prime candidate because of its location within the
ventricle, its high concentration of opioid receptors, which when activated
inhibit neuronal activity, and because of previous research showing blockade
of noradrenergic activity within specific areas of the brain can decrement
the learning of the bradycardia CR.

Experiment I, looked at the effects of the alpha-2? agonists, Clonidine
(3 ug, CLON), and UK 14,304 (5 ug, UK), a mu opioid agonist, DALA (10 ug),
and the CRF antagonist, Alpha-Helical CRF (9-41) (25 ug, a-HEL) on the
development of a conditioned bradycardia response. Both noradrenergic
alpha-2 agonists and mu opioid agonists are known to have similar effects in
suppressing the neuronal activity of LC cells whereas, alpha-helical CRF
blocks stress—induced increases in LC activity. Five groups of animals were
stereotaxically implanted with a chronic indwelling cannula in the rostral
fourth ventricle of the brain. The drugs were dissolved in saline and
infused in a 1 ul volume into the rostral fourth ventricle 5 min prior to
training. A control group received an equivalent volume of saline (8AL).

Conditioning consisted of a discrimination paradigm in which one 6-s
tone conditioned stimulus (CS+) was paired with a mild electric shock
unconditioned stimulus (US), while a second tone (CS-) was presented alone.
Training occurred on two consecutive days and was comprised of random
presentations of 6 CS+ and 6 CS- trials on each day. At the end of
conditioning on Day 2 the DALA, UK, and CLON groups received infusions of
their respective receptor antagonists (i.e., naltrexone in the DALA group
and idazoxan in the alpha-2 groups). The SAL and a-HEL groups received
saline infusions. Following antagonist administration, all 5 groups
received random presentations of CS+ and CS- (4 CS+ no US, 4 CS-) to test
for evidence of a HR CR. Forty—-eight hours later all groups were again
retested with CS-alone presentations (6 CS+ no US, 6 CS-) in a non-drug
state. Immediately following this test all groups received reconditioning
trials (10 CS+, 10 CS~). After the reconditioning phase, the drugs used
during the original training were readministered prior to CS-alone test
trials (4 CS+ no US, 4 CS-).

At the end of the drug test, each group experienced the presentation of
a loud noise, and the amount of movement elicited by this noise was measured
(i.e., startle response). The effects of the drugs on startle responding in
the presence of CS+ and CS- were evaluated in addition to effects on reflex
baseline startle responding.

The administration of DALA, UK, and clonidine prior to conditioning
severely decremented the development of a HR CR and significantly depressed
baseline HR. The administration of the antagonists reversed the drug
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effects on baseline HR but did not reverse the decrement in the bradycardia
CR. The loss of the HR CR in these groups was evident even when they were
tested 48 hours later in a non—-drug state. Alpha-helical CRF, on the other
hand, enhanced the magnitude of the bradycardia CR and this enhancement was
found to cary over into the non-drug test phase suggesting perhaps that the
drug enhanced the learning of the response. When the DALA, UK, and CLON
groups were subsequently retrained in a non-drug state they showed the
development of a normal HR CR indicating that these groups were capable of
learning. The readministration of DALA, UK, and clonidine severely
decremented this newly-learned CR.

During the startle test, the presence of CS+ resulted in a pronounced
suppression of the reflex startle response in the SAL and a-HEL groups.
Presumably this effect was due to the fact that these groups were freezing
in response to CS+ and thus startle amplitudes were decreased. The
administration of DALA, UK, and clonidine were found to decrement both
baseline startle and the CS-induced inhibiton of startle responding. This
suggests that the adverse effect of these drugs on both the learning and
performance of the HR CR and fear-induced startle suppression may have been
due to their ability to inhibit LC activity.

Experiment II sought to further evaluate the possible involvement of
the LC and other fourth ventricle structures in the decremental effects of
fourth ventricle opioid administration on HR CR formation. Animals were
prepared with chronic bilateral cannulae into either the LC or the adjacent
parabrachial nucleus (PBN). The procedures used in Experiment II were very
similar to those used in Experiment I. Six groups of rats received LC or
PBN microinjections (0.5 ul) of either the mu opioid agonist DAGO (1.6 uM),
the M2 cholinergic agonist muscarine (100 uM), or an artificial CSF
solution. Although, DAGO is known to have inhibitory effects in both the LC
and PBN, muscarine has excitatory effects in the LC and inhibitory effects
in the PBN. It was thought that because the agonist muscarine has
differential effects in the LC and PBN, a better evaluation of the relative
contributions of these two nuclei on the development of a HR CR could be
made by using muscarine injections.

The drugs were administered prior to training on two consecutive days
and a CS alone test was given at the end of Day 2. All groups were tested
for a HR CR 48 hours after training in a non-drug state and then received
reconditioning trials. Following reconditioning the drugs were
readministered the effects of the drugs on established responses were
evaluated.

The administration of DAGO in the LC produced a significant impairment
in the learning of the HR CR without affecting baseline HR. No evidence of
a HR CR was seen in this group on either the CS test at the end of
conditioning on Day 2 or on the non-drug test that occurred 48 hours later.
This group did develop a HR CR when trained with no drugs present but
subsequent drug administration decremented this recently learmed CR. The
administration of DAGO into the PBN, in contrast to the LC, significantly
augmented the magnitude of the bradycardia CR, while significantly reducing
baseline HR. The ability of PBN DAGO to enhance the HR CR was only seen
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during the initial training and had no clear augmenting effects on the
performance of the HR CR when the animals were later tested in a non—-drug
state.

Like DAGO, muscarine in the PBN also reduced baseline HR but had no
effects on the learning or performance of the HR CR. Muscarine
administration into the LC, in contrast to the PBN, significantly elevated
baseline HR but also had no effects on the learning or performance of the HR
CR.

In Experiment III, it was shown that pretreating animals with the
opiate antagonist naltrexone (3 mg/kg ip) blocked the decremental effects of
LC DAGO administration on the development of a HR CR. In addition, the
administration of DAGO at the end of reconditioning in the absence of
naltrexone did not decrement the performance of a well-established HR CR.
This finding suggests that LC DAGO administration is only effective in
blocking recently learned HR CRs.

In Experiment IV, it was found that DAGO administration into the
periaqueductal gray region above the LC or into the fourth ventricle caudal
to the LC in the same volume and concentration as was given in the LC, had
no effects on the learning or performance of the HR CR. The results of this
experiment strongly suggest that the ability of DAGO administration to
impair HR CR formation is due to its action at the LC and not due to the
spread of drug to other brain sites.

It is concluded that central noradrenergic activity as mediated by the

LC is critically involved in the learning and retention of a conditioned
cardiovascular response.
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A number of studies over the last thirty years have established
that classically conditioned changes in the cardiovascular system can
occur (Bykov, 1957; Cunningham, Fitzgerald, & Francisco, 1977;
Fitzgerald & Hoffman, 1976; Fitzgerald, Martin, & O'Brien, 1973;
Fitzgerald & Teyler, 1970; Schneiderman, Smith, Smith, & Gormezano,
1966). In the classical conditioning paradigm, it is generally accepted
that an animal learns that one stimulus, the conditioned stimulus (Cs)
provides information about and, therefore, predicts the imminent
occurrence of a second stimulus, the unconditioned stimulus (US)
(Rescorla & Wagner, 1972)., This associative information is stored such
that upon the subsequent pPresentation of the CS, an appropriate,
adaptive conditioned response (CR) will be emitted to the CS. 1In the
typical heart rate (HR) conditioning paradigm, a tome CS is paired with
an electric shock US and comes to elicit a CR that is a deceleration of
HR or a bradycardia response. A conditioned bradycardia response can be
firmly learned in 8-10 CS-US pairings. The HR CR has been used by many
theorists as a measure of conditioned fear (Kapp, Gallagher, Applegate,
& Frysinger, 1982; Schneiderman et al., 1966).

In recent years, classical conditioning of HR has been used as a
model system for in;estigating the neurobiology of learning and memory
and for increasing our understanding of central regulation of cardio-
vascular responding (Kapp & Pascoe, 1986; Schneiderman, McCabe, Haselton,
Ellenberger, Jarrell, & Gentile, 1987). Previously, it was shown that
rostral fourth ventricle administration of a mu opioid analog appeared
to decrement the learning of the conditioned bradycardia response
(Harris & Fitzgerald, 1989). It was hypothesized that the noradrenergic

nucleus, the locus coeruleus (LC), could be a possible site of action for



the opioid-induced loss of the bradycardia response. The current series of
studies were designed to investigate a possible role for the LC
noradrenergic system in mediating the development of a classically
conditioned bradycardia response.

During the past 20 years, evidence has been accumulating in support of
the view that several neurotransmitter systems can modulate the ability of
an organism to receive, retain, and retrieve information (Dunn, 1980). The
catecholamines in particular have received a considerable amount of
attention. Stein (1964) was one of the first to propose that the
reinforcing properties of stimuli were subserved by their ability to
activate brain noradrenergic systems. Kety (1970) proposed a general
noradrenergic theory of learning in which widespread norepinephrine (NE)
release after reinforcement would facilitate, at the neuronal level, the
formation of a learned association. BRased on the occurrence of intracranial
self-stimulation in the area of the nucleus locus coeruleus (LC), Crow
(1973) hypothesized that the coerulocortico NE pathway, which extensively
innervates the forebrain, was the physiological substrate for NE
reinforcement. In support of this theory, it has been found that
amphetamine, and other drugs which facilitate NE transmission, enhance both
the rate and magnitude of a learned response, whereas depletion of brain NE
levels or interference with NE transmission leads to learning deficits
(Dunn, 1980; Gallagher & Kapp, 1981; Gold & Zornetzer, 1983; McGaugh, 1973;
Sara, 1985; Squire & Davis, 1981; Stein, Belluzzi, & Wise, 1975).

The LC contains the largest and most compact number of NE-containing
cell groups and comprises more than 40% of all NE neurons in the rat brain

(Swanson & Hartman, 1975). The remaining NE neurons are distributed among



several smaller groups of cells within the brain stem, collectively referred
to as the lateral tegmental group (Moore & Bloom, 1979). Histochemical
catecholamine fluorescence techniques have shown the LC to be a tightly
packed area of cells with a few scattered subadjacent cells located
bilaterally on the floor of the rostral fourth ventricle on either side of
the pontine central gray region. There are between 1400-1600 cells in the
rat LC (Descarries & Sauciert, 1972; Swanson, 1976), practically all
belonging to the catecholamine type (Dahlstrom & Fuxe, 1964). The
projections from the LC travel in the dorsal noradrenergic ascending bundle
(DNAB) to provide the primary source of NE innervation to targets in the
limbic system, cerebral, and cerebellar cortices and a quantitatively
smaller source of NE in hypothalamic and brainstem nuclei (Korf, Bunny, &
Aghajanian, 1974; Moore & Bloom, 1979; Grant & Redmond, 1981). A single LC
neuron has been estimated to supply about 19 x 10(3) NE containing terminals
to the rat cerebral cortex (Descarries & Lapierre, 1973). The LC has been
implicated in modulating such diverse functions as respiration, micturition,
sleep, control of cerebral blood flow, vigilance, affective disorders,
emotions, motivation, and learning (Aston-Jones, 1985; Aston-Jones et al.,

1986; Mason, 1984).

Theories of LC Function During Learning

Recently, two specific theories of LC function have been used to
explain and predict the purported role of NE in learning. These include the
arousal-attention hypotheses (Aston-Jones, 1985; Aston-Jones & Bloom, 198la;
1981b; Mason & Iverson, 1979; Mason & Lin, 1980) and the anxiety hypothesis

(Gray, 1982; Redmond, 1979). The assumption that NE systems mediate



learning has been extensively studied primarily with the use of either
electrolytic lesions of the LC or by microinjections of the neurotoxin
6-hydroxydopamine (6-0OHDA) into the LC area. Evidence has been found both
supporting and refuting the NE hypotheses, making the exact role of NE in

learning a controversial one (Crow, 1972; Amaral & Sinnamon, 1977).

Arousal-Attention Hypotheses

The primary evidence for these theories comes from both the
electrophysiological characteristics of LC neurons in awake behaving animals
and from the postsynaptic effects of NE. Recordings made in the LC of both
the rat and monkey (Aston—Jones §& Bloom, 198la; 1981b; Foote, Aston~Jones, &
Bloom, 1980) have shown that the spontaneous activity of LC cells reaches a
maximum in the awake state, declines sharply with the onset of slow-wave
sleep, and is nearly absent preceding and throughout REM sleep. The
discharge of LC cells has also been shown to be decreased during grooming
and consumption of sweet-water solutions (Aston-Jones & Bloom, 1981a).

Thus, activities in which an animal is less likely to be attending to its
environment (i.e., sleeping, eating, and grooming), appear to be highly
correlated with a decrease in LC discharge rates. These findings are
consistent with the view that the LC system participates in controlling
cortical and behavioral arousal.

In awake behaviorally active animals, LC neurons have been found to
respond vigorously to mild nonnoxious auditory, wvisual, and somatosensory
stimuli (Foote, Aston-Jones, & Bloom, 1980). 1In these experiments, the
excitatory response magnitude of LC cells to trains of stimuli were found to

be associated with the level of vigilance, so that the largest responses



occurred for stimuli that awakened rats and the smallest were elicited by
identical stimuli during uninterrupted sleep. The sensory response
magnitudes of LC cells were also found to be depressed at times when
behavioral orienting responses were suppressed (i.e., during grooming or
consumption of sugar water). However, stimuli that successfully interrupted
either of these behaviors elicited robust responses in LC neurons. Thus,
sensory-evoked activity, like spontaneous activity, was found to be
suppressed during sleep, grooming, and consumption, but was phasically
enhanced when such ongoing behavior was disrupted, corresponding to a change
in behavioral state. The version of the arousal-attention hypothesis
suggested by Aston-Jones (1985) predicts that LC lesioned animals should be
less attentive to external stimuli and have a narrowed scope of sensory
perception.

In order to more fully comprehend the significance of changes in LC
activity, it is important to know what the postsynaptic effects of NE are
and how NE release might modulate cortical arousal and subsequently
behavioral attention. Intracellular studies done in the intact brain have
shown that NE suppresses the spontaneous activity of cells by
hyperpolarizing neurons by 5 - 10 mV. In an extensive study with rat
cerebellar purkinje cells (Hoffer et al., 1973), it was shown that a similar
hyperpolarization could be evoked by electrical stimulation of the LC.
Although NE can have a variety of actions on target cell activity by acting
on different adrenergic receptor types located on both the pre- and
post-synaptic elements, in general it has been reported that jontophoresis
of NE onto target cells or electrical stimulation of the LC can produce a

beta-receptor mediated suppression of spontaneous activity while increasing



the responsiveness of target neurons to strong or preferred stimuli (Foote,
Bloom, Aston-Jones, 1983). Madison and Nicoll (1982) found that in the
presence of NE, hippocampal neurons were able to respond more briskly (i.e.,
NE increased the number of spikes per stimulus) to a strong suprathreshold
stimulus but inhibited responding to a weak stimulus that was at threshold.
The mechanism by which NE exerts this effect on target cell activity appears
to be more complex that would be predicted from simple membrane
hyperpolarization and probably involves changes in intracellular cAMP which
subsequently alters the activity of ionic channels within the membrane
(Madison & Nicoll, 1982; Sessler, Cheng, & Waterhouse, 1988).

The role of the LC seems to be one of enhancing the "“signal-to-noise"
ratio in target cell activity. For example, in the presence of
iontophoretically applied NE, excitatory responses to acetylcholine and
inhibitory responses to GABA were found to be enhanced (Woodward, Moises,
Waterhouse, Hoffer, Friedman, 1979). 1In addition, Segal and Bloom (1976a;
1976b) have demonstrated that both electrical stimulation of the LC and
microiontophoresis of NE onto pyramidal cells of the hippocampus enhanced
the inhibitory effects of an auditory tone on hippocampal firing or
alternately enhanced the excitatory effect of the same stimulus when it
predicted food. Some researchers (Aston-Jones, 1985) have suggested that NE
released in terminal areas sets the stage so that only the most salient or
intense stimuli will preferentially influence overall brain activity, and
thereby control attention and behavior. The LC, then, is thought to serve a
gating function that determines vigilance or attention, leading to the
prediction that the LC should be important for learning the significance of

certain sensory events.



Effects of LC Lesions on Learning: Support for the Arousal-Attention

Hypothesis

The most commonly used technique for studying the functional
specificity of coeruleal noradrenergic projections in many different types
of learning tasks has involved injections of 6-OHDA into the area of the LC
or the DNAB. The neurotoxin 6-OHDA is taken up by specific transmitter
reuptake mechanisms in catecholamine-containing nerve terminals and
subsequently causes degeneration of the terminals through an oxidative
process (Cooper, Bloom, & Roth, 1986). Injections of 6-0OHDA directly into
the DNAB typically results in a profound and selective depletion of 80-90%
of cortical and hippocampal NE content with minimal effects on a variety of
other transmitters such as serotonin, dopamine, and GABA (Mason & Fibiger,
1979). These lesions have also been found to result in a variable and
substantial depletion of hypothalamic NE content of between 30-607% which is
greater than the 20% of hypothalamic NE content that actually comes from LC
projections (Sawchenko & Swanson, 1982). It is thought that this loss of
hypothalamic NE may be due to damage occurring in NE projections arising
from NE cell bodies in the medulla, which project via the ventral
noradrenergic ascending bundle (VNAB), and to variable damage to Al
catecholamine axons that leave the VNAB in the caudal midbrain and join the
DNAB (Sawchenko & Swanson, 1982).

Although these types of lesions have been found to have no effects on
the acquisition of appetitively motivated operant responding, it has been
shown that DNAB lesioned animals show more resistance to extinction, so that

it appears that their ability to suppress responses in the absence of an



appetitive reward is impeded (Mason & Iversen, 1977; 1979; Roberts, Price, &
Fibiger, 1976). Two possible explanations have been made for this increased
resistance to extinction in DNAB lesioned rats. Mason and Iversen (1977)
proposed that the DNAB pathway innervating the hippocampus was associated
with the encoding of non-reinforcement and that the lesions prevented the
animals from distinguishing rewarded from non-rewarded trials. They based
this hypothesis on the fact that previous research has shown an association
between a specific hippocampal theta rhythm (7.7 Hz) and the coding of
non-reward. Bilateral lesions of the DNAB, they reported, were found to
selectively raise the threshold for this hippocampal theta rhythm.

The second explanation has centered on the concept of a selective
attention deficit (Mason & Iverson, 1979). Mason and Iverson (1979), in
contrast to the Aston-Jones (1985) attention-arousal hypothesis, predicted
that LC lesioned animals would be more distractable and attend to more
environmental stimuli. In other words, they believed that an animals
ability to selectively attend to one environmental stimulus while ignoring
all others would be disrupted by LC lesions. They interpreted the finding
of increased resistance to extinction according to the Sutherland and
Mackintosh (1971) model of selective attention. They suggested that rats
with DNAB lesions sampled more stimuli in the learning situation and had
formed more stimulus-reinforcer associations than nonlesioned control
animals, which meant that the response took longer to extinguish.

The most convincing demonstrations supporting this attention hypothesis
were found in a paper published by Mason and Lin (1980) using several
paradigms including the nonreversal shift paradigm. In this paradigm, the

extent to which animals have attended to previously irrelevant stimuli



(i.e., those unpredictive of reward) is measured by subsequently making them
relevant (i.e., predictive of reward). According to the authors, a rat
unable to ignore formerly irrelevant stimuli, should show faster acquisition
of a response when these stimuli became relevant. Mason and Lin (1980), in
accordance with their prediction, found faster acquisition on a nonreversal
shift from a visual to a spatial dimension in a conditioned appetitive
discrimination task. Pisa and Fibiger (1983), however, using DNAB-lesioned
rats failed to replicate the finding of enhanced shifting from visual to
position cues. Robbins et al., (1985) also found no change in nonreversal
shift following DNAB lesions whether the shift was from light to tone or
vice-versa. In addition, Robbins reported that DNAB lesioned rats were
impaired in learning the initial discrimination. The testing of nonreversal
shift learning in both the Pisa and Fibiger and the Robbins study did not
occur until 7-8 weeks after the lesion, in contrast to Mason and Lin who
tested their animals within two weeks after the lesion. These differences
in testing time could have contributed to the conflicting findings.

Mason and Lin (1980) also looked at the effects of DNAB lesions using
the latent inhibition paradigm. Latent inhibition has been widely used to
assess the capacity of animals to ignore irrelevant stimuli. 1In this case,
the stimulus is made irrelevant by preexposing the animal to the stimulus in
the absence of reinforcement, thereby leading to a retarded rate of
acquisition during conditioning when the stimulus is subsequently made
relevant (Mackintosh, 1983). If DNAB lesioned animals have difficulty in
ignoring such irrelevant stimuli, they should actually be at an advantage
when the stimuli become associated with reinforcement. Mason and Lin

reported an attenuation of the latent inhibition effect following DNAB
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lesions, as have Mason & Fibiger (1979).

Additional evidence in support of the selective attention hypothesis
has come from the finding that DNAB lesions also attenuate blocking (Lorden,
Rickert, Dawson, & Pelleymounter, 1980) and overshadowing (Tsaltas, Preston,
& Gray, 1983), two phenomenon that may depend on an animals ability to
selectively attend to one environmental stimulus while ignoring others
(Mackintosh, 1983). This explanation of blocking and overéhadowing says
that normal animals ignore redundant (contrasted to irrelevant as in the
case of latent inhibition) information.

In classical conditioning studies, lesions of the LC in rabbits have
also increased the resistance to extinction of a conditioned nictitating
membrane (NM) response (McCormick & Thompson, 1982). In this study,
rabbits received electrolytic lesions of the LC seven days prior to
classical conditioning training of the NM response using a tone conditioned
stimulus (CS) and a corneal airpuff unconditioned stimulus (US). Following
training, four days of extinction were given in which the CS was presented
alone. At the end of the experiment, the location of the lesions were
verified and several brain areas were assayed for NE and DA content. The
lesioned animals were then divided into two groups. The first group
contained all the animals showing a significant depletion of NE levels
relative to non-lesioned controls in all of the brain areas measured except
the hypothalamus and mid thalamus, while the second group comprised all the
animals showing no statistically significant depletions in any region
measured. Despite the differences in NE content in the lesioned animals,
all animals had electrolytic lesions in the vicinity of and including the

LCI
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No significant differences were found between the two lesioned groups
and the non-lesioned control group in terms of the acquisition of the NM
response. However, during days 3 and &4 of extinction, the group with the
largest depletion of cortical/hippocampal NE showed significantly larger NM
responses than either of the other groups. This extinction deficit appeared
mainly in the unconditioned stimulus period and was highly correlated with
the depletion of NE in both the cortex and hippocampus but not with the
depletion of NE in the hypothalamus, thalamus, or cerebellum. Because
animals with hippocampal lesions also show extinction deficits using this
paradigm, it was suggested that the loss of hippocampal NE was the crucial
factor in producing the extinction deficits seen in this study.

Lesions of the mesencephalic region of the brain that included the DNAB
have been found to disrupt conditioned inhibiton using the NM response in
rabbits (Berthier & Moore, 1980). The conditioned inhibition procedure
consisted of random presentations of a light CS+ signaling the occurrence of
a 2 mA paraorbital shock US and the same light in compound with a tone, CS-,
that was presented without the US. Following acquisition of the NM response
to the CS+, the rabbits received radio-frequency lesions of the
mesencephalic region. Lesions which included the pretectum area of the
posterior commissure, periaqueductal gray, and the DNAB produced the
greatest disruption in performance primarily by reducing the capacity of the
animals to suppress conditioned responses to the CS-. The findings in both
of these studies (Berthier & Moore, 1980; McCormick & Thompson, 1982) are
consistent with findings of instrumental extinction deficits in DNAB
lesioned animals. Lesions of the DNAB under some circumstances appear to

interrupt the ability of animals to suppress responses in the absence of
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reinforcement and may, therefore, interfere with the development of
inhibitory processes.

In summary, there are data implying that while DNAB lesioned animals
are able to acquire simple appetitive responses, they are slow to extinguish
responses once they are learned and are impaired in the learning of more
difficult tasks that require selective attention to environmental stimuli as
in the case of discrimination learning, latent inhibition, blocking, and
overshadowing., It should also be mentioned that several studies have failed
to confirm the above findings for latent inhibition (Pisa & Fibiger, 1983;
Robbins et al., 1982) or have rejected the interpretation of the behavioral
deficits in terms of failure to screen out irrelevant stimuli. 1In fact,
suggestions have been made that NE-depleted rats integrate less information
concerning context, indicating a narrowed scope of stimulus selection,
rather than a broadened one (Archer, Mohammed, & Jarbe, 1983; Robbins &

Everitt s 1985) .

Anxiety Hypothesis

The main rival to the attentional hypothesis of LC effects on learning
is the theory that the coeruleocortical system is part of a mechanism
mediating behavioral suppression to anxiogenic cues, which are hypothesized
to include signals of punishment, nonreward, and novelty (Gray, 1982).
Because the LC is known to receive inputs from primary pain afferents, it
has been propésed to play a critical role in initiating feelings of alarm,
panic, fear, and anxiety associated with aversive events (Redmond & Krystal,
1984).

This hypothesis accounts for the reports of retarded extinction of
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appetitive behaviors following DNAB lesions as being due to a reduction in
the aversive effects of "frustrative" nonreward (i.e., the lesioned animals
continue to respond because the loss of reinforcement is not aversive).
Robbins and Everitt (1982) have reported that NE turnover was elevated in
the coeruleocortical projection areas in response to a variety of stressors
or stressful conditions. They believe that the LC may be activated under
conditions of stress or in response to stimuli of significance.

Rasmuss and Jacobs (1986) did a study which assessed the activity of LC
neurons during the acquisition of classically conditioned responses
involving both aversive and appetitive reinforcers in cats. This study
provided an opportunity to examine whether LC unit activity changed in
response to the acquisition of new information or whether it was specific
for the learning of aversive or appetitive tasks. They found that LC
neurons dramatically and specifically increased their activity in response
to a tone that predicted the occurrence of a noxious event, but not to a
tone that predicted the occurrence of an appetitive event. The authors felt
these data provided support for the hypothesis that LC neurons play a role

in anxiety.

Effects‘gilég Lesions on Learning: Support for the Anxiety Hypothesis

In aversive learning paradigms, lesions of the DNAB have been found to
have conflicting results. Some studies show no deficit in the acquisition
of either one or two-way active avoidance (Mason & Fibiger, 1979; Ogren &
Fuxe, 1974; 1977), while other studies show impaired shock avoidance
(Cooper, Breese, Grant, & Howard, 1973) and loss of retention in a passive

avoidance task (Crow & Wenlandt, 1976). When combined w