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Abstract

The effects of cutting the corticocortical connections between medial and sulcal
prefrontal areas on the conditioning of taste and place cues were examined. In
Experiment 1, rats were simultaneously exposed to taste and place cues before
injection of 0.15 M LiCl. In controls, a significant conditioned taste aversion (CTA)
but no conditioned place aversion (CPA) was observed. In contrast, rats with
bilateral knife cuts showed a significant CPA but a weaker CTA. To test whether
these results could have been due to the effects of simultaneously exposing the rats to
taste and place cues during conditioning, rats were trained independently in either
CTA or CPA paradigms in Experiment 2. In the CTA test, rats both in operated and
control groups showed a CTA when first tested. Rats with bilateral knife cuts,
however, showed a weaker CTA than those in the control group. In the CPA test,
rats in the control group did not exhibit a CPA, whereas the knife cut group did.
Rats with sham lesions tested in Experiment 2 did not differ from control subjects on
either the CPA or the CTA test. Thus, bilateral cuts increased the CPA and
decreased the CTA even when tested independently. These results indicate that the
relative ease of association of place and taste stimuli may be accounted for in part by

the organization of the intrinsic connections of the prefrontal cortex in the rat.
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Introduction

In early accounts of associative leaming, few factors, with the possible
exception of an ‘organism’s motivational state, were assumed to limit the associability
of stimulus and reinforcer (e.g., Mowrer and Lamoreaux, 1946). Pavlov (1927), for
example, assumed that whenever a conditioned and an unconditioned stimulus are
presented in close temporal contiguity, the conditioned stimulus will ultimately elicit
the same reaction originally elicited by the unconditioned stimulus only. This concept
- that any cue can be equally effective as any other - has been referred to as
equivalent associability (Seligman, 1970). In the past 25 years, however, the concept
of equivalent associability has been widely challenged. Ina landmark paper published
in 1966, Garcia and Koelling showed that in the presence of both an audiovisual and a
gustatory stimulus, the avoidance reactions contingent upon electric shock transferred
only to the audiovisual stimulus in rats. Avoidance reactions that were contingent
upon injections of a toxin (lithium cnloride) or X-ray exposure, both of which
produce signs of illness, were tmnst"erred selectively to the gustatory stimulus.

Garcia et al (1968) concluded that the pairing of a cue with a reinforcer was not
always sufficient to produce conditioning. They proposed that associative learning
occurred only if the cue was "appropriate” for the reinforcer.

In a systematic replication of the original findings of Garcia and
Koelling (1966), Miller (1984) found that, whereas rats could learn to avoid the

location where footshock was received, they did not learn to avoid a sacchagin



solution paired with footshock. Miller also failed to find evidence of an association
between noise and lithium chloride (LiCl).

This lack of equipotentiality of stimuli in the formation of associations
does not mean that certain associations cannot be conditioned. Kather, much research
has shown that rats are capable of learning aversions to visual stimuli following LiCi
injections and of learning aversiens to gustatory stimuli following electric shock
(Miller and Domjan, 1981). However, these aversions are generally weaker than
those between visual stimuli and shock, or gustatory stimuli and LiCl (e.g. the
associations require more trials to acquire; Mackintosh, 1983). Also, associations
between visual stimuli and LiCl, for example, require many more pairings or a higher
dose of LiCl before reliable conditioned aversive responses can be observed (White
and Carr, 1985).

Much attention has been given to the leaming mechanisms which
underlie the selective associability of distinct reinforcing events to different stimuli.
Garcia et al.(1968), for example, suggested that associative learning critically
depended on the existence of a common neural substrate for processing both cuz and
reinforcer. Rescorla and Furrow (1977) proposed that stimuli can be classified along
psychologically meaningful dimensions and that there may exist several qualitative
relations among stimuli which affect conditioning, one example of which would be a
common sensory modality. Rescorla ard Furrow suggested that a cue of one specific
modality might in fact increase the effectiveness of processing of other stimuli of the

same sensory. modality and therefore result in faster and stronger conditioning. Lett



(1974), on the other hand, suggested that ease of association depended not on the
properties or processing of the stimuli to be associated, but rather upon the amount of
interference by other associations that is exerted during conditioning. Nonetheless,
both of the above theories of bias in associative learning have in common the notion
that any learning will ultimately depend on the sort of central processing of the
information that is learned. indeed, Rozin and Kalat (1971) proposed that selective
associability may be directly due to processes in the central nervous system. They
pointed out that gustatory receptors involved in taste and visceral receptors involved
in nausea are both classified as visceral sensory input to the brain and show a close
neurological relationship because inputs from both converge in the medulla and other
points along the neuraxis. This implies that the existence of different categories of
stimulus processing is a direct consequence of the organization of sensory processing
substrates in the central nervous system. Miller and Domjan (1981) later elaborated
on this theory and pointed out that different sets of brain nuclei are involved in the
processing of the exteroceptive classes 6f stimuli such as auditory and visual cues as
opﬁosed to the interoceptive classes of stimuli such as taste and visceral cues.

In fact, there is much experimental evidence to suggest that specific
types of stimulus-reinforcer interactions are critically dependent on dissociable brain
areas. One of the key developments in neuroscience over the past 20 years has
indeed been the realization that different forms of learning are selectively affected by
manipulations of different sets of brain structures (Kolb and Whishaw, 1985). This

suggests that learning in the mammalian central nervous system may be organized in a



modular fashion rather than dependent on a uniquely localized substrate (Thompson
and Donegan, 1986; Olton, 1986). This mechanism of learning could be viewed as
reflecting the operation of interactions among separate neural processing systems. A
requirement for such interacting systems would be for them to be characterized by
different domains of sensory processing, yet at the same time to be connected by a set
of neural projections that would support direct functional interactions. These
requirements are in fact met in the prefrontal cortex (PFC), which has functionally
and anatomically distinct subdivisions that are connected by direct zeciprocal
projections. Lesions of one of the PFC subdivisions, the insular cortex, interfere with
the acquisition of a conditioned taste aversion to lithium chloride (Lasiter and
Glanzman, 1982) but are without effect on a conditioned avoidance reaction to spatial
cues paired with shock (Dunn and Everitt, 1988). By contrast, there is considerable
evidence that lesions of the dorsomedial prefrontal cortex selectively impair spatially
mediated learning (e.g., Sutherland, Kolb, and Whishaw, 1982). In addition,
Eichenbaum, Clegg, and Feeley (1983) have demonstratéd that the constituent parts of
the prefrontal cortex (PFC) can be doubly dissociated with respect to their effect on
modality-specific learning tasks.

The experiments described in the present paper represent an attempt to
examine whether the preferential associability of taste stimuli with nausea over place
stimuli with nausea first noted by Garcia and Koelling (1966) is dependent on the

organization of PFC subdivisions which are involved in processing these stimuli.



Anatomy and Connections of the PFC

Leonard (1969) suggested that the PFC, across a wide variety of
species, includes two segregated processing systems, which can be distinguished by
their diverging inputs from the mediodorsal thalamic nucleus (MD). The projections
from the MD to the PFC are directed at the rostral quarter of the dorsal bank of the
rhinal sulcus (also referred to as dorsal and ventral agranular insular cortex, and
orbital area; Kosar et al., 1986b; Krettek and Price, 1977; Beckstead, 1979) as well
as the rostral half of the medial hemispheric wall in the frontal lobes (Beckstead,
1979). Krettek and Price (1977) observed that projections from different areas of the
MD are topographically organized. Evidence indicates that the central MD segment
projects preferentially to agranular areas along the thinal sulcus, rostral to the middle
cerebral artery. Leonard (1969) referred to this area, which is adjacent to the rat
gustatory cortex, as part of the sulcal prefrontal cortex or SC. The lateral MD
segment, by contrast, projects to the dorsomedial shoulder of 'the frontal lobes. This
area was referred to as medial prefrontal bortex or MC by Leonard (1969).

A major thalamic input to the SC, aside from that from the MD nucleus
of the thalamus, stems from part of the ventral posteromedial thalamic nucleus. This
nucleis is the thalamic relay for gustatory input from the parabrachial area and it
projects to the rat agranular insular cortex, which includes the SC (Kosar, Grill, and
Norgren, 1986b). However, there has been some confusion over which parts of the

frontal cortex constititute the gustatory cortex in the rat. Early researchers such as



Benjamin and Pfaffman (1955) used the presence of electrical potentials elicited by
stimulation of the chorda tympani and glossopharyngeal cranial nerves as an indicator
for the location of the gustatory cortex. Using this method, they identified the
granular insular cortex as the rat gustatory cortx. Later research indicated that the
actual gustatory cortex may be the smaller, but adjacent, agranular insular cortex, the
anterior part of which is the SC (Kosar et al., 1986a). This conclusion was based on
the presence of specific electrophysiological responses to gustatory stimuli rather than
electrical stimulation of cranial nerves.

Leonard (1969) noted that the SC has direct reciprocal connections with
basal olfactory areas as well as with the hypothalamus. In fact, one part of the SC
(the ventral agranular insular area) is the only neocortical area that has been shown to
have reciprocal connections with the primary olfactory cortex (Reep and Winans,
1982b). These observations provide anatomical evidence for the involvement of the
SC in the processing of olfactory, gustatory, and visceral sensation.

The MC, on the other hand, does not receive any direct input from
olfactory or gustatory structures. I; receives projections from polymodal sensory
areas, like the temporal and visual cortices (Krettek and Price, 1977). In addition,
the MC is known to receive projections from the pretectum and superior colliculi,
areas which are known to be important for visual processing (Krettek and Price,
1974). The anatomy of afferent projections to the MC thus clearly suggests that
whereas this area is not as intimately connected to gustatory and olfactory processing

areas as ﬁe SC, it is involved with sensory processes related to exteroceptive stimuli,



especially visual information. A similar dissociation applies to the main efferent
projection patterns of the MC and the SC. |

Efferent projections from the PFC subdivisions have also been
described in detail by a number of researchers. The MC has been shown to project to
the dorsal and caudal head of the caudate nucleus in the rat (Beckstead, 1979; Krettek
and Price, 1977), as well as to the pretectum and deep superior colliculi (Leonard,
1969). The SC, by contrast, projects to the ventrolateral caudate-putamen (Divac and
Diemer, 1980) as well as to deep cellular layers of the piriform cortex, and to the
lateral entorhinal cortex, hypothalamus, and olfactory tubercle (Beckstead, 1979).

In contrast to the dissociable pattern of connections with various
thalamic, subcortical, and corhcal areas outside the PFC, the MC and the SC have
been shown to be related via corticocortical connections. Beckstead (1979) first
described connections between the MC and the ipsilateral as well as the contralateral
SC. Ferino, Thierry, Saffroy, and Glowinski (1987) described fibres from the MC to
both the contralateral MC and SC which course entirely within the corpus callosum,
entering the forceps minor and decussating within the anterodorsal part of the corpus
callosum. Furthermore, Reep and Winans (1982a) showed that the projections are
topographical, that is, that the dorsal MC is reciprocally connected with the dorsal
SC, and the ventral MC with the ventral SC, with some overlap of projections.

Anterior to the forceps minor of the corpus callosum only a few fibres
pass between the MC and the SC. In this region, the projecting fibres pass straight

| from the MC . to the SC, medial to layer VI of the orbital cortex, whereas more



posteriorly they course through the forceps minor of the corpus callosum, ventral to
layer VI of the frontal sensory motor cortex (Reep and Winans, 1982b). Projections
between the SC and the contralateral MC, which are less dense than those between
ipsilateral MC and SC, run through the corpus callosum as well.

The subdivisions of the PFC therefore appear to differ mainly in the
nature of the dominant sensory input to each area. Evidence for the functional roles
of the MC and the SC has come mainly from studies examining the behavioural
consequences of damage to each of these prefrontal subdivisions. This evidence
clearly suggests that the MC and the SC can be functionally dissociated, and that the
functional specialization of each constituent area parallels the dominant sensory

involvement suggested by the anatomical evidence.

Although there are a confusing variety of deficits which have been
des;cribed as a result of medial prefrontal lesions, many of them may be reduced to a
learning deficit specifically related to exteroceptive stimuli and, in particular, visual
and tactile stimuli which define spatial locations. Kolb, Pittman, Sutherland, and
Whishaw (1982) showed that rats with bilateral lesions of the MC are impaired ai
performing a radial arm maze or Morris water maze task. Performance on both these
tasks is dependent on the rats’ ability to find a spatial location based on its location in

relation to distal environmental cues. Therefore, MC lesions appear to interfere with



the processing of distal stimuli necessary for spatial orientation. This possibility is
further supported by the repeated observation cf learning deficits in tasks that rely on
the use of similar spatial cues. For example, impairments in spatial delayed
alternation in a T maze (Wikmark, Divac, and Weiss, 1973), delayed response on a
spatial task (Kolb, Nonneman, and Singh, 1974) and spatial reversal learning (Divac,
1971; Kolb et al., 1974; and Nonneman and Kolb, 1974), have all been reported after
lesions of the MC.

Furthermore, additional data strongly imply that the above learning
deficits occur after MC lesions only when the task demands are explicitly spatial.
Eichenbaum, Clegg, and Feeley (1983), for example, found that lesions of the MC,
but not SC, impaired performance on delayed response, reversal, and spatial
alternatio® tasks in rats, but did not affect performance on an olfactory discrimination
task. In addition, Sakurai and Sugimoto (1985) showed that MC lesics affected the
acquisition of a non-spatial go-no go delayed alternation task only marginally and
were not associated with the perseverative deficit which characterizes the behaviour of
rats with MC lesions in similar tasks using spatially cued responses.

In summary, it can be said that a number of diverse deficits have been
described after damage to the MC. However, it may be possible in a number of
instances to reduce these deficits to one mechanism involving the disruption of the
ability to form associations between specific responses and spatial, or more generally,

visual stimuli.
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Fumctions of

Consistent with the anatomical studies showing that the SC has
extensive connections with areas of the brain involved in olfactory, gustatory, and
visceral sensory processing, it has been demonstrated that removal of the SC, but not
the MC, can cause deficits in behaviours dependent on gustatory or olfactory
stimulation. Eichenbaum, Clegg, and Feeley (1983), for example, showed that SC
lesions, but not MC lesions, result in specific impairments on a go - no go olfactory
discrimination task. During this task, water-deprived rats were presented with one of
two olfactory stimuli. Rats had to press a bar in response to one odor and refrain
from bar pressing in response to the other odor in order to receive a water reward.
Although animals with subtotal SC lesions could reach criterion performance, they
required significantly more trials than sham operated controls or rats with MC lesions
to do so.

Despite earlier and unsuccessful attempts at prc;ducing CTA deficits
after SC lesions (Divac, Gade and Wikmark, 1975; Kolb, Nonneman, and Abnlanalp,
1977), there is solid evidence that lesions directly involving the SC produce a deficit
in the acquisition of a CTA without affecting taste thresholds (Lasiter and Glanzman,
1982). Lesions of the gustatory neocortex posterior to the SC, on the other hand, do
not produce this CTA deficit (Lasiter and Glanzman, 1982). Lasiter and Glanzman
(1985) showed that deficits in the acquisition of a CTA alsc resulted from lesions of

the central and lateral amygdaloid nuclei. However, these deficits were correlated not
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with the size of the lesions themselves, but with the amount of subsequent transneural
degeneration in forebrain areas including the olfactory tubercle and the SC. Based on
this evidence they suggested that the SC is not involved in the detection and
identification of gustatory stimuli, but rather is involved in the learning of associations
involving tastes. As CTA learning depends on the formation of associations between
gustatory and aversive stimuli, CTA deficits in the absence of sensory deficits may be
due to a failure to form those associations.

The findings reported by Lasiter and Glanzman (1982, 1985) were
extended by Dunn and Everitt (1988), who investigated the effects of electrolytic or
ibotenic acid lesions of the amygdala and of ibotenic acid lesions of the SC on LiCl-
mediated taste aversions and gustatory neophobia. They found that both ibotenic acid
lesions of the SC and electrolytic lesions of the amygdala resulted in a decrease in
neophobia and a significant decrease in the strength of CTA and faster extinction as
compared to controls or subjects with ibotenic acid %etions of the amygdala. These
deficits were demonstrably not due to a decrease in taste reactivity. As the
excitotoxin ibotenic acid destroys céll bodies in the vicinity of the injection site
without damaging fibres of passage, Dunn and Everitt concluded that electrolytic
lesions of the amygdala affected CTA performance due to destruction of fibres which
course through the dorsolateral amygdala on their way to the SC. Thus, CTA deficits
in both subjects with ibotenic acid lesions of the SC and in subjects with electrolytic
lesions of the amygdala were presumably due to direct or indirect damage in the SC

only. These results therefore make a strong case for an involvement of the SC in the
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acquisition of aversions to gustatory stimuli paired with LiCl.

A further effect of SC lesions in rats is the disruption of normal food
intake characterized by a period of aphagia which may result from orofacial
sensorimotor deficits (Kolb and Nonneman, 1975; Glick, 1971). The SC lesions, at
the same time, were shown not to affect gustatory sensibility (Kolb and Nonneman,
1975).

These results indicate that, as suggested by its anatomy, damage to the
SC selectively interferes with learning processes specifically involving the use of

gustatory, olfactory, and visceral information.

jonshi n ivision

The evidence reviewed above makes a compelling case for the division
of the PFC into functionally dissociable, modality-specific areas involved in learning.
As argued by Eichenbaum et al. (1983), this organization suggests a possible substrate
for the existence of mutually exclusive stimulus-reinforcer associations. However, as
noted in the opening section of the present thesis, there is a substantial body of
observations suggesting that aniitals can make associations other than those of taste
with illness or visual stimuli with shock. For example, rats can learn to escape shock
(as opposed to avoiding 2 s:imulus associated with shock) equally well when cued
with a flavour as wher: cued with a tone (Parker and Smith, 1981) and can leamn a

CTA to a gustatory ise paired with electric shock (Krane and Wagner, 1975).
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Similarly, aversions to the visual aspects of food (Galef and Dalrymple, 1981), the

texture of food (Martin and Lawrence, 1979), the container a food was presented in
(Revuskv and Parker, 1976), or the environment a food was consumed in (Best,
Brown, and Sowell, 1984; Archer, Sjoden, and Nilsson, 1979) have been found in
experiments using LiCl as the unconditioned stimulus. These results indicate that it is
by no means impessible to condition taste aversions to exteroceptive stimuli or to
obtain other aversions using stimulus-reinforcer combinations that do not ccaform to
those used by Garcia and Koelling (1966).

Thus, the observation of bias in conditoning experiments would appear
to depend on a process of cue selection or categorization rather thian on the existence
of mutually exclusive and modality-specific mechanisms. With respect to the possible
neural substrates for these effects, this in turn implies that biases in conditioning
might be related to interactions between distinct areas involved in the processing of
distinct classes of reinforcing events.

Behavioural and anatomical .data suggest that the subdivisions of the rat
PF.C are indeed organized as dissociable extensions of different sensory systems. In
the light of this knowledge, the existence of a strong anatomical link between the MC
and the SC suggests the possibility of functional interactions between the two areas.
There is indeed evidence that the MC and the SC interact functionally. The
hypothesis that the MC and the SC interact via a functional link was tested in a series
of experiments disconnecting the two areas. When newral connections between the

MC and the SC are bilaterally transsected, intracranial self-stimulation (ICSS) of the
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MC is significantly, but not permanently, altered (Corbett, Laferriere, and Milner,

1982; Robertson, Laferriere, and Milner, 1986). This implies that activation of the
SC via fibres from the MC may be at least partly responsible for self-stimulation of
the MC.

Based on these findings, Robertson and Laferriere (1989) suggested a
hierarchical organization of the MC and the SC via the fibres connecting the MC and
the SC. According to their view, the rewarding effects of MC stimulation are
mediated via projections to the SC. In accordance with this hypothesis, these authors
iound that when rats are exposed to either a novel gustatory or visuotactile stimulus
before ICSS of the MC, normal rats develop a conditioned taste preference, but no
conditioned place preference. In rats with transsections of MC-SC projections, a
reverse pattern of leamned associations was found. Robertson and Laferriere
suggested that this change in learned associations resulted from a change in the
relative associability of the two classes of stimuli used due to transsection of MC-SC
fibres. These results therefore suggest that the corticocortical projections linking the
MC and the SC may serve to modulate the associative salience of exteroceptive and
interoceptive stimuli. As these effects were obtained with the use of an appetitively
motivating reinforcer, however, the generality of this hypothesis is questionable.

The present experiments were performed to investigate the function of
the MC-SC projection fibres in associative learning when an aversive reinforcer is
used. Two experiments were conducted in order to clarify the role of MC-SC

projection fibres in the learning of taste and place aversions induced by injections of
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LiCl. As reviewed above, there is much evidence to suggest that the aversive
consequences of systemic LiCl injections are more readily associated with gustatory
(and olfactory) cues than with exteroceptive stimuli (Garcia and Koelling, 1966;
Miller, 1984). In both the original demonstration of stimulus-reinforcer specificity
(Garcia and Koelling, 1966) and a subsequent replication (Miller and Domjan, 1981),
the bias to associate LiCl induced toxicosis with sapid stimuli and footshock with
visual or auditory stimuli was demonstrated in a procedure where both types of cues
were concurrently present during the pairing phase of the conditioning experiment. In
Experiment 1, I therefore investigated the effects of surgical transsection of the
projection path between the MC and the SC on the acquisition of taste and place
aversions obtained by pairing concurrent spatial and gustatory cues with LiCl
injections. This was done in order to obtain a measure of the effects of the surgery
on the relative strength of conditioning to each type of stimulus. The hypothesis of a
role for the corticocortical prefrontal projections was tested by evaluating the degree
and direction of conditioning in operated and control animals..

The results of Experiment 1 were further clarified in Experiment 2,
where the effects of disrupting the corticocortical projection fibres between the MC
and the SC were studied in separate tests of conditioned aversions to place or taste
cues in an attempt to determine whether the effects of the lesions on selective
associability seen in Experiment 1 and in other experiments (Garcia and Koelling,

1966; Miller and Domjan, 1981) could be explained as overshadowing effects.
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General Method

Methods common to both experiments are described below. Methods

specific to an individual experiment are described in the appropriate sections for each

experiment.
Subjects and Surgery

Male Sprague-Dawley rats weighing between 270 and 610 grams at the
time of surgery were used. All animals were housed in single transparent plastic
cages with woodchip bedding at ambient temperatures of 21 degrees C and all were
maintained on a 12-hour-light/12-hour-dark cycle. Animals had ad libitum access to
food (Purina rat chow) and tap water, except vhere indicated. Subjects in the
surgical treatment group received bilateral knifi: cut transsections (see Figure 1) aimed
at the MC-SC projection fibers (Robertson an¢i Laferriere, 1989). Rats were
anesthetized with intraperitoneal injé:ctions of 50 mg/cc sodium pentobarbital
(Nembutal) at 1 cc/kg body weight and, just before commencing surgery, anesthetized
locally with subcutaneous injections of 0.1 cc of Novocaine.

The knife consisted of a piece of 23-gauge stainless steel tubing housing
a somewhat longer piece of 30-gauge stainless steel wire that had been coiled
previously. The tip of the tubing was finely bevelled and bent such that the wire

would extend from it at close to a 45 degree angle (see Figure 2). Depending on the



Figure 1. Lateral view of the rat brain showing the approximate rostrocaudal and

dorsoventral extent of knife cuts. Actual cuts are not at midline, as shown, but cn

either side of it.
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Figure 2. Knife assembly used during surgery. Actual length of the entire assembly

was approximately five cm.
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setting of the incisor bar between +2.0 mm and +5.0 mm, the coordinates for
insertion of the knife guide varied from +1.0 mm to +2.5 mm anterior to bregma.
Lateral coordinates were 2.2 mm on either side of bregma in all cases. The knife
guide was lowered to -3.5 to -3.7 mm ventral to dura, the knife extended and the
whole assembly moved dorsally to 0.1 mm below dura before removal of the
assembly.

Subjects were given a minimum of five days to recover
from surgery during which period their weight as well as amounts of food and water
ingested were monitored daily. Subjects that did not begin to regain weight within
two days of surgery were given access to wet mash until pre-
surgery weight was reachied. This measure was necessary in less than five percent of

surgically treated animals.

The general procedure used was similar to that used
in previous experiments (eg. Westbrook and Brookes, 1988). Rats were exposed to

one novel flavour paired with the unconditioned stimulus (an injection of LiCl'), and

'During the past 20 years, LiCl has frequently been used as an aversive stimulus in
conditioning procedures using rats, due to its relative ease of administration and rapid
onset of aversive effects (Nachman and Ashe, 1973). Whether LiCl evokes nausea or
gastrointestinal distress in rats as well as humans cannot be directly measured.
However, Pelchat, Grill, Rozin, and Jacobs (1983) described a constellation of
orofacial responses to a sucrose solution paired with LiCl which they interpreted as a
sign of distaste due to nausea.
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another novel flavour, given on alternate days, paired with the vehicle (an injection of
saline).

All rats were water deprived on the day before commencing the experiment.
A completely counterbalanced design was used. Each day, equal numbers of animals
received each one of the flavours and each flavour was paired with either LiCl or
saline in equal numbers of subjects. On pairing days, rats were given 20 minutes’
access to a vanilla flavoured solution (4% Scotch Buy Vanilla Extract in distilled
water) or an almond flavoured solution (1% Empress Almond Extract in distilled
water), both of which had been demonstrated in pilot tests with
other animals to be equally likely as tap water to be consumed. Sessions were held in
an experimental room outside
the animal colony with a background of white noise. Depending on the experiment,
subjects were either in their home cages or place conditioning boxes (see below for
description) during this time. Ingestion was from a graduated glass drinking bottle
using a metal drinking spout with a metal ball bearing to mini'mi‘u dripping and was
measured to the nearest 1 ml. Immediately after the 20 minute drinking period, rats
were injected intraperitoneally with either 0.9% saline or 0.15 M LiCl before being
returned to the colony room. Additional water was given only to animals that
consumed less than 8 ml of fluid during the daily experimental session. These rats
were given 10 minutes’ access to tap water in their home cages in the colony room at
least one ho_ur after the experimental session.

On the test day, rats were given access to both almond and vanilla
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solutions in their home cages in the experimental room. The position of the two
bottles in the home cage was varied randomly to minimize the effects of possible
right-left preferences of subjects. The amount of each solution consumed during
twenty minutes was measured to the nearest 1 ml. Free access o water was given

immediately upon completion of the experiment.

nditionin

The procedure used was similar to that used in previous experiments
(eg. White and Carr,1985). Each of two novel environments (conditioning boxes with
distinctive visual and tactile cues) was paired with injections of LiCl or saline. This
was done in such a way that one environment was paired twice with LiCl and the
other environment was paired twice with saline.

The conditioning apparatus (illustrated in Figure 3) consisted of two
wooden boxes (30 cm wide by 28 cm deep by 22 cm high) connected by an alleyway
(30 cm wide by 19 cm deep by 19 cm high) that could be blocked off on either end
by a removeable wood partition. One of the boxes (referred to as white) was painted
with transparent polyurethane varnish and had a plexiglass floor with round holes (1
cm diameter) drilled in it. The other box (referred to as black) was also painted with
polyurethane varnish, in a pattern of 4 cm wide black and white horizontal stripes. It
had a wiremesh floor. The connecting alleyway was made entirely of unpainted

wood. All three compartments had a transparent plexiglasss front and were
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Figure 3. Apparatus used for place conditioning, showing bottle mounted for taste

conditioning as used in Experiment 1. Numbers refer to length in cm.
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washed with a detergent solution, rinsed with water, and dried after each use in order
to minimize odour cues.

Pilot tests in a number of animals not included in this experiment had
been conducted using many pairings of the two chambers with saline injections.
These tests indicated that, on averége, rats had no innate preference for either one of
the boxes over the other.

Experimental sessions were held in an experimental room outside the
animal colony with a background of white noise. A completely counterbalanced
design was used. Half of the subjects in each group were exposed to the white box
and the other half to the black box on conditioning days 1 and 3 and vice versa on
days 2 and 4 for 20 minutes each session. In half of the subjects the white box was
paired with LiCl injections and the black box with saline. In the other half of the
subjects the black box was paired with LiCl and the white box with saline. In all
cases, the saline or LiCl was administered immediately after the 20 minute exposure
to the white or black box.

On day S, after a total of two exposures to the LiCl-paired box and two
to the saline-paired, rats were positioned in the alleyway (to which they were being
exposed for the first time) and given free access to the entire conditioning apparatus
for 20 minutes. Time spent in the white and black boxes as well as the alleyway was
recorded in seconds. The position of head and forelimbs was used to determine the

location of the animals.
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Data_Analysis

Data from both taste and place conditioning tests were analyzed
separately using aversion ratio scores (formula: LiCl/(LiCl+saline)). Thus, for data
from the CPA test, a ratio score of the time spent in the LiCl paired compartment
divided by the total time spent in LiCl plus saline paired compartments, was used.
One such ratio was calculated for each of the four consecutive periods comprising one
test session, as well as one ratio for the total session. Data from the CTA test were
analyzed using a ratio measure computed by dividing the amount of the LiCl paired
solution consumed by the total fluid consumption (LiCl paired plus saline paired
solutions) during testing. This ratio score is comparable to similar scores used in
previous experiments measuring aversions or preferences to specific stimuli (e.g.,
Dunn and Everitt, 1988). In effect, these ratio scores express the preference or
aversion of subjects toward the LiCl paired stimulus, with a value of 0.50 denoting an
equal preference for the LiCl paired as for the saline paired stimulus. A value below
0.50 denotes an aversion for the LiCl paired stimulus and a value greater than 0.50
denotes a preference.

To compare treatment groups, analyses of variance were conducted
using the same aversion ratio scores. To determine whether an aversion was present,
one-tailed planned Student’s t tests were conducted for each group in order to detect

whether the ratios were significantly below 0.50.
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Following cotapletion of th:¢ anperiment, rats were deeply anesthetized
with an overdose (1 cc) of sodium pesirz*.ibital (" mg/cc) and perfused
transcardially with 0.9% saline folicers. Ly 10% soimalin. The brains were
removed, stored in 0% formalin for several days and sectioned on a cryostat at 46
micrometers thickness. Every sixth section was mounted ¢:: 2 chromalum coated
slide and stained using a modified Kluver-Barrers pnacedu.rg. Sections were examined
under a microscope i several drawings encompassing the full extent of lesions were
made with the aid of a projection apparatus.

All ratings of knife cuts were done blindly by an independent observer.
Knife cuts were judged successful if they extended minimally from the dorsal
boundary of the forceps minor of the corpus callosum to a point level with or ventral
to the rhinal sulcus and involved minimal striatal damage. Knife cuts judged
unsuccessful were reexamined for possible inclusion in sham éroups for Experiment
2. The sham groups included animals in which the corpus callosum had not been
lesioned anterior to the level of the anterior commissure and in which minimal striatal
damage was observed. Figure 4 a and b shows the extent of damage in representative

animals included for analysis.



Figure 4. Tracings of coronal sections from (a) a representative animai in a lesion
group, and (b) a representative animal in a sham group. Shaded areas define the
extent of actual cuts or bleeding, stippled areas define extensive gliosis. Numbers
refer to distance anterior to bregma. Abbreviations used on figure: ac - anterior
commissure, CC - corpus callosum, Cl - claustrum, CPu - caudate putamen, fmi -
forceps minor corpus callosum, lo - lateral olfactory tract, LV - lateral ventricle, MC
- medial prefrontal cortex, OV - olfactory ventricle, ox - optic chiasm, RF - rhinal

fissure, SC - sulcal prefrontal cortex.
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Experiment 1

The purpose of this experiment was to study the effects of transsecting
MC-SC projection fibres on the relative strengths of LiCl-mediated taste and place
aversions. To achieve the aversions, subjects were simultaneously exposed to both a
taste and an environmental stimulus before toxicosis was induced. The relative
strengths of conditioning to each stimulus in two treatment groups, both of which

were exposed to the same stimulus compund, were examined.

Method

Forty-eight male Sprague-Dawley rats were used. MC-SC projection
fibres were bilaterally transsected in 32 of the subjects. During two conditioning
trials subjects were injected with 2.12 ml per 100 g body weight of 0.15 M LiCl. On
alternate days, subjects were iniected with 2.12 ml per 100 g body weight of 0.9%
saline.

For each conditioning trial, subjects were put into the assigned
conditioning chamber. A graduated bottle containing the appropriate flavoured
solution was mounted outside the conditioning chamber suc.* that the drinking spout
extended into the box through the wood partition biocking off the alleyway. Pairings
of box (white versus black) with taste (almond versus vanilla) and injection (LiCl

versus saline) were fully crossed. After 20 minutes of exposure to the conditioning
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chamber with free access tu the taste solution, subjects were removed from the
chamber and immediately injected with either LiCl or saline, as appropriate. The
amount of fluid consumed was recorded to the nearest 1 ml and subjects were then
returned to the animal colony in their home cages.

On day 5, the test day, the rats were tested in separate sessions for
conditioning to each of the two stimuli. Half of the subjects were first tested for taste
conditioning and then for place conditioning, whereas the order of testing was
reversed in the remainder of animals. Between the two tests, animals were returned
to the colony room for a minimum of one hour. Free access to water was given only

after both tests had been completed.
Results

Data from all subjects in the lesion group whose surgery had been
unsuccessful (see General Methods section) were excluded. Data from subjects in
eiﬁ\er group that remained immobile for a predetermined portion of the time during
place aversion testing were also excluded®. Only one subject, in the lesion group,

was excluded on this basis. Some animals were also excluded from analysis based on

2This procedure has been followed in previous research (for example, Miller, McCoy,
Kelly, and Bardo, 1986). Miller (1984), in a table of behavioural categories in rats,
called this behaviour freezing and defined it as an “absence of all movement, except
breathing” (p. 67). For the purpose of the present experiment, animals that remained
in one of the three compartments for three cf the four consecutive five minute periods
comprising a test session and spent a total of less than 20 seconds in the other two
compartments were operationally defined as having displayed freezing behaviour.
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data collected during taste conditioning: data from subjects consuming less than three

ml of fluid during any of the four conditioning sessions were excluded (subjects
excluded on this basis included four surgically-treated animals as well as two control
subjects). As Domjan and Wilson (1972) have shown, rats that drink less than two
ml of a saccharin solution on a pairing trial followed by poisoning acquire a
significantly weaker taste aversion than rats consuming larger amounts. This left 18

subjects in the lesion group and 12 subjects in the control group.

CPA Test

Lesioned animals were found to have a significant CPA (t=3.46, 17 df,
p<.005) in that they spent less time in the LiCl-paired compartment than the saline-
paired compartmer' Control animals did not have a CPA (t=.009, 11 df, p>.05).
These results are illustrated in Figure Sa.

There was, moreover, a significant difference between mean aversion
ratios for the two groups. A 2x4 ANOVA of treatment by period, with period treated
as a repeated measure, was calculated. Animals in the lesion group had a
significantly lower aversion ratio than those in the control group, (F(1,112)=17.73,
p<.01), with mean aversion ratios of 0.374 and 0.496 respectively. There were no
significant time or interaction effects.

Both groups treated the alleyway connecting the two pairing chambers

in the same mannner. A oneway ANOVA for the total time spent in this alieyway



Figure 5. Mean aversions of animals in the lesion and control groups used in
Experiment 1. Aversions are expressed in ratio form, with ratio values below 0_.50
denoting an aversion to the LiCl-paired stimulus. Vertical bars indicate standard

errors. (a) Performance on place aversion, and (b) ontaste aversion tests.
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during the test session was run for the two treatment groups and was not significant,

F(1,28)=0.55, p>.05.

CTA Test

In the CTA test, both groups consumed equal amounts of fluid on
testing day. A oneway ANOVA for the total amount of fluid intake (LiCl plus saline
paired solution) on the testing day showed no difference in total intake for the two
treatment groups, F(1,28)=2.08, p<.05.

Both surgery and control groups were found to have a CTA, as
illustrated in Figure Sb (t=6.71, 17 df, p<.0005 for the lesion group and t=20.15,
11 df, p<.0005 for the control group). That is, rats in both groups consumed
significantly less of the solution previously paired with LiCL than of that previously
paired with saline injections. However, the CTA was stronger in the control group.
Animals in the lesion group had a significantly higher aversion ratio (with a mean of
0.182), than animals in the control group (with a mzean of 0.178; F(1,28)=6.42,
p<.05).

Discussion

These results demonstrate that the relative magnitudes of conditioned
taste and place aversions are changed when the projection fibres between MC and SC

are bilaterally transsected.
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The results of the CPA test show that control subjects did not develop

an aversion to the compartment paired with LiCl injections. Subjects in the lesion
group, by contrast, did display a place aversion. The CTA test showed that both
groups had developed a significant aversion to the taste paired with LiCl. However,
the size of the aversion was lower in lesioned animals than in control animals. Thus
it may be that, whereas the taste cue was associated with the aversive effects of LiCl
in all subjects, the association was weaker in the surgically treated group. These
results suggest that bilaterally transsecting MC-SC projection fibres may have
decreased the relative associability of taste cues with the aversive effects of LiCl
injections and increased the relative associability of the cues present in the place
conditioning chamber with the same aversive effects.

However, several other factors could also account for the relative
changes in CTA and CPA following knife cuts. One possibility is that the lesions
affected the lesion group’s reactions to novel stimuli. As no rats had been exposed to
the connecting alleyway Mefore the test day, it was a novel place to all subjects. The
fact that rats in both groups spent a comparable amount of time in this compartment
indicates that lesioned rats displayed the same response to place novelty as controls.
This provides evidence that the effects of of LiCl pairing could not be due to state-
dependent learning effects.

Another possibility is that bilaterally transsecting the MC-SC projection
path affected gustatory sensitivity. Whereas it is evident that the subjects in the lesion

group were still capable of distinguishing between the two tastes (as they still
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exhibited a significant aversion to the taste paired with LiCl injections), it is possible
that the gustatory sensitivity was merely decreased, not abolished, in the lesion group,
thus resulting in a weaker taste aversion. However this seems unlikely, because
lesioned rats in fact displayed a stronger gustatory neophobia than controls. During
the first exposure to both the aimond and vanilla solutions, consumption was slightly,
but significantly, lower in the lesion group as compared to the control group (this
difference disappeared on the second pairing day). This would support the contention
that lesioned rats were no less. sensitive to gustatory stimuli than control animals.

A factor that could have influenced responding on both CPA and CTA
tests is the effectiveness of the unconditioned stimulus, LiCl. If the aversiveness of
the LiCl injection was changed in the lesion group, both the CPA and CTA might
have changed as well. However, if the LiCl had produced greater aversive effects in
the lesion group, then both the CPA and the CTA should have increased in propertion
to the aversive effects of LiCl injections. Similarly, if the effectiveness of the LiCl
had decreased, the CPA and CTA would have decreased as wéll. As the strength of
the CPA was in fact increased and the strength of the CTA decreased in the lesion
group, a change in the effectiveness of the unconditioned stimulus due to surgery can
probably not account for the results obtained in this experiment.

One more possible explanation for the observed pattern of aversions
exists, however. It is possible that, because the taste and place stimuli were presented
simultaneously to each subject, conditioning to the taste stimulus in the control group

overshadowed conditioning to the place stimulus and that the effect of the knife cuts
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was to reduce this overshadowing. The phenomenon of overshadowing has been
frequently demonstrated in the past. Foree and LoLordo (1973) showed that when a
compound of two stimuli is presented during conditioning, one of the two stimuli may
come to control responding significantly better than the other. These authors traingd
pigeons to perform an operant response in the presence of a tone - light stimulus
compound in order to avoid shock or receive food reward. After the subjects reached
criterion performance, the strength of responding to the compound and each of its
composite stimuli was measured. The authors fou.d that most responses were made
to the stimulus compound regardless of the nature of the reinforcer. When the
reinforcer was electric shock, some responding also occurred to the tone and very
little to the light. When the reinforcer was food, however, many responses were
made to the light and very few to the tone. Foree and LoLordo concluded that
overshadowing had in fact occurred due to the simultaneous use of the two stimuli.
The direction of overshadowing depended on the nature of the reinforcer used.

If overshadowing had occurred in the present experiment, the place
stimulus might not have been condi;ioned in the control group due to the fact that
conditioning to the taste stimulus was simultaneously achieved. It is conceivable that
the surgery in the lesion group decreased the amount of overshadowing and therefore
increased place conditioning (thowgh this does not explain the CTA effect). In fact,
as Garcia and Koelling (1966) and Miller and Domjan (1981) used a similar
procedure, their results, too, could have been the result of overshadowing of

conditiorﬁng to one component stimulus of the compound by conditioning to the other.
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Experiment 2 was carried out in an attempt to test this explanation.

Experiment 2

If the overshadowing explanation presented above is adequate to
account for the changes at least in CPA following knife cuts, then it would be
predicted that using independent groups of rats for the CPA and CTA would not
produce the same direction of effects. More specifically, one would expect that due
to the absence of overshadowing, the control group wowld show an equally strong
CPA as a lesioned group. The strength of CTA, on the other hand, would still be
weaker in the lesion group. Thus, in Experiment 2, separate groups of rats werg
exposed either to taste or to place cues before receiving injections of LiCl.

Another methodological change in the present experiment concerned the
groups receiving CTA training only.

As taste aversions in both groups used in Experiment 1 had been significant and
strong, the number of conditioning sessions and dose of LiCl used here were reduced
in order to differentiate further the treatment groups. Additionally, as the strength of
learning can also be measured by resistance to extinction (for example, Seligman and
Campbell, 1965), a number of extinction trials were also conducted in this

experiment.
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Method

CPA Procedure

Thirty-four male Sprague-Dawley rats were used. MC-SC projection
fibres were bilaterally transsected, as described in the General Method section, in 24
of the subjects.

Procedures used for place conditioning were the same as described for
Experiment 1 except that, as no taste conditioning was conducted, no novel tasting
solutions were presented to the rats. All subjects were water deprived in order to
ensure a similar physiological state in the rats used in this experiment as in subjects
used in Experiment 1. A minimum of one hour after each experimental session, all
subjects were given 20 minutes’ access to tap water in their home cages.

Tests for place conditioning were conducted as in Experiment 1. Free

access to water was given immediately upon completion of the test session.

TA Pr

Thirty-four male Sprague-Dawley rats were used. MC-SC projections
were bilaterally transsected in 24 of the subjects.

Procedures for taste conditioning were generally as descibed in the
General Methods section except that only two conditioning sessions were conducted.

During one of these sessions one taste was paired with a LiCl injection, and during
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the other session the other taste was paired with a saline injection with order of
pairings and taste-drug combinations completely counterbalanced. During each
session, rats were presented with the appropriate taste solution in their home cages for
20 minutes, after which they were immediately injected with 1.1 cc per 100 g body
weight of 0.15M LiCl or 0.9% saline. This constituted a dose reduction of 50% from
the dose used in Experiment 1.

A total of nine taste conditioning tests were conducted on nine
consecutive days, placement of the two bottles of taste solutions relative to each other

being randomized each day.

Results

As in Experiment 1, data frem subjects that froze during CPA testing
were excluded from analysis. Data from subjects that consumed less than three ml of
fluid during at least one CTA conditioning session were also excluded from analysis.
Some subjects that had undergone surgery and whose surgery had been unsuccessful
were included in a homogenous sham surgery group if they met the appropriate
standards set forth in the General Method section. All decisions on inclusion of
specific subjects into either lesion or sham surgery groups were made blindly by
independent observers. For the CPA procedure, this left 11 subjects in the lesion
group, 10 subjects in the control group, and 9 subjects in the sham surgery group.

For the CTA procedure, 10 animals each remained in the lesion and control groups
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and 3 animals in the sham surgery group.
Data from the two tests were analyzed separately, using the same
aversion ratio scores as in Experiment 1. Lesion, sham, and control groups were

analyzed as three independent treatment groups.

CPA Test

The CPA results are depicted in Figure 6. The
lesion group exhibited a CPA (t=1.86, 10 df, p<.05), whereas the other two groups
did not (t=0.136, 9 df, p>.05 and t=0.339, 8 df, p>.05 for control and sham
groups respectively).

The lesion group differed significantly from the control and sham
groups. A 3x4 ANOVA of treatment by period, with period treated as a repeated
measure, was calculated, followed by Newman Keul’s tests. Only the treatment effect
was significant (F(2,108)=3.75, p<.05). Ratio scores were Sigx‘:ificantly lower for
the lesion group (mean=0.368), than for the control or sham groups (means=0.489
and 0.513 respectively) which were not significantly different from each other. This
indicates that the place aversion was indeed stronger in the lesion group as compared
to the two other groups.

A oneway ANOVA for the total time spent in the neutral alleyway
during the CPA test session was run for the three treatment groups. There were no

significant differences among the groups (F(2,27)=3.14, p> .0S), which suggests that
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Figure 6. Mean place aversions of animals in the lesion, control, and sham groups
used in place conditioning during Experiment 2. Ratio measures significantly below

0.50 denote a place aversion. Vertical bars indicate standard errors.
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subjects in all three groups reacted similarly to completely novel, spatial stimuli.

CTA Test

There were no significant differences among the total
fluid intakes during the nine CTA test days for the three treatment groups. Total
intake measures (LiCl paired plus saline paired solutions) were analyzed in a 3x9
ANOVA for the three treatment groups by the test day, with day treated as a repeated
measure. The day main effect was sigrificant"O(F(8,180)=8.62, p<.001) with total
consumption rising from a mean of 16.29 ml on day 1 to a mean of 24.03 ml on day
9.

All three treatment groups exhibited a significant CTA on the first test
day, as illustrated in Figure 7 (t=8.83, 9 df, p<.0005 for the lesion group, t=2.717,
9 df, p<.01 for the control group, and t=9.04, 2 df, p<.005 for the shnin group).

Over the course of the nine CTA tests, the lesion group exhibited a
weaker aversion than the other two treatment groups. Data from the nine consecutive
CTA tests were analyzed in a 3x9 ANOVA for the three treatment groups by the test
day, with day treated as a repeated measure. The treatment effect was significant,
(F(2,180)=5.39, p<.01). The mean ratio score over the nine test days was highest
in the lesion group (mean=0.349) and equally low for the control and sham groups
(means=0.252 and 0.240 respectively). A post hoc Newman-Keul’s test showed that

the mean for the lesion group was significantly higher than that for the control and
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Figure 7. Oean aversions of animals in the lesion, control, and sham groups over the
nine days of taste aversion testing in Experiment 2. Ratio measures significantly

below 0.50 denote a taste aversion.
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sham groups (p< .05) which did not differ from each other. The treatment by day

interaction was not significant (F(16,180)=0.75, p>.05) in spite of the fact that all
treatmont groups initially had 2 CTA, but the aversion ratio increased significantly

over the last three days only in the lesion group (see Figure 7).

Discussion

The results from Experiment 2 clearly parallel those of Experiment 1 in
that rats showed an increase in the strength of a CPA and a decrease in the strength
of a CTA after bilateral transsections of MC-SC projection fibres.

Due to the fact that the conditioned stimuli were presented separately
and to independent groups of subjects in Experiment 2, rather than as a stimulus
compound, conditioning to each stimulus could not have been interfered with by the
other stimulus. The procedures used in Experiment 2 thus ensured that no
overshadowing of conditioning to the cues present in the conditioning chamber by
conditioning to the gustatory cues couid occur. The fact that changes in conditioning
to each stimulus were nonetheless observed must therefore mean that bilaterally
transsecting MC-SC projection fibres changed the ease with which taste and place
stimuli were associated with the effects of LiCl. That is, as a result of the bilateral
" knife cuts in the lesion group, the associability of place stimuli with the effects of
LiCl injections increased such that a CPA could develop. The associability of taste

stimuli with LiCl decreased after this type of surgery. However, a CTA developed in
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the lesion group, which demonstrates that the associability of tastes with nausea was
still significant in these subjects.

The sham surgery group did not differ from the control groups on
cither the CTA or the CPA test. Thus, knife cuts posterior or ventral to those in the
lesion group did not affect the associability of taste and place stimuli. It is unlikely,
therefore, that any difference in the relative strengths of CTA or CPA in the lesion
group as compared to the other groups were due to general effects of invasive brain
surgery. Rather, the change in associability of taste and place stimuli with the
aversive effects of LiCl injections may critically depend on the transsection of fibres
running in the forceps minor of the CC rostral to the anterior commissure or in areas

rostral to the forceps minor of the CC.

General Discussion

In Experiment 1, rats were conditioned using a compound stimulus
composed of both a taste and visual and tactile cues followed by an injection of LiCl.
As a result of this compound conditioning procedure, control rats displayed a strong
CTA, but no CPA. These results closely parallel those first reported by Garcia and
Keociling (1966), and by Miller and Domjan (1981) who used similar stimulus-
reinforcer combinations. In addition, however, Experiment 1 also showed that rats

with bilateral knife cuts transsecting the path of the MC-SC projection fibres exhibited
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a comparatively weaker CTA and a significant CPA.

As discussed earlier, there are a number of possible explanations for
such a pattern of resuits, most of which can be eliminated based on the performance
of the lesioned rats in Experiment 1. The results of Experiment 1 indicate that the
bilateral knife cuts in the lesion group did not result in a general learning deficit, in a
change in the effectiveness of the reinforcer, LiCl, or in unconditioned effects such as
changes in neophobic reactions (see Experiment 1). By virtue of the experimental
design, any effects of possible preferences established prior to the experiment were
also minimized. It was therefore suggested that the differences in response patterns
during the conditioning tests reflected a true difference in conditioning to the two
types of cues used. Evidence from Experiment 2, in addition, indicated that the
differential conditioning observed in Experiment 1 had not been due to context or
overshadowing effects, as a comparable pattern of conditioned effects could be
obtained in rats with effective bilateral knife cuts even when each cue type was
presented alone, in procedures designed to minimize context effects.

The results therefore'suggest that the lesions increased the associability
of place cues and concurrently decreased that of taste stimuli. An increase in learning
ability following brain damage is not commonly seen. The present results thus
constitute a novel effect due to the occurrence of a reliable CPA in rats with bilateral
transsections.

This facilitation of CPA learning might be accounted for by the

removal of a functional interference of the SC with the MC. That is, assuming. that
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the effects of LiCl preferentially involve SC-related mechanisms, the absence of
conditioning to place cues might depend on 2 functional inhibition of Mé-related
processes. Thus, the effects of transsecting the MC-SC projection path on
conditioning could be described in terms of a hierarchical organization of prefrontal
divisions mediated by the direct projections between them. However, in this
circumstance, it is difficult to account for the observation that the conditioning of
gustatory stimuli actually decreased when MC-SC projection fibres are cut. Whereas
it is known that damage to the SC can affect taste conditioning, the SC was not
directly lesioned in the animals used in the present study. Therefore, it is unclear
what caused the decrease in CTA in Experiments 1 and 2. Itis conceivable that the
cuts did indirectly lead to some undetected degeneration in the SC or affected other
adjacent structures involved in processes related to gustation. On the other hand, it is
possible that there is a functional facilitatory effect of the MC on the SC which was
removed when MC-SC projection fibres were ;ranssected.

This conclusion is strengthened by the observation that, whereas the
changes in susceptibility to conditioning seen in Experiments 1 and 2 occurred in rats
with bilateral cuts transsecting the path of MC-SC projections, sham cuts which did
not extend through the anterior corpus callosum but inflicted comparable damage in
the vicinity of the target area did not effiect the same changes. Sham operated animals
did not show a CPA or display a weaker CTA in Experiment 2. This would suggest
that the critical locus of damage was the area of the anterior corpus callosum already

shown to be the main projection path of the fibre projections linking the MC and the
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SC (Beckstead, 1979; Reep and Winans, 1982a and 1982b). However, although it

can be argued that the cuts in Experiments 1 and 2 interfered with the MC-SC
connections, it is not possible to assess whether the behavioural consequences of the
lesions were entirely attributable to damage to these fibres.

A comparable conclusion was reached by Robertson and Laferriere
(1989), who studied the effects of similar bilateral knife cuts on place and taste
coaditioning mediated by reinforcing direct brain stimulation of the MC. They found
that normal rats rapidly displayed a conditioned taste preference (CTP), but no
conditioned place preference (CPP) when rewarded by ICSS of the MC. Rats with
bilateral knife cuts had a reverse pattern of preferences, displaying a CPP, but no
CTP.

The present results extend these findings to aversively motivated
learning: the same interaction between associations involving the stimulus modalities
related to the SC and the MC takes place regardless of whether a positive reinforcer,
such as ICSS, or an aversive reinforcer, such as LiCl, is used. This would suggest
tha-t the modulation of associability ascribed to the MC-SC projection fibres occurs
over a wide range of reinforcing events.

Although an extensive body of evidence has implicated the MC and the
SC in dissociable forms of learning, based at least in part on the dominant sensory
modality of the learning task (see Introduction; Eichenbaum et al, 1983; Lasiter and
Glanzman, 1982 and 1985; Kolb et al., 1982), there is little direct evidence for a

necessary role of either area in stimulus-reinforcer conditioning of the type
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represented by the present learning task. For example, although lesions of the insular
cortex attenuate the acquisition of a CTA, they do not prevent such learning from
taking place (e.g., Lasiter and Glanzman, 1982 and 1985).

This uncertainty over the exact role of the prefrontal area in associative
processes makes it difficult to characterize precisely the involvement of the MC-SC
projection path in the process of stimulus associability. It is likely that thc prefrontal
subdivisions exert modulating influences on the necessary substrates for the
represeatations and processing underlying conditioning of the type used in the present
experiment. This would be in keeping with current attempts t0 describe PFC function
in terms of a structuring, organizing, or enabling influence on more elemental
processes such as stimulus-reinforcer associations (Fuster, 1980; Kolb, 1984).
Regardless of the precise nature of the involvement of the PFC in associative
learning, the present results strongly suggest the existence of a functional interaction
between PFC subdivisions which influences the conditioning of gustatory and visual
cues via the corticocortical fibres linking these areas.

Whereas previous research has concentrated on defining the functions
of each prefrontal subdivision by characterizing the behavioural deficits associated
with lesions to these areas, the results of Experiments 1 and 2 suggest that another
aspect of prefrontal function could be uncovered by studying the consequences of
disconnecting these same areas. In this context, the observation of altered stimulus
associability consequent to the knife cuts performed in Experiments 1 and 2 represents

a first step toward describing the role of prefrontal areas in associative learning, and
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learning, and in particular of a key feature of conditioning phenomena: the existence
of stimulus-reinforcer bias. The results of Experiments 1 and 2 demonstrate that the
size and direction of such a bias can be altered by the knife cuts performed. That
such an effect may be related to the destruction of connecting fibres linking the MC
and the SC provides a strong indication that the prefrontal subdivisions may, through
their interaction, play an important role in the process of stimulus selection which
appears to underlie bias effects in conditioning. The present results therefore extend
previous suggestions that the occurrence of stimulus-reinforcer bias refiects the
differential activation of distinct sets of neural structures (Rozin and Kalat, 1971;
Garcia and Koelling, 1966) by identifying a possible substrate for the variation in
associative strength seen with the use of different reinforcing events.

In the present study, only associations between an interoceptive
aversive reinforcer (LiCl) and interoceptive or exteroceptive stimuli were examined.
Robertson and Laferriere (1989) examined associative learning using a positive
reinforcer and obtained results that are fully compatible with those of the present
study. However, it remains to be seen whether a similar orthogonal pattern of results
could be obtained if an aversive exteroceptive stimulus, such as electric shock, was
used. Normal rats readily display a CPA, but not a CTA, with shock as the us
(Garcia and Koelling, 1966). Results from research on CTA and CPA learning using
shock as the reinforcer could demonstrate more clearly the nature of the interaction
between the MC and the SC.

In summary, the results of the present experiment provide a clue to a
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general feature of the organization of learning: that associative learning involves

separate but interacting neural substrates and that prefrontal mechanisms may have a

special role in the regulation of these intiractions.
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