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ABSTRACT

Previous research has indicated two distinctive characteristics
of flavour-aversion learning in rats: (1) rats very readily associate
flavors with an internal malaise (toxicosis), as evidenced by their sub-
sequent aversion to the flavor, but they do not readily associate fla-
fors with peripherally-applied electrié shock. In contrast, rats readily
" associate auditory and visual stimuli with shock but not with toxicosis;
(2) rats associate flavors with a subseguent toﬁicosis even when the
"~ gustatory stinulus is removed hours prior to cnset of toxicosis. How-
evar, associations are formed between audio/visual cues and shock only
if the offset of the signal does not precede onset of shock by more than
or bwo ndnutes.

I£ has been suggested that the uniquelfeatufes of flavour-aver-
sion learning result from the fact that toxicosis is primarily a vis-
céral exparienca while shock is applied to somesthetic receptors. How-
ever, toxicosis differs from shock along a number of dimensions in addi-
tion to receptor site. Most notably, toxicosis typically rises to a peak
intensity over a period of many minutes and lasté_for hours whiie sh@dq.
is uswally applied with a rapid onset (milliseconds) and short duration
(seconds or milliseconds). Inasmuch as aversion learning experiments have
ccnfounded the receptor site of the aversive stimulus with its distinctive
temporal featucss, it is not clear whether receptor éité or temporal

features is the functionally important characteristic of toxicosis as an



aversive stimulus in the taste-aversion learning preparation.

To determine the role played by the temporal features of the
aversive stﬁnulus in taste-aversion learning, rats were prepared with
a stomach balloon and stomach balloon inflation was paired with in-
gestion of a flavored solution. In contrast to toxicosis, the

| onset/offset rate and duration of ballocn inflation may be directly
manipulated thus permitting application of a relatively discrete in-
ternal stimulus (in camparison to toxicosis) to visceral receptors.

Experiments presented here found: ’(a) rats associated a
flavor with a stomach balloon inflation as indicated by an aversion
to the flavor during a two-solution preference test. In contrast to
toxicosis, the stomach balloon inflation had a rapid onset {seconds)
and short duration (minutes). Control groups demonstrated that the
rapid onset, short duration balloon inflation did not pfoduoe the
long lasting malaise characteristic of toxicosis. (b) Rats asso-

“clated a flavor with a rapid onset, short duration balloon inflation
even when exposure to the flavor was terminated many minutes prior
to onset of ballocon inflation. (¢) Rats readily associated a flavor
with bailoon inflation but not with shock, and an auditory stimalus
with shock but net with balloon inflatioﬁ, even though balloon in-
flation and shock were equated in tér:r.s of their temporal parameters.

These findings clearly indicate that the very slow onset

and leong duration characteristics of toxicosis are not the function-
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ally important features of toxicosis as the aversive stimulus in the
taste-aversion learning preparation. Furthermore, the unigque temporal
features of toxicosis and shock do not appear responsible for the

distinctive characteristics of flavor-aversion learning in rats.
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CHAPTER l: INTRODUCTION

Pavlovian Conditioning

Pavlovian conditioning is characterized by a set
of operations in which a subject is exposed to the repeated
presentation cof two environmental events or stimuli. The
presentation of these two stimuli is arranged so that
(a) one stimulus reliably predicts the occurrence cf the
second and (b) the stimuli are presented without reference
to any behavior emitted bv the subjecﬁl In the traditional
Pavlovian terminology, the second of the two stimuli is
termed the unconditional stimulus (US) while the signal
stimulus which reliably predicts the US is termed the
conditional stimulus (CS).

The US is typically a biologically significant
event that, without prior presentations, elicits a
response termed the unconditional response (UR). For
example, two widely used USs have been food presentéd to a
hungry subject and nociceptive electric shock. Food
elicits a variety of alimentary behaviors such as chewing,
licking,.salivating and gastric secretion. Nociceptive
shock, on the other hand, may elicit respohses such as leg

flexion, eyelid closure and changes in heart rate.



In contrast to the US, with its reflexively
elicited behavior, the conditional stimulus is usually
selected because it is a relatively neutral environmental
event that elicits little behavior prior to its pairing
with the US. As a function of (i.e., conditional upon) its
repeated pairing with the US, howevef, the C5 comes to
elicit behaviors relevant to the US with which it is paired.
The response elicited by the CS conditional upon CS-US
pairings is termed the conditional response (CR). 1In
Pavlov's original observations {1910), for example,
environmental cues such as the sight of the person who
normally fed the dogs and the smell.of the food which
inevitably preceded the presentation of food to dogs became
capable of eliciting stomach acid secretion. Here the
preceding cues (CS) were coincideﬁtally paired a number of
times with food (US) and these environmental cues by
themselves became capable of eliciting gastric activity.

In Pavlov's later (and better known) conditioning
rescarch (1927) a variety of arbitrarily selected CSs
(bells, light, tactile stimulation, etc.) were paired a
nunber of times with food, each food presentation
unconditioﬁally eliciting salivation. After a number of
such pairings salivation was noted to occur following

presentation of the CS alone.



Arbitrariness and the Choice of CS and US

In the approximately 75 vears that have followed
Pavlov's pioneering investigations, Pavlovian conditioning
procedures have been extensively used to investigate
associative learning in man and other animals (Beecroft,
1966; Black & Prokasy, 1972; Prokasy, 1965). The emphasis

“of much of this research has been placed on the formulation
of "laws of learning" that would be applicable in a wide
variety of experimental situations and with a wide variety
of subject species. Most of the experimentation, however,
has been conducted within a limited number of species
(e.g., rat, dog and pigeon) and experimental situations
selected for reasons of convenience. It was assumed that
once allowances were made for sensory and motof capacities
of the subject, results from experimentation with different
subject species and experimental situations would differ
only\quantitatively (Estes, 1959; Skinner, 1938). Thus,
any one experimental situation was expected to be as
satisfactory as any other situation in the investigaticn
of associative learning:

Pigeon, rat, mcnkey, which is which? It doesn't

matter. ... once you have allowed for differences

in the ways in which they make contact with the

environment, what remains of their behavior shows

astonishingly similar properties. (Skinner, 1959)
Pavlov, himself, had suggested that any CS and US could be

selected for the investigation of the associative process:



It is obvious that the reflex activity of any effector
organ can be chosen for the purpose of investigation,
since signaling stimuli can get linked up with any

of the inborn reflexes. (Pavlov, 1927, p. 17)

Any natural phenomenon chosen at will may be converted
into a conditional stimulus. (Pavlov, 1928, p. 86)

It was hoped that ﬁhe arbitrary selection of CS,
US and subject species would, in itself, assure a certain
generality with respect to the principles cbtained from the
study of associative learning (Seligman, 1970). By the
1950s and early 1960s it appeared that the intensive
investigation of a limited number of experimental situations
had succeeded in establishing é number of general principles
regarding the associative process (e.g., Kimble, 1961).
' theorigtse have

antlxr howarar s=waeral lazarnin
necently, nowever V 5N

Wl

suggested that, inasmuch as the néurological structure (i.e.,
associative mechanism) which underlies learning is a
biological characteristic of an organism, it should be
adapted threough natural selectioh to the demands of the
organism's natural environment (Bolles, 1970; Garcia,
McGowan & Green, 1972; Rozin & Kalat, 1971; Seligman, 1970;
Seligman & Hager, 1972). Therefore, different species
could possess distinctively different associative mechanisms
and, as a result, qualitative features of data obtained from
learning experiments might well be determined by a
researcher's choices of organism or experimental situation.
Support for the argument that principles of
learning based on results from arbitrarily selected subject

species and experimental situations might themselves be



arbitrary and limited in generality has been derived from
several different sources (Breland & Breland, 196l1l; Brown &
Jenkins, 1968; Garcia & Ervin, 1968; Shettleworth, 1972).
Nowhere, however, has the role played by an experimenter's
choice of specific CS and specific US in the study of
learning been more clearly illustratéd than inbthe
investigations of aversion learning in the rat (Garcia &

Ervin, 19638).

Conditioned Taste Aversions

Rats readily acquire an aversion to a gustatory

~

conditional stimulus if ekposure to that stimulus is

" followed by a US which causes an internal disturbance.
Domjan and Wilson (1972a), for example, exposed rats to the
taste of saccharin flavored water {the CS) and then
injected subjects with a sublethal dose of lithium chloride
{(the US), a drug known to produce visceral distress in man
and other animals (Schou, 1957). Control subjects
experienced either the taste of saccharin or the lithium
toxicosis, but not both. When subsequently offered a
choice between the saccharin solution and tap water, rats
that had experienced the taste of saccharin followed by
lithium toxicosis preferred to drink water while control

rats preferred the saccharin solution. 'Thus, paired

0]

presentations of gustatorv CS and toxic US produced a taste

-



aversion (the CR) while presentation of CS or US alone did
not. |

Nét only are the operations required to pfoduce a
conditioned taste avefsion equivalent to those of Pavlovian
Conditioning but many results obtained from taste-aversion
| learning experimehts are also consistent with results
obtained from other Pavlévian conditioning preparations
(Garcia, Hankins & Rusiniak, 1974; Mackintosh, 1975). For
example, (a) the magnitude of a conditioned taste aversion
is a direct function of the number of CS-US pairings
experienced by the subject (e.g., Dragoin, l97lf, (b) the
strength of a learned taste aversion may be attenuated by
interpolating a temporal delay between exposure to the
gustatory CS and the subsequent administration.of the US,
with no taste-aversion learning occurring if the temporal
delay between CS termination and US onset is sufficiently
long (e.g., Domjan & Bowman, 1974; Kalat & Rozin, 1973)
and (c¢) the magnitude of a conditioned taste aversicn is a
function of US aversiveness (Dragoin, 1971; Revusky, 1968).

Results from taste-aversion learning experiments
are, however, quite unusual in two respects. First, rats
associate gustatory CSs with toxic USs even when a very
large temporal delay is ihterpolated between CS and US, a
delay many times larger than would have been expected based
ocn results from experiments with other CSs and USs. Second,

rats do not readily assocliate gustatory CSs with nociceptive



USs applied to the surface of the rat'’s bddy even though
these nociceptive events are quite effective USs when
paired with CSs other than gustatory CSs. It is the rat's
association of gustatory‘cs witﬁ toxic US over very long
CS-US intervals and the rat's selective association of CS
and US which are frequently cited as indicating the
importance of an experimenter's choice of conditioning
preparation to the conclusions reached akout the .
associative process. Each of these findings is discussed
in more detail below.

Aversion learning and the trace conditioning

paradigm. It has been generally accepted that close
temporal contiguity between CS and US is necessary for
associative learning. Indeed, reviews of the relevant
literature have provided extensive support for this
principle (Kimble, 1961; Renner, 1964). Delaying onset of
the US for even a few seconds after termination of the CS,
a procedure known as trace conditioning, can dramatically
attenuate the CS-US association. Optimal CS-US trace
intervals have typically been described in terms of seconds
or milliseconds (Ellison, 1964; Smith, Coleman & Gormezano,
1969). The longest trace intervals over which associative
learning has been demonstrated with traditional Pavlovian
conditioning preparations appears to be a few minutes.
Kemin (1965) reported that rats cculd associate an auditory

stimulus with suvbsequent electric shock even when shock



onset was delayed by two minutes following termination of
the CS. Little evidence of associative learning was
obtained when the CS-US interval was three minutes. There
was until recently, therefore, little reason to question
the assumption that close temporal contiguity between CS
and US was necessary for associative learning.

To explain associative learning with relatively
short trace intervals between CS and US, it was usually
assumed that some central nervous system representation
(a central trace) of the CS persisted for seconds or
minutes at most to bridge the interval between CS and US
(see Pavlov, 1927). Close temporal contiguity between CS
and US was necessary for associative learning because the
CS trace simply did not persist for a long period of time.

Close temporal contiguity between CS and US does
not, however, seem to be a requirement for taste-aversion
learning. A gustatory stimulus may be presented to a rat
and then removed hours before the onset of toxicosis
without eliminating associative learning. An experiment
by Garcia, Ervin & Koelling (1966) illustrates this point.
Rats were allowed to ingest a saccharin solution and, at
different delays following removal of the gustatory
stimulus, were injected with a toxin, apomorphine. Only
when apomorphine administration was delayed by at least
two hours after the gustatory stimulus was removed was

aversion learning prevented. Numerous studies have since



demonstrated substantial taste-aversion learning with
CS-US trace intervals of from 2 tb 12 hours (e.g., Domjan
& Bowman, 1974; Revusky, 1968; Smith & Roll, 1967).
DPelaying administration of the US does not in
itself rule out the possibility of CS-US contiguity. Rats
might regurgitate the flavored solution during sickness,
or the gustatory stimulus might persist in the rat's mouth
for a long period following ingestion. In either case,
physical remnants of the gustatory stimulus coulid occur
contiguously with the US. However, rats do not regurgitate
during sickness (Garcia & Exrvin, 1968) and it seems unlikely
that any physical trace of a gustatory stimulus could
persist in the mouth over a twelve hour C(CsS-US interval
(Smith & Roll, 1967). In addition, it has beeﬁ demonstrated
that rats learn an aversion to a novel gustatory stimulus
even when a second gustatory stimulus is interpolated
between the initial stimulus and the toxicosis (Kalat &
Rozin, 1970; Revusky & Bedarf, 1967). If physical remnants
of the novel gustatory stimulus were responsible for CS-US
contiguity, the interpolated stimulus should have altered
these remnants and thereby prevented an acqguisition of an
aversion to the original gustatoryICS. inally, rats have
learned to avoid ingesting slightly acidic water even
though a litmus paper test demonstrated that acidity in
the subject's mouth returned to normal well before the

onset of illness (Garcia, Green & McGowan, 1969j).
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it appears, therefore, that physical remnants of
the CS do not bridge the CS-US interval when CS offset
precedes US onset by an hour or longer. This finding is
in marked contrast to the close temporal contiguity
required for associationAin other classical conditioning
preparations.

Inasmuch as it has seemed unreasonable to assume:
that a central reprresentation (trace) of the gustatory CS
persists for hours, several investigators have suggested
that new theories are required to account for taste-
aversion learning in the trace conditioning paradigm
(Revusky & Garcia, 1970; Rozin & Kalat, 1971; Seligman,
1870). The substantive issues dealt with in this thesis
do not require an extensive treatment of the data or
theories related to taste-aversion learning with a delayed
US onset. [The interested reader will find detailed
presentations c¢f this information by Kalat and Rozin
{1973), Revusky and Garcia (1970) and Rozin and Kalat
(1971) .}

Selective association of CS and US. It has been a

prevalent view among learning theorists that, once
allowances were made for the sensory and motor capacities
of the subject, the choice of CS and US for the study of
associative learning was arbitrary. That is, any one

CS-US pair shculd lead to essentially the same conclusions
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. about the associative process as any other CS-US pair.
This view was supported by a substantial body of research
demonstra£ing that subjects did associate a wide variety
of visual, auvditory, tactual, thermal and proprioceptive
stimuli with an equally wide variety of USs (see Hull,
1934; Kimble, 1961). Recent_taste—aversion learning
research has shown, however, that different CS-US pairs
can lead to substantially different conclusions concerning
associative learning in the rat.

Although rats very readily learn an aversion to
gustatory stimuli paired with toxicosis, rats do not
easily learn a taste aversion when gustatory stimuli are
paired with electric shock (Domjan & Wilson, 1972b;

Garcia & Koelling, 1966; Garcia, McGowan, Ervin & Xoelling,
1968). In contrast, rats readily learn to avoid auditory
or visual stimuli when these stimuli are paired with shock
but not when paired with toxicosis. A study by Domjan and
Wilson {1972Db) cleariy illustrates the rat's selective
association of CS and US. Two groups of rats were exposed
on four separate occasions to a solution of sodium
saccharin in tap water. Following each exposure to the
saccharin solution one group experienced a toxicosis
induced by a lithium chloride injection and the other
group experienced a nociceptive electric shock. The group
which experienced the saccharin solution followed by

toxicosis learned a taste aversion while the group which
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experienced saccharin solution followed by electric shock
did not learn a taste aversion. Two additional groups of
rats were exposed on four separate occasions to an auditory
stimulus consisting of an irregularly pulsed buzzer. One
group of rats experienced a lithium induced toxicosis
following each exposure to the buzzer while the second
group experienced the electric shock. (Shock intensity

and lithium éhloride dose level were the same as used for
the two groups exposed to the saccharin solution.) The
group that experienced the buzzer followed by shock learned
an aversion to the auditory stimulus while the group that
experienced the auditory stimulus followed by toxicosis

did not.

The selectivity of the rat's gustatory-toxicosis
association in the Domjan and Wilson (1972b) study is
vhamnbiguous. Taste-aversion learning could not have been
due to any extraordinary salience of the gustatory stimulus
because the same stimulus was not avoided following its-
pairing with shock. Nor cculd it have been due to any
extraordinary aversiveness of the toxicosis since the
toxicosis was not able to motivate an aversion to the
auditory stimulus. (A similar argument can be made for
the selective agscciation of the auditory stimulus with
shock.} It seems, therefore, that the choice of specific

CS and specific US can effect the outcome of a learning
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experiment in a manner not anticipated by conventional

views of associative learning.

Prepared Associations

To account for selective association--gustatory
stimuli with toxicosis; audiovisual stimuli with shock--
several investigators have suggésted that by virtue of
their evolutionary history rats are "prepared", in the
sense of being genetically predisposed, to associate
certain types of stimuli with certain biologically

important events (Garcia & Ervin, 1968; Rozin & Kalat,

[

1271; Seligman, 1970). For example, Carcia (Garcia &
Ervin, 1968; Garcia, Hénkins & Rusiniak, 1974) argues that
rats are prepared to associate gustatory stimuli with
visceral sensations and visual or auditory stimuli with
nociceptive events applied to the surface of the rat's
body. Garcia further suggests that the evolutionary

basis for this selective asscociation is easily understood
when the rat is éonsidered in its natural environment.
Rats are omnivorocus creatures'dependent primarily dﬁon
olfaction and taste to detect and identify foods. Since
the environment contains harmful as well a beneficial
foods, it is advantageous for the rat to readily associate

the internal conseguences of harmful foods with the

gustatory stimuli that identify the food. Similarly,
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Garcia argues that it is advantageous for rats to associate
auditory and visual stimuli with external aversive events
because sﬁch associations would allow rats to. readily
acquire an avoidance response to predators detected at a
distance. In support of this view Garcia and his
colleagues (i.e., Garcia & Ervin, 1968; Garcia, Hankins

& Rusiniak, 1974) cite neurological evidence suggesting
gustatory and visceral afferents are integrated in a
subcortical center separate from the center inﬁegrating
'visual and auditory afferents with somesthetic afferents.
It is this neurological organization which, according to
Garcia, provides the basis for selective association.
Rats associate toxiéosis with gustatory and not auvditory
stimuli because toxicosis stimulates visceral afferents
and not somesthetic afferents, the reverse being true for
shgck.

At least one investigator (Revusky, 1971) has
incorporated Garcia'§ selective association mechanism into
an explanation of the rat's ability to associate gustatory
CSs with delayed presentation of a toxic US. First,
Revusky (1971) suggests that the temporal interval over
which a CS and US may be associated depends upon the number
of stimuli that occur in the CS-US interval and thereby
compete for association with the US. In effect, stimuli
that occur in the CS-US interval interfere with the

subject's formation of an association between CS and US.
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When the interference is great enpugh, that is, when a
large numper of stimuli occur in the CS-US interval, the
association of CS with US can be prevented altogether.
Second, Revusky argues that only stimuli that subjects are
prepared to associate with a particular US actually
compete for association with that.Us. Thus, only
gustatory (and perhaps olfactory) stimuli compete for
association with toxicosis while auditory or visual
stimuli compete for association with shock. According to
Revusky (1971) then, rats are able to associate gustatory
CSs with toxic USs over long CS-US intervals because rats
experience relatively few competing stimuli»between the
gustatory CS and toxicosis onset. In contrast, rats are
continually exposed to a variety of auditory and visual
stimuli which can compete for association with an external
US.. Even a brief interval between auditory or visual CSs
and external USs would permit a large number of relevant
stimuli to compete for association with the US. Therefore
associative learning with auditory or visunal CSs and an
exteroceptive US is attenuated by the interpolation of

even very short delays between CS termination and US onset.

Site of US Application vs. US Temporal Features

The mechanism suggested by Garcia (e.g., Garcia &

Ervin, 1968) as the basis for selective association assumes
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the important functional difference between shock and
toxicosis is that the former is somesthetic while the
latter is visceral. However, shock and toxicosis differ
on several dimensions other than site to which the US is
applied. The shock administered in learning experiments
is typically a localized environmental event having a
rapid onset (i.e., rising quickly to a maximum intensity),
short duration and rapid offset. 1In contrast, tcxicosis
is a pervasive internal experience having a slow onset,
long duration and a slow recovery.

Not only do shock.and toxicosis differ on a
variety of dimensions, but published demonstrations of
selective association have clearly confounded a number of
these differences with US receptor site. Domjan and
Wilson (1972b), for example, demonstrated selective
association with & 500 millisecond shock and a lithium
toxicosis as external and internal USs, respectively.

The 500 millisecond shock is clearly a punctate US with a
rapid onset and short duration while the lithium toxicosis

is a diffuse experience which typically develops over a

period of five to fifteen minutes and lasts from one to

four hours (Barker & Smith, 1974; Nachman, 1970). Thus
sﬁbjects in the Domjan and Wilson (1972b) study could have
associated the lithium toxicosis with the gustatory €S and not

the auditory CS because the toxicosis had a slow onset and
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- long duration and not because the toxin acted upon
visceral receptors.

A similar argument can be made with respect to
other demonstrations of selective CS-US association, even
when exposure to ionizing radiation, instead of a toxic
chemical, was used as‘the “internalﬁ US (Garcia & Koelling,
1966; Garciaj McGowan, Ervin & Koelling, 1968). Just as
administration of lithium phloride leads Lo a visceral
distress which has a slow conset and long duration, exposure
to ionizing radiation also produces an internal malaise,
"radiation sickness", which has a slow onset and long
duration (at least at dose rate and level reported in these

eyperiments) (Garcia & Ervin, 1968). Thus in each case,

[0}

the selective association of gustatory CS with toxic US
{either administration of a chemical or irradiation) and
anditory or visual CS with shock could have been a functic

of US temporal characteristics rather than site of US

Perhaps -the tempcral characteristics of the US are
particularly important for the acquisition of a conditioned
taste aversion. If so, then an internal US having a rapid
onset, shorit duration and limited site of application

might not be {(a) readily associated by rats with a

D

gustatory CS, (b) readily associated with a gustatory CS

over a relatively long CS-US trace interval, or
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{c) selectively associated with gustatory stimuli.

Research Strategy

To investigate the possibility that the temporal
characteristics of the internal US play an important role
in the distinctive results obtained from taste-aversion
learning experiments, it is necessary to control directly
rate of US onset and duration of US application. Inasmuch
as control over onset and duration of chemical or radiation
induced toxicosis did not seem possible without manipulation
of a confounding variable such aé peak blood concentration
of a toxin, another form of internal US was sought.

One form of internal US is distention of the
stomach by means of a chronically implanted balloon.l
Miller (1957) reported that distention of a rat's stomach
by means of a chronically implanted balloon could disrupt
bar pressing for a foocd reward and that rats also learned

to avoid +the arm of a T-maze associated with stomach

Another form of internal US which was investigated
in a preliminary fashion was electric shock applied
directly to the viscera. However, experiments in which an
electric current was applied to the mucosa cf the stomach
through implanted electrodes encountered several obstacles.
The electrodes rarely remained in place more than a day or
two. A low voltage shock failed to motivate taste-aversion
learning even when applied for a long period of time. At
higher intensities the current caused contractions of
thoracic and abdominal striate muscies, which are not
usually classed as visceral.



19

distention, suggesting that stomach distention can act as
an aversive stimulus. Furthermbre,,since rate of inflation,
rate of déflation and duration of inflation are readily
controlled, the temporal features of balloon inflation can
be manipulated to produce an internal stimulus which is
temporally similar to either shock or toxicosis while
maintaining the same site of US application. Thus,

stomach distention by means of a chronically implanted
balloon would seem well suited for the exploration of the
role played by the temporal features of the internal US in

taste-aversion learning.



CHAPTER 2: DISTENTION PARAMETERS

Inasmuch as direcf, mechanical distentiqn of the
stomach had not been previously used to motivate taste-
aversion learning, the initial experiments were designed
to (a) assess the efficacy of stomach distention in the
taste—aversion preparation, and (b) to explbre the
relationship between basic balloon inflation parameters
(volume and duration) and the magnitude of taste-aversion

learning.

Experiment 1l: Initial Demonstration

Experiment 1 was designed to determine if taste-
aversion learning would be motivated by inflation of an
intragastric balloon.A Two groups of rats were prepared
with stomach balloons. One group cf rats drank a
distinctively flavored solution prior to stomach balloon
inflation; the second group drank the same solution but
their stomach balloons were not inflated. Following this
training, preference for the flavored solution was assessed
by allowing subjects to choose between the flavored
solution and tap water.

If stomach balloon inflation effectively motivated

20
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‘taste-aversion learning, subjects' whose stomachs were
distended_following ingestion of the flavpred_solution_
would subsequently evidence lower preference for this
solution in comparison to subjects who experienced the
flavored solution but not the stomach distention. However,
the distention subjects might evidenée an aversion to the
flavored solution for reasons other than because they
associated the flavor with the gastric stimulation. For
example, rats are generally reluctant to ingest large
quantities of relatively novel solutions, and the
experience of internal malaise has been reported to
enhance this behavior (Rzoska, 1953; Rozin, 1969). Thus
mere distention by itself, whether or not preceded by a
gustatory CS, might cause subjects to subsequently avoid
any flavored solution. To assess this possibility, and
the possibility of other nonassociative consequences of
the distenticn experience, a third group of rats was
prepared with stomach balloons. This group did not drink
the flavored solution until several minutes after balloon
inflation was terminated. Subjects in the third group,
therefore, experienced the same exposure to gustatory CS
and balloon inflation US as did subjects in the first
group, but the sequence of exposure eliminated thé forward
pairing of CS and US usually considered necessary for

aversion learning. That is, rats cannot "learn" an
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aversion to a stimulus which does not precede or at least
occur contiguously with an aversive US (Mackintosh, 1975).
Thus, an aversion resulting from the backward pairing of
CS and US is typically attributed to some nonassociative
consequence of the subjects experiencing these events.

To unambiguously demonstrate taste-aversion learning,
subjects that ingest the flavored solution before stomach
distention must subsequently show a greater aversion to
the flavored solution than subjects that ingest the

flavored solution after termination of stomach distention.

Method

Subjects and pre-experimental preparation.

Eighteen male rats, (Rattus norvegicus, Charles River
strain, obtained from Canadian Breeding Farms, St. Constant,
Quebec) weighing 275 to 300 grams, were individually housed
and maintained on food (Purina Rat Pellets) and water ad
libitum except as noted below.

Each subject was placed under general anesthesia
and surgically prepared with a stomach balloon before it
participated in the experiment. A detailed description of
balloon construction and surgical procedure is presented
in Appendix 1. 1In brief, a stomach balloon with cannula
was prepared from a section of latex finger cot tied to a

length of Clay-Adams "Intramedic" polyethylene tubing
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(size, P.E. 160). The balloon was inserted through a small
incision into the antral portion of the stomach and
positioned along the greater curvature (see Figure la).
The cannula portion of the balloon was passed through the
muscle wall of the abdomén and threaded/subcutaneously to
the back of the neck where it was externalized. The
stomach was sewn to the peritoneal cavity wall at the point
where the cannula passed through the muscle (a point just
posterior to the most caudal extension of the left rib
cage) and the externalized portion of the cannula was held
in place with a small plastic washer trépped by the flared
end of the polyethelene tubing.

Subjects typically regained preoperative weight and
appeared normal in activity and response to handling within
two or three days after surgery.

Apparatus and stimuli. During daily experimental

sessions a subject was placed in a Fisher Scientific small
animal restrainer (chamber area, 18 centimeters long by
6.5 centimeters wide) with its tail taped to an extension
at the back of the restraint (Figure 1lb). An opening in
the front wall of the restraint allowed insertion of a
dfinking tube and a second opening on top of the restraint
allowed connection of an extension to the stomach-balloon
cannula. Fluids, either water or a .15% (w/v) solution of

sodium saccharin in water, were presented to a restrained
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Figure 1

Experiment 1l: la) Location of the balloon within
the rat's stomach. 1b) Restraint. 1lc) Drinking spout and

reservoir.
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Figure 1
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,subject through a stainless steel‘drinking tube connected
via a rubber collar to a fluid reservoir (a #8 Pyrex, thin-
walled gléss’column). The drinking tube and reservoir were
mounted on a ring stand to allow easy insertion into and
withdrawal from the restraint apparatus (Figure lc).

Inflation of the stomach balloon in the restrained
subject was accomplished by manually infusing a premeasured
volume of room temperature water into the stomach balloon
through a cannula extension affixed to the externalized
portion of the balloon cannula. The period of balloon
distention was terminated by withdrawing the water from
the balloon.

Adaptation. The experiment began with the removal

of water from the rats' home cages five days after surgery.
Each day thereafter each subject was removed from its home
cage to an experimental room and placed in the restraint
apparatus for one-half hour. During this restraint period
each subject was alloWed to drink water for three minutes
from a spout inserted into the restraint. Following this
one-half hour of restraint each subject was returned to its
home cage where it received further access to water for
one-~half hour.

Treatment. Following five days of adaptation,
subjects were assigned to cne of three treatment conditions:
operated, saccharin only control (Group Operated Control--

OpC, n=6), forward pairing of CS and US (Group Forward
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Conditioning~-FCd, n=6), or backward pairing'of CSs and US,
with exposure to the saccharin solution being delayed until
five minutes after balloon deflation (Group Backward
Pairing, 5 minutes--Bkd-5, EéS).z During each of two
treatment sessions, one per day, OpC subjects were exposed
to the CS solution and 10 minutes later were returned to
home cages. FCA subjects were exposed to the saccharin
solution and then immediately experienced 20 minu;es of
balloon inflation before being returned to home cages.
Bkd-5 subjects experienced 20 minutes of balloon inflation
and, five minutes after balloon deflation, were exposed to
the saccharin solution before being returned to home cages.
Each exposure to the saccharin solution was limited
to either (a) 180 seconds from the first 1lick, or (b) a
total volume of 3.0 milliliters, whichever occurred first.
Each balloon inflation consisted of infusing water into
the balloon until resistance was met or to a limit of 20
ml. All subjects were given their daily one-half hour
access to water immediately after each treatment session.
Testing. Twenty-four hours after the second
treatment session, two calibrated cylinders, one containing
tap water and the other the saccharin solution, were placed
on each subject's home cage. Fifteen minutes later the

cylinders were removed and the amount of each fluid

Six subjects were originally assigned to Group
Bkd-5, but one died during fthe course of the experiment,
and its data are excluded.
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consumed recorded. For each subject, a saccharin preference
ratio was calculated by dividing the volume of saccharin
solution ingested by the total volume of fluid consumed
(saccharin plus water). This ratio can range from a value
of 0.0 (complete refusal‘of the saccharin solution) to

1.0 (complete preference for saccharin).

To summarize briefly, the experiment consisted of
eight daily experimental sessions: five adaptation, two
treatment and one test. Experimental treatments consisted
of subjects (a) ingesting the saccharin solution (Group
opC) , (5) ingesting the saccharin solution and then
experiencing 'stomach distention (Group.FCd), or
(c) experiencing stomach distention and then ingesting the
saccharin solution (Group BKd-5). Finally, saccharin
preference was assessed with a two-solution choice test

conducted in the home cage.

Results

All two-group statistical compariscns descr%bed
below are based on thg nonparametric Mann-Whitney U test,
and all reported probability levels are two-tailed.

Inflation volumes during treatment sessions.

Median inflation volumes during Treatment Sessions 1 and 2
were, respectively, 18.3 ml and 13.0 ml for the FCd group,

and 18.0 ml and 15.0 ml for the Bkd-5 group. The groups
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Figure 2

Experiment 1l: Median saccharin preference ratios
for groups that drank a saccharin solution either before
(FCd) or after (Bkd-5) balloon inflation during treatment
sessions. The saccharin only group (OpC) did not
experience stomach distention. Number of subjects per

group is indicated in parenthesis.
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did not differ significantly in inflation volume during
either treatment session.

Test session. The median saccharin preference

ratio for each group is presented in Figure 2.3 Subjects
that experienced the 20 minute balloon inflation either
before (Bkd-5) or after (FCd) ingestion of the saccharin
solution during treatment sessions evidenced significantly
lower saccharin preference ratios than did subjects who
experienced only the saccharin solution on training trials
(FCd vs. OpC, U=1l, p=.004; Bkd-5 vs. OpC, U=l, p=.008).
Although the FCd group appeared to have a stronger aversion
to saccharin than the Bkd-5 group, the difference between

groups was not statistically significant (U=11, p>.20).

Discussion

Because the backward pairing group evidenced a
significant aversion to the saccharin solution, the
aversion to saccharin exhibited by the forward pairing
subjects does not provide an unambiguous demonstration
of taste-aversion learning with stomach distention as the
US. The aversions apparent in both groups could reflect a

nonassociative consequence of saccharin ingestion and/or

3 Appendix 2 presents median milliliters of total
fluid ingested by each group in each experiment during
preference tests and discusses these data in relation to
between group comparisons based on preference ratios.
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'the stomach distention experience.

In the introduction to this experiment it was
indicated that rats could not learn an aversion to a
stimulus unless that stimulus preceded or occurred
contiguously with the US. The fact that backward pairing
subjects were exposed to the.gustatéry stimulus five
minutes after balloon deflation had occurred would
therefore appear to preclude taste-aversion learning. If,
however, the stomach distention procedures used in
Experiment 1 induced an internal malaise which did not
end with balloon deflation, then rats experiencing
backward pairing could have had an internal distress both
‘during and after exposure to the saccharin solution.

Onset of the gustatory stimulus need not occur before the
onset of internal malaise for the effective acquisition
of a learned taste aversioh: see, for example, Boland,
1973; Barker and Smith, 1974.

Indeed, observation of tﬁe rats indicated that
subjects in both forward and backward pairing groups
appeared to experience a malaise for many minutes following
deflation of the stomach kalloon. Subjects in both groups
were lethargic, unresponsive to handling and appeared
uninterested in foocd for at least an hour after balloon
distention. In contrast, subjects in the control group,

that is, subjects that did not experience balloon inflation
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during the treatment session, ate and drank avidly when
returned to home cages.' It is possible, therefore, that
Bkd-5 subjects experienced internal malaise following the
taéte stimulus and that the taste aversions apparent in
both forward and backward pairing groups reflect an

. associative process rather than a nonassociative

consequence of the distention experience.

Experiment 2: Distention Volume

Experiment 1 did not provide an unambiguous
demonstration of taste—aversion.learﬁing because subjects
that experienced balloon inflation before ingesting the
saccharin solution {(a backward vairing of CS and US)
subsequently evidenced a saccharin aversion during the
preference test. It was suggested, however, that subjects
in this backward pairing group may have actually learned
a saccharin aversion by associating the gustatory CS with
an extended internal malaise produced by the distention
volume and duration used as the US in Experiment 1.

Inasmuch as the distention procedures used in
Experiment 1 appeared to be very aversive to rats, it seemed
likely that distention volumes smaller than 15 to 18 ml could
be effectively used as internal USs without causing the
subject to experience a long lasting internal malaise. If
inflation volumes smaller than used in Experiment 1 are

aversive to rats, than a clearer demonstration of taste-
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aversion learning motivated by stomach balioon inflation
might be possible using a smaller inflation volume as the
US. Experiment 2 was designed to asséss the relation of
balloon inflation volume to subsequent preference for the

CS solution.

Method

All unspecified detail of the method and apparatus
remained as described in Experiment 1.

Twenty-four rats were prepared with stomach
balloons, and, following a recovery period, adapted to
handling, restraint, and the 233 hour water deprivation
schedule. Originally, three subjects were assigned to each
of six different distention vclume groups (3, 6, 9, 12, 15
and 18 ml) and six subjects were assigned to a saccharin
only group (0 ml). However, thé balloon of one subject
in each of the 15 ml and 18 ml groups ruptured during the
experiment, and one subject in the 18 ml group died prior
to testing. The data from these three subjects are
excluded. |

During each of the two treatment sessions, subjects
drank the saccharin solution and then experienced stomach
balloon inflatioﬁ of the designated volume for twenty
minutes. Twenty-four hours after the second treatment

session saccharin preference was assessed with the two-
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-solution choice test.

Results and Discussion

The results of the saccharin preference test are
presented in Figure 3 as group median preference ratios.
Although there is no overlap between the 0 ml and the 15
or 18 ml groups in saccharin preference, the small sample
size in the latter two groups precludes these differences
from reaching statistical significance. The saccharin
?reference of the 9 and 12 ml groups, however, is
significantly lower than the 0 ml group (both Us=1, both
ps=.048). Although the median saccharin preference ratio
in the 6 ml group is comparable to the median preference
in the 9 ml group, the 6 ml group is not significantly
different from the 0 ml group (U=3, p>.10). The saccharin
preference of the 3 ml gfoup is alsc not different from the
0 ml group (U=6, p>.20) .

From the results of this experiment,‘we may
conclude, (a)'smaller balloon inflation volumes produce
wéaker taste aversions, and (b) inflation volumes
substantiaily l2ss than used in Experiment 1 are aversive
to rats. The results suggest tha£ balloon inflation volume
may be analogcus to shock intensity and drug and
irradiation dose level in the direct manipulation of US

aversiveness (Kamin & Brimer, 1963; Nachman, 1970;
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Figure 3

Experiment 2: Median saccharin preference ratios
for groups‘that ingested the saccharih solution and then
experienced 0, 3, 6, 9, 12, 15 or 18 ml of bélloon
inflation for twenty minuteé during each of two treatment
sessions. Number of subjects per group is indicated in

parenthesis.
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"Reévusky, 1968). Observation of the subjects indicated
that largér volumes of balloon inflation, in addition to
producing stronger taste aversion, also elicited more
behaviors suggesting an aversive experience. Balloon
inflation volumes ¢f 3 or 6 ml produged almost no overt
reaction during distention while the 2 ml inflation volume
consistently elicited a mild response. During the
distention period subjects in the 9 ml group lay on their
right side and turned their head as if to look over the
left shoulder (recall that the stomach was anchored to the
left side of the peritoneal cavity just posterior to the
ribs). Subjects in all three of these groups were active
and responsive to handling immediately following balloon
deflation, and each subject ate and drank with alacrity
when returned to its home case. In contrast, balloon
inflation volumes of 12 ml or greater usually elicited
vigorcus struggling and vocalization, particularly duriﬁg
the first few minutes of distention. Furthermore, when
returned to their home cases subjects that experienced
these larger volumes of balloon inflation were relatively
unresponsive to handling and did not begin immediately

to eat or drink when returned to their home cases, as did

control subjects.
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Experiment 3: Distention Duration

(0, 8, 12 and 16 Minutes)

Inflation of a stomach balloon was selected as an
internal US because it appeared to have the potential for
. temporally discrete stimulation of the viscera (when
compared to toxicosis). The results of Experiment l--an
experiment designed to demonstrate taste-aversion learning
motivated by balloon inflation--suggested, however, that
the inflation parameters used in that experiment may have
produced an internal malaise that lasted an hour or longer.
It appeared necessary, therefore, to investigate £he
relation of balloon inflation parameters such as volume
and duration to US aversiveness to determine more
appropriate balloon inflation parameters for the study of
taste-aversion learning with a discrete internal US.

Experiment 2 was designad to determine the relation
of balloon inflation volume to US aversiveness. The
aversiveness of the US was assessed by pairing the US with
a flavor and then subsequently testing the subject's
preference for that flavor. The results of Experiment 2
indicated that an inflation of 6 or 9 ml was aversive to
the rat without producing'behaviors suggesting a long
lasting internal malaise.

The present experiment was designed to investigate
the relation of inflation duration to subsequent preference

for a CS solution. All distended subjects experienced the
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same volume of balloon inflation and differed only with

respect to the duration of this distention.

Method

The general methodology was similar to that
described in Experiments 1 and 2. Subjects were prepared
with a stomach balloon and allowed five days for recovery
from surgery. Following recovery, subjects (a) were
adapted to restraint, handling and a 231 hour water
deprivation schedule (cone adaptation session per day for
five days), (b) experienced two treatment sessions (one
per day), and (c) were tested for their CS solution
preference 24 hours after the second treatment session.

Details of the procedure are described below with
all unspecified aspects remaining as previously described.

‘.

Feeding schedule. During Experiments 1 and 2

subjects were maintained on an ad libitum food schedule.
In the present and subsequent experiments, subjects were
deprived of food 43 to 5 hours prior to each of the two
treatment sessions, thereby minimizing differences %etween
subjects in volume of food in the stomach at the time of
balloon inflation. Food was returned to a subject's home
cage immediately following each treatment session.

Conditional stimulus. In Experiments 1 and 2

subjects were allowed to ingest 3.0 ml of the CS soluticn or

to drink for 180 seconds, whichever came first. 1In this and
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all subsequent experiments exposure to the CS solution
/(the .15% solution of sodium saccharin in tap water) was
limited to 110 seconds beginning from first lick. This
time limit was chosen because 110 seconds was the average
time required for a subject to ingest 3.0 ml of the CS
solution during the'first treatment session of Experiments
1 and 2.. Consequently; the change in procedures used to
present the CS did not substantially alter the amount of
CS solution consumed prior to distention.

Unconditional stimulus. A 9 ml volume of balloon

inflation was chosen for this experiment because it was the
smallest volume that reliably produced a taste aversion
(Experiment 2). In this and all experiments that follow,
the time—required tb accomélish complete infusion of 9 ml

of water into the stomach balloon was 7 to 10 seconds (rate,
approximately .1 ml/second) while balloon deflation required
18 to 25 seconds (rate, approximately .4 ml/second). A
specified duration of distention (e.g., 10 minutes) refers
to the pefiod of complete balloon inflation.

Treatment sessions. Twenty-~three subjects were

prepared with stomach balloon and assigned to one of three
distention conditions (US durations of 8, 12 or 16 minutes,
each n=6) or a CS only condition (Group OpC, n=5). Six
additional subjects that had not been prepared with
stomach balloons but had otherwise been treated as had

surgically prepared subjects were assigned to a second CS
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only condition (Group goﬁggerated‘gpntrol——NopC).- During
each treatment session subjects from the three distention
groups ingested the CS solution and then experienced 9 ml
of balloon inflation for the‘specified duration (8, 12 or
16 minutes). Subjects in the CS only groups (OpC or NopC)
ingested the CSVsolution, remained in the restraint for
10 minutes and then were returned to their home cages.
Twenty-four hours after the second treatment

session preferences were assessed with the two-solution

choice test.

Results and Discussion

The preference test results are presented in
Figure 4. Operated (OpC) and nonoperated (ﬁopc) CS only
groups did not differ in their preference for the saccharin
solution (U=14, p>.10) and their data wefe thereforé
combined for statistical comparisons with distention groups.

Both 12- and 1l6-minute distention durations
effectively motivated a taste aversion. Each group was
statistically different from the combined saccharin only
control groups (U=2 and 6, for 12- and l6-minute groups,
respectively, p<.002). The apparently greater aversion of
the 12~-minute group as compared to the 1l6-minute group did
not achieve statistical significance (U=6, £=.064).

In contrast to the 12 and 16 minutes of stomach
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Figure 4

Experiment 3: Median saccharin preference ratios
for groups experiencing 8, 12 or 16 minutes of stomach
distention. NopC and OpC refer to nonoperated and
operated, saccharin only control grcups, respectively.

Number of subjects per group is indicated in parenthesis.
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distention, 8 minutes of distention did not produce a
reliable saccharin aversion. Subjects in this group did
not diffef statistically from those in the éombined control
groups (U=8, p>.10). On the other hand, because three
subjects in the 8-minute group evidenced low preference
ratios (less than 0.15), this group was also not
statistically different from the 12- or l6é-minute
distention groups (U=8 and 11, respectively, ps>.10).
Given two prior exposures to a .15% sodium saccharin
solution, a saccharin preference ratio less than 0.15 is
exceedingly unlikely (in a water vs. saccharin choice test)
unless exposure to the saccharin solution has been followed
by an aversive internai US. It 1is possible, therefore,
that some rats found the 8-minute distention aversive.

In summary, the results of this experiment suggest
that reducing distention duration from 12 minutes or
longer to 8 minutes substantially reduées the aversiveness

of the 9 ml stomach distention.

Experiment 4: Distention Duration

(0, 3, 4 and 10 Minutes)

Experiment 3 found that a 12-minute, 9 ml
distention reliably produced a taste aversion while an
8-minute distention of the same volume did not.

Experiment 4 continued the investigation of distention
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duration with with distention periods of 1, 4 and 10
minutes. Since the nonoperated, saccharin only control
group did not behave differently from the operated,
saccharin only control group in Experiment 3, only

noroperated control subjects were used in this experiment.

Method

All unspecified detail of the procedure remained
as described in Experiment 3. Each of twenty subjects was
prepared with a stomach balloon. Seven subjects were
assigned to a 10-minute distention duration group, six to
a 4-minute distention duration group and seven to a 3-
minute distention duration group. Thirteen nonoperated
subjects were assigned to a saccharin only control group
(NopC). During each of the two treatment sessions,
subjects in distention groups drank the saccharin solution
and then experienced 9.0 ml of balloon inflation for the
appropriate duration. Subjects in Group NopC drank the
" saccharin solution, remained in the restraint for 10
minutes, and then were returned to their home cages.

Each subject was tested for saccharin preference
24 hours after the second treatment session. In contrast
fo previous expefiments, an additional test of saccharin
preference was conducted 24 hours after the first preference

test.
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Results and Discussion

Median saccharin preference ratics for Test Day 1
(left panél) and Test. Day 2 (right panel) are presented in
Figure 5. Results of the first preference test suggest
that only the 10-minute distention was aversive to
subjects. The l0-minute group is statistically different
from both 1/2- and 4—minute groups (U=0 and 1, respectively,
ps<.002) as well as the NopC group (U=0, p<.001). On‘this
first test day neither the 1/2- nor the 4-minute group was
significantly different from the NopC group (U=25 and 27,
respectively, ps>.20). The second test, however, indicated
an aversion to saccharin in the 4-minute group which was
not apparent during the first tesi. The 4-minaie group
was statistically different from both the NopC and 1/2-
minute groups (U=13 and 5, respectively, ps<.05), while
the 10-minute group continued to show the strongest
saccharin aversion, béing significantly different from the
4-minute group (U=4, E:'Ql4)' as well as the NopC and
1/2-minute groups (Q;O and 3, respectively, ps<.0l). Tﬁe
aversion %o saccharin apparent in the 4-minute group seems
to have resulted from an interaction between the prior
stomach distention experience and exposure to the saccharin
solution during the first preference test. Median
saccharin preference ratios rose from .53 (Test 1) to .78
(Test 2) for the NopC group and from .38 to .93 for the

1/2~minute group while saccharin preference remained
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Figure 5

Experiment 4: Median saccharin preference ratios
for groups experiencing 3, 4 or 10 minutes of stomach
distention. Test Day 1 is shown in the left panel with
‘Test Day 2 shown in the right panel. NopC refers to the
nonoperated, saccharin only control group. Number of

subjects per group is indicated in parenthesis.
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virtually unchanged in the 4- and 10-minute groups. This
suggests the 4- and 10-minute distention durations were
sufficiently aversive to block, via associative learning
or some nonassociative process, the facilitation of
saccharin preference due to the exposure of subjects to
the saccharin solution during Test 1.

7 To summarize, 9 ml of distention lasting 4 or 10
minutes was sufficiently aversive to produce a taste
aversion. However, there was no reliable evidence that
subjects found aversive a distention of the same volume

lasting only one-~half minute.

Experiment 5: Backward Conditioning

with Free Ingestion of

the Saccharin Solution

Experiment 1 failed to provide an unequivocal
demonstration of taste-aversion learning. Subjects that
experienced two forward pairings of gustatory stimulus and
stomach distention did not show a significantly stronger
taste aversion than subjects that experienced two backward
pairings of the custatory CS and stomach distention. Thus,
taste aversions evidenced by both groups could have been a
function of some nonassociative consequence of the
distention and/or saccharin exposure experiences. It was

argued, however, that aversions apparent in both backward
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and forward pairing groups might, in fact, have been
learned. The behavior of the subjects following ballcon
deflation suggested that the inflation procedures used in
Experiment 1 actually induced an internal malaise which
extended well beyond the period of balloon inflation. As

a result, subjects in the backward pairing group could have
experienced an internal malaise following ingestion of the
saccharin solution during treatment sessions and this could
have served as the basis for taste-aversion learning even
though US preceded CS. If this argument is correct, then

a clearer demonstration of taste-aversion learning
motivated by stomach balloon inflation should be possible
with balloon inflation procedures which are aversive but

do not cause a long lasting internal malaise.

Experiments 2 through 4 demonstrated that balloon
inflation volumes and durations substantially smaller than
used in Experiment 1 were aversive to rats. Furthermore,
these smaller balloon inflations did not appear to produce
effects which extended beyond the period of balloon
inflation.

| Experiment 5 was designed to demonstrate taste-
aversion learning motivated by stomach balloon inflation
using balloon inflation parameters (9 ml for 10 minutes)
that reliably produced a taste aversion without appearing

to produce a long lasting internal malaise. (The 1l0-minute
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‘inflation duration was selected because it was the shortest
duration which reliably produced taste aversions in the -
first preference test.) In addition; Experiment 5 was
designed to directly assess whether the 9 ml, 10-minute
balloon inflation induces an extended internal malaise and,

if so, the duration of this malaise.

Method

Design. As in previous experiments five days were
allowed for recovery from surgery and the recovery period
was followed by five adaptation sessions, two treatment
sessions and one test session.

During treatment sessions subjects were allowed to
drink a saccharin solution either before {forward pairing)
or after (backward pairing) their stomach balloon was
inflated for 10 minutes. Subjects that drank the saccharin
solution after distention were divided into three groups
that differed only in the length of time from the end of
distention (i.e., balloon deflation) to the beginning of
saccharin drinking. One group ingested the saccharin
solution immediately after ballon deflation while for the
second and third groups delays of 10 and 30 minutes,
respectively, were interpolated between balloon deflation
and saccharin ingestion.

In addition to the four distention groups (one
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forward and three backward pairing‘groups) a fifth group
ingested the saccharin solution. This group, however, did
not experience balloon inflation and thus constituted a
CS-only control condition.

Associative learning would be most clearly
demonsfrated'if subjects that experienced the forward
pairing of gustatory stimulus and balloon inflation
evidenced a taste aversion during the preference test while
subjects that experienced the backward pairing of CS and
US did not.

If one or more of the backward pairing groups does
exhibit an aversion to the gustatory CS during the
preference test, this may reflect either (a) some
nonassociative consequence of the distention experience
or (b) persistent aftereffects of distention being
effectively forward paired with the flavor CS. The design
of the present experiment bermits an evaluation of the
extent to which the effects of distention persist beyond
balloon defletion, thus enabling an assessment of the
contribution of persistent distention aftereffects to any
apparent backward conditioning.

One means of estimating the duration of an internal
malaise is through overt signs of visceral distress,
especially the loss of thirst. Barker and Smith (1974),

for example, estimated the onset and duration of lithium
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~toxicosis by recording the volume of water ingested during
short drinking peribds at different delays following a
lithium iﬁjection. As long as water ingestion remained
suppressed it was inferred that subijects continued to
experience an internal malaise. During the treatment
sessions of Experiment 5, different backward pairing groups
received a short period of access to the saccharin solution
at different temporal delays following balloon deflation.
If the 9 ml, 10-minute balloon inflation produces an
internal malaise which extends beyond the period of
inflation, ingestion of the saccharin solution might be
distrupted in one or more of the backward pairing groups.
Recovery from the balloon inflation experience would be
suggested by the absence of disruption of saccharin
ingestion.

Procedure. Twenty-two subjects were prepared with
a stomach balloon. Five of these were assigned to a
forward conditioning group (Group FCd) in which subjects
ingested the saccharin solution before they experienced
balloon inflation. The remaining seventeen subjects were
assigned to backward pairing groups in which the saccharin
sdlution was ingested 1/2 minute (Group Backward-3i, Bkd-3,
2=6), 10 minutes (Group Bkd-10, n=5) or 30 minutes (Group

Bkd-30, n=6) after ballon deflation. Finally, seven

nonoperated subjects were assigned to a saccharin only
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~control conditién (Group NopC) .

The different temporal relationships between CS

and US are schematized in Figure 6. During each of the

-two treatment sessions saccharin only (NopC) and forward

conditioning (FCd) groups began by drinking the saccharin
solution for 110 seconds. All three backward pairing
groups (Bkd-31, Bkd-10 and Bkd-30) began by drinking water
for the same period of time. This assured that backward
pairing subjects experienced stomach distention following
ingestion of a fluid volume equivalent to that drunk by
the FCd group. Following distention, the forward
conditioning (FCd) group drank water while the backward
pairing groups drank the saccharin solution after the
appropriate delay. Again the duration of the drinking
period was 110 seconds. The saccharin only group (NopC)
drank water for.110 seconds 10 minutes after drinking the
saccharin solution. Thus all groups were balanced for
number of water and saccharin solution drinking periods
as well as volume_of fluid in stomach during distention,
differing only in the temporal relationship between
ingestion of the saccharin solution and stomach
distention. |

All other aspects of the experimental procedures

remained as previously described.
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Figure 6

Experiment 5: Treatment procedurés-for saccharin
only {NopC) , forward conditioning (FCd) and backward
pairing (Bkd-1, Bkd—lOvand Bkd-30) groups. ZEach
saccharin solution (Sacch.) or water (HZO) drinking
period lasted 110 seconds. The temporal features of
distention onset and offset have been exaggerated to
indicate the continuous change from deflated to inflated

and back again.
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Results and Discussion

Preference test.  Preference test results are

presented in Figure 7. The forward pairing group (FCd)
evidenced a significantly lower saccharin preference than
did the saccharin only céntrol group (NopC) (U=0, p=.002),
while none of the Bkd groups provided evidence of taste-
aversion learning. The difference between each of the Bkd
groups and the saccharin only control group did not
approaéh statistical significance (NopC vs. Bkd-3, U=17;
NopC vs. Bkd-10, U=11l; NopC vs. Bkd-30, U=17; all ps>.20).

The absence of aversion learning in the backward
pairing groups clearly indicates an associative basis for
the taste aversion obtained in the forward pairing (FC4)
group. In addition, these data suggest that the aversive
consequences of the distention procedures are substantially
limited to the period of balloon inflation.

Post-distenticon ingestion of the saccharin solution.

Figure 8 presents median milliliters of saccharin sclution
ingested by each group during each treatment session.
During Treatment Session 1 (left panel) both Bkd-% and
Bkd-10 groups drank significantly less saccharin solution
than combined FCd and NopC groups (U=3, p<.002 and U=10,
p<.02). (FCAd and NopC groups were combined for this

comparison since neither group experienced stomach

distention before saccharin ingestion. Also, these two
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Figure 7

Experiment 5: Median saccharin preference ratios
for groups experiencing saccharin only (NopC), forward
{Group FCd) oi backward pairing (Groups Bkd-3, Bkd—lO
'6r Bkd—30) of CS and US durihg treatmént-séssions. Nuﬁber

of subjects per group is indicated in parenthesis.



60

Figure 7

(6)

Ollvd 3ON3

d

3

el
=)

J¥d NIEVYHIOVS NVIGIN |

i <3 ——

Bkd-©0  Bkd-30

14
2

GROUPS



61

Figure 8

Experiment 5: Median milliliters of saccharin
solution ingested during the 110 second access period
during each Treatment session. The groups are forward
pairing of CS and us (FCd), saccharin only control (NopC)
and backward pairing of CS and US with CS delays of 1/2
(Bkd-3%), 4 (Bkd-4) or 10 (Bkd-10) minutes. Number of

subjects per group is indicated in parenthesis.
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groups did not differ statistically in the volume of
saccharin solution ingested.) Du£ing Treatment Session 2
(right paﬁel) only the Bkd-1 group drank significantly
less saccharin solution than the NopC group (U=4, p<.014).
(It was not appropriate to combine FCd and NopC groups for
the Treatment Session 2 comparisons since the FCd group's
level of saccharin solution ingestion was suppressed as a
function of the saccharin-distention pairing of Treatment
Session 1.)

These results suggest the 9 ml, 10-minute balloon
inflation may have produced an internal distress which
extended briefly beyond balloon deflation. Certainly,
however, this period of aversiveness did not extend to the
ingestion of the saccharin solution in the Bkd?30 group.
In fact, the period cof aversiveness did not even extend
to the ingestion of the saccharin solution in the Bkd-10
group during the second treatﬁent session. Furthermore;
the aversive consequences of the distention procedures
did not extend sufficiently beyond the ingestion of
saccharin in the Bkd-1 group to effectively motivate taste-
aversion learning. Thus, Experiment 5 provides the first
unambiguous demonstration of taste;aversion leafnihg
motivated by an internal US of relatively short duration

which is applied directly to the viscera.
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Experiment 6: Backward Conditioning with

Forced Exposure to the

Saccharin Solution

Experiment 5 demonstrated subjects exposed to a
CS solution after stomach distention did not learn to avoid
that solution while subjects that drank the saccharin
flavored water before distention did learn to avoid the
solution. However, all cgroups did not receive equal
exposure to the taste of saccharin during the conditioning
trials. 1In particular, the Bkd-1 group, the group most
likely to show effects of extended US aversiveness, drank
substantially less of the CS solution than the other
groups (see Figure 7). This smaller voclume reflects a
shorter time spent drinking and thus a shorter auration
of direct contact with the CS solution. It is possible
that taste-aversion learning was in some way obscured or
prevented by this shorter period of contact with the CS
solution.

The procedures used in Experiment 6 were similar
to those of Experiment 5 except that subjects were exposed
to the CS solution by infusing it directly into the mouth
through a chronically implanted oral cannula. Direct
infusion of the saccharin4solution into the mouth, in
contrast with free ingestion, allowed control of duration
of direct contact with the CS solution, and thus all

groups could be equated for duration of exposure as well as



number of exposures to the flavored solution.

Method

Apparatus and subject preparation. A cannula

consisting of a small diameter, polyethylene tube
("Intramedic", Clay-Adams, P.E. 205) was threaded
subcutaneously from the back of the neck into the oral
cavity just anterior to the right molar teeth. The
cannula was held in place by flaring with heat each end of
the cannula over small polyethylene washers. In addition,
the cannula was secured with a single suture (5~-0 silk)
through both the cannula and the subjeét's cheek.

To infuse a fluid into the subject's mouth an
extension was affixed to the oral cannula at the back of
the neck which in turn was connected to a syringe mounted
on an infusion pump (Harvard Aéparatus, Model 941).
Infusion rate and duration were controlled through the
pump and associated electronic timing equipment with
infusion rate, as measured at the éonnection to the oral
cannul;, being 2.1 mi/minute. Each oral infusionviésted
100 second and thus forced 3.5 milliliters of solution
into the subject's mouth. During oral infusion a subject
was allowed to move freely in a cylindrical compartment
(1 foot diameter, 2 foot wall and a wire gfill floor)

mounted over a metabolism tray, permitting collection of
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‘any fluid not ingested by the subject.

Procedure. Each of seventeen rats was prepared
with a stomach balloon. One week later each subject was
anesthetized again and an oral cannula implanted. Six
subjects were assigned to each of two backward pairing
conditions (Group Bkd-3 and Group Bkd-10) and five
subjects were assigned to a forward pairing group (FCd).
In addition, six subjects were prepared only with oral
cannula and assigned to a saccharin only condition (Group
NopC) .

Four days after oral cannulation,»subjects were
placed on the 233 hour water deprivation schedule and for
the next five days were adapted to handling and oral
infusion procedures. On each oral infusion adaptation day
subjects were (a) placed in the cylindrical chamber and
orally infused with 3.5 ml‘of'water, (b) restrained for 10
minutes, (c) returned to the cylindrical chamber fdr a
second infusion of water, and finally (d) returned to
their respective home cages for their daily one-half hour
of water.

Treatment procedures were similar to those
described for Experiment 5 (see Figure 6) except that
saccharin solution and tap water were presented by oral
infusion. During each of two treatment sessions saccharin

only subjects were infused with the saccharin solution,

restrained for 10 minutes and then infused with tap water.
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Forward conditioning subjects (FCA) were infused with the
saccharin solution, distended and then infused with tap water.
Backward pairing subjects were infused first with tap water,
then expe?ienced stomach distention and finally were infused
with the saccharin solution. The delay between end of
stomach distention and onset of saccharin solution was
either 1/2 minute (Bkd-1) or 10 minutes (Bkd-10). Each
‘oral infusion, whether of water or saccharin solution, was
accomplished in the cylindrical chamber with each
distention (9 ml and 10 minutes for all groups) being
applied while a subject was restrained. Backward pairing
groups spent the delay between stomach distention and oral
infusion of the saccharin solution in the restraint, being
transferred to the cylindrical chamber just before the
infusion. |

Twenty-four hours after the second treatment session

all subjects were tested for saccharin preference.

Results

| During adaptation sessions subjects readily learned
to ingest all the fluid infused into their mouths. During
treatment sessions the volume of saccharin solution
collected by the metabolism tray was negligible for all
groups, indicating that the oral infusion procedures
successfully equated groups for both duration of exposure

and volume ingested.
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The results of the preference test are presented
in Figure.9. As in Experiment 5, backward pairing subjects
clearly did not acquire an aversion to the saccharin
solution. There were no significant differehces among the
NopC, Bkd-3 and Bkd-10 gfoups (all ps>.20). In contrast
to Experiment 5, the FCd group was not reliably different
from all Bkd and NopC groups. The FCd group showed a
significantly lower preference for the saccharin solution
than the Bkd-10 group (U=4, p=.05) with the difference
between the FCd and NopC group approaching significance
(U=5, p=.08). The difference between the Bkd-3 and FCd
groups was not statistically significant (U=6, p=.13).
The failure to obtain significant differences in the latter
two comparisons was not due to particularly low saccharin
preferences in the Bkd-31 or NopC groups but to the failure
cf a single subject in the FCd group to acguire an aversion
to the saccharin solution. 1In fact, that single subject
was responsible for all overlap between the FC3d group and

the other three groups.

Discussion

The results of this experiment are consistent with
those of the previous experiment in indicating that the
aversive consequences of the 9 ml, 1l0-minute stomach

distention do not extend sufficiently beyond the period of
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Figure 9

Experiment 6: Median saccharin preference ratios
for groups experiencing saccharin only (NopC), forward
conditioning (FCd) and backward pairing (Bkd-% or
Bkd-10) during treatment sessions. Number of subjects

per group is indicated in parenthesis.
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balloon inflation for an aversion to be formed to a novel
gustatory stimulus presented immediately after the
distentioﬁ period. In addition, these findings sﬁggest
that the shorter duration of exposure to the CS solution
in the Bkd-1 group of Experiment 5 was not responsible for
the absence of aversion learning in that experiment.

One aspect of the design of Experiments 5 and 6
deserves further comment at this point. In both experiments
each backward pairing group ingested tap water just prior
to balloon inflation (see Figure 6). If this led backward
pairing groups to associate water ingestion with stomach
distention and thus to acquire a water aversion, a
preference test based upon choice between water and the
saccharin solution would not have been a very sénsitive
measure of saccharin-aversion learning in these groups.

In general, water aversions are not readily
acquired (Garcia & Koelling, 1966; Garcia, McGowan & Green,
1972) and one important reason for this is the extensive
exposure to water rats typically receive prior to its
pairing with toxicosis (e.g., Nachman, 1970). 1In
Experiments 5 and 6, for example, subjects had continuous
access to water in their home cages from weaningb(Zl days
of age) until they participated in the present experiments
at approximately 100 days of age. Such extensive exposure

to water in the absence of an aversive US would be expected
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to substantially retard, if not prevent entirely, the
subsequent association of water ingestion with aversive
internal events (e.g., Revusky & Garcia, 1970). 1In fact,
only one study has reported water-aversion learning when
subjects had extensive prior exposure to water (Nachman,
1970, Experiment 3). Certain methodological features of
Nachman's (1970) study appear, however, to limit the
generality of his finding. Most notably, Nachman's rats
received substantial exposure to a saccharin solution as
part of the experimental procedures. The presentation

of water as a CS within the context of repeated exposures
to a saccharin solution may have increased the salience of
water as a stimulus and thereby increased its associability.
It seems then, that water-aversion learning is not a
necessary outcome of pairing water ingestion with internal
malaise, but may occur under certain conditions.

Two observations suggest that water-aversion
learning did not occur in Experiments 5 and 6. First, ail
backward pairing subjects avidly drank water when returned
to their home cages shortly after balloon deflation. This
suggests that if a water aversion was being acquired during
treatment sessions it certainly did not generalize to the
home cage where saccharin preference was subsequently
assessed. Second, seven of the fifteen backward pairing
subjects in Experiment 5 actually drank more water prior

to the second balloon inflation experience than prior
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to the first. (Similar data was not available from
Experiment 6 because both water and saccharin solution
was presented by the method of oral infusion.) If
ingestion of water prior to the first distention produced
a water aversion this should have led to(less water
consumption pricr to the second distention. (Subjects
ingesting the saccharin solution prior to the first
distention typically drink less of that solution prior to
the second distention.)

Althougl the possibility of water-aversion learning
was not directly assessed and therefore cannot be entirely
ruled out, the observations presented above certainly

suggest that its role, if any, in the results of

Experiments 5 and 6 was a minor one.

General 'Discussion: Experiments 1-6

Summary of results. The stomach balloon
preparation was developed to obtain direct control over
physical and temporal characteristics of an internal US in
order to investigate the role of these characteristics in
taste-aversion learning. Experiments 1 through 4
investigated balloon inflation parameters of volume and
duration and found: (a) a 20-minute, 20 ml balloon
inflation led to a taste aversion when it followed or

preceded saccharin ingestion (Experiment 1), (b) as
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distention volume was decreased (Experiment 2) or duration
shortened (Experiments 3 and 4) the resulting taste
aversion became weaker, and (c) a 9 ml distention lasting
only 3 minute did not motivate aversion learning.
Experiments 5 and 6 demonstrated that aversions motivated
by the 9 ml, 10-minute balloon inflation represented an
associative rather than a nonassociative consequence of
the distention experience by showing that this distention
produced a taste aversion when it followed, but not when it
preceded, ingestion of a saccharin sclution. In addition,
results from Experiments 5 and 6 indicated that the
aversive consequences of the 9 ml, l0-minute stomach
balloon inflation did not extend substantially beyond the
period of balloon inflation.

Taste aversions as a function of US duration.

Experiments 3 and 4 demonstrated that the magnitude of the
CS aversion was a direct function of balloon inflation
duration. Two interpretations are possible for this
relation of aversion magnitude to US duration. Perhaps
within the range of parameters used in Experiments 3 and
4, inflation d;ration was an important determinant of US
aversiveness. Several studies have shown that all other
conditions equal, more aversive USs produce stronger taste

aversions (e.g., Dragoin, 1971; Revusky, 1968). Thus

subjects that experienced the 10 minute balloon inflation
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may have acquired a stronger aversion than subjects that
experienced 4 minutes of ballon inflation because the 10
minute distention was a more aversive US. The absence of
aversion learning in the group that received only 1/2

minute of balloon inflation could simply reflect insufficient
US aversiveness.

Alternatively, subjects in Experiment 4 might have
shown progressively less taste-aversion learning as the
duration of balloon inflation was decreased because rats
do not readily associate temporally discrete USs with
gustatory stimuli. Krane and Wagner (1975) have recently
suggested that one reason discrete USs, such as shock,
have hot been readily associaied with a gustatory stimulus
is because gustatory stimuli (or, more accurately, a central
trace of such stimuli) persist after removal of a drinking
tube. This persistence extends the gustétory stimulus into
the post-US safety or recovery period which, in turn,
interferes with aversion learning. 1In support of this
hypothesis Krane and Wagner (1975) replicated earlier
findings demonstrating that a brief shock cannot mo;ivate
taste-aversion leaénihg when presented immediately after
removal of a drinking tube but further demonstrated that
this brief shock did motivate taste-aversion learning when
delayed by thirty seconds. Perhaps then, ﬁhg 1/2-minute

distention failed to motivate aversion learning, not because
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it lacked sufficient aversiveness, but because the
gustatory -stimulus persisted into the post-US period. The
4- and 10-minute distentions would bé more effective as

USs since.their durations could have been sufficiently

long to avoid the situation in which the gustatory stimulus
effectively persisted beyond US termination. At this

point either interpretation offered above seems to
adequately account for the relation of balloon inflation
duration to aversion learning.

Experiments 4, 5 and 6 clearly suggest that USs
with a slow onset and a very long duration are not
necessary for the effective motivation of taste-aversion
learhing. ‘With stomaéh distention, onéet of aversiveness
is guite rapid. Overt signs of discomfort usually appeared
as balloon inflation reached 7 to 8 milliliters and were
clearly present in subjects experiencing 9 ml of distention.
In addition, the aversive consequences of the 9 ml
distention are substantially limited to the period’of
balloon inflation: (a) overt signs of discomfert
disappeared when the balloon was deflated, (b) subjects
exposed to the stimulus after balloon inflation was
terminated did not learn an aversion, and (c) the
distention had only a limited effect upon ingestion of the
saccharin solut:ion immediately following the distention

period. Thus, an exogeneous chemical US or exposure to
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ionizing radiation is not necessary for taste—aversion
learning. - Rather, such learning may be studied with
aversive USs having relatively rapid onset and short
duation, and with paramefers which may be manipulated by

~ the experimenter.



CHAPTER 3:

TRACE CONDITIONING WITH BALLOON INFLATION US

The experiments presented in Chapter 2 demonstrate
that an internal US need not have the slow onset and long
duration characteristics of chemical or radiation induced
toxicosis to effectively motivaté taste-aversion learning.
Rather, rats readily associate a flavor CS with a US of
stomach distention when the onset of US aversiveness is
relativeiy rapid and the duration of US application is
rélatively short in comparison to toxicosis. Experiments
presented in the présent chapter were designed to assess
whether aversion learning with a long CS-US trace interval,
another characteristic considered unique to taste-aversion
learning motivaféd by toxic USs, may be found with the
balloon inflation US. If an internal US having a rapid
onset and short duration produces a conditioned taste
aversion even when US onset is delayed for several minutes
after CS offset, then aversion learning with long CS-US
trace intervals would appear attributable to US locus
rather than distinctive onset or duration characteristics.

Rats can associate a flavor with toxicosis even if

flavor termination precedes the onset of illness by several

78
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"hours. With other, more traditional, conditioning
preparations (e.g., when an auditory or visual CS is paired
with a shock US), the maximum CS-US trace interval over
which associative learning may be demonstrated is typically
measured in seconds or, at most, minutes (Mackintosh, 1975,
p.58ff.). If the 10 minute balloon inflation, despite its
relatively rapid onset and short duration, is functionally
equivalent to toxicosis, then rats should associate the
ballon inflation US with a gustatory CS even when the CS-US

trace interval is more than a minute or two.

Experiment 7: Delay of Unconditional Stimulus

Onset (0, 5, 12 or 25 Minutes)

Experiment 7 was designed to investigate taste-
aversion learning when balloon inflation onset was delayed
>

for ¢, 5, 12 or 25 minutes after removal of the gustatory

Cs.

Method

The general methodology was essentially the same
as used inbprevious experiments. Subjects were prepared
with the stomach balloon and allowed five days for recovery
from surgery. fThe recovery period was followed by five

adaptation, two treatment and one test session(s). All
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detail of the acaptation, treatment and test sessions not
specified below remained as previously described.

Treatment sessions. Six operated (prepared with

stomach balloon) subjects were assigned to each of three
delay-of-US conditions (5, 12 or 25 minutes), with five
operated subjects assigned to a 0O-delay condition. Seven
nonoperated subjects were assigned to a CS only condition
(Group NopC) .

Four and one-half hours prior to each of the two
treatment sessions all food was removed from home cages.
During each treatment session CS only subjects (Group NopC)
received access to the .,15% saccharin solution for 110
seccnds from the first lick, remained in the restraint for
fifteen minutes and were returned to their homé cages.
Subjects in the four delay~of-US groups were exposed to the
saccharin solution and, after the specified delay, their
stomach balloons were inflated (9 ml for 10 minutes).
Subjects remained in the restraint during the interval
between removal of the drinking tube and onset of balloon
inflation. Delay-of-US subjects were returned to home
cages immediately following balloon deflation where food
and water were available. The water remained available for
only one-half hour.

Assessment of Aversion Learning. As in Experiments

1 through 6, each subject's saccharin preference was
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assessed with a two-solution (water vs. saccharin solution)
choice test conducted in the subject's home cage 24 hours
after the second treatment session. In addition to the
results obtained from the two-soluticn choice test, results
from a second measure of aversion iearning are reported in
this experiment.

The volume of fluid ingested during a fixed period
of time is frequently used as an index of the aversiveness
(or attractiveness) of that solution (e.g., Domjan &
Bowman, 1974). Thus the 110 seconds of access to the CS
solution during each of‘the treatment sessions may be
treated as a brief assessment of CS solution palatability.
Furthermore, when subjects in the balloon inflation groups
were allowed 110 seconds of access to the CS solution during

}
the second of the two treatment sessions, they had already
experienced one CS5-US pairing. As a result, when compared
to the CS only control group, the volume of saccharin
solution ingested by balloon inflation groups during the
second treatment session provides a measure of taste-

aversion learning as a consequence of the single CS-US

pairing.4

4 Data from this single solution test of aversion
learning were ncot reported in Experiments 1 through 5
because such data did not provide any additional information
beyond that available from the two-solution choice test.
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Results

Preference Test. Figure 10 presents the results
from the two-solution preference test conduéted in home
cages after two treatment sessions. For the balloon
inflation groups, median saccharin preference ratios were
a direct function of CS-US trace interval; the lowest
saccharin preference was found in the O-delay group, and
progressively larger preferences were apparent as US
onset was delayed 5, 12 and 25 minutes. These data
suggest that the delay over which rats can associate the
gustatory CS with the balloon inflation US is measured in
many minutes rather than in seconds or a few minutes as-is
typical for shock motivated aversion learning.
Statistically, both 12- and 25-minute delay groups were
not significantly different from the saccharin only control
group (U=20, p>.20 and U=1l, p=.18, re;pectively). The
difference between the saccharin only control (NopC) group
and the 5-minute delay-of-US group was significant (U=6,
p=.034) but the difference in saccharin preference between
the O-delay group and the control group did not reach
statistical significance (U=9, p=.10).

Ingestion of the saccharin solution during treatment

sessions. Figure 11 presents median milliliters of
saccharin solution ingested by groups during the 110 second

flavor exposure period during each treatment session.
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Figure 10

Experimént 7: Median saccharin preference ratio
for groups that experienced saccharin only (NopC) or
saccharin followed by balloon inflation (9.0 ml for 10
minutes) during each treétment sessiop; The CS—US interval
for the four balloon inflation groups was 0, 5, 12 or 25
minutes. Number of subjects per group is indicated in

parenthesis.
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Figure 11

Experiment 7: Median milliliters of saccharin
solution ingested during the 110 second flavor exposure
period during each of the two treatment sessions. Number

of subjects is indicated in parenthesis.
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Treatment Session 1 (left panel) represents first contact
with the saccharin flavor and, as expected, there are no
significant differences among groups in the volume of

fluid consumed. During Treatment Session 2 (right panel),
however, all four distention groups drank substantially
less than the saccharin only control group (NopC vs.
O-delay, U=6, p=.074; NopC vs. 5-minute delay, U=0, p=.002;
NopC vs. l2-minute delay, U=3, p=.008; NopC vs. 25-minute
delay, U=8, p=.074). There were no significant differences

among the four delay groups.

DASsSCusSs1on

Previous demonstrations of Pavlovian conditioning
with CS-US intervals of more than a minute or two have all
employed exposure to ionizing radiation or administration
of chemical agents as USs. Eacﬁ of these USs produces
internal consequences that have a slow onset and a long
duration. In the present experiment, the effect of
different CS-US delays on taste aversion learning was
assessed with another form of internal US, stomach balloon
inflation, which possesses onset and duration characteristics
very dissimilar from a radiation or chemically induced
malaise.

The volume of saccharin solution ingested during

the 110 second Ilavor exposure period of Treatment Session 2
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clearly suggests that rats can associate a gustatory CS
with the balloon inflation US over a CS-US trace interval
as long as 25 minutes. It appears, therefore, that the
very slow onset and long duration characteristics of
toxicosis are not essential for taste-aversion learning
with CS-US trace intervals longer than a minute or two.
Indeed, with the éingle solution assessment, the magnitude
of the aversion was as strong in the longest delay condition
investigated (25 minutes) as in the 0-=delay condition.

In contrast with the single solution test after the
first treatment session, the preference test (after the
second treatment session) indicated that if a delay of more
than five minutes was interpolated.between the CS and US
there was little aversion learning. One especially
surprising feature of the preference test results was a
failure of the O-delay group to show a statistically
significant aversion (although it does show the lowest
median saccharir preference ratio). This 0-delay group
was subjected to the same treatment as forward péiring
groups (FCd Groups) in Experiments 4, 5 and 6 in which
significant aversions were displayed with the two solution
preference.test.

The following experiment was designed to provide
additional information concerning tﬁe effect of CS-US trace

interval on taste-aversion learning with stomach balloon
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inflation as the US.

Experiment 8: Delay cf US Onset

(0, 10 or 30 Minutes)

The delay-of-US groups in the previous experiment
differed not only with respect to the time between removal
of the gustatory stimulus and onset of balloon inflation
but also with respect to the time from last ingestion of
a fluid to US onset. Perhaps the effectiveness of balloon
inflation as a US is in some way a function of time from
last ingestion of a fluid. For example, each delay-of-US
group in Experiment 7 drank approximately three milliliters
of the éaccharin soluticn prior to balloon inflation during
the first treatmwent session. The ingestion of this
solution would in itself produce, at least temporarily, a
distention of the stomach. In the 0-delay condition, 9 ml
of balloon inflation were immediately added to the volume
of fluid in the stomach. In other delay conditions 5, 12
or 25 minutes intervened between ingestion of the saccharin
solution and onset of balloon inflation. During this
interval the ingested fluid could have been absorbed or
passed through the stomach to the intestines. As a result,
the 5, 12 or 25 minute delay groups may have experienced
effectively less stomach distention than the 0-delay group.

If the above arcument is correct the relation of taste



aversion magnitude to CS-US trace interval observed in
Experiment 7 might reflect US aversiveness rather than the
CS—US traqe interval. In the present experiment, delay
groups (with the exception of the 0-delay group) were
allowed to drink water for 110 seconds‘immediately prior
to balloon inflation. Tﬁus, groups that experienced
several minutes between exposure to the CS and onset of
the US were closely matched to a 0-delay group in volume
of fluid ingested just prior to ballcon inflation.

| Finally, in order to reconfirm that nonoperated
control subjects do not differ from operated control
subjects in their preference for saccharin, both operated

and nonoperated control groups were included in this study.

Method
The general methodology remained as previously
described: (a) five days for récovery from surgery,
(5) five adaptation sessions, (c) two treatment sessions,
and (d) one test session. All detail of the procedure
not specified below also remained as previously de;cribed.
Twenty-four subjects were prepared with stomach
balloons with six subjects being assigned to each of three
delay-of-US groups (0, 10 and 30 minute;). The remaining
six operated subjects (Group OpC) and an additional eight
nonoperated subjects (Group NopC) were assigned to a

saccharin only control condition.
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Experimental procedures during each of the two
treatment sessions are schematized in Figure 12. Each
subject drank the saccharin solution for one 110 second
period and tap water for another 110 second period, the
interval between drinking periods being spent in the
restraint. The two control groups (OpC and NopC) and the
0-delay group drank water first and then eight minutes
later drank the saccharin solution. The two remaining
delay groups drank the saccharin solution first and then
either 8 minutes later (Group 1l0-minute delay) or 28
minutes later (Group 30-minute delay) drank water. All
delay-0of-US groups experienced balloon inflation (9 ml, for
10 minutes) immediately after the second drinking period.

Twenty-four hours after the second treatment
session saccharin preference was assessed in home cages.

As in Experiment 7 results frém both the two-solution
choice test (conducted after the second treatment session)
and the volume of CS solution ingested during each treatment

session are presented.

Results

Preference test. The results of the two-solution

preference test conducted 24 hours after the second treatment
session are presented in Figure 13. The saccharin

preferences showr. by nonoperated control subjects (NopC)


http:minut.es
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Figure 12

Experiment 8: Treatment procedures for each of
the five groups. In the treatment column, a vertical
upward deflection of the time line indicate$ onset of the
specified event (i.e., exposure to the saccharin solution,
water, or balloon distention) while the vertical downward
deflection indicates offset of the event. The onset and
offset slopes of balloon inflation have been exaggerated
to indicate the continuous change of the stomach balloon

from deflated to inflated and back to deflated.
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Figure 13

Experiment 8: _Median saccharin preference ratios
for groups that experienced saccharin only (NopC,
nonoperated subjects; and OpC, operated subjects) or
saccharin followed by baiiéon inflatién during each
treatment session. For groups that: experienced balloon
inflation, the interval between gustatory CS and balloon
inflation US was 0, 10 or 30 minutes. Number of subjects

per group is indicated in parenthesis.
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‘were not significantly different from the preferences
shown by operated control subjects (OpC) (U=22, p>.20),
and were therefore combined for statistical comparison
with delay-of-US groups.

The degree of saccharin preference in the different
delay-of-US groups was directly related to the length of
the CS-US interval during treatment sessions. The lowest
preference for the saccharin solution was shown‘by subjects
in the 0-delay condition. Subjects in this group
evidenced a significantly lower saccharin preference than
evidenced by subjects in the 10-minute delay group (U=3,
p<.02), the 30-minute delay group (U=0, g;;002)'and the
combined control groups (U=2, p<.002}.

The next -lowest preference for the saccharin
solution was obtained from subjects in the 10-minute delay
group. The saccharin preferences of subjects in this
group were significantly lower than obtained from subjects

in either the 30-minute delay group (Q;O{,E;.OOZ) or the
vcombined contrel groups (U=11, p<.02).

Finally, the preference for the saccharin solution
shown by subjects in the 30-minute delay group was not
significanfly different from the preference shown by
combined control group subjects (U=24, p>.20), suggesting
that, on the basis of the preference test, subjécts in the

30-minute delay group did not associate the gustatory CS
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with the ballon inflation US.

Ingestion of the saccharin solution during

treatment sessicns. Figure 14 presents the median

milliliters of saccharin solution ingested by each group
during each of the treatment sessions. Since Treatment
Session 1 (left panel) represented the first contact with
the saccharin solution,_no significant difference between
groups in volume of saccharin solution ingested would be
expected, nor was any obtained. During Treatment Session 2
(right panel) operated (OpC) and nonoperated (NopC)

controdl groups did not differ significantly in volume of
saccharin solution ingested and were therefore combined

for statistical comparison with balloon inflation groups.
All three delay-of-US groups drank significantly less than
combined control groups during the second treatment session
(combined control groups vs. 0-delay, U=0, p<.002; control
vs. 10-minute delay, U=1, p<.002; control vs. 30-minute
delay, U=4, p<.002). 1In addition, ingestion of the
saccharin solution was suppressed to a greater extent in
the 0-delay condition than in either the 10- or 30-minute

delay conditions (Us=2 and 3, respectively, both ps<.008).

Discussion

The results of Experiment 8 provided additional

evidence that rats can associate a gustatory CS with
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Figure 14

Experiment 8: Median milliliters of saccharin
solution ingested during the 110 second drinking period
within each of the treatment sessions. Groups are
nonoperated (NopC) and operated (OpC) saccharin only
control groups, and delay-of-US onset groups: 0, 10 and
30 minutes. Number of subjects per group is indicated

in parenthesis.
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‘stomach balloon inflaticn even when US onset is delayed by
moré than"a minute or two. Both measures of aversion
learning, (a) the preference test conducted after two
CS-US pairings and (b) the volume of-sacchérin solution
ingested during the second treatment session, indicated
that subjects acssociated the,gustatéry CS with the balloon
inflation US over a CS-US interval of at least 10 minutes.
In addition, the results from the volume of saccharin
solution ingested during the second treatment session
Suggest that rats can associate a gustatory CS with balloon
inflation US even when CS-US intervals are.as long as 30

minutes.

General! Discussion: Experiments 7 and 8

Ingestion of the saccharin solution during

creatment sessions vs. the two-solution choice test. In

both Experiments 7 and 8 the groups that experienced the
longest interval between CS and US during treatment
sessions evidenced an aversion to the CS solution following
the first CS-~US pairing (as'assessed by the amount of CS
solution ingested when it was the only fluid available)

but not following the second CS-US pairing (as assessed

by choice of CS solution compared with simultaneously
presented water). In Experiment 7, for example, the

25-minute delay group drank significantly less saccharin
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solution than the CS only control group during the 110
second CS exposure period of Treatment Session 2. In
cohtrast, the saccharin preference evidenced by the 25-
minute delay group during the two-solution choice test
which followed the second CS-US pairing was not
significantly different from the preference shown by the
control group. This is a rather anomolous finding
considering that assocations are usually strengthened,
rather than weakened, by a second pairing of CS and US.
In addition, it isrusually suggested that a two-solution
preference test is a more sensitive measure of taste-
aversion learning than a single solution test (Dragoin,
McCleary, 1971; Grote & Brown, 1971).

o An adequate explanation of why é learned aversion
was not observed in the choice test after having been
demonstrated during the second treatment session would
require experiments that are considered outside the scope
of this thesis. Furthermore, the results of such research
could not alter the basic conclusion of Experiments 7 and
8: with either assessment procedure, it is clear that
rats can associate a gustatory CS with the balloon
inflation US over a CS~US_interval of several minutes.

Thus, Experiments 7 and 8 clearly demonstrate that
Pavlovian conditioning with a CS-US interval longer than

a minute or two is not limited to toxic USs which produce
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internal consequenées having a very slow onset (over a
period of‘several minutes) and a long duration (an hour

or longer). Rats readily associated a gustatory CS with a
10-minute distention of a stomach balloon even when 10,

25 or 30 minutes (depending upon assessment technique)
intervened between removal of the CS solution and onset of

balloon inflaticn.

Trace conditioning and US duration. Although the
experiments presented here clearly demonstrate that rats
can associate a flavor CS with a ballon distention US over

a substantial C&-US trace interval, the maximum CS-US

- trace interval consistent with flavor-distention

" association does not appvear to be in the range of several
hours as is the case for flavor-toxicosis assocation. 1In
both Experiments 7 and 8 the two-solution preference test
indicated a maximum CS~-US trace interval of less than 25

to 30 minutes. In addition, the single solution measure
indicated that even a few minutes between CS offset and US
onset attenuated aversion learning. These findings suggest
the maximum flavor-distention interval consistent with
aversion learning may be intermediate between the very
short CS-US intervals necessary for auditory/visual CSs

to be associated with shock, and the very long intervals
over which flavor cues can become associated with toxicosis.

Moreover, the US duration used in these experiments, 10
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minutes, is also intermediate between the US duration in
the experiments using a shock US (ranging from a fraction
of a second to a few secondé) and the US duration in
experiments using a toxicosis US (usually indeterminate
but probably several hours). - Perhaps gustatory CSs are
readily associable with internally applied USs (e.g.,
mechanical distenﬁion of the stomach and toxicosis), and
peripheral CSs with externally applied USs (e.g., electric
shock), but given the favorable CS-US combination, it is
US duration which determines the maximum CS-US interval
~over which associations may be formed.

Although a systematic investigaticn into the role
of US duration in the CS-US interval function is beyond
the scope of this thesis, two experiments were conducted
to determine whether the short CS-US interval necessary
for successful conditioning with external CSs and USs is
due to the short-shock duration typically used in these
experiments. In both experiments conducted by this
investigator subjects learned to avoid an auditory CS if a
12-minute shock was presented immediately after the 'CS but
not if shock onset was delayed by 10 minutes. (Procedures
used to present the auditory CS and shock and to assess
aversion learning were identical to those described in
Chapter 4, Experiment 9). There was no evidence that rats

could associate an appropriate CS with a 1l2-minute shock
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'US when the CS-US interval was 10 minutes. Inasmuch as
rats can associate a flavor CS with a 10-minute stomach
distention US when the CS-US interwval is 10 minutes, it
appears that the long CS-US intervals coﬁducive to taste-
aversion learniﬁg are not attributable merely to the
relatively long US duration used in the taste-aversion
preparations.

Taste—aversion learning and US aversiveness.

Chemical or radiation induced toxicosis readily motivates
taste-aversion learning (as assessed by either single
solution or two-solution choice test) over CS-US trace
intervals of several hours. The 10-minute balloon
inflation, on the other hand, did not motivate taste-
aversion learning (as assessed by a two-solution choice
test) over CS-US trace intervals of 25 to 30 minutes. One
explanation for this apparent difference between toxicosis
and balloon inflation.as internal USs is in terms of US
aversiveness. Revusky (1968), for example, has shown that
the maximum CS-US trace interval over which rats will
associate a gustatory CS with toxicosis is, in part, a
function of US aversiveness, the less aversive the US the
shorter the maximum CS-US trace interval. Although there
have been no experiments in which the delay-of-US function
has been investigated with a minimally aversive US (a US

just capable of »roducing a learned taste aversion when



105

presented immediately after the flavor CS) it seems likely
that a minimally aversive US might be readily associated
with a flavor CE only over véry short CS-US trace
intervals.

The balloon inflation US used in these experiments
appears to be far less aversive to rats than a typical
radiation or chemical induced toxicosis. Certainly the
duration of aversiveness with the 10-minute balloon
inflation is less than for a typical toxicosis (Experiments
5 and 6). Also, a further reduction in balloon inflation
volume or duration (Experiments 2 and. 4) substantially
attenuates the effectiveness of balloon inflation as a US
even when presented immediately after the gustatory CS.

The failure of the 10-minute balloon inflation to readily
motivate taste—-aversion learning {as assessed by the
preference test) with a 3C-minute CS-US interval may

simply be another indication that the 10-minute inflation
is onlymildly aversive in comparison to the toxic USs

used in previous studies of the delay-of-US effect in taste

aversion learning.



CHAPTER 4: SELECTIVE ASSOCIATION

Rats readily associate gustatory stimuli with a
chemical or radiaﬁion induced toxicosis but not with
nociceptive shock applied to the surface of the body. 1In
contrast, rats readily associate auditory or visual stimuli
with shock but rot with toxicosis. Garcia and his
associates (e.g., Garcia & Ervin, 1968; Garcia, Hankins
and Rusiniak, 1¢74) have suggested that rats selectively
asscciate gustatery stimuli with toxicosis and auditory
or visual stimuli with shock because the two USs are applied
to different receptor systems. Shock is applied to
somesthetic receptors while toxicosis is primarily a
visceral experience. 1In Chaptef 1, however, it was
suggested that the selective associability of shock and
toxicosis with different CSs may be a functidn of US
temporal characteristics (such as rate cf onset and
duration), rather than the different receptor sites to
which the US is applied. A shock US, for example, is
usually applied as a discrete stimulus with a rapid onset
and short duration. Toxicosis, on the other hand, usually
develops over a period of minutes and lasts for hours. It

was noted, in fact, that demonstrations of selective

106
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association have confounded US receptor site (internal vs.
external) with US temporal features (slow onset and long
duration vs. rapid onset and short duration).

Although experiments presented in Chapter 2
clearly indicate that the slow onset and very long
duration typical of chemically induced toxicosis is not
necessary for the effective motivation of taste-aversion
- learning, those experiments do not precliude an important
role for US temporal characteristics in the process of
selective asscciation. The experiments presented in this
chapter were designed to assess whether rats selectively
associated an internal US with a gustatofy CS and an
external US with an auditory CS when the temporal

characteristics of US application were closely matched.

Experiment 9: Stomach Distention

vs. Electric Shock

Unlike itoxicosis, stomach balloon inflation permits
direct control over the temporal characteristics oﬁ‘
stimulation, enabling the matching of groups of rats with
respect to the onset, duration and offset of an internal
(stomach distention) and external (electric shock) US.
Exveriment 9 was designed to investigate whether the
selective association phenomenon exists when the different

USs are temporally matched. A demonstratiocn of selective
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~association with temporally matched USs would indicate that
it is locus of US application that is relevant, rather than
the unique temporal characteristics of the toxicosis US

employed in previous demonstrations of the phenomenon.

 Method

Design. Subjects were assigned to groups that
experienced one of the following combinations of CS and US:
(a) gustatory CS, shock US; (b) gustatory CS, distention
US; (c¢) auditory CS. shock US; (d) auditory CS, distention
US. These groups représent the four combinations of a 2
by 2 factorial design with two CSs (one gustatory, one
auditory) and two USs (one stomach balloon distention, one
shock). The USs (and CSs) were equated with respect to
temporal characteristics, making this study unique among
selective association experiments.

A fifth group of subjects experienced the auditory
CS paired with a very brief shock. This group was
included to determine if a long shock, one matched in
temporal characteristics to stomach balloon inflation,
would show a level of associability different from the
level of associability shown by the more typically employed
short duration shock.

Preexperimental preparations. Forty subjects were

prepared with cheek cannula for oral infusion as described
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in Experiment 6. One week later sixteen of thesé subjects
were prepared with stomach balloon and the remaining 24
subjects prepared with a shoék electrode consisting of a
safety pin (2.7 em in length) implanted just above the
- shoulder blades.

Gustatory CS. The gustatory stimulus, a 0.15%
sodium saccharin solution, was orally infused at a rate
of 2.1 mi/minute for 100 seconds. Since it was observed
in Experiment 6 that subjects drank practically all of the
orally infused fluid, no attempt was made to measure
rejected solution, and oral infusion was accomplished while
subjects were restrained.

‘Auditory'gg. The auditory stimulus consisted of a
click, generated 18 times per second (Scientific Prototype
Click Generator, Mcdel 4041) at an intensity of 70 decibels
against a 55 decibel "white noise" background (General
Radio Sound Level Meter, calibrated at 1000 Hz, Scale a),
and presented for a period of 100 seconds. During each
auditory stimulus presentation, subjects experienced oral
infusion cof tap water at the rate of 2.1 ml/minute. Oral
infusion of water accompanied the auditory stimulus to
insure that subjects experiencing distention following
the auditory CS would ingest approximately 3.0 milliliters
of fluid prior to balloon inflation (as had subjects that

expefienced the gustatory CS prior to balloon inflation).
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Interﬁél_gg; As in previous experiments, the
internal US consisted of a 9 ml stomach balloon inflation
of 10-minutes duration. Balloon inflation began at the
termination of the CS (either click presentation or
saccharin infusion) with complete balloon inflation
requiring 7 to 10 seconds. Ballon deflation required 18
to 25 seconds. |

External USs. A 10-minute (long duration)

alternating current shock (Scientific Prototype A.C. Shock
Generator, Model 4007 J) was delivered through the implanted
safety pin and = spring loaded clip attached to the

midpoint of the rat's tail. To facilitate electrode

P B

contact. - Beckman ERKG paste was app L

ed LO Lhne surface oOf

I

the clip electrode. Onset, duration and offset of the
long shock were controlled manually through a variable
resister in series with the rat. Shock onset began as the
click presentation or saccharin infusion ended with
intensity rising from 0 to 90 volts (RMS, measured at
output poles on the shock generator) in a linear manner

. 5 . .
over a 7- to l0-second period. The duration of maximum

> Subsecuent to this experiment six of the subjects
prepared with electrodes were shocked as described above
with peak voltage and current across the rat recorded by
cathode ray oscilloscope. Peak voltage and currents were
found to range between 40 to 60 volts (RMS} and 0.6 to 1.0
milliamps, respectively.
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voltage lasted for 10 minutes, when the shock was
terminated by reducing voltage in a linear fashion from
90 to O vélts over a period of 18 to 25 seconds.

The short duration shock US was presented at full
intensity (90 volts, RMS) through closure of a relay for
500 milliseconds. |

Procedure. Five days were allowed for recdvery
from stomach balloon surgery. Subjects were then placed
on a 231 hour water deprivation schedule and daily
experimental secssions were begun. Each subject
participated in the experiment for eight sessions: five
adaptation, two treatment and one test session.

(1) Adaptation - For the first five experimental
sessiohs, subjects were adapted to restraint, handling and
oral infusion. During each adaptation session subjects
were taken to an experimenfal room and restrained for
fifteen minutes with all appropriate connections (stomach
cannula extenticn, chéek cannula extention, tail electrode
and safety pin electrode) fixed in place. During the
restraint period each subject was orally infused with
water for two minutes (rate approximately 1% ml per minute).
Following the restraint period each subject was returned
to its home cage where it was allowed access to water for
1/2 hour.

(2) Treatment - Each of the two treatment sessions

<
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began with the removal of all food from the home cages.
Four and Qne—half houfs later each subject was removed

to the experimental room and restrained. During the
restraint perioc, two groups of subjects experienced the
oral infusion of the saccharin solution followed either

by 10 minutes of balloon distention (Group Saccharin
Distention, n=8) or thé 10-minute shock (Group Saccharin
Long Shock, n=8). Two additional groups experienced the
combined oral infusion of water plus auditory CS, followed
by either 10 minutes of stomach balloon distention (Group
Click Distention, n=8) orjlo minutes of shock (Group

Click Long Shock, n=8). Finally, a fifth group also
experienced the combined auditory CS plus oral infusion

of water, but in this group the CS was followed by the 500
millisecond shock (Group Click Short Shock, n=8).

Following each treatment session subjects were
returned tc their home cages and allowed access to water
for one-half hour. Food was also returned to the home
cages and remained available until 4 1/2 hours prior to
the next experimental session.

(3) Test - Twenty-four hours after the second
treatment session groups that had the saccharin CS (Groups
Saccharin Distention and Saccharin Long Shock) were tested
for saccharinbpreference and subjects that had the click

CS (Groups Click Distention, Click Long Shock, and Click

[
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Short Shock) were tested for their click preference.
Testing procedures were slightly different from those used
in previous experiments. Each subject was removed to the
experimental room and placed in a cage identical to the
home cage. Saccharin préference was then assessed with
the usual two-solution, saccharin vs. water, phoice test.
Click preference was assessed in the manner used in other
demonstrations of selective association (e.g., Domjan &
Wilson, 1972b): As in the saccharin preference test two
bottles were placed on the test cage. However, both
bottles contained tap water, with one bottle having
arbitrarily been predesignated as the click-water bottle.
When a subject drank from this bottle, the experimenter
activated the click generator and the auditory CS was
presented as long as the subject drank from that bottle.
When the subject drank from the alternate bottle, clicks

. were not presenited. Thus, subjects could choose between
click plus water or water alone. Bcth click and saccharin
preference tests were fifteen minutes in duration.
Saccharin preferences ratios were calculated as before,
and click preference ratios were calculated in an analogous
ménner, that is, milliliters of water ingested from the
click plus water bottle divided by total milliliters of
fluid ingested (ml of click water plus ml of water). Thus,

a click preference ratio has the same range (0 to 1.0) and
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“interpretation as the saccharin preference ratio.

Results

Preference test results a?e presented in Figure 15
as median saccharin or click preference ratio for each
group. Examination of this figure indicates that
selective association occurred despite the fact that
internal and external USs were matched in terms of their
temporal characteristics. Subjects that experienced the
auditory CS followed by either the long or short electric
shocks drank significantly less water from the click
bottle than did subjects that experienced the auditory CS
followed by balloon inflation (Click Distention vs. Click
Long Shock, U=9, p<.0l14; Click Distention vs. Click Short
Shock, U=0, p<.02). 1In contrast, subjects that
experienced the gustatory stimulus prior to the 1l0-minute
balloon inflation subsequently showed less of a preference
for the CS solution than subjects who experienced the
gustatory CS prior to the long (10 minute) shock. This
difference, however, did not reach statistical significance
(Saccharin Distention vs. Saécharin Long Shock, U=20,
p>.20).

Finally, subjects in the long shock group appeared
to acquire a slightly stronger auditory aversicn than

subjects in -the short shock group. The difference, however,



Figure 15

Experiment 9: Median saccharin preference ratios
for groups that experienced a gustatory stimulus
(saccharin) foliowed by either distention or leng shock,
and click preference ratios for groups that experienced
an auditory stimulus (click) followed by distention, long
shock or short shqck during treatment sessions. Number

of subjects per grcoup is indicated in parenthesis.
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"was not statistically significant (Click Long Shock vs.
Click Short Shock, U=27, p>.20). (Of course both groups
had such low click preference ratios that any difference

between them may have been obscured by a floor effect.)

Discussion

Previous research has demonstrated a selective
associability phenomenon using shock and toxicosis as USs.
Rats readily acquire a gustatory aversion but not an
auditory aversion when the US is an internal malaise having
a slow onset and long duration. 1In contrast, rats readily
acquire an auvditory aversion but not a gustatory aversion
when the US is a painful external stimulus having a rapid
onset and a brief duration.

It is this reversal of CS associability with
different USs which identifies the selective association
process in rat aversion learning. Such a reversal of CS
associability wes obtained in Experiment 9 despite the .
fact that interral and external USs were applied with the
same onset, duration and offset characteristics. Subjects
that experienced a gustatory CS paired with a l0-minute
internal US (stomach balloon inflation) subsequently
evidenced a lower preference for the CS solution than did
rats that experienced the gustatory CS paired with a

10-minute external US (shock) having the same onset/offset
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characteristics as the internal US. On the other hand,
subjects that experienced an auditory CS paired with the
lOfminuteAexternal US subsequently evidenced a stronger
aversion to the auditory CS than subjects who experienced
the auditory CS paired with the 10-minute internal US.
 These results suggest that in previous demonstrations of
selective association (e.g., Domjan & Wilson, 1972b),
demonstrations in which US receptor site was confounded with
distinctive US temporal characteristics, the important
difference between USs was receptor site and not
distinctive US temporal features.

In this experiment, the greater saccharin aversion
acquired by the Saccharin Distention Group than by the
Saccharin Long Shock Group is not statistically significant.
This does not appear to have resulted from a lack of
aversiveness on the part of the balloon inflation US. The
median saccharin preference displayed by the Saccharin
Distention Group (median=.17) is within the range of median
saccharin preference ratios obtained from Saccharin
Distention Groups in previous experiments (medians of .20
to .05). On thé other hand, the saccharin preference ratio
of the Saccharin Long Shock Group (median=.40) is
substantially below the rénge of saccharin preference
ratios observed in saccharin only control groups of

-

Experiments 1 through 8 (medians=.55 to .70). Thus it is
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possible that there was some association between the

flavor and the long shock. (Previous demonstrations of

the selective association phenomenon used brief shocks.)
The interaction in associability between temporally

matchéd CSs (gustatory vé. auditory) and USs (shock vs.

stomach distention) apparent in Figure 15 suggests that

the selective association phenomenon is dependent on locus

of Us application, and not US temporal features.

Experiment 10: Contiguous Presentation of

Auditory CS and Balloon

Experiment ¢ demonstrated that raté readily
associated an auditory CS with shock, but not with visceral
stimulation, even when the temporal features of the two
USs were matched. However, obsérvation of the rats during
Experiment 9 revealed a possible difference in the onset
latency of the affective qualities'of shock and distention.
Shocked rats evidenced an overt reaction to the us
(struggling and vocalization) within two or three seconds
following shock onset. Distended rats, however, evidenced
an overt reaction to the US (rolling and head movement, as
described in General Discussion--Experiments 1-6) about
six to eight seconds following bhalloon inflation onset

(i.e., when balloon inflation volume reached about 7 ml).
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-Thus, although the duration and onset/offset characteristics
of the internél and external USs were nominally equated, it
is possible that: the relatively low associability of the
click US with the stomach distention US resulted from the
relatively long time elapsing between CS offset and US
aversiveness. |

Experiment 10 was designed to assess whether the
differential associability of shock and stomach distention
with an auditory CS (as demconstrated in Experiment 9) would
persist when the confounding of CS offset to US aversiveness
interval and US locus of application was eliminated. In
the present experiment, the duration of the CS was
lengthened to 10 minutes, and it was presented
simultaneously with a 1l0-minute US (either distention or
shock). Thus, CS and US were completely overlapped and

contiguity between CS and US aversiveness assured.

Method

Subjects and pre-experimental preparation. Twenty-

eight subjects were surgically prepared for this experiment:
eight with a cheek cannula for oral infusion, seven with
cheek cannula and safety pin electrode, and thirteen with
cheek cannula and stomach balloon. Stomach balloons and
cheek cannulas were implanted in a single operation and

therefore all subjects were allowed eight days to recover


http:allov.md
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from surgical procedures instead of the usual five.

Procedure. All details of the procedure not
specified below were as described in Experiment 9.

Following the eight day recovery period all subjects
were placed on the 233 hour water deprivation schedule, and
adapted to restraint, handling, and oral infusion of water.
Adaptation sessions were conducted once a day for five days.

During each of the two treatment sessions, two
groups experienced a 100-second, oral infusion of water
followed immediately by 10 minutes of the auditory CS
(clicks at the rate of 18 per second). Throughout the 10-
minute auditory CS one group experienced shock (Group Click
Shock, n=7), while the second group experienced stomach
balloon distention (Group Click Distention, n=7). As in
Experiment 9 both USs were 10 minutes in duration and were
matched in onset/offset characteristics. The onset of each
US (shock or balloon inflation) began simultaneously with
onset of the auditory CS. Thus, in koth Click Shock and
Click Distention Groups the overlap between the CS and US
was complete.

A third group also exgerienced the 100-second, oral
infusion of water followed immediately by the 1l0-minute
auditory CS during each treatment session. This group,
however, did not experience either US and therefore

constituted a CS-only control group (Group Click Only, EES).
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Finally, a group was included that experienced a
100-second, oral infusion of the saccharin solution
followed immediately by stomach balloon inflation (Group
Saccharin Distention, n=6) of the same temporal features
as the balloon inflation experienced by subjects in the
Click Distention Group. Such a group was necessary to
determine if any failure of subjects to associate the
auditory CS with the balloon inflation US was due to a
1a¢k of aversiveness on the part of the balloon inflation
procedures.

Twenty~four hours after the second treatment session
saccharin and click preferences were assessed as described

in Experiment 9.

Results

Figure 16 presents median saccharin and click
preference ratios fof groups 1in Experiment 10.

Elimination of the temporal interval between
auditory CS offset and onset of balloon inflation
aversiveness does not appear to have caused rats to
associate the zuditory CS with the balloon inflation US.

In fact, the Click Distention Group showed a higher
preference for water from the bottle that produced the
auditory CS than did the Click Only Control Group, althocugh

this difference was not statistically significant (U=21,
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Figure 16

Experiment 10: Median saccharin preference ratio
for the group experiencing a gustatory stimulus (saccharin)
followed by stomach distention, and median click
preference ratios for groups experiencing the auditory
stimulus (click) alone or paired with distention or shock.

Number of subjects per group is indicated in parenthesis.
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p>.20). Furthermore, the median click preference ratio
for the Click Distention Group of this experiment (median=
.40) is not significantly different from the click
preference of the Click Distention Group of Experiment 9
(median=.47) (U=18, p>.20).

The absence of click-aversion learning in the Click
Distention Group cannot be attributed to any general
ineffectiveness ofjthe 10-minute auditory stimulus as a
CS, an auditory aversion was readily learned by the Click
Shock Group (Click>Shock vs. Click Only, U=0, p<.001).

Nor can the absence of aversion learning in the' Click
Distention Group be attributed to any ineffectiveness of
halloon inflation as a. US. Subjects in the Saccharin
Distention Group clearly acquired a gustatory aversion

(median saccharin preference ratio=.07).

Discussion

The resutlts of Experiment 10 indicate that the
failure of subjeccts in the Click Distention Group of
Experiment 9 to associate the auditory CS with the internal
US was not due to the separation of auditory CS offset from
onset of internal US aversiveness. Even when the auditory
CS was lengthened to 10 minutes and presented
simultaneously with the internal US (as was the case in

this experiment), subjects did not associate the auditory
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CS with the internal US. Thus, Experiment 10 provided
further evidence that US locus of application rather than
US temporal features plays the predominant role in the

selective association phenomenon.

General Discussion: Experiments 9 and 10

Experiments 9 and 10 were designed to determine if
the rat's selective association of toxic USs with gustatory
CSs and shock USs with auditory/visual CSs is attributable
to thé distinctive temporal characteristics of the USs
rather than locus of US application. Previous
demonstrations of seléctive associgtion had confounded
differences between the application sites of toxicosis
and shock (internal vs. external) with differenceé between
the USs in temporal characteristics (slow onset and long
duration vs. rapid onset and short duration). 1In
Experiments 9 and 10, the shock US was lengthened from its
usual span of a few hundred milliseconds to ten minutes
and applied with a slow onset and long duration. 1In
comparison to chemical or radiation induced toxicosis,
stomach balloon inflation applied with the same rate of
onset, duration and rate of offset as the shock constituted
a relatively discrete internal US. Experiment 9
demonstrated selective assocation of CS and US despite

the use of temporally matched internal and external USs.
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Rats clearly learned a taste aversion when the flavor CS
was paired with the balloon inflation US but not when
paired wiéh the long shock. In contrast, rats learned an
auditory aversicn when the auditory CS was paired with the
long (or short) shock but not when paired with the balloon
inflation US. PFurthermore, Experimeht 10 demonstrated
that the absence of aversion learning in the Click
Distention Group was not the result of an artifactual
temporal separation between auditory CS offset and onset
of balloon inflation aversiveness. Rats did not

learn a taste aversion even when auditory CS completely
overlapped the balloon inflation US. These data are
consistent with previous demonstrations of selective
association and suggest that temporal properties of the US
do not play a critical role in the selective association

process.



CHAPTER 5: SUMMARY AND CONCLUSIONS

Previous research has shown that rats readily
acquire a taste aversion when a gustatory stimulus is
followed by toxicosis, but not when the same stimulus is
followed by cutaneous shock. Also, taste aversions, in
contrast to shock motivated auditory or visual aversions,
are learned even when the gustatory CS precedes onset of
toxicosis by several hours. Many investigators (e.gqg.,
Garcia & Ervin, 1968:; Rozin & Kalat, 1971) attribute
these distinctive features of taste-aversion learning to
CS and US receptor sites with little consideration of the
fact that taste and toxicosis differ from the more
conventional stimuli, auditory or visual cues and electric
shock, along a number of dimensions. For example, shock
is usually applied with a rapid onset, short duration and
rapid offset to a localized set of receptors (e.g., the
paws or the tail of a rat). Toxicosis, on the other hand,
is typically a diffuse experience which, in comparison to
shock, has a very slow onset, long duration and slow offset.
The present series of experiments was designed to
investigate the role playved by US temporal characteristics,

such as rate of onset and duration, in the distinctive

128
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features of taste—-aversion learning.

In order to investigate the role of US temporal
characteristics in taste-aversion learning, a conditioning
preparation was developed in which an internal US that had
readily controlled temporal features could be applied
directly to visceral receptors. Inasmuch as this
preparation was unique in the study of taste-aversion
learning, the initial éxperiments (Chapter 2) were designed
to (a) demonstrate taste-aversion learning motivated by
stomach balloon inflation, and (b) investigate the relation
of basic balloon inflation parameters such as volume and
duration to aversion learning. It was demonstrated that a
distention volume of 9 ml which lasted 4 or 10 minutes
effectively motivated taste-aversion learning (Experiments
3 and 4). Furthermore, it was shown that a 9 ml, 10-minute
balloon inflation did not produce an internal malaise that
extended substantially beyond balloon deflation (Experiments
5 and 6). (Balloon inflation volumes larger than 9 ml and
which lasted longér than 10 minutes produced taste
aversions but also appeared to produce internal
consequences that lasfed far longer than the period of
balloon distention (Experiments 1 and 2).) Thus,
experiments presented in Chapter 2 provide the first
unambiguous demonstration that the slow onset and long

duration characteristic of chemical or radiation induced
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‘toxicosis are not prerequisites for effective motivation of
taste—aversion learning.

- Experiments presented in Chapter 3 were designed
to assess taste-aversion learning when CS termination
preceded US onset (i.e., trace conditioning) by more than
a minute or two. It was found that fats did associate
the gustatory CS with stomach balloon inflation even when
the trace interval was 10 to 30 minutes. This finding is
in marked contrast to the close temporal contiguity
necessary for associative learning when the CS is auditory
or visual and the US is shock. Inasmuch as the balloon
inflation used in these experiments constituted a
relatively discrete internal US in comparison to toxicosis,
the rat's association of gustatory CS with balloon inflation
over CS-US trace intervals ten minutes (or longer) suggests
the distinctive temporal characteristics of toxicosis are
not necessary for associative learning with CS-US trace
intervals longer than a minute or two.

Finally, experiments presented in Chapter 4 were
designed to assess the relative associability of internal
(stomach balloor: inflation) and external (shock) USs when
paired with an zuditory or gustatory CS. These experiments
differed from previous studies of selective association in
the rat in that internal and external USs (as well as

gustatory and auditory Css) were closely matched with
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respect to their temporal characteristics. Previous
investigations cf selective association had, in fact,
confounded the site of US application (internal vs.
external) with US temporal characteristics (slow onset and
long duration vs. rapid onset and short duration). It was
found that rats selectively associated the internal US
(balloon inflation) with the gustatory CS and the external
US (shock) with the auditory CS even though shock and
balloon inflation were applied with the same rate of onset
and offset and for the same duration (Experiment 9). In
addition, it was demonstrated that failure of subjects to
associate the auditory CS with the balioon inflation US
was not attributable to any temporal separation between CS
offset and onset of US aversiveness. Rats did not
associate the auditory CS with stomach balloon inflation
even when €S presentation completely overlapped the US
(Experiment 10). Thus, the rat's selective association of
gustatory CSs with toxicosis and auditor