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ABSTRACT

An Experimental Analysis of Second-Order
Conditioned Taste Aversion: Drug Pairing
Facilitated Through Excitation of

Geotactic Behavior

by

John H. Gatling, Doctor of Philosophy
Utah State University, 1990
Major Professor: Carl D. Cheney, Ph.D.
Department: Psychology

In two experiments, second-order conditioned taste
aversion techniques were employed to develop aversions
in rats, with a geotactic-excitation procedure as the
independent variable. Periodic tilting of an
experimental apparatus resulted in angular orientation
changes of all subjects located within compartments of
the chamber. The effect was excitation of geotactic
behaviors, expressed as locomotor activity within the
confines of these compartments.

In the first experiment, two groups of rats (n = 6)
were exposed to experimental protocols which were
identical with the exception of the independent
variable. Three conditioning trials were presented,

separated by five to seven days, within which strychnine



ix
injections preceded LiCl injections by 15 minutes. A
treatment trial was presented five days following the
last drug pairing, in which a novel flavor was available
in lieu of tap water. Immediately following the 10-min
water-access period, an injection of the CS-drug was
administered. Testing for evidence of second-order CTA
was conducted via presentation of the flavored solution
on the fifth day following treatment. Statistically
significant results were obtained in terms of Learned
Aversion Ratios and CTA Suppression Ratios. A second
experiment was conducted in an attempt to isolate the
influence of the excitation procedures with other
drug-pairings. Five groups of rats (n = 6 in each
group) were run in which hypertonic saline was paired with
LiCl, strychnine, or hypertonic saline. Combinations of
saline and the US-drugs were tested with and without the
excitation procedures. A no-injection group (n = 6)
received exposure to the flavor stimulus followed only
by the excitation procedure. Results obtained on the
Learned Aversion Ratios were statistically significant
and in the predicted direction. The excitation group in
which saline had been paired with LiCl showed a
significant aversion ratio compared to the appropriate
control groups, the Saline-Saline Group and the
No-Injection Group. The Saline-Strychnine Excitation

Group also showed a significant Learned Aversion Ratio



compared to its respective control group and to the
No-Injection Excitation Group.

The implications of these results for such issues
as stimulus equipotentiality, avfail, and research
methodology and CTA research in general may provide
additional foundations for future research in this

experimental area.

(147 pages)



CHAPTER I

INTRODUCTION

The study reported in this dissertation is an
attempt to demonstrate the establishment of second-order
conditioned taste aversion by pairing antagonistic drugs
(drugs with opposing effects). The variable employed to
facilitate this conditioning and the logic for proposing
its use necessitate a thorough review of the underlying
principles involved. Various substrates, including
physiology and pharmacology as well as stimulus control
and conditioned-taste-aversion techniques, that impinge
the outcomes of the research are presented.

Since Pavlov’s (1927) research on the conditioning
of physiological responses, the technique which came to
be known as respondent or classical conditioning has
grown to encompass a wide range of neurobehavioral
phenomena. Within the broad parameters of classical
conditioning, Conditioned Taste (Flavor) Aversion has
come to be of particular interest as a formal area of
study during the past three decades.

The survival of an organism such as the rat is
dependent upon the regulation of two opposing
environments, the milieu interne and the milieu

externe (Garcia, Hankins, & Rusiniak, 1974). The



relationship of the environmental-stimulus conditions to
the consequence of the animal’s behavior significantly
affects the acquisition of conditioned adaptive behavior
(Garcia & Koelling, 1966). In Garcia and Koelling’s
study, pairing external stimuli ("bright-noisy" water)
with internal distress or pairing internal stimuli
("tasty" water) with external distress (shock) resulted
in relatively poor conditioning. However, pairing the
"tasty" water with radiation or a toxin or pairing the
"bright-noisy" water with peripheral pain readily
resulted in the production of avoidance behaviors
(Garcia & Koelling, 1966). The cues that control the
animal’s behavior relate to the consequences of that
behavior. That is, animals learn that external
environmental consequences that befall them are related
to external environmental stimuli and that internal
consequences (illness) are related to or associated with
ingestive behaviors.

Neophobic behavior in rats, that is, the behavior
of rejecting novel (new) substances, has been observed
both in the wild (Barnett, 1963; Richter, 1953; Rzoska,
1954) and in the laboratory (Best & Batson, 1977;
Domjan, 1975; Revusky & Bedarf, 1967). This behavior is
enhanced when rats have experienced illness subsequent
to food ingestion (Carroll, Dinc, Levy, & Smith, 1975;

Richter, 1953; Rozin, 1968), but not when illness has



been experienced in the absence of prior (within several
hours) food intake (Best & Batson, 1977; Domjan, 1975;
Revusky, Parker, Coombes, & Coombes, 1976). This former
effect has been referred to as "bait-shyness" (Garcia,
Ervin, & Koelling, 1967).

Several general principles resulting from
taste-aversion research have been delineated. The more
intense the flavor stimulus, the greater the degree of
measurable aversion induced by subsequent illness
(Archer, 1989). Furthermore, the greater the degree of
illness, given a constant taste intensity, the stronger
will be the aversion. If intensities of taste and
illness severity are equated, the strength of the
aversion is inversely related to the time interval
separating consumption and illness.

In order to fully appreciate the rationale for the
current study, it will be necessary to review a number
of areas as they relate to research in the area of

conditioned taste aversion.

Reflexive Behavior

The term reflex, as applied to the subject matter
of behavioral conditioning, can be traced to the
writings of Descartes (translated by L. J. Lafleur,
1956). It was commonly believed that animals behaved
simply as machines; every response was a necessary

reaction to an external stimulus. It was postulated



that a definite nerve path linked a stimulus and a
subsequent behavioral response. This connection was
presumed to be the fundamental purpose of neural
structures within the body of an animal.

Descartes’ concept of the nervous reflex was a
starting point for Pavlov’s conceptualizations and
subsequent research on what he referred to as the
conditioned reflex. Pavlov operated on the assumption
that external stimuli impinged upon nerve receptors,
which in turn initiated the propagation of nervous
impulses (action potentials), ultimately resulting in
excitation of cellular structures at the end of the
nerve chain (muscles). He concluded that any given
stimulus appeared to be, by necessity, connected to a
specific response (Pavlov, 1927).

There are at least three other meanings for the
term "reflex" (Zuriff, 1985). First, the term may refer
to the causal relationship between a stimulus and a
response mediated by a reflex arc. A physical stimulus
applied to a receptor cell results in glandular or
muscular activity by means of reflexive response
elicitation. The reflex is thus defined by the
physiological (sensory-conduction-motor) structures and
the stimulus events themselves. Second, a reflex may be
defined by a stimulus-response pair, independent of the

mediating physiology. The laws governing the relationship



between the stimulus and the response involve not only
the characteristics of the response, such as latency and
magnitude, but also the dimensions of the stimulus,
including its intensity and frequency. A third, less
restrictive definition is that a reflex is any behavior
caused by and related to an antecedent sensory event.
Conditioned taste aversions, in which classical
conditioning procedures are employed to pair a taste
with a drug or other illness-inducing stimulus and the
resultant physiological effect, can be described by
aspects of all of these definitions of the term
"reflex." Both first- and second-order conditioned taste
aversions however, as will become evident, clearly do not
fit well within the strict definitions of classically
conditioned reflexive behavior encountered in the

literature (Garcia, 1989).

Operant Behavior

In contrast to reflexive behavior, responses which
have been conditioned and maintained by means of
programmed environmental consequences that are made
contingent upon their occurrence are termed operants
(Skinner, 1937, 1938, 1953). Operant conditioning
involves the arrangement of a specific contingency
between a subject’s behavior and a given consequence
(presentation of a reinforcer), with a resultant change

in probability of response.



Many observed and unobserved behaviors are the
products of multiple interactions between stimuli and
responses. First-order classical conditioning in the
context of operant conditioning is a commonly observed
phenomenon. The development of conditioned reinforcers
is a good example of classical and operant conditioning
occurring in conjunction. For example, during a
reinforcement cycle, access by means of mechanical
instrumentation to a food hopper in an operant
experimental chamber may be immediately preceded by
certain auditory stimuli. These previously neutral
stimuli become conditioned stimuli (CSs) through the
process of respondent conditioning, which is inherent in
this preparation, and are capable of maintaining operant
responding beyond the period normally observed during
extinction trials (Bugeleski, 1938; Melching, 1954;
Skinner, 1938). Hence, the stimuli function by
definition, as reinforcers. The classification of any
given behavior dichotomously as either operant
(controlled by reinforcement contingencies) or
respondent (classically conditioned or reflexive) is
usually arbitrary and may be technically incorrect in
many cases, as both operant and respondent procedures
may be present in a single preparation. It may be the
context in which the conditioning occurs that determines
the classification of the response as an operant or

respondent behavior.



First-Order Classical
Conditioning

Classical conditioning involves the arrangement of
a specific contingency between two stimuli (Pavlov,
1927; Rescorla, 1988). The term reinforcer, in
respondent conditioning, refers to an unconditioned
stimulus whose presentation increases (strengthens) the
probability that the neutral stimulus will elicit a
particular response. In a reinforced conditioning
trial, a previously neutral stimulus (CS) is presented,
followed by an overlapping unconditioned stimulus (US).
The conditioned stimulus by itself initially has little
or no effect upon the probability of the response. In
contrast, the unconditioned stimulus reliably elicits
the response reflexively, in other words, without the
necessity of prior conditioning. Through a series of
successive and overlapping temporally paired presentations
of the CS and US, the conditioned stimulus will come to
elicit a conditioned response (CR) which resembles the
unconditioned response (UR) (Mackintosh, 1974).

Several variations in the order of stimulus
presentation, or the temporal relationship between the CS
and US, are recognized (Mackintosh, 1974; Pavlov, 1927).
In simultaneous (the most common form), delayed, and
trace conditioning, the CS temporally precedes the US,
and each differs only in the degree of overlap or

interval between presentation of stimuli. In backward



conditioning, the onset of the US precedes the CS. Such
temporal arrangements have generally been reported to
produce poor results (Davey, 1981), but some researchers
have found them to be quite effective (Spetch, Wilkie, &
Pinel, 1981). Temporal conditioning arrangements, in
which the time interval since the last US acts as the
CS, have also been reported. The most common classical
conditioning procedure, simultaneous conditioning, is
used in the present study.

Second-Order Classical
Conditioning

In Pavlovian conditioning experiments, the US has
and maintains its function in the absence of prior
learning experiences. Second-order conditioning is
distinguished from first-order by the manner in which
the unconditioned stimulus exerts its control over the
response; the second-order US becomes a US through past
pairing by the experimenter (Rescorla, 1980).

Second-order conditioning in a classical
conditioning preparation involves first the pairing of
an initially neutral stimulus (S;) with a stimulus (US)
which, without prior conditioning, elicits a specific
response (UR). Second, another initially neutral
stimulus (S,) is then paired with S;. Upon presentation
of S, alone in an extinction trial, the elicitation of a

conditioned response (CR) is taken as an indicator that



second-order conditioning has occurred (Rescorla, 1980).

First-Order Conditioned
Taste Aversion

Conditioned Taste Aversion (CTA) researchers have
used both first and second-order classical conditioning
techniques in attempts to produce suppression of
drinking or eating behaviors with a variety of flavored
solutions or pellets. Sweet, sour, bitter and salty
tastes, as well as fruit juices, milk, coffee, natural
prey and many other substances have been employed as CS
flavor stimuli in CTA research (Garcia et al., 1974).
Lithium chloride (LiCl), cyclophosphamide,
X-irradiation and numerous other chemicals have been
commonly used as illness producing stimuli to serve in
the role of the unconditioned stimulus in CTA
preparations (Gamzu, Vincent, & Boff, 1985; Riley &
Tuck, 1985). The capacity of a given chemical US to
result in a taste aversion is dependent upon the
gastrointestinal illness effects produced, the intensity
of which, are related to the dose, route of
administration and the interval separating ingestion of
the distinctively flavored CS and the onset of illness
(Shumake, Sterner, Gaddis, & Crane, 1982).

Second-Order Conditioned
Taste Aversion

Second-order classical conditioning procedures have
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been applied to CTA research also. The methodology
involves the pairing of two drugs, one serving a US
function, the other a CS, then pairing a novel flavor
with the CS-drug. Attempts at such conditioning have
not been completely successful (Cunningham & Linakis,
1980; Revusky, Taukulis, & Peddle, 1979; Revusky,
Taukulis, & Coombes, 1980).

In a second-order CTA preparation, the failure of
one of the drugs to produce a first-order aversion would
be highly desirable in order to facilitate the
assessment of the contribution of the conditiocning
process to the development of a second-order aversion.
In other words, if the drug used as a CS was capable of
causing an aversion by itself, it would clearly be
difficult to demonstrate an effect attributable to
second-order conditioning.

In previous reports, strychnine, the principal
toxin selected to serve as the CS-drug in this study,
has been demonstrated to be at best a very weak CTA
agent (Cheney, Vander Wall, & Poehlmann, 1987; Nachman &
Hartley, 1975). Strychnine causes death at relatively
low doses due to its potent analeptic effect. The
injected strychnine dosages used in the present study
were not successful in producing taste aversions in
first-order conditioning procedures. That is, no taste

aversion occurred with strychnine as the potential US,
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probably because it does not induce gastrointestinal
distress which is very important, if not essential, in
CTA development. The site of action of strychnine is on
the Renshaw cells in the spinal cord which motor
neurons. One reason that strychnine may be ineffective
in producing first-order aversions may be related to the
nature of the physiological activity it causes. The
behavioral expression of strychnine toxicosis,
uncontrolled muscular contractions, is directly linked
to the general activity level of the organism receiving
it. An injection of strychnine, even at near lethal
dosages, can be survived and the consequent convulsant
activity minimized if the subject is in an environment
in which sensory stimuli have been diminished (Goodman &
Gilman, 1975). The inactivity induced by LiCl when
pairing these two drugs only serves to further decrease
the discriminable properties of strychnine as a CS-drug.
That is, inactivity caused by the lithium induced
sickness allows the strychnine to be metabolized without
the production of discernible seizures. Thus, to
enhance the discriminable stimulus properties of the
CS-drug (strychnine), procedures were introduced in the
present study which served to excite the geotactic
behaviors (Carlson, 1977; Kelly, 1985) of the subjects
involved. Such stimulation was hypothesized to be

sufficient to cause some motor activity in the animals,
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which, in turn, would lead to behavioral expression of
the physiological effects of the strychnine.

A wide range of flavor stimuli are available to
which aversions have been conditioned. Novelty,
salience, and palatability are three important flavor-Cs
variables directly related to the probability of
producing an aversion (Brackbill, Rosenbush, &
Brookshire, 1971; Etscorn, 1973; Revusky & Bedarf, 1967;
Vogel & Clody, 1972; Wilcoxon, Dragoin, & Kral, 1971).
On the basis of preliminary studies with various
solutions including sodium saccharin, aspartame,
sucrose, and grape juice, the last of this list was
selected for use in these experiments in an effort to
maximize the salience of the flavor stimulus. Grape
juice (unsweetened and sweetened with sucrose) has been
successfully used in first-order CTA experiments (McCoy,
Nallan, & Pace, 1980; Parker & Revusky, 1982). Grape
juice artificially sweetened with aspartame, was used in
this study and introduced (grape juice with aspartame)

as another novel flavor stimulus in the field.

Overshadowing

The strength of conditioning to a particular
stimulus depends upon the conditions surrounding its
presentation, that is, as a single stimulus or within
the context of a set of stimuli. The control of the

response by a single component of a compound conditioned
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stimulus appears to be related to the relative strengths
or intensities of the components, or what has been
called the predictive value of the components (Davey,
1981) . Overshadowing occurs when the rate and level of
response acquisition to a target stimulus is diminished
through compound training with another CS that is
capable of rapid response acquisition (Kehoe, 1987).

Pavlov (1927) originally found overshadowing
effects with animals which were presented with compound
multimodal stimuli. He suggested that this effect may
have been due to different strengths of the respective
stimulus components. The dependence of the
overshadowing effect on the relative intensities of the
component stimuli has been demonstrated in a number of
studies (Kamin, 1969; Mackintosh, 1971).

Overshadowing of one stimulus by another is not
only affected by the relative intensity but also by the
relative validity of the stimuli (Wagner, 1969). It was
concluded on the basis of their evidence (Wagner, Logan,
Haberland, & Price, 1968) that a stimulus which better
predicted the occurrence of reinforcement (a more valid
stimulus) could overshadow a less valid one. A third
factor in overshadowing is the extent of training which
has taken place on the overshadowing stimulus; the
greater the training, the more probable is an

overshadowing effect (Kamin, 1968, 1969).
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In conditioned taste aversion, Revusky (1971) has
also found evidence of overshadowing. He observed that
exposure to a second-flavor CS prior to administration
of a chemical US interfered with the conditioning of an
aversion to the first-flavor CS.

In conjunction with the presentation of what
amounts to a compound stimulus (the overlapping and
opposing effects of strychnine and lithium), it appears
that an overshadowing-like effect (the action of
strychnine on the Renshaw cells and the gastrointestinal
effect of LiCl) has contributed to the failure of
second-order aversions previously observed in
first-order preparations in the laboratory and widely
reported in the literature. In this particular case,
geotactic excitation as a means of causing activation of
the physiological and behavioral effects of strychnine
may prove to be a solution to the problems associated
with pairing two drugs which exert their effects in
different physiological systems.

Rotational stimulation procedures have been used to
condition aversions in first-order preparations (Fox &
McKenna, 1988; Hutchison, 1973; McCoy et al., 1980).

The procedures employed in the current study, however,
do not fit within the parameters of studies conducted in
the Motion Sickness CTA literature and, in and of

themselves, were expected to have no effect on the
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acquisition of conditioned aversions (Holder, Yirmiya,
Garcia, & Raizer, 1989). 1In fact, the periodic angular
orientation changes of the experimental chamber designed
for this study resulted in minimal externally mediated
agitation and in no way resembled agitation or motion
sickness procedures. The resultant motor activity
induced by varying the chamber orientation is a function
of the rats’ geotactic behaviors. Based on preliminary
findings it was determined that this amount of motor
activity would be sufficient to facilitate the
behavioral expression of the toxic effects of the

strychnine CS, thereby increasing it’s discriminability.

Statement of the Problem

Previous research utilizing traditional drug
pairings in an attempt to show second-order classical
conditioning has failed to demonstrate conditioned
aversions to novel flavor stimuli with a number of drug
combinations (Cunningham & Linakis, 1980; Revusky &
Coombes, 1982; Revusky et al., 1980; Revusky, Taukulis,
Parker, & Coombes, 1979; Revusky, Taukulis, & Peddle,
1979).

Traditional conditioning procedures involve the
application of second-order classical conditioning
techniques (i.e., the presentation of a CS-drug (CS,)

followed by a US-drug for varying numbers of trials, and
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then the presentation of a novel taste stimulus (CS,)
followed by CS,). Testing for taste aversion occurs on
subsequent days by means of presenting the taste
stimulus alone and measuring the intake of that
substance compared to the water consumption for the
immediately preceding day (Shumake et al., 1982) or
compared to the intake of the flavor upon its initial
presentation (Nachman & Hartley, 1975). The present
study used this procedure with the addition of the
orientation manipulation to make the effects of the
two drugs more salient.

A unique finding within taste aversion research is
the failure to produce a second-order aversion with some
chemical combinations and under certain experimental
conditions. On the other hand, a variety of
antidepressants, stimulants, anxiolytics, anesthetics
and other drug classes are capable of producing
aversions. In fact, it is possible that any chemical
substance could function as a CTA agent given sufficient
dosage and exposure (Gamzu, 1977; Gamzu et al., 1985).
There is, however, a large body of research, which, using
second-order classical conditioning procedures, has
consistently resulted in aversion failure. First
reported by Revusky, Taukulis, & Peddle (1979), this
failure to produce a second-order conditioned aversion

following drug pairings is called the Avfail Effect.
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Research seems to have either neglected or ignored
the potential problems involving overshadowing of the
CS-drug by the US-drug during the antecedent classical
conditioning procedure. The most frequently used
US-drug in CTA is lithium chloride. The effect of LicCl
upon the activity of the animal at moderate to high CTA
dosages is to depress motor activity and induce
gastrointestinal distress; the animal remains relatively
motionless for a variable, dosage-dependent period
following the injection. 1In the case of a CS-drug such
as strychnine at the very low dosages that must be used
to maximize survivability, motionlessness may
effectively eliminate the perceptible stimulus
properties of the drug. Thus, the failure to develop an
aversion following second-order conditioning procedures
(Avfail) may be due, at least in part, to an
overshadowing-like effect by the US-drug.

No research has been located which examined whether
second-order conditioned taste aversions could be
produced by pairing two drugs, one a weak or neutral
CTA agent such as strychnine as a CS, the other a
premier CTA agent such as lithium as a US, in the
presence of procedures which would enhance the
discriminable stimulus properties of the CS-drug. The

present study attempted to address this issue.
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CHAPTER II

REVIEW OF THE LITERATURE

Conditioned Taste Aversion

When an olfactory or taste stimulus is followed by
illness in the form of gastrointestinal distress,
subsequent avoidance of that taste is exhibited by the
animal in future presentations. If a rat consumes
distinctively flavored poisoned bait and survives, it
will develop a "shyness" for that bait (Rzoska, 1953).
In the first report of experimentally produced "bait
shyness" Rzoska (1953), rats were presented with
saccharin flavored water and were then exposed to 30
roentgens of x-irradiation. Upon subsequent
presentation of the flavored solution the rats
exhibited aversions that persisted for weeks of
continuous preference testing. This article appears to
mark the beginning of the field of conditioned taste

aversion research.

Conditioned taste aversion as long delay learning.

In traditional classical conditioning studies,

delays between the presentation of the CS and US
(interstimulus intervals or ISIs) of only a few seconds
can significantly reduce or eliminate conditioning

(Bersh, 1951). Kimble (1961) went so far as to say that
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the optimal ISI in classical conditioning preparations
is in the 250 to 750 ms range. This is a gross
oversimplification, as the optimal ISI is dependent upon
the response, the organism and any number of other
variables but is always less than minutes (Mackintosh,
1974).

Long delay learning is a peculiar characteristic of
the taste aversion learning paradigm and one of the
reasons that Bermudez-Rattoni, Sanchez, Perez, Forthman,
& Garcia (1988) and Garcia (1989) have argued that CTA
procedures do not resemble pure classical conditioning
procedures. Conditioned taste aversions are unique for
many reasons. They may be produced through a single
conditioning trial (Garcia, Kimeldorf, & Hunt, 1961;
Garcia & Koelling, 1966), when the interval between
presentation of the CS and US is delayed by an hour or
more (Deutsch, 1978; Domjan & Gregg, 1977; Garcia &
Koelling, 1966; Nachman, 1970; Revusky & Bedarf, 1967;
Riley & Mastropaolo, 1989; Rozin, 1969) and even when
the subject is unconscious (Bermudez-Rattoni et al.,
1988; Roll & Smith, 1972) or when cortical function has
been depressed by potassium chloride (Buresova & Bures,
1973; Davis & Bures, 1972).

Novelty of the flavor used can influence the delay
intervals which successfully result in taste aversions.
The novelty of a flavor is defined by the animal’s

previous exposure to the substance. Franchina, Silber,



20

& May (1981) compared flavor novelty and temporal
contiguity in the production of lithium chloride induced
taste aversions and found that the relative novelty of
the flavor stimulus was more important than temporal
contiguity between flavor and toxicosis. Despite a 12
hr delay between presentation of a novel flavor and the
administration of LiCl injection, the degree of aversion
was found to be more pronounced for subjects exposed to
the novel flavor.

Another unique aspect of long delay CTA learning is
that testing procedures may be carried out days or even
weeks following the last conditioning trial with
positive results (Domjan & Gregg, 1977; Kalat & Rozin,
1973). The adaptive function of an animal which learns
to avoid substances encountered in its environment that
caused illness is clearly not easily extinguished

(forgotten) and has obvious survival value.

Cue to consequence specificity. The vertebrate

brain has apparently evolved two specialized defense
systems in response to natural selection pressures
inherent in the food chain. For example, to protect
itself from external insult, such as predatory attack,
the vertebrate organism selectively associates
exteroceptive stimuli with peripheral insult. To protect
itself from toxic or nonnutritional food, it selectively

associates interoceptive taste stimuli with delayed
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illness (Garcia et al., 1974; Garcia, Lasiter,
Bermudez-Rattoni & Deems, 1985). This defense system
doesn’t easily intermingle with exteroceptive stimuli such
as color or sound (Garcia & Koelling, 1966). Rats exposed
to very small doses (1 roentgen) of x-rays can be aroused
from sleep due to stimulatory effects upon the olfactory
receptors. Larger doses, 100 roentgens, will cause
illness, while doses in the range of 1,000 roentgens

are lethal. Despite the illness-inducing effects of
x-rays, rats will approach a clearly marked irradiated
field in a free-choice environment and will demonstrate
only a mild avoidance of this area following training
(Garcia et al., 1961). The exteroceptive stimulus, in
this case, the place in the chamber, is not associated
with the internal malaise produced by the radiation.

In a now classic study, Garcia and Koelling (1966)
presented audiovisual stimuli contingent upon rats
licking at a water spout. "Bright-noisy" water (a 5
watt incandescent lamp and a clicking relay) as well as
"tasty" water (0.1% sodium saccharin solution) was
presented to rats in conjunction with 54 r of filtered
250 kv x-rays, 0.12 M LiCl solution and immediate or
delayed foot shock consisting of 500 ms presentations of
a 0.08 to 0.20 ma current. All consequences were
effective in producing discrimination learning during

the acquisition phase. Avoidance reactions produced by
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radiation and LiCl were readily transferred to the
gustatory stimulus but not to the audiovisual stimulus.
Gustatory stimuli were successfully paired with illness
inducing agents and apparently acquired secondary
properties which the authors described as "conditioned
nausea." When peripheral pain was the stimulus,
ccnditioned avoidance was more readily acquired by
auditory and visual stimuli than by gustatory stimuli.
The environmental stimuli that controlled the rats’
behavior appeared to be related to the consequences of
the subsequent stimulus event (Garcia & Koelling, 1966),
hence the phrase "cue to consequence conditioning."
Garcia, McGowan, Ervin, and Koelling (1968)
investigated nongustatory attributes of food in the
acquisition of conditioned aversions. Four groups of
rats were trained with either a large or small pellet
flavored with flour or powdered sugar, conditionally
paired with radiation or peripheral shock. Aversions
resulted when the flavor of the pellet was paired with
radiation or when the size of the pellet was paired with
shock. Aversions did not result from pairings in which
flavor was followed by shock or when the size of the
pellet was paired with radiation. Both radiation and
shock disrupted consummatory behaviors, but avoidance
learning occurred reliably only when the cue was

"appropriate" to the consequence (Garcia et al., 1968).
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Methodological parameters. The production of CTA

is dependent upon a number of variables including the
species, illness agent, dosages, routes of
administration, flavor concentrations and exteroceptive
stimulation coincident with experimental conditions. As
the present study utilized Sprague-Dawley rats, emphasis
is given to reviewing experiments involving this
species.

Nachman and Hartley (1975) reported that
intraperitoneal injection of 127.2 mg LiCl resulted in
the most substantial aversions among the substances they
tested as potential CTA agents. Warfarin, sodium
cyanide and strychnine sulfate failed to produce
aversions throughout the course of the study and the
15% sucrose solution intakes for these groups actually
increased from treatment to test days. (Actually they
should have as novelty diminishes.) A second experiment
examined whether repeated trials of strychnine at a
dosage twice that of the previous experiment and a
single trial of red squill (another potent rodenticide)
almost three times the dosage of the previous
experiment would result in conditioned taste aversions.
Rats in the LiCl and strychnine groups received a total
of 5 pairings; the red squill group received only a
single pairing. The LiCl and red squill groups

exhibited strong aversions while the strychnine group
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failed to show any aversion despite high dosages and
repeated pairings.

Similar negative results utilizing ingested
strychnine sulfate as a conditioned stimulus in a CTA
paradigm have been obtained by other researchers as well
(Cheney et al., 1987). In contrast, Howard, Palmateer,
and Nachman (1968) reported that with strychnine
concentrations of 0.01%, 0.05% or 0.5% in water
presented in drinking bottles, Sprague-Dawley and Norway
rats were able to effectively discriminate and avoid the
flavor. Roof rats learned to avoid moderate and high
concentrations of strychnine while pocket gophers
failed to avert to any concentration of the flavor
despite apparent illness related to its ingestion.

Thus, the only report of strychnine which resulted in
conditioned aversions was obtained through oral
administration of the solution. This was probably due
to the relatively high concentration of strychnine where
the taste (bitter) of the solution played a major role
in its palatability.

Nachman and Ashe (1973) established that 0.15
mEq/kg LiCl was the threshold dose for producing
measurable aversion to a 15% sucrose solution and that
the optimal aversion was produced at a dose of 3.0
mEq/kg. The concentration of the toxin was found to be

irrelevant by itself and needs to be considered only
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with regard to the practicality of the ml/kg volumes to
be administered. Comparisons were also made of
administration routes (i.e., intraperitoneal vs
subcutaneous injection vs intubation). All routes of
administration were found to be equally effective in
producing learned aversions.

In another parametric study, Shumake et al. (1982)
compared administration routes, dosages and solution
concentrations using Philippine rice rats. Gavage, ip
injection and ingestion were employed as administration
routes for copper sulfate, cyclophosphamide, lithium
chloride, red squill, sodium chloride and deionized
water. Lithium chloride, at a dosage of 368 mg/kg,
produced the strongest and most sustained aversions of
all chemicals tested. Gavage administration at this
dosage resulted in increased saccharin intake over this
time period. Injection and ingestion administrations,
however, resulted in sustained aversions across the same

28 day test period.

Stimulus equipotentiality and CTA. Pavlov’s

conclusions regarding the ability of any "natural
phenomena" to become conditioned stimuli in respondent
conditioning preparations are not supported by the
majority of current classical conditioning or CTA
research. The mere contiguous presentation of one

stimulus as a CS and another as a US is neither
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necessary nor sufficient to produce a classically
conditioned response (Rescorla, 1988). Applied to CTA
technology, simply administering a toxic agent
subsequent to the presentation of some neutral substance
will not necessarily result in an aversion.
Characteristics of both the neutral substance and the
toxin need to be considered. It appears that the CS can
perhaps not be a truly neutral stimulus. Rather, it
must result in some physiological activity that the
animal can behaviorally discriminate or at least
experience at the neurological level.

In the Garcia and Koelling (1966) study, all USs
were effective in producing discrimination learning
during the acquisition phases. Aversion to a flavor
produced by x-rays or lithium chloride was easily
transferred to a gustatory stimulus but not to an
audiovisual stimulus. Electric shock following an
audiovisual stimulus also resulted in avoidance
behaviors but not if it had been paired with a
gustatory stimulus. The point is, that in a CTA
preparation, one cannot readily pair internal CSs with
external USs and vice versa and obtain conditioning.

The context or environment in which taste aversions
are conditioned does not seem to be a significant
variable in this type of learning. Animals that sample

a food substance and subsequently become ill will avoid
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that substance in future instances, but they do not
learn to avoid the environment in which the food was
found (Barnett, 1963). Apparently, olfactory and
gustatory stimuli are more salient than are other
environmental events such as sound or light in poison
avoidance learning in rats. This does not seem to be
the case in quail (Wilcoxon et al., 1971).
Furthermore, gustatory aversions have been empirically
found to be difficult or impossible to establish using
peripheral pain producing procedures (Garcia et al.,
1967; Garcia et al., 1968).

Exteroceptive stimulation presented during
conditioning trials has not been demonstrated to
interfere with the development of CTA (Holder et al.,
1989). This is an important finding in that it provides
further evidence that taste aversions are learned by
animals attending to interoceptive stimuli rather than
external environmental stimuli. The implication is, to
some extent, that independent of external environmental
conditions, taste aversions are learned selectively by
means of visceral cues.

Results consistent with these previous observations
are reported by Holder et al. (1989). In this study,
the effects of external excitation upon the acquisition
of conditioned taste aversions were systematically

evaluated. In a series of experiments, water restricted
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rats were given access to 0.1% sodium saccharin

solution followed 30 minutes later by sham intubation

or intubation of 25-64 mg/kg of isotonic LiCl. Access
to females, mild footshock, pain from intraperitoneal or
intramuscular injections of hypertonic or isotonic
saline and exposure to heat during the taste-illness
delay failed to show disruptions in the acquisition of
aversions for subjects exposed to LiCl following
ingestion of the saccharin solution. Their conclusion
was that CTA was not readily disrupted by these sources

of externally-mediated stimulation.

Motion sickness effects. The present study
employed a procedure to induce locomotor activity by
simply changing the angular orientation of the
experimental chamber. This resulted in excitation of
geotactic behaviors consistent with the goal of
producing self-initiated subject movement within the
chambers. Rotational stimulation has been used as a US
in many CTA studies and is reviewed here to demonstrate
that these procedures in no way resemble those used in
the present study.

The effects of rotation on locomotor activity
(Eskin & Riccio, 1966), operant response rate (Riccio &
Thach, 1968) and on the production of conditioned taste
aversions (Elkins & Harrison, 1983; Green & Rachlin,

1973, 1976; Haroutunian & Riccio, 1975; Haroutunian,
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Riccio, & Gans, 1976; Harrison & Elkins, 1987;
Hutchison, 1973; McCoy at al., 1980) have been
extensively researched. Rotation usually consists of
placing the subject in a chamber mounted on a turntable
and rotating it a number of revolutions over a specified
time period (Green & Rachlin, 1973). The procedure is
not accompanied by drug injection.

In the Green and Rachlin (1973) study, a two bottle
0.2% saccharin preference was established over a period
of 4 days before pairing the 2 g/litre saccharin solution
with rotation. The subject that received rotation after
drinking, at a rate of 12 rpm, markedly reduced its
saccharin intake by the fourth session and had
completely ceased saccharin consumption by the fifth.
For the rat receiving rotation at 23 rpm, nearly
complete avoidance of the saccharin solution was evident
by the third session. Even with a relatively low
saccharin concentration, the rotational procedures
successfully resulted in an aversion within the range of
pairings typically found in chemically induced CTA.
This study also showed that the speed of rotation was
related to the efficiency of aversion conditioning in a
similar manner to that expressed by dose-response
relationships that exist with chemical CTA agents.

In an analysis of some parameters of

flavor-rotation delay intervals, Haroutunian and Riccio
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(1975) found that delays of 0.5 min, 15 min or 30 min
were sufficient to establish conditioned taste
aversions. A delay interval of 120 min did not result
in an aversion to a 0.1% saccharin solution. Rats can,
however, learn to avoid a flavor when it has been paired
with even longer delay intervals between flavor
consumption and rotation. Green and Rachlin (1976) also
researched these parameters utilizing delays ranging
from 0 to 9 hours. Their results showed that the
shorter the delay, the greater the aversion to a 2
g/liter (a higher flavor concentration) saccharin
solution. In a subsequent parametric experiment, the
same authors reported results from 1 hour (duration)
rotations at rotational rates of 5 rpm, 15 rpm, 30 rpm,
45 rpm or 60 rpm. Variable rotation durations of 10
min, 30 min, 60 min, 90 min or 120 min at a rotation
rate of 30 rpm for 1 hour were also examined. Their
results indicated that the degree of aversion exhibited
to a specific taste stimulus paired with rotation was
related to the duration and speed of rotation. Their
results indicated that saccharin aversions were roughly
equivalent for subjects rotated at high speeds for short
durations compared to subjects rotated at low speeds for
long durations.

In summary with regard to rotation induced CTA, the

capacity of rotation to produce an aversion to a taste
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stimulus in a first-order conditioned taste aversion
paradigm is a function of the number of rotations (rpm x
duration) and the delay interval between the
presentation of a taste stimulus and the rotation.
Generally speaking, the shorter the delay and the
greater the number of actual rotations, the greater the

probability of producing a rotation induced CTA.

The poisoned partner effect. Another tangential

finding from conditioned taste aversion research worthy
of review due to its significance to the understanding
of the complexity of CTA, is the Poisoned Partner Effect
(PPE). Rats housed in close proximity to animals made
i1l through CTA procedures may develop aversions for
flavors presented at the time of exposure to the sick
rat in its home cage as much as 6 hrs later (Coombes,
Revusky, & Lett, 1980; Lavin, Freise, & Coombes, 1980).
The poisoned rat is called a poisoned partner (PP) and
the aversion exhibited by the unpoisoned rat is called
the poisoned partner effect (Revusky, Coombes, & Pohl,
1982) .

In an evaluation of the capacity of CTAs to be
learned indirectly as in the PPE, adult wild rats were
trained to avoid a distinct-tasting diet by lacing it
with lithium chloride. They were then tested for
aversions transferred to their progeny (Galef, 1977).

The transmission of an aversion for the diet laced with
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the toxin was successful despite the fact that the young
had no direct conditioning experience with the diet or
the toxin. Weanling rats avoided the diet associated
with adult avoidance. Galef (1977) emphasized two
factors which are important in this apparent social
transmission of a dietary aversion. First, weanling
rats tend to remain in proximity to the adults, thus
being exposed to the foods available to and eaten by the
adults. Second, the safe diet is approached more often
and is therefore more familiar to the usually neophobic
animals. Thus, the weanling rats would have been
subject to neophobia with regard to the averted diet
but not the safe diet. They could, therefore, have
learned to avoid the "unsafe" diet by means of a
combination of socially transmitted cues and
neurologically based neophobic behaviors.

Another study of the influence of social factors
upon the selection of diets is reported by Beck and
Galef (1989). They examined the role of social
influences of rats upon the selection of protein
deficient and protein sufficient diets. Isolated rats
choosing from among four foods, three protein deficient,
one protein rich, failed to develop preferences for the
protein rich diet. 1In contrast, rats that interacted
with conspecifics trained to eat the protein rich food

developed strong preferences for that diet. Thus, not
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only can aversions for diets be socially conditioned
but preferences for diets can also be conditioned
through social contingencies.

Nonpoisoned rats will also develop a taste aversion
to a novel gustatory stimulus consumed either in the
presence of an ill rat or just prior to the presence of
such a rat (Bond, 1984; Lavin et al., 1980; Stierhoff &
Lavin, 1982). An apparently sufficient condition
for the production of a transferred aversion (poisoned
partner effect) occurs when the nonpoisoned partner
(NPP) is present with the poisoned rat soon after it
(the unpoisoned rat) has consumed the flavored
solution (Coombes et al., 1980). It is not necessary
for the PP to be present during the actual consumption
by the NPP nor is it necessary for the PP to have any
direct contact (intake) with the flavor (i.e., it could
receive an injection of lithium without flavor
pairing). The poisoning of the PP and its presence
subsequent to flavor consumption by the unpoisoned
rat result in an aversion as if the mere presence of the
poisoned partner serves a US function.

Bond’s (1984) series of parametric studies
refined the necessary and sufficient conditions for
the production of the poisoned partner effect. Not only
is it necessary for the nonpoisoned partner to have

contact with the poisoned partner as Coombes et al.
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(1980) had found but that this contact has to be for a
period of at least 30 min and it has to begin
immediately following a poisoning episode. Partner
pairing that commences even 40 min after the poisoning
event results in failure to fully demonstrate the effect.

Stierhoff and Lavin (1982) have established that
intact olfactory functioning is also a prerequisite for
the production of the poisoned partner effect, whereas
it is not for the production of CTA. The implication
is that transferred flavor aversions of this type are
accomplished by means of odors emitted by the poisoned
rats which are of sufficient aversiveness to serve as
unconditioned stimuli. The precise nature of the
olfactory stimuli are unknown but it has been suggested
that they may act in a manner similar to that of

pheromones (Stierhoff & Lavin, 1982).

The medicinal effect. Pairing a distinct taste
stimulus with illness results in an aversion for that
taste upon subsequent presentation. Conversely, Green
and Garcia (1971) have demonstrated that rats receiving
multiple pairings of a taste stimulus with recovery (the
diminishing effects) from an apomorphine-induced illness
subsequently showed preferences for the flavor; they
called this, the Medicinal Effect.

Hasegawa (1981) examined the medicinal effect using

a 1.0% saccharin solution paired with recovery from
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lithium chloride (15 ml/kg, 0.12 M) poisoning. Three
groups of rats received intraperitoneal injections of
Licl at 30 min, 60 min or 90 min prior to saccharin
prese