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INTRODUCTION

Researchers have devoted a great deal of effort attempting to
develop a complete animal analogue for the‘human alcoholic. Such
an analogue would be one in which an animal "voluntarily" drinks
alcohol and over time develops physical dependence, tolerance, drug-
seeking behavior, and a preference for alcohol solutions under certain
conditions. Although animals can be maintained on alcohol solutions
when they are the sole sources of fluid (Lester, 1961; Mello and
Mendelson, 1971), historically, animals have not continued to select
those solutions when alternative fluids such as water have been made
available (Mardones, 1960; Myers and Carey, 1961; Lester, 1966).

Because of the tendency of most animals to drink only small
amounts of alcohol solutions in concentrations greater than 5% . 7%
(v/v) (Myers, 1966), a number of techniques have been déve]oped to
increase. their voluntary intake. In general, the criteria of physical
dependence, tolerance, and drug-seeking behavior are met by these
techniques. Some of these prdcedures rely on pre]iminary repeated
administrations of alcohol by artifical means. Represehtative of
these methods is the experfmenter—contro]led intubation.of large
amounts of alcohol into the anima1's stomach for a number of days.
This procedure has produced physica} dependence in the rat (Deutsch
and Koopmans, 1973), the rhesus monkey (E1lis and Pick, 1969), and
the dog (Essig and Lam, 1968). Another technique has béen to inject
mice with pyrazole (an inhibitor of alcohol dehydrogenase), which

results in an increase in the time required to metabolize a specified



amount of alcohol, and then to administer alcohol through inhalation
(Goldstein, 1972). After several days of this treatment, alcohol must
continue to be made available to the mice, otherwise, they undergo a
dose-related set of withdrawal symptoms.

Other investigators have utilized proceduresvwhich have occasionally
resulted in animals’ drinking alcohol solutions even when other fluids
are avaiiab]e. Increased alcohol consumption has been observed when
animals have been exposed to "anxiety-provoking" or "stress-inducing"
situations (Masserman and Yum, 1946; Clark and Polish, 1960; Clay,
1964). Unfortunately, other investigators have been unable to replicate
or extend these findings (Korman and Stephens, 1960; Persensky, Senter,
and Jones, 1969). A bolydipsic procedure has been used by Lester
(1961) and others who reported that fdod-deprived animals that were
requiréd to press a lever for food pellets on an intermittent schedule
of reward consumed large amounts of alcohol solutions. However,

Senter and Sinclair (1967) found that the preferehce for alcohol
solutions in a choice situation following this polydipsic regimen

did not increase. It is important to note that in many of the studies
which have reported increased alcohol consumption, a demonstratidh
that the alcohol-preferring animals had developed tolerance, physical
dependénce, and had come to prefer alcohol to nonalcohol solutions for
relatively long time-periods was never provided.

Perhaps the most obvious conclusion resulting from attempts to
develop a complete animal analogue of the chronic a]éohoiic is that
animals seldom come to prefer alcohol to hona]coho] solutions. This
observation is consistent with the hypdthesfs that there are aversive

consequénces}which accompany the oral ingestion of alcohol. A similar



finding has been noted in humans, to wit, young children often do not
initially like alcohol solutions, but only come to prefer or tolerate
them after repeated exposures.

A procedure which has often been used to demonstrate that a drug
has aversive consequences accompanying its administration and/or that
subsequent pharmacological effects are aversive is the taste-aversion
paradigm (Berger, 1972). Operationally, a drug is administered
following the ingestion of a distinctive1yvf1avored food or fluid.
The drug is defined as being aversive if, aftervit has been paired
with a specific fluid, the subsequent consumption of that fluid is
decreased.

The taste-aversion procedure will be used in the experiments
described in fhis document as a means of exploring the aversive
properties of}a]cohof for three reasons: it has been previously
used to study the effects of alcohol, it has produced relatively
stable conditioned aversions, and the relevant parameters and under-
lying factors have beén fairly well delineated (Rozin, 1969; Garcia,
McGowan, and Green, 1972). |

The three general questions under investigation in the research
program delineated in this dissertation are: (1) Can conditioned
taste aversion be produced'by the oral ingestion of ethanol? (2) Are
the oropharyngeal effects of alcohol by themselves sufficient to
produce such an aversion or is inebriation also required? (3) Do
extensive opportunities to drink alcohol serve to modify the extent

of conditioned taste aversion?



Aversiveness of alcohol solutions

The findings of previous investigations of the aversiveness of
alcohol are considered under three headings: (1) aversive factors
accompanying the drinking of alcohol solutions, (2) aversive factors
produced as a result of the route of administration of alcohol, and
(3) conditioned taste-aversion experiments in which alcohol has been
used as the unconditioned aversive stimulus.

A number of experimenters have concluded that there are aversive
factors which accompany the drinking of a]cohdl solutions. Lester
(1966) and Myers and Veale (1972) have reviewed a number of studies
in the area of self-selection of alcohol solutions and have concluded
that animals use the sense of smell and/or the sense of tasté to
discriminate among solutions which contain alcohol. Partial ablation
or chemical interference with the normal functioning of these sensory
systems was often correlated directly with either an increase in the
maximum concentration of alcohol that an animal consumed,'or with an
increase in the amount‘of alcohol that was consumed. Moreover,
LeMagnen and Marfaingédaliat (1961) reported that rats that were
relatively fnsensitive to the bitter taste of quinine, since they
consumed quinine solutions whose concentration was 2.5 times higher
than other animals’, also drank larger amounts of 6% alcohol than the
other animals. Dicker (1958) noted that after rats were treated with
a drug which reduced taste discrimination (methypentynol carbamate),
the concentration of a]cohq] they would consume preferentially was
a]tered.‘ Some animals drank substantial amounts of alcohol solutions

at a higher concentration than usual, while others drank large amounts



of alcohol only at very reduced concentrations. Kahn and Stellar

(1960) observed that the maximum concentration of alcohol which was
ingested in amounts equivalent to water could be increased from 5%

to 10% by removal of the olfactory bulbs. Nachman, Larue, and

LeMagnen (1971) demonstrated that the removal of the olfactory bulbs
reduced the aversiveness of alcohol solutions in the BALB/c mouse
strain. Further, Rodgers and McClearn (1962) noted an increased
consumption of alcohol solutions in the A/Crgl and BALB/cCrg] mouse
strains when the anterior third of the cerebrum, including the olfactory
bulbs, was removed. However, removal of only the‘olfactory bulbs did
not increase alcohol consumption. The conclusions noted above are
consistent with the hypothesis that alcohol has distinctive aversive
gustatory and olfactory hroperties Which tend to reduce its consumption,
particularly when the concentration exceeds 5%-7%.

In addition, it has been suggested that the central state,‘or
condition of inebriation, and its accompanying peripheral mani-
festations, e.g., loss of balance, are aversive (Lester, Nachman,
and LeMagnen, 1970), and this may be a majof reason why animals do
not continue consistently to drink large amounts of alcohol solutions.

Barry and Wallgren (1968) have noted that there are a number of
potentially aversive consequences of the methods of administration
of alcohol. These authors stated that re]atfvely high concentrations
of alcohol are tolerated when ingested orally or intubated directly
into the stomach; however, concentrations greater than 25% (v/v) are
most likely irritating to the mouth and stomach. Intraperitoneal

injeqtions of alcohol are particularly 1ikely to lead to‘painful



consequences when the solutions are not isosmotic to body fluids
(12.5%, v/v). Also, when concentrations greater than 20% are injected
intraperitoneally, hemorrhagic lesions and irritation to gastro-
intestinal membranes may result. Intravenous injections may also

have aversive conseqﬁences if the infusion rate is too fast or if

the infusion time is too prolonged.

Several other investigators have reported that i.p. injections of
alcohol may be aversive to rats. Freed (1967) presented data which
were interpreted as supporting the notion that i.p. injections have
stressful attributes, and these attributes may summate with other
stressors such as electric shock. Similarly, Baum (1971) has noted
the poésibi]ity that an i.p. injection of alcohol may be a traumatic
experience.

There are three conditioned taste-aversion experiments in which
alcohol has been used as the unconditioned aVersive stimulus. In the
first experiment, Lester et al (1970) utilized a procedure under which
the ingestion of a 0.1% sodium saccharin solution was fdllowed imme-
diately by a single dosé of alcohol administered, in different groups,
vid intracardiac catheter, intragastric tube, or intraperitoneal
injection. The intraperitoneal doses ranged from 0.75 to 4.42 g/kg,
but only those that produced severe ihtbxication or‘a comatose condition
resu]ted in unequivoﬁa]ly significant decreases in saccharin consumption
on a subsequent drinking testgl_ATthough Lester et al (1970) provided
no behavioral or pharmacological criteria for severe intoxication,
they were probably referring to the effects of doses of approximately

2.94 g/kg or more. Essentially the same results were obtained for the



intracardiac administration of alcohol, with the qualification that only.
doses of 2,94 g/kg and 4.42 g/kg were used. However, these investigators
reported no significant decrease in saccharin intake when 2.94vg/kg was
intubated into the stomach. Based on this latter observation.‘they
concluded that it was unlikely that orally ingested alcohol solutions
could act aversively. They further proposed that the aversive con-
sequences of i.p. injections of alcohol were due to the central,

systemic effects and not to peritoneal irritation. Support for the
latter con§1usion was.provided by the ;imilar results between the
i.p.-injection animals and the intracardiac-infusion animals. Note

that the last con¢1usion is based on the supposition that the intra-
cardiac-infusion group‘s administration was without aversive peripherai
effects.

Cappell, LeBlanc, and Endrenyi (1973) have also used a conditioned
taste-aversion paradigm to invesfigate the aversive consequences pro-
duced by an i.p. injection of alcohol. Their procedure involved
subaect1ng rats to 5 daily trials on which saccharin 1ngestion was
followed by an i.p. injection of alcohol (10%, v/v) They observed
a s1gn1f1cant decrease in saccharin intake with an alcohol dose of
1.2 g/kg, which is much lower than the minimally effective dose of
2.94 g/kg in the Lester et al (1970) study. These experimenters
argued against accepting a simple_gehera] toxicity explanation of
their results wherein alcohol would be considered a toxic drug.
Instead, they suggésted cohsideration of the probable "interaction
between behavior and the nature of the reinforcfng action" of the

drug in a given situation. Specifically, they suggested that the



i.p. administration of alcohol in the taste-aversion paradigm is a
punishing‘stimulus, whereas the administration of alcohol to addicted
rats is a stimulus which possesses positively reinforcing attributes.
Eckardt, Skurdal, and Brown (1974) have also demonstrated the
aversiveness of i.p. injections of low doses of alcohoi. When injections
followed immediately the consumption of an originally preferred Kool-Aid
flavor, the extent of subsequent aversion to that flavor varied directly
with dosagé (1.2 g/kg > 0.8 g/kg > 0.4 g/kg > 0.0 g/kg). "However, i.p.
injections of 1.2 g/kg administered 2-3 hr after consumption of the
preferred flavor failed to produce aversion. In this study, alcohol
injections were paired with Kool-Aid on four occasions, and a two-
flavor preference-drinking test was used in combination with the
single-flavor forced-drinking tests employed by Lester et al (1970)
and Cappell et al (1973). According to Dragoin, McCleary, and McCieary
'(1971) and Grote and Broﬁn (1971), the two-solution test is more
sensitive than the singlie-solution method.

Theoretical conceptualization of the taste-aversion paradigm

An interpretation of the taste-aversion procedure in terms of
classical conditioning theory has been advanced by Rozin (1969) and
Garcia et al (1972). Accofding to them, when the experimenter presents
a novel flavored fluid to a fluid-deprived animal, it may be viewed
as a conditioned stimulus (CS) in the Pavlovian paradigm. After con-
Suming the fluid, the animal is usually injected or intubated with
the aversive drug which therefore qualifies as an unconditioned
stimulus (UCS). The pairing of the CS and thé UCS is categorized as

classical conditioning because the UCS is presented to the animal



regardless of its response to the CS. There may be one or more such
CS-UCS pairings, but with multiple pairings, only one pairing is
generally given per day. The responses of the animal to the drug,
e.g., nausea, inactivity, writhing, are the UCRs, or unconditioned
responses. The animal is often given water to drink for a day or so
after the conditioning period to prevent any generalized'sickness from
interfering with its performance on the test day. Subséquent to
recovery, the animal is again permitted to drink the "novel" fluid
(CS). A relative reduction in the intake of that fluid is taken as
supporiing'the hypothesis that the drug paired with the fluid had
aversive consequences accdmpanying its administration, and/or that its
pharmacological effects were aversive. Garcia et al (1972) and Rozin
(1969) have concluded that the decreased intake of the CS fluid after
the pairing procedure is a measure pf the CR, or conditioned response.
Although Garcia et al (1972) and Rozin (1969) did not discuss the

CR at length, it seems plausib]e that a CS that has been paired with an
avefsive drug probably elicits an aversive conditioned emofiona]
response such as anxiety or revulsion. In addition, it seems reasonable
to expect that the intake of the CS f]uid on subsequent presentations
should be reduced because not drinking or stbpping drinking after a few
Ticks would serve to reduce or eliminate the learned aversiveness for
the CS.

| During post-conditioning test sessions, animals have sometimes
been tested with only the flavored fluid that'was used during thé con-
ditioning period (Lester et al, 1970; Cappell et al, 1973). This may

be described as a forced-drinking or single-solution testing procedure.
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If such a procedure is used and if the solution is aversive, then the
animal has been placed into an approach-avoidance conflict situation.
The approach component presumably results from the internal condition
of fiuid deprivation combined with the external stimuli produced by
the insertion of the drinking tubes into the cage by the experimenter.
The avoidance component is assumed to result from a learned reaction
acquired during conditioning when the drug &as paired with the
flavored fluid., As discussed earlier, during conditioning, the smell
~ and taste of the distinctively flavored fluid (CS) would be followed
by an aversive UCS. Subsequently, the CS would tend to elicit a con-
ditioned aversive reaction, even when the CS is presented without the
UCS. Consequently, respdnses that reduce or eliminate the CS should
be reinforcéd, and the animal Wi]] turn away and not drink much of
the fluid. The total amount of fluid consumed in a forced-drinking
testing situation is thus vfewed as the result of a competition
between the tendencies to approach and drink and to cease drinking.
As_noted earlier, some investigators have reported that the two-
choice_preference test is a more sensitive technique for detecting
conditioned aversions than the forced-drinking test. In the studies
of Dragoin et al (1971) and of Grote and Brown (1971), the consumption
of a novel and distinctively flavored fluid was followed with an
i.p. injection of a drug whose aversiveness had been previously
defermined. The post-conditioning tests consisted of either the
simultaneous presentation of the flavored fluid in one bottle and an
entireiy diffefent sotution in another, or the presentation of only

the flavored fluid. These experiménters concluded that a conditioned
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taste-aversion outcome was more likely to be detected with a two-
stimulus preference test than with a forced-drinking one-stimulus test.
In a two-stihqus preference test, the subject is able to “escape"
from the conflict situation associated with the flavored fluid used
during the conditioning period by drinking the alternative solution,
Presumably the solution that was not used during the conditioning
period would have hé aversive emotional responses conditioned to it.
Furthermore, the drinking of the second solution would also serve to
alleviate the dehydration conditions accompanying a fluid-deprivation
schedulé._ Thus, the observation of an increased consumption of a
solution not presented during the conditioning period in the Dragoin
et al (1971) aﬁd Gfote and Bro&n (1971) studies was not surprising.
However, the precise mechanism that results in the two-solution test's
being more sensitive than the one-solution test remains to be clarified.
A numbef of experimenters have investigated the variables of
which the taste-aversion phenomenon is a function. In general, the
more’intenée the UCS (increased duration of presentation and/or
increased aversiveness), the more pronounced the subsequeﬁt aversion
(ReVusky, 1968; Lester et al, 1970; Eckardt et al, 1974). It has also
been observed that the sooner the UCS follows the CS, the greater the
conditioned aversion. However, the taste-aversion paradigm is unique
among c]assical.conditioning procedures in that some evidénée of
conditioning has been reported with CS-UCS intervals as long as 3 hr
(Smith and Roll, 1967; Revusky, 1968; Nachmén. 1970; Kalat and Rozin,
1971). Dragoin (1971) has reported a direct relation between the

concentration of the CS flavor and the magnitude of the conditioned
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aversion, It is probable that the latter observation can be most
easily explained within the context of the CS saliency formulation
of Kalat and Rozin (1970) and Kalat (1974). These investigators

have proposed that the more salient, i.e., more concentrated or

more novel, the CS, the more pronounced the conditioned aversion.
Both Kalat and Rozin (1970) and Kalat (1974) have provided data to
support this contention, and Dragoin's (1971) results are also con-
sistent with this formulation. However, the relations between the.
novelty of a solution and varying concentrations of the same solution

have not been specified.

EXPERIMENT I
Introduction
As noted ear]iér, animals drink only small amounts of alcohol
solutions 5n concentrations above 5%-7% (v/v) (Myers, 1966). More-
over, some experihenters (Lester, 1966; Myers and Veale, 1972) have
concluded that thé smell and taste of alcohol solutions are aversive
to the animal and therefore function to prevent ingestion of large
amounts of these solutions. In addit{on; Lester et al (1970) have
suggested that the centrally mediated concomitants of intoxication
or the condition of inebriation and its accompanying peripheral man-
ifestations, e.g., loss of balance, ére aversive to the'rat.
Animals do appear inebriated after drinking alcohol solutions,
and it may be reasonable to assume that the same aversive central
effects musi be pfesent with this method of administration as with

the intracardiac infusion and the i.p. injection techniques employed



13

by Lester et al (1970). Thus, in addition to possible aversive tastes
and smells, another explanation of why animals do not preferentially
drink large amounts of alcohol solutfons is that the centrally mediated
systemic effects are aversive. Therefore, it seems plausible that the
oral consumption oanlcohol»will result in conditioned taste aversion
because of alcohol's aversive orosensory or aversive central effects,
or both.

In opposition to the above feasoning is the hypothesis specifically

advanced in Lester et al (1970) that the oral ingestion df alcohol does

not have accompanying aversive central consequences because not enough
alcohol is consumed "volitionally under se1f-sé1ect10n conditions.”
This Conc]usionv was based on their failure to obtain conditioned taste
aversion when a]coho]vwas intubated into the stomach at a dosage of
2.94 g/kg. Although an intubated dose of 5.15 g/kg did result in a
conditioned taste}aversion, these authors considered it unlikely that
such high dosages would be voluntarily ingested by rats. Léster et al
(1970) noted that their experimental animals appeared inebriated
shortly after aicohol was introduced directly into the vascular system,
whereaé the intubation of a]cqho] into the stomach resulted in a:delayed
onset of inebriaﬁion. Furthermdre, they suggested that the quick onset
of the central effects of alcohol with i.p. injections or intracardiac
infusibns was correlated with the subsequently detected coﬁditionéd
aversion. In contrast, the inebriation observed with the intubation

of alcoﬁo1 into the stomach, perhaps because of its slow onset, did

not result in éonditioned aversion, except at extreme doses. Kalant

(1971) has documented that blood-alcohol levels increase at a reduced
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rate when alcohol is intubated into the stomach because ethanol is
absorbed primarily from the small intestine. One consequence of a
slower increasing blood-alcohol level is an increase in the CS-UCS
interval, which should serve to reduce the efficacy of conditioning.

The specifid goal of the first experiment was to determine whether
conditioned taste aversion to a KooifAid flavor could be produced by
the oral ingestion of a 5% (v/v) alcohol-Koal-Aid combination. The
method of administration of the alcohol was to allow the animal to
drink the alcohol solution as its sole source of daily fluid during
the conditioning sessions. This differs from the stomach intubation
procedure used by Lester et al (1970) which, as nofed above, failed
to produce conditioned taste aversions, except at very high doses.
In addition, it seemed likely ﬁhat five pairings of‘ethanoi with a
distinctively flavored solution would be more 1ikely to produce a
conditioned aversion than the single pairing used by Lester et al
(1970). Also, the sensitive two-flavor preference-drinking test
(Drégoin et al, 1971; Grote and Brown, 1971) was used in addition to
the sing]e;fiavor forced-drinking test employed by Lester-et al
(1970) since it offered increased promise of detecting low levels of
conditioned aversion. |

Experiment I was conducted with rats under a fluid-deprivation
regimen which permitted a ;ing]e, 10-min drinking session per day.
After an initial session with two Kool-Aid flavors, fhe‘ahimais were
given preference tests between the two flavors for 2 consecutive days.
A preferred flavor was determined and this flavor was then mixed

with alcohol to make the 5% solution which was presented‘to the animal
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during the conditioning period. The Kool-Aid-alcohol solutions
presented to the rats during the conditioning period constituted
single-flavor tests. Following this period, two-flavor preference

tests (identical to pre-conditioning tests) were conducted to deter-
mine whether the conditioning sessions had changed the breference for
the originally preférred flavor of Kool-Aid. Neither the pré-condition-
ing nor‘the post-conditioning test solutions contained any alcohol.

The method by which the aversive drug was administered during the
conditioning sessions inlthe above paradigm is patently different from
any of those previously mentioned because the CS and UCS were combined
into one solution. In the previous dischssion of taste-aversion
paradigms, the}conditioning procedure was described as the oral
ingestion of a fluid whose taste and smell served as a CS followed
by the injection or infubation}of an aversive drug (UCS). Most
experimenters who have used the taste-aversion paradigm haQe chosen to
separate, or at least to control precisely, the temporal presentations
of the CS and the UCS. However, in Experimgnt I, the fluid that served
as the CS was mixed with alcohol (UCS) to form a solution which was the
only liquid availab]e‘during a condftioning session. The teChnique of
combining ihe CS and UCS into one solution is not without precedent
because Barnett (1963).aﬁd Garcia and Koelling (1967) héve reported that
taste aversion to the CS can occur when the CS and UCS are combined
in a solution or in food during conditioning. A consequenbe of this
method is that the CS-UCS solution used during conditioning resembled
the pre-conditioning and post-conditioning preference-tést solutions

in that it contained the préferred flavor of Kool-Aid. It differed
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from the test solutions in that it also contained alcohol at a con-
centration of 5%.

Since rats are able to smell and taste alcohol (Lester, 1966;
Myers and Veale, 1972), it follows that they may detect the alcohol
and Kool-Aid combination during the conditioning sessions as the
drinking tube is approached and as the fluid is consumed. Hence the
odors and possibly the initial taste of the fluid; because they
precede the actual ingestion of the substance, are in the position
of a CS that is to be followed by a UCS. If alcohol can produce an
aversive condition of intoxication, then the conditions are suitable
for that condition to function as a UCS and for the smell and taste
of alcohol and of Kool-Aid to become secondarily aversive. As noted
earlier, some of the possible aversive properties that might aécompany
the rapid ingestion of alcohol solutions are central effects, and/or
irritation or excessive stimulation of the taste and/or olfactory
receptors and related anatomic structﬁres.

The response of turning away or of stopping drinking the Kool-Aid+5%
during the first conditioning session should be reinforced by thé cessation
or relative reduction of primary aversive stimulation. Similar responses
during subsequent conditioning sessions should.a]sb serve to reduce
primary aversive stimulation as well as to reduce the effect of any
learned aversion to the alcohol solution which might have resulted from
the preceding conditioning sessions. On the basis of this formulation,
one might expect to observe a progressive keduction in daily intake
during the conditioning period for any solution containing alcohul.

However, it has been noted earlier that the forced-drinking procedure



17

used during conditioning sessions results in a conflict situation in
that approach responses are elicited by the stimuli resulting from
dehydration and the insertion of the drinking tubes into the cage,
whereas avoidance responses are elicited by the aversive stimuli of
the alcohol solutions. Obviously, the stimuli resulting from dehy-
dration are reduced by drinking liquids, even an aversive fluid.
Thus, the mean daily intake during conditioning of any solution
containing alcohol will depend on the strength of the approach
responses elicited by the stimuli accompanying dehydration and
the daily presentation of fluid relative to the strength of the
avoidance responseé elicited by the aversive stimuli of the alcohol
soiution.

| If the alcohol solution is sufficiently aversive so that the
preferred flavor of Kool-Aid alone becomes secondarily aversive,
one would predict a decrease in the intake of this flavor on posﬁ-
conditioning two-flavor preference tests, as well as an increase in
the intake of the nonpreferred flavor. This latter outcome seems
probable because the animal will not have had the nonpreferred flavor
paired with alcohol, and thus will not be in a conflict situation
relative to its ingestion. The above formulations are based on the
assumption that even though the acquired aversiveness may occur
maximally in response to the combination of Kool-Aid and alcohol
odors and tastes, it should also occur, albeit to a lesser degree,

when oh1y the Kool=Aid cues are present.
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Subjects and Procedure

The subjects were 20 naive, Sprague-Dawley derived, female albino
rats from Carworth Farms, Inc., Portage, Michigan. They were randomly
assigned to four groups of 5 members each, and were 110 days of age at
the beginning of the experiment. Throughout the study. and for 60 days
prior to the start of the experiment, they were housed in group cages
in a normal 12-hr, day-night cycle room. An ad 1ib food and‘water
regimen was in force during this 60-day period, after which the animals
were housed individually and placed on a fluid-debrivation schedule
that permitted 10 min of drinking per day at the same time each day
during the 1ight cycle. For the first 3 days of fluid deprivation,
the 10-min drinking sessions (water from a single drinking tube) were |
followed by 2-min handling and taming sessions for each animal.

Each day thereafter the animals were weighed‘and permitted to
drink fluid for 10 min from either of two drinking tubes that projected
through the mesh fronts of thé cages on the right-front and middle-front
areas. Food was available ad 1ib throughout tﬁe experiment from con-
tainers mounted‘against the left=front of the cages.

On Days 1 through 6 pf the experimental schedule, water was pre-
sented for 10 min in one of the two drinking tubes, its position being
alternated daily. On Day 7 the anima]s were given grape flavored
Kool-Aid in one tube and orange in the other. The formula was 0,25
teaspoon Kool-Ajd, 1.5 teaspodns sugar, and 1.5 cups of water at room
temperdture. This and other solutions were made up daily. The positions
of the tubes were switched half-way through the drinking session.

On Day B, the anima}s were given water (the position of the full tube
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being varied from where it had been on the previous water-drinking day),
and on Days 9 and 10 the two Kool-Aid flavors were offered simultaneously
to determine flavor preferences (positions of the flavors were alternated
on the second day). Fluid consumptions were recorded, and the flavor
with the highest 2-day total was designated the “"preferred flavor.®
This flavor was used throughout the subsequent conditioning period.
Water drinking was permitted on Day 11,

The procedures employed during the conditioningvsessions, which
were conducted on Days 12 through 21, are shown in Table 1. During this
time, each animal was permitted to drink a designated fluid for 10 min
per day. vThe only differences between the experimental and control groups
were that experimental.subjects had 5% ethanol added to the solution in
only the Koo]-Aid_sessions, while the control animals hadAS% ethanol in
only the sugar water sessions. The experimental and control groups were
each divided into two subgroups. As shown in Table 1, animals in
experimental Subgroup A were presented either Kool-Aid (K) or sugar
water (S) in a KSSKSKKSKS order, whereas experimental Subgroup B
animals were subjected to the counterbalanced order of SKKSKSSKSK.
The animals in the éontro] subgroups were similarly counterbalanced
as to order of presentation of solutions. The procedure of allowing
the control animals to ingest alcohol served to control for‘non-
associative effects, provided the contrdl anima15'1nge$ted the same,
or larger doses of alcohol as the experimental animals. The sugar
water solutions Qsed during the conditioning period were made identically
to the Kool;Aid formula with the exception that no Kool-Aid was added.
The 5% alcohol solutions were made by adding either Koo1=Aid or sugar

water to 100% ethanol.
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Table 1. Treatments administered during the conditioning sessions.

An asterisk (*) indicates the presence of 5% ethanol, K indicates

the preferred flavor of Kool-Aid, and S indicates sugar water.

N = 5 in each subgroup.

Experimental Groups
Subgroup A
Subgroup B
Control Groupé
Subgroup A
Subgroup B

12 13

K* S
o e

ki &6
§* K

Conditioning Days

K

S¥
K

15 16

e =3
S Kk*

K S*
L

17

K*

18

K*

- S*

19

20 - 21

K* S
S K-

K §*
5 K
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The conditioning period was followed by 1 day of water drinking.
Sixteen days of 10-min preference testing followed to determine whether
conditioned aversion had been produced by the experimental treafment.
During this period, the posifibns of the two flavors were alternated
daily.

Preference values were calculated for each 2-day period during the
pre-conditioning and post-conditioning sessions. These were determined
by dividing the total amount of the preferred flavor of Kool-Aid con-
sumed over the 2-déy period by the tdta] intake fbr the same period.
The resulting ratios reflect the animal's Kool-Aid preference over the
2-day period. The ratios were used as the measure of the dependent
variable because they are independent of the abéolute amount of fluid
consumed, being a relative, rather than an absolute measure,

Position preference has been demonstrated to be a significant
source of bias in experiments in which drinking is measdred (Gillespie
and Lucas, 1957); Position preference effects in this experiment were
controlled by alternating daily the positfon(s).of the specified
solution(s), and by computing preference ratios on the basis of two
days' ;onsumptions. |

Results

Daily intakes were recorded in ml. Preference ratios for each
2-day period were determined and constituted the data that were
analyzed for the pre-conditioning and post-conditioning periods.

The daily amounts consumed of Kool-Aid, Kool-Aid+5%, sugar water.
sugar water+5% constituted the data analyzed for the conditionina period.

These data are listed in Appendix A.
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There were no demonstrable differences between the pebformances
of the two experimental subgroups as measured by pre-conditioning
preference ratios, by first 2-day block of post-conditioning preferehce
ratios, or by average daily g alcohol/kg of body weight self-administered
during the conditioning sessions. The two control subgroups 1{kewise
performed identically. Hence, the subgroups of the two sets were com-
bined for all fufther analyses.

There were no significant differences between the experimental
and control groups on the pre-conditioning preference values, hence
subsequent changes in preference between the groups cannot be ascribed
to differences_Existing prior to conditioning.

Two possible measures of conditioned aversion}were_evaluated.

The first was based on the amount of fluid ingested during the for<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>