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INTRODUCTION

As a socially approved drug, ethanol is widely used in this
country. For some people ethanol consumption may be excessive,
resulting in impaired functioning within the society, or in physical
dependence. Attempts to understand such excessive drinking have
involved several different approaches, inc]ﬁding not only the study
of physiological and biochemical mechanisms, but also consideration
of genetic, psychological, énd sociological factors. One popular
nypothesis has been that tension reduction plays an important role
as a psychological variable contributing to overconsumption of
ethanol. According to this proposal, ethanol reduces fear, tension,
or anxiety, thereby reinforcing the drinking behavior (Conger, 1951,
19565 Dollard & Miller, 1950). Nore specifically, this hypothesis
can be broken down into two assumptions: first, that ethanol does
indeed mitigate aversive emotional states such as fear, tension, or
anxiety, and second, that this alleviation of an unpleasant state
reinforces the behavior immediately preceding it.

Une purpose of the present investigation was an evaluation of
the first of these assumptions. Though popular and supported by

anecdotal evidence, this tension-reduction hypothesis has recently

been callea into question. Current reviews of the scientific studies
bearing on this hypothesis have concluded that, with a few notable

exceptions, the evidence is largely equivocal (Cappell, 1975; Cappell
& Herman, 1972; Higgins, 1975; Mello, 1970). For a number of reasons
this conclusion is understandable. Studies of the effects of ethanol

on benavior are not without methodological and interpretive weaknesses,



most of which have been outlined in the aforementioned reviews.
Perhaps the more notable of these weaknesses have been the following.
(a) Often it is not possible to distinguish behavioral changes due
to altered emotional states from changes due to non-specific motor
effects. Motor impairment resulting from depression of central
nervous system functioning is a well documented effect of ethanol
(Ritchie, 1975). For this reason, changes in behavior that may be
attributed to motor impairment provide little support for a tension-
reduction position. For example, though a tension-reduction view
predicts ethanol-produced impairment in one-way avoidance performance,
this prediction is confounded with a motor impairment outcome.

(b) Studies have often lacked adequate controls for the effects of
stimulus change between trafning and testing conditions. It has
been pointed out (Miller, 1957; Grossman & Miller, 1961), that drug-
produced sensory distortions may result in behavioral changes that
mimic tension-reduction predictions. Miller and Kraeling (1952)

and Murray and Miller (1952) have shown for example, that merely
changing apparatus cues between training and testing trials can
produce performance changes that might, under other circumstances,
be attributed to a drug-produced emotional change. For this reason,
a balanced design in which subjects are both trained and tested
under drug and no-drug conditions is necessary to control for such
an effect. (c) Data allowing determination of dose-response relation-
ships are often lacking. There is a variety of evidence to suggest
that the behavioral effects of ethanol may vary considerably as a

function of dose. Anecdotally, consumption of moderate amounts of



ethanol has been reported to produce loud or boisterous behavior
followed, with increasing consumption, by stupor or coma. Additionally,
in experimental work with rats, increasing doses of ethanol appear to
produce first increases, then decreases in exploratory and open-
field activity (Buckalew & Cartwright, 1968; Eriksson §& Wallgren,
(1967). Thus, the use of only one dose level may produce results
of limited generality. (d) Reference to drug-produced change in
emotions is necessarily based on observations and interpretations
of changes in behavior, and such interpretations depend on clear
specification of the theoretical relations between drug action and
behavioral outcomes. One approach to the interpretation of motivational
or emotional effects of drugs is to re]até antecedent conditions tb
behavioral outcomes via theoretiéa] intervening variables (see Brown
& Farber, 1959; Miller, 1957). As a specific example, administration
of ethanol (antecedent) may be said to produce an increase in bar-
pressing rate (outcome) by decreasing an inhibitory conditioned fear
(intervening variable). An important requirement for such an analysis
is a theoretical framework relating the intervening variable to both
antecedent events and observed behavior. An additional problem of
some concern is:that fhese theoretical relationships may be specific
to the behavioral task, drug dose, or stimulus contingencies involved.
Studies of the effect of ethanol on experimental conflict
behavior have generally supported the tension-reduction hypothesis,
thus providing one of the exceptions alluded to earlier, Beginning
with the work of Masserman and Yum (1946) and Conger (1951,1956)

conflict paradigms have been used to study the effects of ethanol



and other drugs on behavior, and in testing the tension-reduction
hypothesis. These early investigators created approach-avoidance
conflicts by shocking hungry animals in goal areas where they had
previously been rewarded with food. The finding that administration
of ethanol resulted in closer approach to such bivalent goals has
been interpreted as evidence that the drug reduced the conditioned
fear supporting the tendency to avoid the goal area.

Additional approach-avoidance conflict studies, that have
included controls for stimulus change and other factors, have
yielded similar results, lending further support to the tension-
reduction hypothesis. Using a balanced design, in which rats were
both trained and tested under drug and no-drug conditions, Grossmén
& Miller (1961) were able to control for the possible effects of
drug-produced stimulus changes. In their experiment, hungry rats
were first given food-approach training, followed by avoidance trials,
during which different alley lengths, from start box to goal box,
were consistantly associated with different levels of shock, admin-
istered when the rat touched the food cup. These investigators found
that, in approach-avoidance conflict tests, rats tested under the
influence of ethanol (1.2 g/kg) ran faster and farther toward the
food cup than did control animals. Importantly, these results were
obtained for animals trained aftef receiving injéctioné of either
ethanol or saline, and thus could not be attributed to stimulus change
between training and testing conditions. Using a similar apparatus
and methodology, Barry and Miller (1962) obtained essentially similar

results. Unlike the Grossman and Miller study, however, their design



did not allow for evaluation of the effects of possible drug-produced
stimulus changes,

In a series of related experiments, Freed (1967, 1968a, 1968b)
studied the effect 6f ethanol on approach-avoidance conflict behavior
under a variety of conditions. In the first of these experiments,
Freed (1967) initially trained hungry rats to approach and eat from
a food cup in the goal end of a 15-ft alley. This approach training
was followed by trials during which the rats were shocked at the food
cup until they no longer approached or ate from it. In subsequent
conflict trials, rats injected with ethano] (.5 g/kg, 1.0 g/kg, or
1.5 g/kq) approached and touched the food cup more than did control
animals. Unfortunately, the design of this experiment also was
“unbalanced" in that all animals were trained under no-drug conditions,
with haif subsequently tested under the influence of ethanol. 1In a
subsequent study, Freed (1968a) used schedule-induced polydipsia
(Falk, 1961) to induce rats to drink ethanol solutions prior to
approach-avoidance conflict trials. The lack of a balanced design,
and the small number of animals per group (2 or 3) preclude any
useful interpretations of the data. In yet another similarly
designed experiment (Freed, 1968b), rats injected with ethanol
(1.0 g/kg) prior to approach-avoidance conflict tests exhibited
closer approach to a food cup where they had been previously shocked
than did saline control animals.

More recently, Cook and Davidson (1973) used a multiple-schedule
operant paradigm to assess the effect of ethanol and other drugs

on bar-press responding that was both rewarded and punished. These



investigators trained rats to bar-press under two different schedules
of reinforcement: (a) a VI-30 schedule during which bar-presses
were, on the average, reinforced every 30 sec, and (b) an FR-10
schedule during which every 10th bar-press was followed by the
simultaneous presentation of a food pellet and foot-shock. The
'non-punished, VI-30 schedule was signalled by a steady 1ight, while
the punished, FR-10>schedu1e was signalled by a flashing light. After
sufficient training, a shift from the non-punished to punished
schedule typically resulted in a suppression of responding. Cook

and Davidson reported that administration of chlordiazepoxide,
meprobamate, amobarbital, and ethanol (1.0 and 2.0 g/kg) produced
increases in responding during the punished (FR-10) schedule at dose
lTevels that did not alter non-punished (VI-30) responding. One
advantage of such a multiple schedule is that responding during the
non-punished schedule provides a comparable performance measure by
which effects such as motor impairment or stimulus change may be
assessed. It was noted, for example, that at the 2.0 g/kg dose level,
ethanol produced an increase in responding on the punishment schedule
while producing a decrease in non-punished responding that was attri-
buted to ataxia. To evaluate the possibility that drug-produced
analgesia contributed to the increases in punished responding, Cook
and Davidson also administered morphine. They found that in general,
this analgesic agent did not alleviate the suppression of punished
responding, and thus concluded that analgesia was not a major factor
contributing to such an effect. Thus in various tasks in which

responding has been both punished and rewarded, ethanol produced
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changes in behavior consistent with tension-reduction interpretations.

In addition to the methodological and interpretive weaknesses
discussed previously, there are complicating factors inherent in
the approach-avoidance design which merit discussion. Behavior in
such conflict situations is presumably controlled by the interaction
of opposing tendencies to approach and to avoid the same area. For
this reason, closer approach to such a bivalent region could be
produced not only by a weakened tendency to avoid, but also by an
increase in the tendency to approach, as for example, by an ethanol-
produced increase in appetite. Thus, it is necessary to measure
separately the effect of ethanol on both the approach and the
avoidance tendencies as Conger (1951) did. Using a special restraint
device, he was able to quantify approach and avoidance tendencies by
measuring the strength of pull exerted by rats in separate approach
and avoidance tasks. Conger found that while administration of ethanol
reduced the strength of pull exerted by the rats during avoidance
trials, it had no effect on the strength of pull towards the goal
during food-approach trials. Barry and Miller (1965) on the other
hand, reported that ethanol decreased running speeds similarly in
food-approach, shock-avoidance, and shock-escape tasks. In subsequent
investigations this problem has not always been addressed.

When establishing an approach-avoidance conflict, it is difficult
to train animals to approach areas where they have been prévious]y
punished. For this reason, animals usually receive food-approach
training first, followed by shock-punishment trials to establish an

avoidance tendency. It has been pointed out (Barry & Miller, 1962),



that such sequential training may make it difficult to distinguish
later between a drug that reduces fear and one which merely affects
a more recently ]earned habit.

As an alternative to the approach-avoidance paradigm, an
avofdance-avoidance conflict situation can be created by first
training animals to escape from shock at whichever end of a straight
alley is made distinctive with a signal, and then placing them in
the alley with signals turned on at both ends (Klebanoff, 1939). In
addition to broadening the range of conflict and ethanol studies,
this paradigm offers some advantages over the approach-avoidance
design. Opposing tendencies to avoid both end regions can be built
up simultaneously simply by alternating shock-escape trials between
the ends of the alley during training. Additionally, since the
tendency to avoid either end of the alley is not dependent upon any
hunger-motivated approach tendency, closer approach to an end region
clearly represents a change in tendencies to avoid.

In a recent theoretical analysis, Brown and Crowell (1974)
outlined changes in conflict behavior that might be expected to
result from ethanol-produced changes in conditioned fear. Based on
the assumption that ethanol would attenuate fear-motivated avoidance
tendencies, a number of specific predictions concerning the effects
of ethanol on locomotor behavior in an avoidance-avoidance conflict
situation were advanced. According to this extension of Miller's
(1944, 1959) conflict theory, the administration of shock at both
ends of a straight alley produces two equal but opposing tendencies

to avoid the punishment regions. Though initially established by



shock-escape training, each tendency should be maintained by con-
ditioned fear during shock-free test trials and should be maximally
strong at the place of punishment, diminishing as a function of the
distance from the punishment region. The heavy dashed lines in
Figure 1 represent the hypothetical gradients in the strengths of
the avoidance tendencies assumed to result from such shock-escape
training.

It was further assumed that in a conflict situation, when both
avoidance tendencies are simultaneously arouséd, the strength of the
tendency to move in either direction would be a function of the
algebraic difference between the opposing tendencies at any point in
the alley. According]y, if an animal were placed into this environ-
ment'at either side of the intersection of the gradients (Point 12),
it would tend to move toward that place. Notice also that the differ-
ence between the two gradients and hence the tendency to move toward
this intersection increases as a function of the distance between the
animal's position and this point. Presumably a stronger avoidance
tendency would be reflected behaviorally in strength of pull, running
speed, or starting speed. An additional assumption made by Brown and
Crowell was that such gradients fluctuate widely and independently
from moment to moment due to uncontrollable changes in the external
and internal stimulus complex. The lighter dashed lines in Figure 1
represent hypothetical upper and lower 1imits of such fluctuations,
and the resulting back and forth shift of the intersection of the
gradients is represented at the extremes by Points I] and 13. As the

animal will always tend to move toward the intersection of the gradients
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Figure 1. Opposing avoidance gradients, hypothesized to result from
the administration of punishment at each of two ﬁpatially separated

regions. The lighter, dashed lines represent the hypothetical upper

and lower limits of moment-to-moment fluctuations in the strengths

of the avoidance tendencies, and the resulting extreme displacements
of the intersection of the gradients (Points I, and 1) delineate

the expected range of oscillation.
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its range of movement back and forth in the alley should be a
reflection of the distance between these hypothetical extremes.

This theoretical framework provides a means for'analyzing
conflict behavior and testing the hypothesis that ethanol reduces
fear. On the assumption that avoidance behavior is maintained by
conditioned fear, Brown and Crowell concluded that if one of the
effects of ethanol is to attenuate fear, the heights and slopes of
both avoidance gradients would be reduced. This led to the prediction
of several observable changes in locomotor conflict behavior. With
Towered gradients and flattened slopes, the range of moment-to-moment
variations in the position of thé intersection of the gradients
would be increased. Hence, the extreme positions (I] and 13) of the
intersection shou]d be displaced farther'from the alley center.

This should result in a wider range of oscillation around the center
point of the alley, and concomitantly, closer approaches to both

of the punishment regions. One would also expect longer starting
latencies and slower running speeds throughout the alley, for at all
points, the difference between the opposing gradients would be
reduced. This theoretical analysis provides not only a framework
for the interpretation of drug effects on conditioned fear, but may
also make it possible to differentiate between non-specific motor
impairment and behavioral changes due to a decrease in conditioned
fear. In the present case, while one might appeal to motor incoordin-
ation to explain slower starting and running speeds, the predicted
increase in range of oscillation and closer approach to the ends of

the alley cannot be easily explained in a similar manner, In brief,
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three testable predictions stem from the Brown-Crowel] analysis of
the effects of ethanol on locomotor behavior in an avoidance-avoidance
conflict situation. In shock-free tests, ethanol should produce
(a) an increase in oscillation range, accompanied by closer approach
to the punishment regions (b) Tonger starting latencies, and
(c) decreased running speeds.

In a recent evaluation of the Brown and Crowell analysis and its
predictions, Mansfield, Eaton, Cunningham, and Brown (1977) created
an avoidance-avoidance conflict by first training raté to escape from
shock in whichever end of a straight alley was made distinctive with
a flashing light and an intermittent tone. On subsequent shock-free
conflict trials, during which detailed records of locomotor behavior
were obtained, the rats were placed in the alley with tones and lights
turned on at both ends. The animals were trained and tested according
to a 2 X 2 factorial design, half being trained after drinking a
sugar-water solution cbntaining 4.75% ethanol v/v, and half after
drinking a plain sugar-water solution. For the testing phase each
training group was further sub-divided. Half of each group was tested
after drinking ethanol, and half after drinking sugar-water. The
mean self-administered dose was 2.2 g/kg during the training phase,
and 2.4 g/kg during the testing phase. Six different measures of
locomotor behavior were reported: (a) Shock Region Approach--the
closest approach to either end of the alley after the initial run
away from the starting area; (b) Total Oscillation--the cumulative
movement during the test trial; (c) Starting Speed--the reciprocal

of the latency to move 30 cm from the initial starting location;
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(d) Length of Initial Run--the distance from the start to where

the rat first paused or turned around; (e) Number of Reversals of
Direction; and (f) Running Speeds--through the four middle segments
of the alley. The factorial design employed allowed for evaluation
of the effécts of ethanol on shock-escape training; the effects of
being trained under the influence of ethanol on subsequent conflict
test behavior; and the effects of ethanol administered just’prior to
avoidance-avoidance conflict testing.

During training, ethano]-tréined rats ran more slowly when
escaping shock than did the sugar-water-trained animals. In addition,
during conflict tests, rats that had been previously trained under
the influence of ethanol started and ran more slowly, had lower total
oscillation scores, and approached the shock regions less closely
than did control animals that had received sugar-water during the
training phase. These findings led Mansfield, et al. to two possible
interpretations of the effects of ethanol during training on later
conflict test behavior. First, the results during the testing phase
could have reflected a carry-over of a learned "slow running" habit
(cf. Logan, 1956) produced by analgesia, motor impairment, reduced
fear, or a combination of these factors. Second, it was postulated
that an analgesia-produced reduction of the effective shock level
during training might have resulted in a reduced level of conditioned
fear which carried over to the testing phase. Animals that were under
the influence of ethanol during conflict test trials approached the
shock-regions more closely, had longer initial runs, higher total

oscillation scores, and ran faster in thé middle segments of the



14

alley than did control animals. There were no significant differ-
ences in starting speeds between animals tested after drinking
ethanol and those tested after drinking sugar-water.

The findings of closer shock-region approach (reflecting a
wider oscillation range) and the longer initial runs are compatible
with the assumption that an ethanol-produced reduction in fear
resulted in a lowering of both.avoidance gradients, and hence are
in agreement with the fear-reduction interpretations of earlier
results (Barry & Miller, 1962; Conger, 1951, 1956; Freed, 1967, 1968a,
1968b; Grossman & Miller, 1961; Masserman & Yum, 1946). However, it
is apparent that the lack of a difference in starting speeds, and
especially the faster running of the ethanol-tested rats, obtained
by Mansfield, et al. are findings not clearly supportive of the fear-
reduction predictions. Within the Brown-Crowell framework, faster
running speeds indicate a greater difference between opposing
avoidance gradients throughout the middle alley segments. Such
an increase could be due to a lowered avoidance gradient for the
punishment region being approached at the time, or to a heightened
avoidance gradient for the punishment region being left behind, or
to some combination of these effects (refer to Figure 1). The first
of these possibilities was proposed by Mansfield, et al. as the
"asymmetry hypothesis" and will be discussed later in more detail.

There are alternative proposals, not directly addressed by the
Brown-Crowell analysis, to explain why moderate doses of ethanol,

a central nervous system depressant, produced indications of an

increase in locomotor activity in five out of the six measures in this
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testing situation. Perhaps the most straightforward hypothesis
would be that ethanol produces a motor excitation effect. Although
this appears to be unlikely for a number of reasons, it has been
noted that Tow doses of ethanol may produce increased exploratory
activity (Buckalew & Cartwright, 1968) and that ethanol may temporari -
ly enhance spinal reflexes (Ritchie, 1975). Consistent with the
tension-reduction hypothesis is another suggestion that the increased
performance may be due to a reduction of a fear-motivated tendency
to freeze. Such freezing responses have been invoked in the explan-
ation of a variety of behaviors (cf. Bolles, 1975), including
behavior in conflict situations (Barry, Wagner, & Miller, 1962).

The experiment reported here was designed as an extension of
the earlier Mansfield, et al. study, and as a further evaluation of
the Brown-Crowell conflict analysis. Avoidance tendencies were first
established by training rats to escape shock by running in one
direction in a white alley, and in the opposite direction in a black
alley. Conflict tests, with no shock present, were conducted in an
alley painted black along one wall and white along the opposite wall,
an environment in which competing tendencies to avoid both ends of
the alley were presumably aroused. In the 3 X 3 factorial design
employed, three groups of rats were trained after drinking 0%, 3%, or
6% ethanol solutions. In the subsequent conflict testing phase, each
training group was further divided into groups that were tested after
drinking either 0%, 3%, or 6% ethanol solutions. Continuous monitoring
of each rat's position throughout the test trials allowed a detailed

analysis of the effects of ethanol on avoidance-avoidance conflict
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behavior, as reflected in measures of oscillation range, total move-
ment, starting speeds, running speeds, and number of reversals of
direction of movement. In addition, daily recording of weight and
fluid intake for individual animals made possible determination of

dose-effect relationships.
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METHODS

Subjects

The subjects were 72 female albino rats from the Holtzman
Company, Madison, Wisconsin. They were 90 to 110 days old at the
beginning of the experiment, and weighed between 190 and 240 g.
Throughout the experiment they were maintained in individual cages
in a colony room with a 12-h lTight-dark cycle.

Apparatus

A1l training and testing were conducted in an apparatus consisting
of three alleys mounted side-by-side, all 18.5 cm deep, but of
differing widths and interior colors. One alley was black and was
7.5 cm wide, the second was white énd 10 cm wide, and the third had
one black and one white wall, and was 8.7 cm wide. The three alleys
could be moved laterally so that any one could be positioned over a
grid floor constructed of 2.4-mm diameter stainless steel bars
mounted at 2.8-cm intervals. The alleys were covered by hinged
Plexiglas 1ids. Translucent ground-glass panels were inset into both
ends of each of the three alleys so as to form 7.5-cm high windows.
The right-end windows of the white and the black alleys were made
distinctive by marking each with a 1.8-cm wide, black stripe. The
centrally positioned stripe was vertically oriented in the black
alley and horizontally oriented in the white alley. Sixty-Hz AC was
supplied to the grid as needed, from a variable auto-transformer
through a series resistance of 10 K. Interchangeable panels were
positioned 5.5 cm below the grid floor so that during each training or

testing trial the color of the floor could be made to correspond to
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that of the particular alley in use at the time. The panel used with
the black and white center alley was ha1f>b]ack and half white,
divided lengthwise. Each end of the grid floor rested on the tip of
a slightly flexible aluminum arm. Strain gauges attached to the
upper and lower sides of each arm were wired in a Wheatstone-bridge
configuration such that the output voltage was a linear function of
the rat's position in the alley, making possible position measurement
with an accuracy of * 4 cm over the 184-cm range. During each trial,
the output of the bridge circuit was sampled at .20-sec intervals

by a digital voltmeter (Hewlett-Packard, FModel 3440A) used as an
analog-to-digital converter. The output of the voltmeter was inter-
faced electronically with a PDP/SF minicomputer which monitored the
input, controlled the sampling rate, and punched the data onto paper
tape. Thus, throughout every trial the rat's position was accurately
recorded five times per second.

A trap-door-floored start box was used to introduce the rats
into the alley. Internally, the box was 19.5 cm Tong, 7.3 cm wide,
and 11 cm deep. It was covered by a translucent top, and the trap-
door floor was fashioned from two stainless steel plates, hingeud to
open outwards like aircraft bomb bay doors. With the start box on
top of the alley, its floor was 22 cm above the grid floor., A 60-W,
white, incandescent bulb in a reflector was located 107 cm above the
alley, and 10 cm in from the right end of the alley. This lanp,
directed down toward the alley, provided the only illumination during

habituation, training, and testing, and made the right end of the alley

distinctive.
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Procedure

~ Following a 5-day quarantine period in the Animal Care
Department, the rats were distributed to individual cages and
maintained on ad 1ib food and water for several days. Once the
expérimenta] schedule was entered, Purina Lab Chow was available
at all times, but the rats were allowed access to fluid for only one
15-min period each day. This period began approximately 1 h before
the end of the light cycle. A1l testing, training, and habituation
trials took place within a 40-min period which began 30 min following
the drinking period. The order in which the rats were run each day
was varied randomly. The experiment was run in two replications
of 36 rats each.

For the training phase, the animals were divided into three
groups, scheduled to be trained after drinking either (a) a plain
sugar-water solution (0% ethanol), (b) a sugar-water solution
containing 3% ethanol, or (c) a sugar-water solution containing
b% ethanol. Solutions were made up each day in the following
manner. The 0% solution consisted of 96 g of granulated cane sugar
mixed with room temperature tap water to a volume of 1200 ml. The
3% solution contained 96 g of sugar, 38 ml of 95% ethanol, and room-
temperature tap water to 1200 ml, yielding a concentration of ethanol
of 3.01% v/v. The 6% solution consisted of an identical'amount of
sugér. 76 ml of 95% ethanol, énd water to ]Zbovml. yielding a concen-
tration of ethanol of 6.02% v/v.

Table 1 outlines the treatment and fluid schedules for the

three groups during the training phase of the experiment. This phase
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consisted of a 9-day period of hahd]ing, habituation, and fluid
ingestion, followed by a 15-day period during which the rats were
trained every third day, Though the treatment schedule wés identical
for all training groups, they began the schedule sequentially over
a period of 3 days, so that after the initial handling days, all
animals drank the same fluid on each calendar day and differed only
with respect to.the treatment they received following the drinking
period. '

The treatment schedule for the group trained after drinking the
6% ethanol solution (Train-6%) is shown in the second column in
Table 1, and is described in detail here after. As this group began
its'experimentai Sequence,‘water botties were removed from the cages
at 8:00 am on the first day. At about 4:00 pm on the same day,
(2 h beforé the end of the Tight cycle) the rats were handled for
2 min and were weighed. Immediately thereafter, drinking tubes
containing plain tap water were inserted into the cages for 20 min.
On subsequent days, all drinking periods were 15 min long. On Days
¢ and 3, the animals were handled for 1 min (and also weighed during
this time), then allowed to drink plain water for 15 min. On Day 4
a repeating, 3-day fluid sequence (6%-3%-0%) was initiated, such that
the animals received habituation and training trials after drinking
their scheduled fluids. Day 7 was an habituation day, on which the
rats were allowed to explore the white and black alleys for 1 min
each. The two days following the habituation day and the two days
following each training day were designated "fluid only" days, on

which the rats were weighed and allowed to drink for 15 min, but were



Table 1. Treatment and fluid schedule for the training phase.

The letter W indicates that the rats received plain tap water during
their drinking period, whereas 0%, 3%, and 6% refer respectively

«0 sugar-water solutions containing 0%, 3%, or 6% ethanol.

Day Train-64% Train-3% Train-0%
1 W Hand]ihg
l W  Handling W Handling
3 W Handling M Handling W Handling
4 6% Handling W Handling W  Handling
5 3% Handling % Handling W  Handling
6 0% Handling % Handling 0% Handling
7 6% Habituation % Handling 6% Handling
3 3% Fluid Only 3% Habituation 3% Handling
9 0% Fluid Only 0% Fluid Only 0% Habituation
10 6% Training 6% Fluid Only 6% Fluid Only
11 3% Fluid Only 3% Training 3% Fluid Only
12 0% Fluid Only 0% Fluid Only 0% Training
13 6% Fluid Only 6% Fluid Only
14 3% Fluid Only
Four more
3-day cycles
1ike Days 10-12. Four more
3-day cycles
like Days 11-13, Four more

3-day cycles
like Days 12-14.
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otherwise not handled. Fluids consumed on these “fluid only" days
were the two fluids the animals did not drink on habituation and
training days, thus assuring that all animals would have equal
experience with all fluids used during the experiment. On the 10th
day, after the drinking period, each rat received two shock-escape
trials, one in the black and one in the white alley. Escape training
was counterbalanced. Half the rats in each group were trained to
escape shock by running toward the illuminated end in the white alley,
and away from the illuminated end in the black alley; the others
were trained to escape in the opposite direction in the two alleys.
At the beginning of each escape trial, the rat was placed in the
trap-door start box, positioned over one end of the alley. As soon
as the rat faced the opposite end, the trap doors were opened and
the recording system was turned on. Fifteen seconds after being
dropped into the alley, the animal was removed and returnéd to its
carrying box. The shock was on for the entire 15-sec trial so it
was possible for the rat to wander back onto the electrified portion
of the grid. The conditions in effect on Days 10, 11, and 12, were
repeated‘four more times, resulting in five days of exposure to 6%
ethanol followed by shock-escape training, and 10 days of interposed
exposures to 3% and 0% ethanol solutions. Over the five training
days, each rat received ten escape trials, five in the black, and
five'in the white alley. On the first training day a shock of 60 V
(as measured at the grid) was applied to the 30-cm portion of the
grid at the end where the rat was dfopped. On'subsequent‘training

days, the shock was 67, 67, 72, and 72 V, respectively. Training
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trials were distributed with an intertrial interval of approximately
15 min." As indicated by the last two columns of Table 1, the treat-
ment schedules for the Train-3% and Train-0% groups were identical
to thét described for the Train-6% animals, save that the former

~ groups received habituation and training following ingestion of

3% and 0% ethanol solutions, respectively. |

For the festing phase, eachvof the three training groups was
randomly divided into thirds, which were assigned to be tested
after drinking either 0%, 3%, or 6% ethanol solutions. This assign-
ment yielded the nine groups of the 3 X 3 factorial design, diagramméd
in Figure 2. The fluid and treatment schedules in effect during this
phase are outlined in Table 2. Note that because of their sequential
entry into the training phase, the three training groups also began
the testing phase sequentially over a period of three days. Test
trials involved dropping the rat into the black-white alley with
the start box positioned at one of four locations: at either end of
the alley, or 34 cm from either end. Test trials were 15 sec long,
with the shock source disconnected. The lamp illuminated one end of
the alley as it had during the training tfia]s. The animals were
started when they faced the far end of the alley as they had been
during training.

After assignment to subgroups for testing, the rats remained on
the same schedule of one treatment day followed by two fluid only
days, but the fluid schedule was shifted so that the conflict tests
would be conducted following consunption of the assigned ethanol

solutions. This resulted in a change in the pattern of the fluid
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Figure 2. The 3 X 3 factorial design. Three groups of rats received
shock-escape training shortly after drinking either a 0%, 3%, or 6%
ethanol solution. For conflict tests, each training group was
divided into thirds, to be tested after drinking either 0%, 3%, or

6% ethanol solutions.
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schedule for all groups of the factorial design which were tested
after drinking solutions which differed from the training solution.
For example, the rats both trained and tested after drinking a 6%
ethanol solution'remained on the same repeating fluid Sequence
(6%-3%-0%) throughout the.study. The rats trained after drinking a
6% solution but tested after drinking a 3% solution, were shifted
from a 6%-3%-0% sequence for training, to a 3%-0%-6% fluid sequence
for the testing phase.

A daily record was kept of each animal's weight and fluid con-
sumption, from which the daily ethanol doses were calculated. Early
in the experiment it was noted that a‘few of the rats wefe developing
respiratory infections. For prophylactic and treatment purposes,
all rats received three, intra-muscular injections of 5 mg of
oxytetracycline], one on the habituation day and one on each of the
two days following. These injections were given approximately 5 h

before the drinking period each day.

TRachelle Aquachel Intramuscular Oxytetracycline Hydrochloride with
2% Lidocaine, 50 mg/m1.
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RESULTS

As described earlier, at the end of the training phase each of
the three groups was divided into groups to be tested after drinking
a 0%, 3%, or 6% ethanol solution. This manipulation yielded the nine
groups depicted in Figure o i the discizatons follow, a label
such as "Train-6%" will be used to designate all animals trained
after drinking a 6% ethanol solution, regardless of the concentration
of ethanol in solutions consumed prior to conflict tests. In a
similar manner, groups labeled "Test-6%" include the three groups
tested after drinking a 6% ethanol solution, regardless of the
ethanol concentration during training.

Body weight, Fluid Consumption, and Ethanol Dose

Body Weight. Body weights during the habituation and training
phases of the experiment are plotted in Figure 3. From this figure
it is apparent that the rats lost weight during the initial days of
the water deprivation schedule, then slowly gained weight throughout
the remainder of the experiment. It is also apparent that the animals
of the second replication weighed less than those in the first. The
nost reasonable basis for this weight difference is that, due to
scheduling problems, the rats in the second replication were approx-
imately two weeks younger than those in the first. These observations
were confirmed with an analysis of variance, which yielded a signifi-
cant main effect of days [F(11, 726) = 160,98, p < .001], and of
replications [F(1, 66) = 48.98. p < .001]. There was no significant
effect of ethanol concentration during training, indicating that

there were no weight differences among groups trained after drinking



Figure 3. Body weights during habituation and training.
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different concentrations of ethanol. That weight differences between

replications differed during the 24-day period was indicated by a

significant replications by days interaction [F(11, 726) = 4,04,

p < .01]. Additionally a significant training-concentration by

days interaction indicated that changes in weight over days differed

among training groups. Examination of the data revealed that animals

assigned to the Train-6% groups tended to lose more weight initially

and to gain more subsequently than did rats in the other training groups.
Weights on test days for the nine groups of the factorial design

are plotted in Figure 4. Though weights changed significantly from

Test Day 1 to Test Day 2 [F(1, 63) = 17.36, p < .001], there were

no significant weight differences among training or testing groups,

and no significant intefactions.

Fluid Consumption. During the training phase, although all

animals drank the same ethanol solution each calendar day, the three
training groups were trained on different days, as described in

Table 1. For example, on days when all rats drank a 3% ethano]
solution, only those rats in the Train-3% group were given shock-
escabe trials following the drinking period. In order to evaluate

the effect of ethanol concentration on fluid intake during training,
the training phase was divided into five, 3-day periods during which
the sequenée of ethanol concentratfons was 6%-3%-0%. Fluid consumption
during training is plotted in Figure 5, where one can see that fluid
intake tended to increase during each period as the ethanol concentration
changed from 6% to 3% to 0%. For each replication a three-way analysis

of variance was completed using training period, training concentration,



Figure 4. Weights on test days for the nine groups of the factorial

design.
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Figure 5. Fluid intake during five, 3-day training periods. Mean
daily fluid intake is shown for the three training groups (triangles
= Train-6%, sqﬁares = Train-3%, circles = Train-Q%). Fluid intake

is plotted on the ordinate, while the concentration of ethanol in

the sugar-water solution available during the 15-mfn drinking period
is indicated across the abscissa. Data for Replication 1 are plotted

in the upper panel, data for Replication 2 in the lower panel,
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and ethanol concentration (in the offered drinking fluid) as factors.
Differences in consumption of the three ethanol concentrations were
highly significant for the data of both Replication 1 [F(2, 99) =
87.17, p < .001] and Replication 2 [F(2, 99) = 122.96, p < .001],
with Newman-Keuls tests revealing that, in both replications fluid
intake increased significantly as ethanol concentration decreased
from 6% to 3% to 0%. Though there was no significant main effect

of training concentration upon fluid intake in Replication 1 (plotted
in the upper panel of Figure 5), there was a significant training
periods effect [F(4, 396) = 2.70, p < .05], reflecting a small but
significant increase in the amount of fluid consumed in later
training periods. Additionally, for the first replication there was
a significant interaction involving the factors of training period
ana ethanol concentration [F(8, 396) = 4,95, p < .01], indicating
that the changes in fluid consumption during the training phase

were different for the three ethanol concentrations. In the second
replication (see lower panel of Figure 5), there was a significant
main effect of training concentration [F(2, 99) = 4.60, p.£ 057

A Newman-Keuls test showed that Train-3% rats, drinking an average
of 17.0 ml per day, consumed significantly less than the Train-6%
rats, which drank an average of 18.5 ml per day. The Train-0% animals
drank an average of 17.8 ml per day and did not differ significantly
from the other two training groups. Additionally, there was a
significaht interaction involving the factors of training concentration,
ethanol concentration in the offered solution, and training period

[F(16, 396) = 1.80, p < .05].
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In order to examine fluid consumption during the testing phase,

a separate analysis of variance was first completed for each rep]ication,
with testing concentration, training concentration, and test day as
factors. During testing, there were no significant fluid intake
differences between animals trained after drinking different concen-
trations of ethanol, and fluid consumption did not change over the

two test days. There was, however, a significant main effect of

testing concentration for both Replication 1 [F(2, 27) = 42.04, p < .001],
and Replication 2 [F(2, 27) = 13.65, p < .001], and a significant
training concentration by test-day interaction, [F(2, 27) = 5.76,

p < .01]. Graphic interpretation of this interaction revealed that
while both Train-6% and Train-3% groups tended to increase fluid
consumption from Test Day 1 to Test Day 2, there was a decrease in
consumption for the Train-0% animals. To assess possible replication
differences, a subsequent analysis of variance, using the same data

was coﬁpleted, utilizing replication, testing ethanol concentration,

énd test day as factors. This aha]ysis again revealed a significant
effect of testing concentration [F(2, 66) = 46.60, p < .001], and a
Newnian-Keuls test further indicated that on both test days, Test-0%

rats drank more than Test-3% rats, which in turn drank more than

Test-6% rats. There was no significant main effect of replications.

In summary, the most important aspect of drinking behavior during‘
training was the regular pattern of increasing consumption as ethanol
concentration was cycled from 6% to 3% to 0%. Though there were no
differences in fluid intake among training groups in the first repli-

cation, in the second, rats trained after drinking the 3% ethanol
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solution tended to drink less than the Train-6% animals, while

the Train-0% animals did not differ from the other groups. On test
days there was again an inverse relation between the concentration
of ethanol in the solution and the amount consumed, so that before
testing, Test-0% rats drank more than Test-3% rats, which in turn
drank more than Test-6% rats.

Ethanol Dose. Mean ethanol doses self-administered by the
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