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Preferences and aversions for stimuli
paired with ethanol in hungry rats

J. E. SHERMAN, C. F. HICKIS, A. G. RICE, K. W. RUSINIAK, and J. GARCIA
University ofCalifomia, Los Angeles, California

Two experiments explored the reinforcing effect of ethanol on conditioned location and fla
vor preferences in hungry rats. In Experiment 1, rats were administered ethanol (.5, 1.0, or
2.0 glkg, ig) prior to confinement in one side of a shuttlebox with access to a flavored solution.
On control trials, H20 was administered prior to confinement to the opposite side with a different
flavored solution. Location choice tests revealed an overall aversion for the ethanol-associated
side that was largest at the 2.0-glkg dose. Flavor choice tests revealed an aversion for the
ethanol-associated flavor at the 2.0-g/kg dose, no reliable difference at the 1.0-glkg dose, and, of
particular interest, a preference at the .5-glkg dose. The results of Experiment 2 suggest that
caloric restoration served as the reinforcing mechanism for the conditioned flavor preference.
An isocaloric glucose solution conditioned a flavor preference of the same magnitude as that
obtained with ethanol. Moreover, when ethanol provided no caloric advantage, the associated
flavor was less preferred than a flavor associated with an isocaloric glucose solution.

Animal models of alcoholism suffer from the
drawback that it is difficult to show conditioned
preferences for stimuli associated with ethanol. In
fact, pairing ethanol with neutral stimuli typically
produces a conditioned aversion. Such aversions
have been demonstrated in the rat for both flavor
cues (Cappell, LeBlanc, & Endrenyi, 1973; Cunning
ham, 1979; Eckardt, Skurdal, & Brown, 1974; Lester,
Nachman, & LeMagnen, 1970) and location cues
(Cunningham, 1979, 1981). The fact that rats de
velop aversions to flavors paired with ethanol is
difficult to reconcile with the fact that humans ac
quire preferences for flavors associated with the
drug (e.g., the flavor of beer or Scotch). Moreover,
while animal research shows that other drugs of
abuse, such as morphine and amphetamine, will
also produce conditioned flavor aversions, these
drugs can be shown to yield conditioned preferences
for location cues (Beach, 1957; Reicher & Holman,
1977; Rossi & Reid, 1976; Sherman, Pickman, Rice,
Liebeskind, & Holman, 1980; Sherman, Roberts,
Roskam, & Holman, 1980). Thus, in this context,
the effects of ethanol observed in rats are incon
sistent both with the apparent development of pref
erences for flavors paired with alcohol in humans
and research with rats showing that other classes
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of drugs abused by humans will condition a loca
tion preference.

Recently, Stewart and Grupp (1981) found that
after hungry rats were given ethanol and food in
one location and only food in another location,
a choice test revealed a conditioned preference for
the ethanol-paired location; however, without food
in training ethanol did not condition a preference.
These findings suggest that ethanol may interact
with food and/or hunger in ways that cannot be
predicted from the effect of the drug when pre
sented alone. This result is of interest because alco
hol use in humans frequently occurs along with food
consumption. It may be that the motivational state
of hunger and/or the presence of food may be criti
cal in yielding both ethanol-conditioned flavor pref
erences, as would be expected on the basis of human
ethanol consumption, and conditioned location pref
erences, a result obtained with other commonly
abused substances.

The present study explored this possibility em
ploying the procedure used by Holman and his as
sociates (Reicher & Holman, 1977; Sherman et al.,
1980a, 1980b) to study simultaneously the condi
tioned flavor and location effects of morphine and
amphetamine. With this procedure, on some days
rats are placed in one distinctive compartment of
a two-compartment shuttlebox with a distinctive
flavor present. On other days, the rats are placed
in the other compartment with a different flavor
present. One side of the shuttlebox and one flavor
are consistently paired with the drug, the other side
and flavor with the vehicle control. In this paradigm,
rats are food deprived and food is presented as
part of the flavor cue; that is, a SOlo sucrose solu-
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tion is a common component of the distinctive fla
vors. Following training, location and flavor pref
erence tests are conducted separately.

In Experiment 1 of the present study, these pro
cedures were used to study three doses of ethanol:
.5, 1.0, and 2.0 g/kg. In Experiment 2, the contri
bution of caloric restoration to the conditioned ef
fects observed in Experiment 1 was assessed.

EXPERIMENT 1

Method
Subjects. The subjects were 36 male Sprague-Dawley rats ob

tained from Simonsen Laboratories in Gilroy, California. The
rats were 90-120 days old at the start of the experiment and
were maintained at 85OJo of their free-feeding weights. All rats
were individually housed and had free access to water in their
cages. All procedures were conducted at least 2 weeks after the
rats arrived at our vivarium and only during the light com
ponent of the 12-h light-dark cycle.

Apparatus and Drop. Each rat was trained in one of three
identical rectangular Plexiglas shuttleboxes (47.5 x 22.5 x 28.5 em),
Each box had a stainless steel grid floor and a removable Plexi
glas barrier across the middle that restricted rats to the appro
priate side of the shuttlebox during training sessions. Light gray
cardboard behind the transparent Plexiglas walls and Plexiglas
barrier faced the interior of the right side of each shuttlebox.
Vertical stripes of 2-cm-wide black tape, 2 em apart, were on
the white cardboard facing the interior of the left side of each
shuttlebox and on the left side of the otherwise transparent
Plexiglas ceilings. Vertical strips of transparent, .7-cm-thick and
1.7-cm-wide Plexiglas were superimposed on the interior of the
left side of each shuttlebox between the black tape (i.e., over
the white vertical stripes). Thus, the sides of each box differed
both visually (gray vs. black and white vertical stripes) and tac
tually (smooth vs. vertical ridges). During testing, the barrier
used during training was replaced with an otherwise identical
barrier with a rectangular (25 x 28 em) opening centered on the
bottom that provided access to both sides of the shuttlebox,
Als~, the .floor was free to tilt to the left or right, activating
a microswitch that automatically signaled which side the rat oc
cupied. The three shuttleboxes were located in a dimly illumi
nated experimental room with masking white noise (62 dB)
present.

There were two flavored drinking solutions: the HCl solution
contained .IOJo HCl and 5010 sucrose, and the NaCI solution
contained 3010 NaCI and 5010 sucrose (all solutions were mixed
by weight in tap water). These solutions were presented to the
rats in graduated test tubes fitted with metal drinking spouts.
The spouts projected through a small hole on each end of the
shuttleboxes, 3.5 cm above the grid floor, thereby permitting
access to the flavored solutions during training.

The rats were gastrically intubated (ig) either with distilled water
alone or with distilled water mixed with ethanol (95010) diluted
to yield .5, 1.0, or 2.0 gllO ml, The volume intubated was
10 ml/kg. Thus, the resulting doses of ethanol were .5, 1.0,
and 2.0 g/kg, respectively.

Procedure. Prior to their first training day, all rats were sham
intubat.ed and given 20 ml of 5010 sucrose in their home cages
t? habituate t~em to ~he intubation procedure and reduce pos
slbl~ neophobic reactions to the flavored solutions presented
dun~g tra1mn~. The dru~ schedule during a single training cycle
consisted of sIX presentations of water and six of ethanol: water
on Mondays and Thursdays and ethanol on Tuesdays and Fri
days. On the other days of the week, the rats remained in their
home cages. Thus, each cycle was concluded in 3 weeks. The
rats were tested on the Sunday following the last presentation

~f ethanol. This cycle of training and testing was repeated three
times.

On training days, all rats were weighed and intubated in the
vivarium and 2-3 min later transported to the nearby experimen
tal room, where they were exposed to a distinctive set of flavor
and location cues uniquely associated with either water or etha
nol. On water days, each rat was placed in one side of the
shuttlebox for 20 min with access to 30 ml of either the HCl- or
~aCI-fiavore~ s~lution. On ethanol days, each rat was placed
In the opposite SIde of the shuttlebox for 20 min with access to
the other solution. Rats were fed a restricted amount of Purina
Lab Chow 120-150 min after each training session to maintain
them at 85010 of their free-feeding weights.

The rats were assigned randomly to one of three groups (n =
12), each receiving a different dose of ethanol (.5, 1.0, and
2.0 g/kg) during training. Half the rats in each group were
placed on the left side of the shuttlebox on ethanol days and
half on the right side. Additionally, half the rats in each group
received the HCl-fiavored solution on the ethanol days and half
received the NaCI solution.

On the test days, acquired location and flavor preferences
were assessed. First, location preference was assessed. Each rat
~as placed in the black and white striped (and vertically ridged)
SIde of the shuttlebox with the barrier that permitted access to
either side. No solutions were present; the rat's location was
automatically recorded for 20 min. Immediately after the loca
tion preference test, each rat was returned to its home cage
and presented 30 ml each of the HCI- and NaCI-fiavored solu
tions in adjacent test tubes for 20 min. The position of the tubes
was balanced across rats. Total consumption of each solution
was recorded.

Statistical analyses. All statistical tests were conducted with
the analysis of variance (ANOVA). For flavor, the dependent
variable was amount consumed; the within-subject factor was
flavor (HCI vs. NaCl); the between-subject factor was reinforced
cue (ethanol with HCI vs. ethanol with NaCI). For location, the
dependent variable was time spent on the left side; the between
subject factor was reinforced cue (ethanol with left side vs. etha
nol with right side). The rejection criterion for statistical signif
icance was p < .05.

Results
Figure 1 presents the mean consumption of the

reinforced (ethanol-paired) and nonreinforced (ve
hicle-paired) flavored solutions for all three groups
on each day of training and testing. As the figure
suggests, there was a significant interaction be
tween dose of ethanol and amount of consumption
of the reinforced and nonreinforced solutions dur
ing training [F(2,30) = 19.2]. Rats intubated with
.5 g/kg of ethanol (top panel) consumed more of
the ethanol-paired solutions [F(l ,10) = 21.5], whereas
rats intubated with 2.0 g/kg (bottom panel) drank
less of the ethanol-paired solutions [F(l, 10)=25.6].
Rats receiving the intermediate dose of ethanol,
1.0 g/kg (middle panel), consumed slightly more
of the ethanol-paired solutions, but this difference
was not statistically significant (F< 1).

Because amount of each solution consumed during
training was measured on different days and be
cause consumption during training also reflects the
possible contribution of unconditioned effects of
ethanol, the two-choice preference test provides
clearer evidence of conditioned effects. The test
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.44

.47

.30

Test 3

.43

.40

.36

Test 2

.43

.46

.48

Test 1

.5
1.0
2.0

Dose*

Table I
Mean Percentage of TIme Spent on the Side of the Shuttlebox
Paired With Each Dose of Ethanol During Training for Each

of the Three Tests During Experiment I

not significantly interact with the dose of ethanol
[F(2.30)=2.11J, test cycle [F(2,60)= 1.9], or com
bination of these factors [F(4.60) = 2.11 J. How
ever. an independent analysis of the third test alone
revealed a statistically significant effect of dose
[F(2.30) = 4.001. Subsequent polynomial compar
isons revealed that the 2-g/kg dose produced a
larger location aversion than either of the lower
two doses [Fs(1.20) > 4.81)]. which did not signif
icantly differ from one another (F< 1).

Discussion
The present experiment examined simultaneously

the conditioned effects of ethanol on flavor and lo
cation cues. The results of this experiment were very
clear. At all three doses examined, .5, 1.0, and
2.0 g/kg, ethanol conditioned an aversion for the
location paired with the drug, the highest dose
yielding the greatest aversion. The conditioned fla
vor effects were more complex: the high dose pro
duced an aversion, the middle dose no clear effect,
and the low dose yielded a preference. Thus, depend
ing on the nature of the cue and dose paired with
the drug, a preference, no effect, or an aversion
was obtained.

The demonstration of a conditioned aversion to
location cues paired with ethanol confirms the find
ings of Cunningham (1979, 1981), in which doses
of 1.0, 1.5, and 2.0 g/kg, intraperitoneally (ip), all
yielded an aversion to a location paired with ethanol.
In his studies. rats were either water deprived or not.
The present study extends these findings, demon
strating that a location aversion can also be obtained
under conditions of food deprivation, and at lower
doses.

Based on the results reported by Stewart and Grupp
(1981), it was anticipated that using hungry rats
and providing food in the context of the location
conditioning paradigm would yield a preference for
the location associated with ethanol. In their study.
rats received an ip injection of ethanol (.25, .5, or
1.0 g/kg for different groups) and were confined
to one location; control injections preceded confine
ment in another location. For half the animals, train
ing was conducted with food or without food pres
ent in both locations. In the conditions without food,
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data, also shown in Figure 1, were highly consis
tent with the training results. An overall ANOVA
of the consumption test data yielded a statistically
significant interaction between dose and reinforced
solution [F(2,30) = 16.5]. Independent ANOVAs
conducted for each group across all three tests show
that the .S-g/kg group displayed a significant pref
erence for the ethanol-paired solutions [F(l,10)=
72.0], the 1.0-g/kg group showed no significant dif
ference in consumption between the ethanol- and
vehicle-paired solutions (F < 1). and the 2.o-g/kg
group displayed a significant aversion for the ethanol
paired solutions [F(1.10) = 13.4].

Table 1 presents the mean percentage of time
spent on the side of the shuttlebox paired with
ethanol for each of the three location preference
tests for each group of rats. Overall, there was
an aversion for the location paired with ethanol
[F(1,30) = 17.4J. This effect of reinforcement did
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an aversion was conditioned at the highest dose but
no statistically significant effects were observed with
the lower doses. With food, however, a preference
was conditioned at the middle dose, .5 g/kg, but
no effects were obtained at the other doses, sug
gesting that the aversion obtained with the highest
dose was attenuated by the presence of food. In con
trast to the findings of Stewart and Grupp, evidence
for a conditioned location aversion was obtained
here. Thus, the results of the present study did not
confirm their demonstration of a conditioned loca
tion preference. However, the procedures of the
present study differed from those of Stewart and
Grupp along several dimensions. Most salient were:
route of drug administration (ip in their study, and
ig in the present study), duration of exposure to the
location cues following ethanol administration
(30 min in their study, and 20 min here), nature
of food (Noyes pellets in their study, and sucrose
here), and discriminative odor cues (present in their
study, and not here). In any case, the results of
the present experiment suggest that the motivational
state of hunger and/or the consumption of food
is not sufficient to account for the conditioning of
a location preference found by Stewart and Grupp.

Of particular interest in the present results was
the finding that the low dose, .5 g/kg, of etha
nol conditioned a preference for the flavor associ
ated with it. This is of interest for two reasons.
First, while a preference was conditioned to the fla
vor associated with ethanol, an aversion was simul
taneously conditioned to the location cue. This con
firms previous findings showing that a drug is not
necessarily singular in its reinforcing properties (e.g.,
Sherman, Pickman et al., 1980).

Second, the demonstration of an ethanol-condi
tioned flavor preference is a novel finding. Among
all the studies reporting flavor aversions conditioned
with ethanol, Eckardt et al. (1974) used procedures
most comparable to those employed here. They con
ducted conditioning with a nearly identical dose of
ethanol (.4 g/kg) and, as in the present study, they
provided a calorically rich solution as a component
of their flavor-conditioned stimulus. However, in
contrast to the present study, they administered etha
nol intraperitoneal1y rather than intragastrically. Lester
et al. (1970) have shown that, with ethanol, intra
peritoneal administrations are at least twice as ef
fective as stomach intubation in yielding conditioned
taste aversions. Consequently, the dose employed
by Eckardt et al. would functionally be greater than
the .5-g/kg dose that yielded the conditioned flavor
preference in the present study. Relevant to this
point, higher doses in the present study produced
no effect or conditioned a flavor aversion. Perhaps,
in this way, route of administration accounted for
the difference in results.

Another possibly important difference between
their procedures and those employed here is that the
animals in the present experiment were food de
prived, whereas their animals were water deprived.
Since ethanol is a calorically rich substance, it may
be that the development of a conditioned flavor
preference is based on its food value. Naturally, in
animals that are not food deprived, the caloric ef
fects of ethanol would not be as reinforcing as would
be expected in hungry animals, and the aversive
consequences of the drug would be more clearly
manifested. This argument suggests that the condi
tioned flavor preference observed in the present
study was due to the caloric contribution of etha
nol, rather than to the possible rewarding effects
of mild intoxication. Experiment 2 was undertaken
to test this possibility.

EXPERIMENT 2

Several studies suggest that a neutral flavor paired
with the postingestional consequences of a calorically
rich substance can become preferred (Booth, Lovett,
&McSherry, 1972; Holman, 1975;LeMagnen, 1957a,
1957b). Thus, it is possible that the caloric contri
bution of the low dose of ethanol used in Experi
ment 1 was the reinforcing mechanism underlying
the conditioning of a flavor preference. However,
it should be noted that although the caloric con
tribution of the low dose of ethanol (.5 g/kg) may
account for the conditioned flavor preference, the
fact that the higher dose (2.0 g/kg), with the at
tendant increase in calories, conditioned a flavor
aversion, suggests that at higher doses ethanol has
aversive properties that outweigh any possible posi
tive caloric effect.

The present study was undertaken (I) to assess
the possibility that calories were sufficient to induce
the conditioned flavor preference observed in Ex
periment I, and (2) to assess the nature of the con
ditioned effect when ethanol provides no caloric ad
vantage over the control treatment. To address these
issues, one group of rats was trained with the low
dose of ethanol described in Experiment 1. A sec
ond group of rats received the same training, ex
cept that an isocaloric solution of glucose was used
instead of ethanol. Lastly, for a third group of
rats, one distinctive set of flavor-location cues was
paired with the low dose of ethanol, whereas the
opposite set of cues was paired with the isocaloric
glucose solution, so that ethanol provided no ca
loric advantage.

Method
Subjects. The subjects were 36 male Sprague-Dawley rats ob

tained from Simonsen Labs in Gilroy, California. All other
subject-related information is described in Experiment I.
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Apparatus and Drugs. The apparatus and drinking solutions
were the same as those in Experiment I. The solutions intu
bated were distilled water alone, distilled water mixed with etha
nol to yield a .5-g/kg dose or an isocaloric, 9.166070 (w/v) solu
tion of glucose. The volume intubated was 10 ml/kg.

Procedure. As in Experiment I, all rats were sham intubated
and preexposed to a 5% sucrose solution prior to their first
training day. Subsequently, rats were randomly assigned to one
of three groups (n = 12). The drug schedule during training var
ied for each of the three groups. Group H.O-ETOH received
water on Mondays and Thursdays and ethanol on Tuesdays and
Fridays. Group H.O-Glucose received water on Mondays and
Thursdays and glucose on Tuesdays and Fridays. Lastly, Group
Glucose-ETOH received glucose on Mondays and Thursdays and
ethanol on Tuesdays and Fridays. Training was conducted for
6 weeks, until each group had had 12 pairings of each intu
bated drug with a distinctive set of location and flavor cues.
Testing of flavor and location preferences was conducted on
the Sunday following the last drug presentation. All further
procedural details followed those described in Experiment I.
During training, two rats died, one from Group H.O-Glucose
and one from Group H.O-ETOH.

All statistical tests were conducted with the ANOV A described
in Experiment I. However, the reinforcing drug now arbitrarily
refers to the substance presented on Tuesdays and Fridays. Miss
ing data were analyzed by the method suggested by Hicks (1964).

during training [F(l ,10) = 4.12], although greater
consumption of the glucose-paired solution was sug
gested (see bottom panel). However, the more sen
sitive two-bottle preference test (Grote & Brown,
1971) revealed a statistically significant preference
for the glucose-paired solution over the ethanol
paired solution [F(l,10) = 15.6]. This result suggests
that when ethanol provides no caloric advantage,
either it does not condition a flavor preference or
an aversion is actually conditioned.

The results of the location test failed to yield a
significant preference for either side of the shuttle
box for any of the three groups [all Fs(1,10) < 2.0].
The absence of a conditioned location aversion in
Group H20-ETOH fails to replicate the conditioned
location aversion obtained with this dose (.5 g/kg)
in Experiment 1. These data question the reliabil
ity of the conditioned location aversion obtained
with this dose. It is clear, however, that condition
ing with flavor cues provides a more reliable index
of the conditioned effects of ethanol at this low
dose.

Fllure 2. Mean consumption of Davon associated with ethanol
(ETOH), Isocalorlc glucose (Glu), or water (H,O) during training
and testing.
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Results
Figure 2 presents the mean amount of solution

consumed during training and testing for all three
groups. During training, rats in Group H20-ETOH

(see top panel of figure) consumed significantly more
of the solution paired with ethanol than that paired
with water [F(I,9) = 10.7], and this effect increased
over trials [F(ll,99) = 7.8]. Consistent with these
training results, the flavor test revealed a statisti
cally significant preference for the ethanol-paired
solution [F(I,9)=22.8]. These data replicate the re
sults of Experiment 1 showing a conditioned pref
erence for a flavor paired with a low dose (.5 g/kg)
of ethanol.

During training, the rats of Group H20-Glucose

drank significantly more of the glucose-paired solu
tion than of the water-paired solution [F(I,9) = 13.0],
and the magnitude of this effect generally increased
over training sessions (see middle panel). A rever
sal of this trend occurred on Trial Pair 8, contrib
uting to the significant trials x reinforcer interaction
[F(1l,99) = 3.33]. It is not clear what caused this
minor perturbation in the data. Consistent with the
overall trend, the test results show a clear condi
tioned preference for the flavor associated with glu
cose [F(1,9) = 19.9]. A statistical comparison of the
reinforcement effect observed in Groups H20-ETOH

and H20-Glucose failed to reveal a significant groups
x reinforcement interaction (F < 1), suggesting that
the magnitude of the conditioned preference ob
tained with ethanol and an isocaloric, glucose solu
tion were highly comparable. Thus, it appears that
the caloric contribution of ethanol may be sufficient
to condition a flavor preference.

The rats of Group Glucose-ETOH failed to show
a statistically significant difference in consumption
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Discussion
The results of Experiment 2 suggest that the con

ditioned preference for a flavor associated with a
low dose of ethanol may be attributed to ethanol's
caloric content rather than any unique effect of the
drug. This interpretation is supported by the find
ing that an isocaloric solution of glucose yielded
a conditioned flavor preference of comparable mag
nitude. Although it is possible that different mech
anisms account for the flavor preferences condi
tioned with ethanol or glucose, the results of Ex
periment 2 suggest that caloric restoration may be
sufficient to explain the flavor preference condi
tioned with ethanol.

The fact that the highest dose of ethanol used
in Experiment 1 (2.0 g/kg) conditioned a flavor aver
sion indicates that higher doses produce aversive
consequences that outweigh the benefits of caloric
restoration. That rats were found to prefer an iso
caloric, glucose-paired flavor to an ethanol-paired
flavor (Group Glucose-ETOH) suggests that when
the caloric advantage of ethanol is canceled even a
low dose of ethanol may be argued to have aver
sive properties.

Although we have suggested that caloric restora
tion served as the reinforcer in conditioning a fla
vor preference for the .S-g/kg doses of both ethanol
and glucose, other mechanisms are possible. Bolles,
Hayward, and Crandall (1981) have reported evi
dence showing that oral cues correlated with ca
loric benefit, such as the cues provided by starch,
may serve as the reinforcer rather than the caloric
benefit per se. It is possible that oral cues pro
vided by ethanol and glucose were present in the
experiments presented here as well. Although caution
was taken to rinse the tube used in gastrically pre
senting ethanol or glucose prior to intubation, it
is possible that a weak solution remained on the
tube when it passed over the tongue. Also, after
the contents of the tube were injected into the stom
ach, it is possible that the external side of the tube
was bathed in the substance and subsequent with
drawal of the tube provided such oral stimulation.
Thus, taste cues, rather than caloric restoration, may
have reinforced the conditioned flavor preference.
The present study does not discriminate between
these two possibilities.

In conclusion, these data show that ethanol readily
conditions an aversion to both flavor and location
cues at relatively high doses and may be shown
to condition a preference for flavor cues at a low
dose. It appears that the conditioned flavor pref
erence obtained with the low dose of ethanol is a
consequence of its caloric content rather than the
intoxicating effects of the drug. It is not clear to
what extent the nutritional value of ethanol con-

tributes to the development of a preference for etha
nol in humans. Interestingly, it is evident that social
drinking accompanies meals. The results ob
tained here suggest that the initially satisfying effects
of ethanol may be related, in part, to the rich caloric
restoration provided by the drug.
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