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Events that serve as unconditionedstimuli (USs) in con-
ventionalPavlovianconditioningprocedures are generally
treated as if they have a univalentmotivationaleffect. That
is, some events (e.g., food, water, access to a sexually re-
ceptiveconspecific)are considered to be motivationallypos-
itive (appetitiveor rewarding) on the basis of their common
ability to support approach and contact behaviors,whereas
other events (e.g., electric shock, illness) are considered to
be motivationally negative (aversive) on the basis of their
ability to produceescape and avoidancebehaviors.Although
the motivational categorization of a particular event may
differ across individuals(e.g., as a function of subject vari-
ables such as age, strain, or sex) or may change as a func-
tion of experience, traditional descriptions of Pavlovian
conditioning have typically assumed that the US on any
given trial is either appetitiveor aversive but not both (e.g.,
Rescorla & Solomon, 1967).

However, conditioning studies involving abused drugs
have raised the interesting possibility that drug USs may,
in some cases, elicit both rewarding and aversive effects,
perhaps even at the same time. A prototypical example of
this possibility is demonstrated in studies showing that the
same injection of an abused drug such as amphetamine
can produce both conditioned aversion to the taste of a
paired flavor solution and conditioned preference for the
spatial location in which the flavored solution is consumed
(e.g., Reicher& Holman, 1977). A common interpretation
of this finding is that the drug experience is indeed both
rewarding and aversive, but that these motivationally op-

positeunconditionedeffects are selectivelyassociatedwith
exteroceptiveand interoceptiveconditionedstimuli (CSs),
respectively (Reicher & Holman, 1977).

Subsequent studies have extended this analysis to in-
clude the possibility that the same exteroceptive CS may
become associated with either the positive or the negative
motivational effects of a drug, depending on the temporal
relationship between the CS and the drug US. For exam-
ple, in a series of studies conducted in rats, doses of nico-
tine and amphetamine that produce conditioned place
preference when injected immediately before exposure to
the conditioningenvironment were found to produce con-
ditionedplace aversion when injectedafter the animal was
removed from the environment (Fudala & Iwamoto, 1987,
1990). Although the impact of these findings is weakened
somewhat by reports that pre-CS injectionof nicotine will
sometimes condition place aversion (Jorenby, Steinpreis,
Sherman, & Baker, 1990;Risinger & Oakes, 1995), a very
similar phenomenon has recently been reported in a series
of ethanolplace conditioningstudies in mice (Cunningham
& Henderson,2000;Cunningham,Henderson,& Bormann,
1998; Cunningham, Okorn, & Howard, 1997; Cunning-
ham, Tull, Rindal, & Meyer, 2002). That is, post-CS injec-
tionof ethanolproducedconditionedplace aversion in mice,
even though pre-CS injection of the same dose was con-
sistentlyfound to produceconditionedplacepreference.The
place aversion induced by post-CS ethanol injection was
positivelyrelated to ethanoldose, inversely related to condi-
tioning trial duration, reduced by extinctionof the CS, and
reduced by home cage preexposure injections of ethanol
(Cunningham& Henderson,2000;Cunningham,Tull, et al.,
2002).

Cunningham and colleagues have suggested that the
place aversion conditioned by post-CS ethanol injection
reflects an aversive motivationaleffect that is mediated in-
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Previous place conditioning studies in mice have shown that injection of ethanol immediately before
a conditioned stimulus (CS1) produces conditioned preference, whereas injection of ethanol immedi-
ately after CS1 produces conditioned aversion. In the present experiments, we examined the learning
that occurs when ethanol is injected in “ambiguous” procedures that provide the opportunity for both
types of conditioning. When ethanol was given midway through the CS (Experiments 1 and 2) or both be-
fore and after the CS (Experiment 3), the direction of place conditioning was the same as when mice
were exposed only to whichever contingency occurred first (a primacy effect). That is, injection of
ethanol in the middle of the CS conditioned aversion, whereas injection both before and after the CS
conditioned preference. Because these results support the idea that ethanol elicits both aversive and
rewarding effects, they are most consistent with conditioning theories that conceptualize uncondi-
tioned stimuli (USs) as events that can activate multiple representational components.
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dependently of the rewarding effect that presumably un-
derlies the conditionedplacepreference inducedby pre-CS
injection.More specifically, theyhaveproposed that ethanol
injection produces a short-lived aversive effect that re-
flects the novelty of the relatively rapid transition from the
sober state to the intoxicated state. This interpretation is
strongly supportedby studies showing that familiarity with
ethanol reduces or eliminates conditioned place aversion
but does not affect conditionedplace preference (Cunning-
ham, Tull, et al., 2002).

Given the possibilitythat ethanoland other abused drugs
elicit both rewarding and aversive effects and that either
effect may become associated with exteroceptive cues, it
is of interest to consider what happens when the temporal
arrangement between the CS and the US puts these moti-
vational effects into competition with each other. We ad-
dressed this issue in the present study by administering the
ethanol US in two different temporal arrangements that
could be considered ambiguous. In one case (Figure 1A),
ethanol was injectedhalfway through a 10-min condition-
ing trial (Experiments 1 and 2). When viewed as two con-
secutive 5-min conditioningtrials, the first half of the trial
contained a contingency (ethanol after CS) that has been
demonstrated many times to produce a reliable condi-
tionedplace aversion in mice (Cunningham& Henderson,
2000; Cunninghamet al., 1998; Cunninghamet al., 1997;
Cunningham, Tull, et al., 2002), whereas the second half
of the trial provided a contingency (ethanol before CS)
that has repeatedly been shown to produce a robust condi-
tioned place preference (e.g., Cunningham, 1995; Cun-
ningham, Dickinson, & Okorn, 1995; Cunningham et al.,
1998; Cunningham et al., 1997; Cunningham, Tull, et al.,
2002). In the other case (Figure 1B), the experimental
mice received two identical ethanol injections on each
CS1 trial, one immediately before CS exposure and an-

other immediately afterward (Experiment 3). When given
to independentgroups, these injectionswould be expected
to produce conditioned place preference and conditioned
place aversion, respectively(Cunninghamet al., 1997).The
question of interest in both cases was whether the hypoth-
esized bivalenteffects of ethanolwould simply offset each
otheror whetherone effect wouldbea greater than the other.

GENERAL METHOD

Subjects
Naive adult male mice (DBA/2J) were shipped from the Jackson

Laboratory (Bar Harbor, ME) at 6 weeks of age (Experiment 1, n =
72; Experiment 2, n = 48; Experiment 3, n = 93). They were housed
in groups of three or four in polycarbonate cages with cob bedding
in a Thoren rack and were allowed to adapt to the colony for about
2 weeks before testing. The colony was maintained at 21º 6 1ºC
with a normal 12:12-h light:dark cycle (lights on at 7 a.m.). Testing
occurred during the light cycle. Food and water were available at all
times in the home cage. The NIH principles of laboratory animal
care were followed in conducting these experiments.

Apparatus
Place conditioning and preference testing were conducted in 12 alu-

minum and acrylic chambers (30 3 15 3 15 cm) contained in sep-
arate ventilated sound- and light-attenuating enclosures (Coulbourn
Instruments Model E10-20). Side position was detected by six sets
of infrared light sources and photodetectors mounted at equal inter-
vals 2.2 cm above the floor along the length of each chamber. In
order to examine possible effects of test session activity levels on
the expression of place conditioning (see Cunningham, 1995), oc-
clusion of these infrared detectors was also used to measure activity
(each beam break registered one activity count). The data were au-
tomatically recorded by a microcomputer. CSs were provided by the
tactile cues of interchangeable floor halves placed beneath each
chamber. The grid floor was constructed from 2.3-mm stainless steel
rods mounted 6.4 mm apart in acrylic rails. The hole floor consisted
of stainless steel sheet metal (16 gauge) perforated with 6.4-mm
round holes on 9.5-mm staggered centers. This combination of floor
stimuli was selected on the basis of many previous studies indicat-
ing that saline-treated mice spend about half their time on each floor
type during choice tests (e.g., Cunningham, 1995; Cunningham,
Niehus, Malott, & Prather, 1992; Cunningham et al., 1997). The in-
side of the chamber and the floors were wiped with a damp sponge
and the litter paper beneath the floors was changed after each animal.

EXPERIMENT 1

The experimental mice were injected with ethanol at
the midpoint of exposure to the CS (Figure 1A). Thus, the
ethanol US was presented both before and after a period
of CS exposure on each trial. Depending on assumptions
about the relative strengths of the hypothesized opposing
motivational effects and the importance of temporal se-
quencing during these back-to-back trials, one can make
several different predictions. If the two effects differ in
strength and temporal sequencing is not important, the be-
havioral outcome will presumably reflect whichever mo-
tivational effect is stronger. In contrast, if the opposing
motivational effects are of equal strength, they will pre-
sumably cancel each other out, resulting in no place con-
ditioning. However, if temporal sequence is critical, the
CS might form an association primarily or exclusively

Figure 1. Diagrammatic representations of “ambiguous” place
conditioning procedures used in Experiments 1 and 2 ( panel A)
and in Experiment 3 (panel B). Panel A: The drug is injected
midway through a 10-min conditioned stimulus (CS1) condi-
tioning trial, allowing the CS both to precede the onset of
ethanol’s effects and to overlap the first 5 min of intoxication.
Panel B: The drug is injected before and again after exposure to
the 5-min CS1, allowing the CS to overlap the first 5 min of in-
toxication and to precede the onset of drug effects produced by
the second injection.
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with ethanol’s aversive effect (a primacy effect) or with its
rewarding effect (a recency effect). To assess the impact of
the middle-injection procedure, the experimental group
(middle group) was compared with groups that always re-
ceived the same dose of ethanol immediately before (be-
fore group) or after (after group) exposure to the 10-min
CS.

Method
This experiment included three phases: habituation (one 10-min

session), conditioning (eight 10-min sessions), and a place prefer-
ence test (one 60-min session). On the habituation day, the mice re-
ceived an intraperitoneal (i.p.) saline injection followed by 10 min
of exposure to a smooth paper floor in the apparatus. The mice were
then randomly assigned to one of three treatment groups: before,
middle, or after (n 5 24 per group). Within each of these groups, the
mice were randomly assigned to either the grid1 or grid2 condi-
tioning subgroup (n 5 12 per subgroup) and were exposed to a se-
ries of Pavlovian conditioning trials beginning 24 h after the habit-
uation session. Each conditioning trial lasted 10 min, and the mice
had access to the entire chamber, which had the same floor type on
both sides. On alternate days, the mice in the grid1 subgroups re-
ceived an i.p. injection of ethanol (2 g/kg, 20% v/v in saline) paired
with exposure to the grid floor and an injection of saline paired with
exposure to the hole floor. These contingencies were reversed for
the mice in the grid2 subgroups. The mice in the before group re-
ceived their ethanol injections immediately before placement on the
assigned floor, a procedure that was expected to condition prefer-
ence for the ethanol-paired floor. The mice in the after group re-
ceived the ethanol injection immediately after removal from the
floor, a procedure that was expected to condition aversion to that
floor. However, the mice in the middle group initially received 5 min
of exposure to the assigned floor without the drug. They were then
removed, injected with ethanol (CS1 trials) or saline (CS2 trials),
and quickly returned to the same floor for the remainder of the 10-
min trial.

For all groups, the four conditioning trials were conducted over an
8-day period, and the order of CS1 and CS2 trials was counterbal-
anced within each conditioning subgroup. A 2-day break occurred
between the fourth and fifth conditioning sessions. On the day after
the last conditioning trial, all the mice received a 60-min floor pref-
erence test. Each half of the floor had a different texture (grid vs.
hole), and floor position (left vs. right) was counterbalanced within
each conditioning subgroup. The primary dependent variable was
the amount of time spent on the grid floor during the test (expressed
as seconds/minute on the grid floor).

Results
Four mice in the after group were removed from the ex-

periment due to procedural errors, leaving a group size of
20. Both of the other groups contained 24 mice.

In this experimental design, a comparison of the time
spent on the grid floor by the counterbalancedgrid1 and
grid2 subgroupswithin each treatment group provides ev-
idence of place conditioning(Cunningham,1993). Greater
time spent on the grid floor by grid1 subgroups than by
grid2 subgroups indicates the developmentof conditioned
place preference, whereas the reverse indicates develop-
ment of conditioned place aversion (Cunningham et al.,
1997). As is shown in Figure 2, the before group displayed
conditioned place preference, whereas the middle and
after groups showed similar levels of conditioned place
aversion. These observations were supported by a two-

way analysis of variance (ANOVA; group 3 conditioning
subgroup) that yielded a significant main effect of condi-
tioning subgroup [F(1,62) 5 22.2, p , .001] and a group 3
conditioning subgroup interaction [F(2,62) 5 29.9, p ,
.001]. Follow-up comparisonsconfirmed that the difference
between the grid1 and the grid2 subgroups was signifi-
cantwithin each of the main treatmentgroups (Bonferroni-
corrected ps , .002).

The before group showed a higher level of test session
activity (mean 6 SEM 5 36.3 6 1.2 counts/min) than did
either the middle (28.96 1.3)or the after (26.66 1.4) group
[groups effect, F(2,65) 5 15.5, p , .0001]. Follow-up
tests confirmed that the before group was significantly
more active than eitherof the other two groups (Bonferroni-
corrected p , .001), which did not differ.

Discussion
As in previous studies, pre-CS injection of ethanolpro-

duced conditioned place preference (before group), and
post-CS injection produced conditioned place aversion
(after group; e.g., Cunningham et al., 1997). The novel
finding is that midtrial injectionof ethanol (middle group)
produced a conditioned place aversion that was indistin-
guishable from the aversion conditioned by post-CS in-
jection. Thus, despite receiving a 5-min overlap of the CS
with the onset of ethanol intoxicationon each trial (a pro-
cedure that normally produces a robust conditionedplace
preference), the mice in the middle group behaved as
though they had been exposed only to post-CS injections
of ethanol. This outcome supports the idea that learning in

Figure 2. Mean seconds per minute (1SEM ) spent on the grid
floor during the 60-min floor preference test session in Experi-
ment 1. During the conditioning phase, the mice had been given
ethanol (2-g/kg) injections immediately before (before group),
midway through (middle group), or immediately after (after
group) a 10-min exposure to the conditioned stimulus (CS1)
floor. Grid1 and grid2 refer to the counterbalanced condition-
ing subgroups that received the grid floor paired or unpaired with
ethanol injection, respectively (n 5 9–12 per subgroup).
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this situation is governed by a primacy rule; that is, the
first contingency experienced by the mouse (i.e., ethanol
after CS) takes precedence in determining its subsequent
behavior. However, this interpretation must be tempered
by the fact that onlyone specificmidtrial temporal arrange-
ment of the CS and ethanol was examined. It is possible,
for example, that a different temporal delay or different pro-
portions of CS exposure before and after the midtrial
ethanol injection could produce a weaker aversion than a
post-CS injection would, or that it could even produce a
conditioned place preference.

The finding of greater test session activity in the before
group than in the after group is quite consistent with pre-
vious findings (see, e.g., Cunningham et al., 1998; Cun-
ningham et al., 1997). Moreover, the similarity between
the test activities of the middle and after groups provides
further support for the observation that the middle group
behaved as if it had been exposed to post-CS injectionsof
ethanol. However, group differences in test session activ-
ity do not offer an alternative interpretation of the group
differences in place conditioning.On the basis of previous
data suggesting an inverse relationship between test ses-
sion activity levels and strength of conditionedplace pref-
erence (e.g., Cunningham,1995),one might have predicted
that the reduced level of activity in the middle (or after)
group would be associated with an enhanced expression of
conditioned preference. However, the literature offers no
reason why reduced activity, per se, would produce a re-
versal in the direction of place conditioning.

It shouldbe noted that this is not the first report of condi-
tioned place aversion produced by midtrial drug exposure.
Wall, Hinson, Schmidt, Johnston, and Streather (1990) re-
ported that injectionof amphetamine15 min after the onset
of a 45-min CS exposure producedconditionedplace aver-
sion in rats. Like Fudala and Iwamoto (1990), Wall et al.
also found that post-CS injectionof amphetamineproduced
conditioned place aversion in rats. However, in contrast to
Fudala and Iwamoto and others (e.g., Reicher & Holman,
1977), these investigatorswere not able to conditiona place
preference when amphetamine was injected immediately
before CS exposure. Thus, their midtrial injection proce-
dure cannot be considered ambiguous in the sense of
putting amphetamine’s bivalent motivational effects into
competition. In fact, in trying to reconcile their findings
with the literature,Wall et al. suggestedthat amphetamine’s
motivational effects may vary as a function of number of
injections, with positive effects occurring after a small
number of injections and negative effects occurring after
many injections. That explanation, however, cannot be ap-
plied to the present situation, because the mice that had re-
ceived the same total number of injections showed either
conditionedplace preference or aversion, dependingon the
temporal relationshipbetween the CS and ethanol injection.

In another place conditioningstudy that examinedmid-
trial drug exposure, Bardo and Neisewander (1986) found
that delaying intravenous infusion of morphine for 15 or
25 min after the onset of a 30-min CS eliminated the con-
ditioned place preference that was normally produced in
rats when the infusioncoincidedwith CS onset.Aside from

the obviousdifferences in drug and route of administration,
their failure to observe conditioned place aversion with
midtrial infusionmight have been due to the use of only one
conditioning trial as well as a “biased” procedure that re-
duced their ability to detect conditionedaversion (i.e., mor-
phine was consistently paired with a white compartment
that was normally avoided by no-drug control subjects).

EXPERIMENT 2

The outcome of Experiment 1 suggested that ethanol’s
aversive effect might have completely overpowered its re-
warding effect in the mid-CS injection procedure. Exper-
iment 2 was designed to see whether CS–ethanol overlap
had producedany association with ethanol’s rewarding ef-
fect. The strategy used to address this issue was based on
a recent series of studies showing that two different forms
of ethanol preexposure interfere with ethanol-induced
conditioned place aversion but have no effect on condi-
tioned place preference (Cunningham, Tull, et al., 2002).
More specifically, these studies showed that a series of
four home cage ethanol injections given during the week
before place conditioning (distal preexposure) or a home
cage ethanol injection given 1 h before each CS1 trial
( proximal preexposure) prevented the development of
conditioned place aversion but did not alter conditioned
place preference. Thus, the experimental mice in Experi-
ment 2 received a combination of distal and proximal
ethanolpreexposures intended to reduce or eliminate con-
ditioning of ethanol’s aversive effects in the mid-CS in-
jection procedure. If animals normally form independent
associations between the CS and ethanol’s rewarding and
aversive effects in this procedure, the preexposure manip-
ulation might be expected to unmask a conditioned place
preference by selectivelyeliminatingthe conditionedaver-
sion. However, if the mid-CS temporal arrangement actu-
ally preventsassociationwith the rewarding effect, ethanol-
preexposed mice would be expected to show no evidence
of conditioning in either direction. To control for nonspe-
cific effects of repeated handlingand injectionduring pre-
exposure, the control mice were injected with saline.

Procedure
There were three phases in this experiment: distal ethanol preex-

posure (four home cage injections), conditioning (eight 10-min ses-
sions), and a place preference test (one 60-min session). During the
distal preexposure phase, the mice were randomly assigned to one of
two preexposure treatment groups (saline or ethanol; n 5 24 per
group) that received a series of four i.p. injections of the assigned
drug in the home cage at 48-h intervals over the 8 days before con-
ditioning. The ethanol dose was 2 g/kg (20% v/v).

Place conditioning began 48 h after the last distal preexposure in-
jection. The mice within each preexposure group were randomly as-
signed to the grid1 and grid2 conditioning subgroups (n = 12 per
subgroup) that received a series of CS1 and CS2 conditioning tri-
als (four of each type) identical to those received by the middle
group in Experiment 1. However, the mice in the ethanol preexposure
group also received proximal preexposure injections of ethanol
(2 g/kg) 1 h before each CS1 trial. These injections were expected,
like distal preexposure, to interfere with the development of condi-
tioned place aversion but not conditioned place preference (Cun-
ningham, Tull, et al., 2002). The mice in the saline preexposure
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group received a proximal injection of saline 1 h before each of their
CS1 trials, and both groups received a proximal saline injection 1 h
before each CS2 trial. The experiment concluded with a 60-min
floor preference test as in the previous experiment.

Results
The saline preexposure group developed conditioned

place aversion, whereas the ethanol preexposuregroup did
not show either conditioned place aversion or preference
(Figure 3). A two-way ANOVA (preexposuregroup 3 con-
ditioning subgroup) revealed a significant main effect of
conditioningsubgroup [F(1,44) 5 9.3, p , .01] and a sig-
nificant interaction between these two factors [F(1,44) 5
5.3, p , .05]. Follow-up comparisons showed that the dif-
ference between grid1 and grid2 was significant for the
saline preexposure group (Bonferroni-correctedp , .001)
but not for the ethanol preexposure group.

The ethanolpreexposure group had significantlyhigher
test activity levels (29.9 6 0.9) than did the saline preex-
posure group [25.5 6 0.9; F(1,46) 5 7.1, p = .01].

Discussion
As in recent studies involving post-CS ethanol injec-

tions (Cunningham, Tull, et al., 2002), ethanol preexpo-
sure prevented the developmentof conditionedplace aver-
sion in the mice given mid-CS injections of ethanol. The
fact that the ethanol-preexposed mice did not express a
conditioned place preference, which is known to be in-
sensitive to ethanol preexposure, suggests that the mid-CS
injection procedure does not normally establish an asso-
ciation between the CS and ethanol’s rewarding effect.

Rather, this outcome is consistent with the suggestion that
a mid-CS ethanol injection induces an association only
with ethanol’s aversive effect.

One possible interpretationof the higher test session ac-
tivity observed in the ethanol-preexposedmice is that pre-
exposure interfered with whatever process was responsi-
ble for the reduced levels of test activity seen in both the
middle and after groups in Experiment 1 (e.g., interference
with conditioning of activity suppression based on antic-
ipation of an aversive US). It is also possible that higher
test session activity levels interfered with the expression
of a conditionedplace aversion in the ethanol-preexposed
mice. However, given the general similarity between their
activity level and that of mice showing robust place aver-
sion in other studies (e.g., Experiment 1), the lack of place
aversion in the ethanol-preexposed mice is more likely
due to failure to establish a CS–ethanol association.

EXPERIMENT 3

One interpretation of Experiments 1 and 2 is that mice
resolve the potential ambiguity of the mid-CS injection
procedure by learning only the first of the two contingen-
cies embedded within that procedure—that is, the post-
CS ethanol contingency that normally produces condi-
tionedplace aversion.In Experiment3, we examinedanother
potentiallyambiguouscontingency. More specifically, the
experimental mice received an injection of ethanol both
before and after each presentationof the CS1 (Figure 1B).
Thus, as in Experiment 1, mice were exposedon each trial
to a contingency that would be expected to produce place
preference (ethanol before CS) and to a contingency that
would be expected to produce place aversion (ethanol
after CS). However, unlike in Experiment 1, the first con-
tingencyexperiencedon each trial was the one that was nor-
mally expected to produce conditioned place preference.

Method
This experiment began with a habituation session, in which the

mice were weighed, injected with saline (12.5 ml/kg), and placed in
the apparatus on a smooth paper floor. After 5 min, they were re-
moved, injected again with saline, and returned to the home cage.
The mice were then randomly assigned to one of three large place
conditioning treatment groups: before, after, or both (n 5 29–32 per
group). The mice within each of these groups were randomly as-
signed to either grid1 or grid2 conditioning subgroups (n 5 14–16
per subgroup) and were exposed to a series of Pavlovian condition-
ing trials beginning 72 h after the habituation session. Each trial
lasted 5 min. The mice in the before group were injected with
ethanol (2 g/kg) immediately before placement on their assigned
floor, whereas the mice in the after group received ethanol immedi-
ately after removal from the floor. The mice in the both group re-
ceived an ethanol (2-g/kg) injection immediately before and after
each exposure to the CS1 floor. To match groups for the number of
injections on each trial, the mice in the before group were injected
with saline upon removal from the apparatus, and the mice in the
after group were injected with saline immediately before each trial.
The order of CS1 and CS2 trials was counterbalanced within each
conditioning subgroup.

On the day after each mouse had received two conditioning trials
of each type, all the mice received a 60-min floor preference test
identical to that described in the previous experiments. After a 72-h

Figure 3. Mean seconds per minute (1SEM ) spent on the grid
floor during the 60-min floor preference test session in Experi-
ment 2. Both the ethanol and saline groups were exposed to the
conditioning procedure used for the middle group in Experi-
ment 1. The ethanol group received both distal and proximal pre-
exposure injections of ethanol in the home cage (see the text),
whereas the saline group received preexposure injections of
saline. Grid1 and grid2 refer to the counterbalanced condi-
tioning subgroups that received the grid floor paired or unpaired
with ethanol injection, respectively (n 5 12 per subgroup).
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break, all the mice received an additional two conditioning trials of
each type followed by a second 60-min preference test.

Results
Owing to equipmentproblems, test data from one mouse

(after group) were removed from the analysis. Group sizes
are indicated in the caption for Figure 4.

Figure 4 depicts results of the first preference test (left
panel), conducted after the first two conditioning trials,
and the second preference test (right panel), conducted
after all four conditioning trials. As expected, the before
groupshoweda conditionedpreference. In contrast, theafter
group showed a weak trend toward conditioned aversion.
Of greatest interest, however, the both group, which re-
ceived an ethanol injectionboth before and after each CS1
exposure, showed a conditioned preference greater than
that shown by the before group.

The foregoing observations were supported by the out-
come of a three-way repeated measures ANOVA (group 3
conditioning subgroup 3 test) that yielded a significant
main effect of conditioning subgroup [F(1,86) 5 18.5,
p , .0001] and a significant group 3 conditioning sub-
group interaction[F(2,86) 5 14.9, p , .0001]. There were
no significant effects involving test. Follow-up compar-
isons (collapsed across tests) showed that the difference
between the grid1 and the grid2 subgroupswas significant
within both the before and the both groups (Bonferroni-
corrected ps , .03), confirming the development of con-
ditionedplacepreference. However, the difference between
the grid1 and the grid2 subgroups was not significant

for the after group, indicatingan absence of conditioning.
An additional three-way ANOVA was conducted without
the after group’s data to determine whether the other two
groups differed in magnitude of conditioned preference.
This analysis showed a significant group 3 conditioning
subgroup interaction [F(1,57) 5 5.6, p , .03], reflecting
the developmentof stronger conditionedpreference in the
both group than in the before group.

Mean test activity rates (collapsed across tests) were
33.3 6 1.1, 28.0 6 1.2, and 31.1 6 1.3 counts per minute
for the before, both, and after groups, respectively. A two-
way (group 3 test) ANOVA yielded a significant main ef-
fect of group [F(2,89) 5 5.3, p , .01]. Follow-up com-
parisons indicated a significant difference between the
before and both groups (Bonferroni-corrected p , .01)
but not between any other pair of groups. This analysis
also showed a significant main effect of test [F(1,89) 5
9.9, p , .005], reflecting a small decrease in overall ac-
tivity rate between the f irst (32.0 6 0.8) and second
(29.6 6 0.08) tests. There was no group 3 test interaction.
Although reduced test session activity in the both group
may have enhanced its expression of conditioned place
preference, a similar-sized difference in activity between
the first and second tests was not accompanied by an in-
crease in place preference across tests.

Discussion
The both group, which was exposed on each trial to

contingenciesthat have previously been shown separately
to produce strong conditionedpreference and strong con-

Figure 4. Mean seconds per minute (1SEM ) spent on the grid floor during the two 60-min floor
preference test sessions in Experiment 3. The first test (left panel) was given after each mouse had
received two conditioning trials of each type, whereas the second test (right panel) occurred after
each mouse had received four trials of each type. The mice in the both group received injections of
ethanol (2 g/kg) both before and after each 5-min conditioned stimulus (CS1) exposure. The mice
in the before group received an ethanol injection before (and a saline injection after) each CS1
exposure, whereas the after group received an ethanol injection after (and a saline injection before)
each CS1 exposure. Grid1 and grid2 refer to the counterbalanced conditioning subgroups
that received the grid floor paired or unpaired with ethanol injection, respectively (n 5 14–16 per
subgroup).
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ditioned aversion, showed conditioned preference. Thus,
the outcome is generally consistent with Experiment 1 in
showing a primacy effect—that is, dominance by the first
contingency experienced on each trial rather than an in-
teraction between oppositely valenced unconditioned
ethanol effects.

One might argue that ethanol’s positivemotivationalef-
fect predominated in the both group because the experimen-
tal contingencyactually included a proximal US preexpo-
sure manipulation. That is, independently of its temporal
relationship to the CS, injection of ethanol 5 min before
the post-CS ethanol injection might have interfered with
the ability of that post-CS injection to evoke an aversive
response, an effect previously reported when proximal
ethanol preexposure injectionswere given 1 h before post-
CS injections (Cunningham, Tull, et al., 2002). However,
the fact that the conditionedpreference shown by the both
group was significantly larger than that seen in the before
group indicates that these results cannot be explainedsim-
ply in terms of a reduction in ethanol’s aversive effects.
One possibility is that the mice might have processed
the second (post-CS) ethanol injection as a continuation
of the first ethanol injection.This suggestion is supported
by the observation that the effect of two closely spaced 2-
g/kg injections (one pre-CS and one post-CS) was quite
similar to what one would expect from a single large (4-
g/kg) pre-CS ethanol injection.

The unexpectedabsenceof significantconditionedaver-
sion in the after group also raises the possibility that other
factors might have influenced the outcome of Experi-
ment 3. Given many previous demonstrations of robust
conditioned place aversion produced by post-CS ethanol
injections (e.g., Cunningham & Henderson, 2000; Cun-
ningham et al., 1998; Cunninghamet al., 1997; Cunning-
ham, Tull, et al., 2002), including the results of Experi-
ments 1 and 2, it seems possible that pre-CS injection of
saline may have interfered with acquisitionof conditioned
place aversion in the after group in Experiment 3. This in-
terference could have been due either to CS properties of
the pretrial saline injection (e.g., handling/injection cues
might have overshadowed the floor CS) or to the ability of
that pretrial saline injection to somehow reduce the aver-
sive response to the posttrialethanol injection(e.g.,handling/
injection stress might have functioned as a generalized
form of proximal US preexposure). In the latter case, how-
ever, one must argue that the close proximity of the saline
pretrial injection was critical, because previous studies
have shown that saline injections given in the home cage
1 h before post-CS ethanol injections do not prevent ac-
quisition of conditioned place aversion (Cunningham,
Tull, et al., 2002).

The effect of ethanolpreexposure on place conditioning
produced by the both procedure was not evaluated, for two
reasons. First, repeated exposure to the cumulative dose
that would have been produced by series of three 2-g/kg
injections at 1-h intervals (proximal preexposure proce-
dure) would likely have compromised the health and sur-
vival of the animals. Second, the finding that a post-CS in-

jection appeared to enhance (rather than reduce) the place
preference produced by the pre-CS injection already sug-
gested that the mice in the both group experienced only a
rewarding effect and not an aversive effect of ethanol, thus
reducing interest in a manipulation that selectively inter-
fered with ethanol’s aversive effects.

GENERAL DISCUSSION

In these experiments,mice were exposed on every CS1
trial to contingenciesthat,when given separately, produced
either conditioned place preference or conditioned place
aversion. Although one might have expected joint appli-
cation of these contingencies to produce interference, the
subjectsgenerallybehavedas if they had been exposedonly
to the contingency that occurred first on each trial. Thus,
the mice given mid-CS ethanol injections (Figure 1A) de-
veloped a conditioned place aversion, just like the mice
that received only post-CS injections (Experiment 1).
Moreover, the mice given both pre- and post-CS injections
(Figure 1B) developed conditioned place preference, an
outcome in the same direction as that shown by the mice
given only pre-CS injections (Experiment 3). The out-
come of Experiment 2, which showed no evidence of con-
ditionedplace preference despite exposure to a manipula-
tion (ethanol preexposure) that eliminated conditioned
place aversion, suggests that the mice given the mid-CS
procedure were completely insensitive to the contingency
that normally produces a strong conditionedplace prefer-
ence (i.e., injection of ethanol immediately before 5-min
of exposure to the CS).

It is possible that the apparent failure to process the sec-
ond contingency embedded within both of these “am-
biguous” procedures was dependenton the pairing of only
a single CS with ethanol in each procedure. That is, use of
a single CS in these procedures may “force” subjects to
process the ethanolUS in only one way (rewarding or aver-
sive), dependingon whether ethanolor the CS occurs first.
This analysis does not necessarily imply that mice experi-
ence only the rewarding effect or only the aversive effect.
Rather, they might be incapable of associating a given CS
with more than one motivational effect. In this regard, it
would be interesting to know, for example, whether con-
ditionedplace preference would develop in a midtrial pro-
cedure if different CSs were presented before and after
ethanol injection on the same conditioning trial. It is pos-
sible that the same ethanol injection could produce both
conditionedaversion to the first CS and conditionedpref-
erence for the second CS.

The results from Experiment 1 lend further support to
the interpretation offered for a recent series of ethanol
place conditioning studies involving intragastric (i.g.) in-
fusion of ethanol (Cunningham,Clemans, & Fidler, 2002).
These studies showed that, in contrast to i.p. injection, i.g.
infusionof ethanol (through a catheter surgically implanted
in the stomach) immediately before CS exposure unexpect-
edly produced conditioned place aversion. This outcome
was explainedby suggesting that administrationby the i.g.
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route produced a delay in the onset of ethanol’s aversive
effect in such a way that the subjects did not fully experi-
ence this effect until after they had been in the apparatus
for a minute or two. In other words, the authors proposed
that a pretrial i.g. infusion of ethanol was functionallysim-
ilar to a midtrial i.p. injection of ethanol. This hypothesis
was supported by showing that the introductionof a short
(5-min) delay between the i.g. infusion and the exposure
to the CS1 was sufficient to allow the aversive effect of
ethanol to be elicited and to dissipate, resulting in the ac-
quisition of conditioned place preference (Cunningham,
Clemens, & Fidler, 2002). Presumably, the time course of
this process is much more rapid when i.p. injections are
given, because there is no evidence for development of
conditioned place aversion in mice when ethanol is in-
jected i.p. immediately before CS exposure.

This analysisof the i.g. infusion studies illustrates the im-
portance of attending carefully to the temporal relation-
ship between the CS and the ethanol effects in place con-
ditioningstudies. Although it has been convenienthere to
focus on only two general categories of contingencies
(ethanol before CS and ethanol after CS), one should not
assume that pre-CS contingency is the only relationship
that will produce conditioned place preference or that
post-CS contingency will invariably produce conditioned
place aversion. In future studies, a broader range of tem-
poral variations must be examined, especially in the “am-
biguous” procedures studied here. It will also be impor-
tant to examine other abused drugs to address the generality
of the findingsobserved here.

In general, our interpretation of the effect of pre- and
post-CS ethanol exposure is most consistent with condi-
tioning theories that conceptualize USs as events that can
activatemultiple, independentrepresentationalcomponents
(e.g., Wagner & Brandon,1989).The injection(or infusion)
of ethanol is hypothesized to produce an initial, short-lived
aversive reaction related to the noveltyof the onset of intox-
ication, followed by a longer lasting positive motivational
response. Although these motivational responses occur se-
quentially, they do not appear to be linkedmechanistically
in the manner suggested by opponent process theory
(Solomon, 1977). The principal evidence against that pos-
sibility is the finding that distal or proximal preexposure to
ethanol interferes with the development of conditioned
place aversion but has no apparent effect on the develop-
ment of conditionedplace preference (Cunningham,Tull,
et al., 2002). The present findings add to our understanding
of these motivationally opposite effects by showing that
when the conditionsof learningprovide the opportunityfor
a single CS to be associated with both effects, behavior is
determined by the first effect that occurs after CS onset.
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