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Abstract Drugs of abuse have both rewarding and aversive
effects, as indexed by the fact that they support place prefer-
ences and taste aversions, respectively. In the present study,
we explored whether having a history with the aversive effects
of morphine (via taste aversion conditioning) impacted the
subsequent rewarding effects of morphine, as measured in the
place preference design. In Experiment 1, rats were exposed to
a taste aversion procedure in which saccharin was followed by
morphine. Place preference conditioning was then initiated in
which animals were injected with morphine and placed on one
side of a two-chambered apparatus. Animals with a taste
aversion history acquired place preferences to the same
degree as controls without such a history, suggesting that
morphine’s affective properties condition multiple effects,
dependent on the specific stimuli present during condi-
tioning. To determine whether these results were a reflec-
tion of processes operating in traditional associative con-
ditioning, in a modified blocking procedure, place prefer-
ence conditioning was attempted in the presence of a taste
previously associated with morphine (Exp. 2). Under these
conditions, animals still acquired morphine-induced place
preferences comparable to those of animals without a mor-
phine or conditioning history. These results are consistent with
the position that drugs of abuse have multiple stimulus effects
(positive and negative) that are differentially associated with
specific stimuli (environmental and taste) that drive different
behavioral responses (approach and avoidance).
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In 1955, Garcia and his colleagues reported that animals
given access to a novel saccharin solution and then subjected
to low-dose ionizing radiation avoided consumption of sac-
charin on subsequent exposures (see Garcia, Kimeldorf, &
Koelling, 1955). This avoidance presumably reflected the
association of the taste of saccharin with the aversive effects
of the radiation—that is, a conditioned taste aversion (for a
review of the history of taste aversion learning, see Freeman
& Riley, 2009; for an alternative interpretation, see Grigson,
1997). Although initially reported with X-irradiation, such
learning has since been demonstrated with a variety of
agents. For example, Garcia and Koelling (1967) examined
the ability of a variety of classical emetics such as apomor-
phine and lithium chloride (LiCl) to condition aversions to a
novel saccharin solution. Under both conditions, aversions
were established, leading Garcia and his colleagues to con-
clude that gastrointestinal illness (whether induced by radi-
ation or classical emetics) was sufficient to induce taste
aversions (see Garcia & Ervin, 1968).

Subsequently, such aversions have been demonstrated
with drugs that were reported to be self-administered (and
thus classified as rewarding)—for example, alcohol (Lester,
Nachman, & Le Magnen, 1970), amphetamine and mesca-
line (Cappell & LeBlanc, 1971), A9-tetrahydrocannabinol
(Elsmore & Fletcher, 1972), morphine (Cappell, LeBlanc,
& Endrenyi, 1973), methamphetamine (Martin & Ellinwood,
1973), and cocaine (Cappell & Le Blanc, 1975). The fact that
drugs of abuse could also support taste aversion conditioning
was at first considered to be paradoxical (Goudie, 1979; see
also Hunt & Amit, 1987). Others suggested that these appar-
ently paradoxical effects might simply reflect the different
parametric conditions (e.g., dose of drug, route of adminis-
tration, drug duration) under which the rewarding and aver-
sive effects were assessed. In direct tests of the latter posi-
tion, however, it was reported that the rewarding and aver-
sive effects of such compounds could be demonstrated in the
same animal at the same dose, route of administration, and
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duration, and were not simply a function of parametric
differences between the two assessments (see White, Sklar,
& Amit, 1977; Wise, Yokel, & DeWitt, 1976). That rats
avoid tastes associated with drugs of abuse yet prefer envi-
ronments in which the drug is given suggests that such drugs
have multiple stimulus effects—that is, aversive and reward-
ing—with the conditioned response being a function of the
specific stimuli with which the drug is paired (Bechara &
Van der Kooy, 1985; Garcia & Koelling, 1966; Garcia,
McGowan, Ervin, & Koelling, 1968).

Although drugs of abuse have both aversive and reward-
ing effects, little is known about the extent (if any) to which
experience with one effect might impact the other. If these
affective properties both occur and are selectively associated
with specific stimuli (e.g., taste and place, respectively), it
might be expected that prior experience with morphine-
induced taste aversions would have no effect on the ability
of morphine to induce a place preference. Interestingly, in a
different associative preparation, Escobar, Matute, and Miller
(2001) reported that animals given serial associations involv-
ing the same outcome displayed interference (both retroac-
tively and proactively), although such effects were only evi-
dent under conditions of low biological significance (see
Matute & Pinefio, 1998, for related work in humans). In the
only study to date that has assessed similar interactions in the
taste aversion preparation, Turenne, Miles, Parker, and Siegel
(1996) reported that when animals received aversion training
with morphine prior to place preference conditioning with the
same drug, the strength of a conditioned taste aversion was not
a significant predictor of the subsequent strength of the place
preferences. However, that study included no control group
that had not experienced the aversion training prior to the
place preference procedure, making it difficult to determine
whether the acquired place preferences would have been
different had the taste aversion preparation not been given
beforehand. To further explore this issue, in Experiment 1 we
exposed animals to a place preference procedure with mor-
phine after they had experienced conditioned taste aversion
training (also with morphine). Their rates of acquisition and
degrees of morphine-induced conditioned place preference
were compared to those in groups without a taste aversion
history.

Experiment 1

Method

Subjects

The subjects were 102 experimentally naive, adult male

Sprague Dawley rats, purchased from Harlan Sprague
Dawley Laboratories (Indianapolis, IN). The animals were
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delivered to the laboratory at approximately 21 days of age
and 42 g. They were maintained under ad libitum food and
water until they were approximately 90 days of age and
300 g, at which point the experimental procedures were
initiated (see below). The procedures recommended by the
National Research Council (1996), the Committee on Guide-
lines for the Care and Use of Mammals in Neuroscience and
Behavioral Research (2003), and the Institutional Animal
Care and Use Committee at American University were
followed at all times.

Apparatus

Throughout the conduct of the research, all subjects were
individually housed in hanging wire-mesh cages (25.4 x
20 x 18.4 cm), on the front of which graduated Nalgene
tubes could be placed for fluid presentation. The subjects
were maintained on a 12:12 light:dark cycle (lights on at
0800 h) and at an ambient temperature of 23 °C. The place-
conditioning apparatus (San Diego Instruments Place Pref-
erence System, San Diego, CA) consisted of two main con-
ditioning chambers (28 x 21 x 34.5 cm) joined by a smaller
middle chamber (14 x 21 x 34.5 cm). One of the condition-
ing chambers featured a white aluminum diamond plate floor
with white walls; the other conditioning chamber featured a
hair-cell-textured black plastic floor with black walls; the
smaller middle chamber was outfitted with a steel rod floor
and gray walls. Each individual chamber in each apparatus
had its own white LED lights, and the lights were set on
minimum. The room in which the chambers were located
was illuminated by a 25-W red light mounted to the ceiling,
and a white noise generator was used to mask background
noise. A total of eight identical apparatuses were used; each
apparatus featured a 16 x 4 photo-beam array for recording
time (in seconds) in each chamber.

Drugs

Morphine sulfate (generously supplied by NIDA) was
dissolved in sterile isotonic saline (0.9 %) at a concentration
of 5 mg/ml and administered subcutaneously (sc) at a dose of
5 mg/kg. Saccharin (0.1 % sodium saccharin, Sigma Chem-
ical Co.) was prepared as a 1 g/L solution in tap water. All
drug weights are expressed as the salt form.

Procedure

Phase 1: Habituation On Day 1 of this phase, subjects were
water deprived. Following 23 2/3 h of water deprivation,
they were given 20-min access to tap water daily. This
procedure was repeated until consumption stabilized—that
is, subjects approached and drank from the tube within 2 s of
its presentation, and water consumption was within 2 ml of
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that from the previous day for a minimum of four consecu-
tive days with no consistent increase or decrease.

Phase 2: Taste aversion conditioning Once consumption
stabilized, animals were ranked on average water consump-
tion over the last 3 days of habituation and assigned to one of
two groups [i.e., Group S (n = 51) and Group W (n = 51)],
such that consumption was comparable between the groups.
On Day 1 of this phase, subjects in Group S were given
access to a novel saccharin solution in place of water during
their regular 20-min fluid access. Immediately following this
presentation, animals in this group were ranked on fluid
consumption and assigned to one of two treatment groups (n
= 25/26), such that the overall consumption was comparable
between groups. Approximately 5 min after fluid access,
subjects in Group S-M received an sc injection of morphine
(5 mg/kg), whereas Group S-V received equivolume saline.
Subjects in Group W were given 20-min access to water on
this day, assigned to one of two groups (W-M and W-V) on the
basis of water consumption, and given an sc injection of 5 mg/
kg morphine or equivolume saline, respectively, 5 h after fluid
access. The latter procedure was used to give subjects com-
parable exposure to the injection/drug without an aversion
history—that is, administering morphine 5 h after water access
is not a condition sufficient to establish a taste aversion (see
Freeman & Riley, 2005; Riley, Jacobs, & Mastropaolo, 1983;
Lubow, 2009). On the following 3 days (water recovery), all
groups were given 20-min access to water (no injections
followed this access). This alternating procedure of condition-
ing and water recovery was repeated for a total of five com-
plete cycles.

Phase 3: Place preference conditioning On Day 1 of this
phase (the day after the third water-recovery day of the fifth
conditioning cycle; see above), all subjects were given free
access to a place preference chamber for 15 min in order to
assess initial side preference—that is, the relative time spent
in each compartment. A paired-samples ¢ test revealed no
significant preference for either side [mean time: white —
300.71 s, black — 330.17 s; #(101) =—1.788, p >.05]. Thus,
during subsequent place preference conditioning, an unbi-
ased training procedure (see Cunningham, Ferree, & How-
ard, 2003; Roma & Riley, 2005) was used, during which the
drug was randomly associated with either the black or the
white side. On the first place preference conditioning ses-
sion, subjects were injected (sc) with either morphine (5 mg/
kg) or equivolume saline (counterbalanced within each
group) and placed in one chamber of the conditioning appa-
ratus (drug-paired side, DPS) for 30 min. This yielded eight
groups: specifically, Groups S-M/M (n = 14), S-M/V (n =
12), S-V/IM (n = 13), S-V/V (n = 12), W-M/M (n = 14), W-
M/V (n =12), W-V/M (n = 13), and W-V/V (n = 12), where
S or W refers to the fluid given during taste aversion

conditioning (saccharin or water), the first M or V refers to
the injection (morphine or vehicle) given during taste aver-
sion conditioning, and the second M or V refers to the
injection given during place preference conditioning. On
the following day, all animals were injected with equivolume
saline and placed in the opposite chamber (nondrug paired
side, NDPS) for 30 min. This 2-day cycle was then repeated.
On the fifth day (Test 1), all animals were placed in the place
preference apparatus for 15 min and allowed to explore both
compartments. The time spent in each compartment was
recorded for each animal. On the day following this test, all
animals were again injected with either morphine (5 mg/kg)
or equivolume saline and placed in the DPS of the condi-
tioning apparatus for 30 min. On the following day, they
were injected with equivolume saline and placed in the
NDPS for 30 min. This 2-day cycle was again repeated and
followed on the next day by a second place preference test
(Test 2), in which all animals were placed in the place
preference apparatus for 15 min and allowed to explore both
compartments. As above, the time spent in each compart-
ment was recorded for each animal.

Statistical analyses

During taste aversion conditioning, differences in fluid con-
sumption among the groups were assessed with a2 x 2 x 5
mixed model analysis of variance (ANOVA), with the
between-subjects variables preexposure fluid (saccharin or
water) and preexposure drug (morphine or vehicle) and the
within-subjects variable trial (1-5). One-way ANOVAs were
run for each trial, followed by Tukey’s post-hoc analyses to
assess differences in consumption among the groups. To
evaluate any within-subjects differences across trials,
paired-samples ¢ tests with Bonferroni corrections were run
for each group, comparing the baseline fluid consumption to
consumption on each subsequent trial (p < .05/16, or
.003125). During place preference conditioning, the time
(in seconds) spent on the DPS on Pretest, Test 1, and Test 2
was analyzed using a 4 X 2 x 3 mixed model ANOVA with
the between-subjects variables aversion history (S-M, S-V,
W-M, and W-V) and CPP drug (morphine or vehicle), and
the within-subjects variable test (pretest, Test 1, and Test 2).
Subsequent one-way ANOVAs were run for each test in
order to assess differences in time spent on the DPS among
groups. All significance levels were set at p <.05.

Results
Phase 2: Taste aversion conditioning

Figure 1 illustrates saccharin (Groups S-M and S-V) or water
(Groups W-M and W-V) consumption for all groups over the

@ Springer



436

Learn Behav (2013) 41:433-442

five conditioning trials in Phase 2. As is illustrated, animals
receiving saccharin paired with morphine acquired signifi-
cant aversions relative to all other groups and to their own
baseline. The 2 x 2 x 5 mixed measures ANOVA on fluid
consumption revealed effects of preexposure fluid [F(1, 98)
= 18.865, p <.001], preexposure drug [F(1, 98) = 101.733
p <.001], and trial [F(4,392) = 11.134, p <.001], as well as
significant Preexposure Drug x Trial [F(4, 392) = 36.561,
p <.001], Preexposure Fluid x Preexposure Drug [F'(1, 98) =
107.471, p < .001], and Preexposure Fluid x Preexposure
Drug x Trial [F(4, 392) = 39.043, p <.001] interactions. In
relation to the significant Preexposure Fluid x Preexposure
Drug x Trial interaction, Tukey’s post-hoc analyses revealed
that Groups S-M and S-V differed significantly in baseline
saccharin consumption on Trial 1, p = .045. We found no
differences among Groups S-V, W-M, and W-V on this trial.
On all subsequent trials, Group S-M drank significantly less
than all other groups (all ps <.05). Furthermore, Group S-V
drank significantly more fluid than Groups W-M and W-V
(all ps <.05). Groups W-M and W-V did not differ from each
other on any trial (all ps > .05).

Paired-samples ¢ tests revealed that Group S-M signifi-
cantly decreased saccharin consumption from baseline (Trial
1) on all subsequent trials (all ps < .003125). Group S-V
significantly increased consumption from baseline (Trial 1)
on all subsequent trials (all ps <.003125). Groups W-M and
W-V showed no significant changes in water consumption
over conditioning (all ps > .003125).

Phase 3: Place preference test

Figure 2 illustrates the time, in seconds, spent on the drug-
paired side for each group during the baseline test, as well as
any changes in this time from Test 1 to Test 2. As is illus-
trated, independent of aversion history, animals injected with
morphine during place preference conditioning significantly
increased their time spent on the DPS, indicating that place
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Fig. 1 Experiment 1: Mean (+ SEM) fluid consumption (in milliliters)
for each group during Phase 2 (taste aversion conditioning). Significant
within-group changes from baseline are noted by asterisks

@ Springer

preferences were acquired. Furthermore, these increases
were comparable for all groups. The 4 x 2 X 3 mixed-
model ANOVA on time spent on the DPS revealed signifi-
cant effects of CPP drug [F(1, 94) = 44.377, p <.001] and
test [F(2, 188) =39.07, p <.001], as well as a significant
CPP Drug x Test interaction [F(2, 188) =35.571, p <.001].
In relation to the significant CPP Drug X Test interaction,
subsequent one-way ANOVAs were run on each test (pretest,
Test 1, and Test 2) to assess specific group differences. On
the pretest, we observed no significant effect of CPP drug
(collapsed across aversion histories) [F(7, 101) = 1.089, p =
.377]. Significant differences were evident on Test 1 and Test
2. Specifically, on Test 1, animals injected with morphine
during place preference conditioning spent significantly
greater time on the DPS than did animals injected with
vehicle [F(7, 101) = 6.255, p < .001]. This difference was
alsonoted on Test 2 [F(7,101)=11.799, p <.001]. Although
morphine induced place preferences, no significant effect
emerged of aversion history [F(3, 94) = 2.265, p > .05],
nor any interaction with this term as a factor (all F's <3, all ps
> .05), indicating that a history with taste aversions did not
affect the rate or strength of place preference acquisition.

Discussion

To assess whether a history of taste aversion learning with
morphine would impact the subsequent acquisition of
morphine-induced place preference conditioning, animals
in the present experiment were given pairings of saccharin
with morphine (taste aversion training) immediately prior to
place preference conditioning (with morphine). The data
from these animals were compared to data from various
controls matched in taste or drug experience, but without
the aversion training history. If morphine has both aversive
and rewarding effects, but the response conditioned is a
function of the specific stimuli with which morphine is
paired, both taste aversions and place preferences should be
evident. As we reported, taste aversion learning did not
impact the ability of morphine to condition preferences; that
is, animals displayed both conditioned responses.

The failure of aversion conditioning to affect the acquisi-
tion of place preferences was not a simple function of the
inability of the specific procedures utilized in the present
experiment to induce such effects. First, animals given re-
peated pairings of saccharin and morphine acquired robust
taste aversions, significantly decreasing their saccharin con-
sumption relative to controls, and to their own baseline.
Second, all groups given morphine during place preference
conditioning acquired place preferences relative to vehicle-
treated controls. The fact that a history of aversion learning
did not impact place preference conditioning argues instead
that morphine has multiple effects and that the specific
stimuli present during conditioning are selectively associated
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Fig. 2 Experiment 1: Mean time (= SEM) spent on the drug-paired side

Significant within-group changes from baseline are noted by asterisks

with these effects (aversive and rewarding) and differentially
control avoidance or preference.

Although this interpretation is possible, it is important to
note that the findings in Experiment 1 were similar proce-
durally to others in associative learning, whereby a sequen-
tial history with one unique association (A—X) has no
impact on a second association in which the same US is
given—that is, B — X (Domjan & Burkhard, 1982). In such
work, there is no interference between the two associations,
given that the associative strength of the US is accrued to
each stimulus and to the same degree. Accordingly, the
failure of morphine aversion conditioning to affect place
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(DPS) for all groups during Phase 3 (place preference conditioning).

preference conditioning with morphine might be expected,
and not be a function of its dual affective properties being
selectively associated with specific taste and environmental
stimuli.

If the failure of aversion conditioning to affect place pref-
erence conditioning in Experiment 1 was a function of pro-
cesses operating in traditional associative conditioning (see
above), it might be expected that place preference condition-
ing with morphine would be impacted (i.e., blocked) if such
conditioning were attempted in the presence of a taste previ-
ously associated with that same morphine (Westbrook &
Brookes, 1988). Under this condition, no added information
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would be provided by the redundant place cues. On the other
hand, if morphine has multiple stimulus effects, each of which
is selectively associated with specific stimuli, a taste aversion
conditioning history with morphine should have no effect on
subsequent morphine-induced place preference conditioning,
even when such conditioning occurred in the presence of the
previously conditioned taste cues. These predictions were
tested in Experiment 2, in which a modified blocking design
was used to examine the interaction of taste aversion and place
preference conditioning with morphine.

Experiment 2
Method
Subjects, apparatus, and drug

The subjects were 32 rats of the same age, strain, and sex
that were used in the previous experiment. They were
maintained under conditions comparable to those previous-
ly described. Morphine sulfate was prepared and adminis-
tered as in Experiment 1.

Procedure

Phase 2: Taste aversion conditioning Following habituation
(Phase 1; see above), animals were given 20-min access to a
novel saccharin solution. On the basis of saccharin consump-
tion, they were divided into two groups—that is, Group M
(n =16) and Group V (n = 16)—such that consumption was
comparable between the groups, and then were injected sc
with either morphine sulfate or equivolume saline (approxi-
mately 5 min after fluid access). This trial was followed by
three water-recovery days. This procedure was repeated for a
total of five complete cycles.

Phase 3: Place preference conditioning All subjects were
then given a pretest in the place preference chambers to
determine side preferences. A paired-samples ¢ test revealed
significant differences in side preference [mean times: white
— 264.2 s, black — 336.65 s; #(31) = —2.495, p = .018].
Accordingly, a biased training procedure was used, during
which the drug was associated with the side on which each
animal spent less time during pretest. On the first place
preference conditioning session, subjects within each group
(M and V) were assigned (counterbalanced across groups) to
receive either saccharin or water during their regular 20-min
fluid access. This yielded four groups, M-S, M-W, V-S, and
V-W (the first letter referring to the drug given during taste
aversion conditioning, and the second letter referring to the
taste cue given during place preference conditioning). Im-
mediately after fluid access (saccharin or water), subjects
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were injected sc with morphine (5 mg/kg) and placed in the
nonpreferred chamber of the conditioning apparatus (drug-
paired side, DPS) for 30 min. On the following day, all
animals were given water during their fluid access period
and then injected with equivolume saline and placed in the
opposite chamber (non-drug-paired side, NDPS) for 30 min.
This 2-day cycle was then repeated, and a test of place
preferences was conducted as described above.

Statistical analyses

During taste aversion conditioning, differences in fluid con-
sumption among the groups were assessed with a 2 X 5
mixed model ANOVA with the between-subjects variable
conditioning drug (morphine or vehicle) and the within
subjects variable trial (1-5). One-way ANOVAs were run
for each trial in order to assess differences in consumption
among the groups. To evaluate any within-subjects differ-
ences across trials, paired-samples ¢ tests with Bonferroni
corrections were run for each group, comparing baseline
fluid consumption to the consumption on each subsequent
trial (p < .05/8, or .00625). During place preference condi-
tioning, the time (in seconds) spent on the DPS during pretest
and test was analyzed using a 2 x 2 x 2 mixed model
ANOVA with the between-subjects variables conditioning
drug (morphine or vehicle) and taste solution given during
CPP training (saccharin or water), and the within-subjects
variable trial (pretest or test). All significance levels were set
at p <.05.

Results
Phase 2: Taste aversion conditioning

Figure 3 illustrates the fluid consumption for Groups M and
Vover the five conditioning trials in Phase 2. As is illustrat-
ed, the animals receiving saccharin paired with morphine
acquired significant aversions, relative to vehicle controls
and to their own baseline. The 2 X 5 mixed-model ANOVA
on fluid consumption revealed an effect of conditioning drug
[F(1,30)=76.47, p <.001], as well as a significant Condi-
tioning Drug X Trial interaction [F(4, 120) = 62.629, p <
.001], but no effect of trial [F'(4, 120) = 1.779, p = .137]. In
relation to the significant Conditioning Drug x Trial interac-
tion, a one-way ANOVA revealed that Groups M and V did
not differ significantly in baseline saccharin consumption on
Trial 1 [F(1, 31)=.094, p = .761]. On all subsequent trials,
Group M drank significantly less than Group V (all ps <.01),
indicating the acquisition of an aversion to the morphine-
associated solution.

Paired-samples 7 tests revealed that Group M significantly
decreased its saccharin consumption from baseline (Trial 1)



Learn Behav (2013) 41:433-442 439
25 4 600 -
—_— * - MOR % E Pre
— [l
£ 20 -o- VEH — - @l Test
~— Q *
£ & 400 —
S 15- =
o o
E 104 o
Z, £ 2001
o 54 -
(8]
0 ] 1 1 ) I 0- L} ) 1 1
0 1 2 3 4 5 [ < < <
< (2 O X
Conditioning Da <? 2 ? 2>
g Day &N F

Fig. 3 Experiment 2: Mean (+ SEM) fluid consumption (in milliliters)
for each group during Phase 2 (taste aversion conditioning). Significant
within-group changes from baseline are noted by asterisks

on all subsequent trials (all ps < .00625). Group V, on the
other hand, significantly increased its consumption from
baseline (Trial 1) on all subsequent trials (all ps <.00625).

Phase 3: Place preference test

Figure 4 illustrates the time, in seconds, spent on the drug-
paired side for each group during the baseline test, as well as
any changes in this time from pretest to test. As is illustrated,
independent of aversion history or the type of solution pro-
vided immediately prior to place preference conditioning,
animals injected with morphine during place preference con-
ditioning significantly increased their time spent on the DPS,
indicating that place preferences were acquired. Further-
more, these increases were comparable for all groups. The
2 x 2 x 2 mixed-model ANOVA on time spent on the DPS
revealed a significant effect of trial [F(1, 28) = 49.58, p <
.001], but no effects of conditioning drug or taste solution,
nor any significant interaction with either of these two terms
as a factor (all F's < 2, all ps > .05). In relation to the
significant effect of trial, all groups increased their time spent
on the DPS from pretest to test, indicating that comparable
place preferences were acquired by all groups.

Table 1 presents the amounts of saccharin consumed on
the final test day during taste aversion conditioning in Phase
2, as well as the amount of saccharin (Groups M-S and V-S)
or water (Groups M-W and V-W) consumed during place
preference training in Phase 3. These data reveal that subjects
given aversion training and then access to saccharin during
place preference conditioning (Group M-S) continued to
avoid the saccharin solution, indicative of the maintenance
of the aversion. Control subjects given access to saccharin
during place preference conditioning (Group V-S) drank at
high levels. Finally, subjects given access to water during
place preference conditioning—that is, Groups M-W and V-
W-—drank water at high levels, indicating that water con-
sumption was unaffected by taste aversion history.

Group

Fig. 4 Experiment 2: Mean time (+ SEM) spent on the drug-paired side
(DPS) for all groups during Phase 3 (combined taste aversion/place
preference conditioning). Significant within-group changes from base-
line are noted by asterisks

Discussion

In Experiment 2, animals with a history of taste aversion
conditioning with morphine were assessed for their ability to
acquire morphine-induced place preferences in the context of
the morphine-associated taste cue. As described, despite
being presented along with the aversive taste, conditioned
place preferences were established in this group, and these
preferences did not differ from groups without this prior
conditioning history or with this history but conditioned in
the absence of the taste cue. These results are consistent with
the position that morphine has multiple stimulus effects
(aversive and rewarding), each of which is selectively asso-
ciated with specific stimuli (taste and environmental cues)
that differentially control behavior (taste aversions and place
preferences).

The failure to see blocking in this assessment was not due
to the fact that such effects are not evident in the taste aversion
preparation. As early as 1971, Revusky reported that a fla-
vored solution (e.g., coffee) that had previously been paired
with LiCl (thus conditioning an aversion) subsequently
blocked the acquisition of an aversion to a saccharin solution
when it was given between the pairing of saccharin and LiCl

Table 1 Amounts of saccharin consumed (in milliliters) on the final
test day during taste aversion conditioning in Phase 2, as well as the
amounts of saccharin (Groups M-S and V-S) or water (Groups M-W and
V-W) consumed (in milliliters) during place preference training in
Phase 3

M-S M-W V-S V-W

Mean SEM Mean SEM Mean SEM Mean SEM
CTA Test 3.56 1.45 5.81 230 18.25 092 18.00 0.67
DPS1 3.62 1.61 1500 0.66 18.75 090 15.12 0.63
DPS2 275 143 1431 0.71 1525 0.74 13.87 0.46
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(see also Domjan & Gillan, 1977). Blocking has also been
reported across stimulus modalities. For example, animals
injected with LiCl after being placed in a novel chamber
subsequently fail to acquire aversions to a novel saccharin
solution when the saccharin—LiCl pairing was given in that
environment. That is, the LiCl-associated environment blocks
the acquisition of the saccharin—LiCl association (for a sum-
mary of such findings, see Batson & Best, 1979; for a review
of US preexposure, see Riley & Simpson, 2001).

Although the abovementioned findings argue that
blocking is evident in the taste aversion preparation (even
across stimulus modalities), it is important to note several
differences between those designs and the one used in our
Experiment 2. First, these demonstrations used LiCl as the
conditioning agent, whereas morphine was used in the pres-
ent series of experiments. Although a history with morphine
has been reported to attenuate the subsequent acquisition of
morphine-induced taste aversions (see Hunt, Spivak, &
Amit, 1985; LeBlanc & Cappell, 1974; Simpson & Riley,
2005), there is little evidence that such attenuating effects are
associative in nature; that is, they are reported independent of
the similarity of the preexposure and conditioning environ-
ments, suggesting that such effects are nonassociative in
nature (see Domjan & Siegel, 1983; Riley, Dacanay, &
Mastropaolo, 1984; Stewart & Eikelboom, 1978). Second,
the specific procedure utilized here is a modified blocking
design in which the taste stimulus previously associated with
morphine was not given concurrent with the environment in
the second phase of the study. In the design utilized here, the
morphine-associated taste was given 20 min prior to the
animal’s placement in the place preference conditioning
apparatus. Although in more traditional blocking designs
the two stimuli have been presented concurrently during
conditioning, blocking has been reported when the two con-
ditioned stimuli (CSs) are presented in a serial manner (see
Kehoe, Schreurs, & Amodei, 1981; Kohler & Ayres, 1982;
Solomon, 1977), even in the taste aversion procedure
(Revusky, 1971). Third, morphine was given prior to place-
ment of the animals in the place-conditioning apparatus. In
the more traditional procedures, the design is A—X and then
AB—X, whereas the present design was A—X and then
A—X—B. A closer approximation to the blocking proce-
dure would have had the animals being given saccharin in
the place preference apparatus prior to the injection of mor-
phine. The design used in the present experiment was chosen
because the ability of some drugs of abuse to condition place
aversions or preferences is dependent on the specific tempo-
ral parameters used during conditioning. For example, mice
given alcohol after placement in a place preference chamber
display conditioned place aversions. Place preferences are
conditioned only if the drug is given prior to the placement in
the apparatus (Cunningham, Okorn, & Howard, 1997; Cun-
ningham, Tull, Rindal, & Meyer, 2002). It has been argued
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that if the animal is in the place preference chamber during
the onset of the drug’s aversive effects, place aversions
would be conditioned and control behavior. By delaying
placement into the chamber, the animal is in the apparatus
as the drug’s rewarding effects occur. Although such an
assessment has not been directly tested with morphine (and
may be drug-dependent; see Ettenberg, Raven, Danluck, &
Necessary, 1999), the procedure used here was chosen to
circumvent any possible temporal effects of the compound
that might have impacted conditioning. It remains unknown
to what extent the temporal effects of morphine contribute to
the differential control exerted by taste and place stimuli, and
if the selective effects—that is, taste—aversive and
place—rewarding—that we report are a function of the
timing of the affective response.

Although the failure of blocking may be impacted by the
abovementioned procedural issues, it is interesting that sim-
ilar data have been presented for other stimuli with apparent
multiple properties. For example, Betts, Brandon, and Wag-
ner (1996) assessed the ability of a CS associated with
paraorbital shock to block subsequent conditioning to anoth-
er CS paired with the same shock, but with the locus of the
shock having changed (i.e., from one eye to the other).
Interestingly, blocking was dependent upon the specific
measure used in the assessment. That is, when startle was
used as the conditioned response, blocking was found. How-
ever, when the eyeblink itself was the measure, blocking was
not evident. It was concluded that these data were a function
of the fact that paraorbital shock has “multiple nodes in the
memory system” (Konorski, 1967)—specifically, emotional
and sensory. The emotional component (which mediates the
startle response to the shock) was unchanged with the spe-
cific location of the shock. Accordingly, when conditioning
with a second CS was attempted in the presence of the
previously conditioned stimulus, no change was observed
in this component, thus allowing blocking to be seen. The
sensory component of the shock, however, varied upon the
specific eye receiving the shock. Under the shifted condition,
the sensory experience was different, preventing blocking.
Although the design of the present experiments was quite
different from that of Betts et al., if the affective (emotional)
responses to morphine are multifaceted (both rewarding and
aversive) and dependent upon the specific stimuli present,
the two stimuli (in this case, taste and place) become differ-
entially associated with the multiple effects of morphine,
again precluding blocking.

Although the basis for the present data is not known, what
is clear is that a history of taste aversion conditioning (with
morphine) has no effect on morphine’s ability to induce a
place preference. This is evident when place preference
conditioning occurs in the absence (Exp. 1) or presence
(Exp. 2) of the taste previously associated with morphine.
Although several issues remain unresolved (see above), the
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data in the present study are consistent with the position that
drugs of abuse have multiple stimulus effects (positive and
negative) that are differentially associated with specific stim-
ulus events that direct approach and avoidance (see Hunt &
Amit, 1987; Riley, 2011; Stolerman, 1992). The fact that
such drugs are complex stimuli makes them somewhat
unique in controlling behavior, and understanding these
multiple properties provides insight into the selective behav-
iors that they condition and how these multiple properties do
and do not interact (see also Verendeev & Riley, 2012).
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