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Abstract Drugs of abuse have been reported to produce
both rewarding and aversive effects, as evidenced by their
ability to induce both conditioned place preferences (CPPs)
and conditioned taste aversions (CTAs), respectively.
Although several attempts have been made to assess the
relationship between the rewarding and aversive effects
of drugs in independent groups, it is unknown to what
extent (if any) preferences and aversions are related in
individual animals. The present study assessed this
relationship by examining the ability of morphine (5
and 10 mg/kg) and amphetamine (3 and 5 mg/kg) to
induce both place preferences and taste aversions in the
same animal, using a concurrent CTA/CPP design. There
was no consistent relationship between the ability of
morphine or amphetamine at either dose to increase time
spent on the drug-paired side and the ability to suppress
consumption of the drug-paired taste. These results
support the position that drugs of abuse have multiple
stimulus effects, both rewarding and aversive, that condi-
tion place preferences and taste aversions independently.
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Introduction

Drugs of abuse have been reported to produce both
rewarding and aversive effects, as evidenced by their ability
to induce both conditioned place preferences (CPPs; see
Tzschentke, 2007, for a comprehensive review of CPP) and
conditioned taste aversions (CTAs; see Riley, Davis, &
Roma, 2009; see also www.CTAlearning.com), respectively.
This ability has been discussed as a paradox by many (see
Gamzu, 1977; Hunt & Amit, 1987; White, Sklar, & Amit,
1977; Wise, Yokel, & DeWit, 1976), as well as a basis for
suggesting common underlying mechanisms for reward and
aversion learning by others (see Grigson, 1997; Hunt &
Amit, 1987).

Two features are important to note in discussing the
work on drug-induced CPPs and CTAs. First, assessments
(and comparisons) of the rewarding and aversive effects of
drugs of abuse are generally made in different groups of
subjects (and often in different studies). Second, demon-
strations of these rewarding and aversive effects are
generally based on group means, with no analysis of
individual-subject data. When examined together, these
two features pose a potential concern for conclusions
regarding the dual effects of drugs of abuse and their
relationship to each other. Specifically, they preclude a
determination of the relationship of reward and aversion in
individual subjects. That is, from such comparisons, one
cannot determine whether an animal that acquires a strong
place preference (relative to controls and other drug-treated
subjects) would or would not display a comparably strong
taste aversion (and vice versa). Given that there is
considerable individual variability in these behaviors (see
Allen, Everett, Nelson, Gulley, & Zahniser, 2007; Farber,
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Gorman, & Reid, 1976; Riley, Jacobs, & LoLordo, 1978;
Xu, Wang, Wu, & Pei, 2001), group analyses may indicate
little about the actual relationship between CPPs and CTAs.

One attempt to assess the relationship between reward
and aversion in the same subject was reported in a study by
Turenne and her colleagues (Turenne, Miles, Parker, &
Siegel, 1996). In this report, Turenne et al. first gave rats
access to saccharin, followed by an injection of morphine
or amphetamine (taste aversion conditioning). The indi-
vidual differences in the magnitude of the CTA were then
assessed, and the animals were assigned to high-CTA or
low-CTA groups on the basis of their aversions to the
saccharin solution. These subjects were then injected
with morphine or amphetamine and placed on one side
of a CPP apparatus in an attempt to establish a CPP to
the drug-paired side. The authors reported that the group
that displayed the strongest amphetamine-induced CTA
also displayed the strongest amphetamine-induced CPP;
however, for the morphine-treated subjects, there was no
significant difference in place preferences for animals in
the high- and low-CTA groups.

Although Turenne et al. (1996) examined the rewarding
and aversive effects of morphine or amphetamine in the
same subject, theirs was nonetheless a group analysis in
which the presence or absence of an effect was based on
group means. There was no determination of the relation-
ship between place preferences and taste aversions in
individual subjects. A more appropriate assessment of the
relationship between the rewarding and aversive effects of
drugs would be to examine these effects concurrently in the
same animal. In such a design, individual animals would be
given a novel solution to drink, injected with an aversion-
inducing drug such as morphine, and then placed in a
distinct chamber. On subsequent tests, the avoidance of the
drug-associated taste and preference for the drug-associated
chamber would index the drug’s aversive and rewarding
effects, respectively. Although not commonly used in
assessments of the affective properties of drugs, this design
has characterized the rewarding and aversive effects of
several compounds—for example, caffeine (Brockwell,
Eikelboom, & Beninger, 1991), morphine (Martin, Bechara,
& van der Kooy, 1988; Sherman, Pickman, Rice,
Liebeskind, & Holman, 1980; Simpson & Riley, 2005),
and amphetamine (Reicher & Holman, 1977; see also
Switzman, Amit, White, & Fishman, 1978, who used a
concurrent runway/CTA procedure). Interestingly, in none
of these assessments was the focus on individual subjects.
Consequently, no individual-subject data were reported to
allow an analysis of the relationship between reward and
aversion.

The present series of studies used the concurrent design
described above and examined the relationship between
CTAs and CPPs in individual subjects. Specifically, rats
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were given a novel saccharin solution to drink, injected
with morphine (5 mg/kg, Experiment 1; 10 mg/kg,
Experiment 2) or amphetamine (3 mg/kg, Experiment 3;
5 mg/kg, Experiment 4) and immediately placed on the
nonpreferred side of a place preference apparatus. All
subjects received one-trial conditioning in order to avoid
any floor or ceiling effects (i.e., complete suppression of
consumption or asymptotic preferences) that would limit
sufficient individual variability for meaningful correlational
analyses. The drugs—that is, amphetamine and morphine—
used in the present series of assessments were chosen to
match those used by Turenne et al. (1996). The doses of
amphetamine (3 and 5 mg/kg) were similar to those used by
Turenne et al.; whereas Turenne et al. used a single high
dose of morphine (15 mg/kg), the present analyses used
two lower doses (5 and 10 mg/kg) that have been reported
to condition intermediate levels of taste aversions (Randall-
Thompson & Riley, 2003; Simpson & Riley, 2005).

The assessment of the relationship between the reward-
ing and aversive effects of drugs of abuse may further our
understanding of the nature of the underlying mechanisms
that mediate these effects. For example, Grigson (1997) has
argued that a drug’s rewarding effects mediate suppression
of saccharin consumption within the CTA preparation.
According to this position, there should be a significant
and direct relationship between the ability of the drug to
condition a place preference and a taste aversion in an
individual animal. The present series of experiments allows
for a direct assessment of this hypothesis and others
assuming a common mechanism (see also Hunt & Amit,
1987). If, on the other hand, these opposing motivational
effects are mediated by different mechanisms, no relation-
ship between drug reward and drug aversion would be
expected. If preferences and aversions do not covary, it
would suggest that these are two independent effects
mediated by different processes (Cunningham, Gremel, &
Groblewski, 2009; Parker, Limebeer, & Rana, 2009).

General method

The following general method applied to each of the four
experiments used in the assessment of the relationship
between drug reward and aversion. The only difference
among the four experiments was the specific compound (or
dose) used during conditioning.

Subjects and housing

Subjects were 99 drug-naive, male Sprague-Dawley rats.
They were individually housed in hanging wire-mesh
cages with ad libitum access to food and water and were
maintained on a 12:12-h light:dark cycle (lights on at
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0800 h) and at an ambient temperature of 23°C.
Graduated 50-ml Nalgene tubes were placed on the front
of the cages for presentation of either water or saccharin
(between 0800 and 1200 h). All procedures were con-
ducted under the guidelines established by the Institutional
Animal Care and Use Committee at American University
and were in compliance with the Guidelines for the Care
and Use of Laboratory Animals (National Research
Council, 1996).

Apparatus

The place conditioning apparatus (San Diego Instruments
Place Preference System, San Diego, CA) consisted of two
main conditioning chambers (28 % 21 x 34.5 cm) joined by
a smaller middle chamber (14 x 21 x 34.5 cm). One of the
conditioning chambers featured a white aluminum diamond
plate floor with white walls; the other conditioning chamber
featured a haircell-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 CPP room 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 photobeam array for recording time (in
seconds) in each chamber.

Drugs and solutions

Both morphine sulfate and amphetamine sulfate (generously
provided by NIDA) were prepared as a 5-mg/ml solution in
physiological saline (drug vehicle). Morphine was adminis-
tered subcutaneously, and amphetamine was administered
intraperitoneally. Saccharin (0.1% sodium saccharin, Sigma
Chemical Co.) was prepared as a 1 g/l solution in tap water.

Procedure

Habituation and CPP pretest Subjects were restricted to
20-min water access each day until body weights and fluid
consumption stabilized and all subjects were approaching
and drinking water from the tube within 2 s of its
presentation. On the day before conditioning, each animal
was allowed 15-min access to the entire place conditioning
apparatus to obtain individual baseline times spent in each
chamber. A paired samples #-test comparing time spent in
the two chambers in each experiment revealed that subjects
spent significantly more time in the black chamber than in
the white chamber (all 7s > 4.885, all ps < .05). Given this
initial bias, the drug was subsequently paired with the
nonpreferred white chamber (drug-paired side[DPS]). Indi-

vidual subjects that demonstrated an initial preference for
the white chamber (100 s or more) were excluded (1, 2, 5,
and 3 subjects from Experiments 1-4, respectively),
resulting in 20-23 subjects for each experiment (see
below).

Conditioning and CTA/CPP testing Subjects were run
between 0800 and 1200 h to avoid robust aversion
conditioning manifested when rats are conditioned in the
dark phase of the light:dark cycle (Gomez-Serrano, Kearns,
& Riley, 2009). Eight subjects were run at any one time,
and each session lasted 1 h. This resulted in three runs per
day. Both drug- and saline-injected subjects were included
in each run. On the first conditioning day, animals in each
group were given access to a novel saccharin solution in
their home cages during their normal daily 20-min fluid
access period. Five minutes after the removal of saccharin,
the animals were injected with either a drug or equivolume
saline and immediately placed in the white chamber (DPS)
of the CPP apparatus for 30 min. On the next day, animals
received 20-min access to water, followed by an injection of
saline, and then were placed in the black chamber (NDPS).
On the following day, all of the animals were given a test
for CPP, during which the subjects were placed in the
middle gray compartment and given 15-min access to the
entire apparatus in a drug-free state. On the day following
this preference test, all subjects were given a one-bottle
aversion test in which they received 20-min access to the
saccharin solution in the home cage.

Statistical analyses

For each experiment, place preferences were analyzed using
a paired samples #-test comparing time spent on the DPS on
the preference test to time spent on the DPS on the pretest
(baseline level). Taste aversions were analyzed using a
paired samples #-test comparing saccharin consumption on
the aversion test with consumption on the initial exposure
to saccharin (baseline consumption). All drug-injected
subjects were then divided (median split) into high- and
low-CTA groups (n = 5—6 each) on the basis of the strength
of their taste aversions (i.e., change in amount of saccharin
consumed), and their place preferences were analyzed.
Similarly, subjects were divided (median split) into high-
and low-CPP groups (n = 5-6 each) on the basis of the
strength of their place preferences (i.e., change in time
spent on the DPS), and their taste aversions were analyzed.
The relationship between changes in time spent on the
DPS and changes in saccharin consumption was then
determined for each experiment, using Pearson correla-
tion coefficient. Statistical significance for all analyses
was set at o = .05.
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Results
Experiment 1: morphine, 5 mg/kg

As was noted, individual subjects injected with morphine
(n = 12) were divided into high (n = 6) and low (rn = 6)
responders for both the CTA and CPP preparations.
Subjects in the high, #5) = —5.922, p < .01, but not the
low, #«(5) = —1.536, p > .05, CTA group significantly
suppressed their saccharin consumption, relative to their
own baseline (Fig. 1, left panel). When the high- and low-
CTA groups were separately analyzed for place prefer-
ences, neither the high, #5) = 0.515, p > .05, nor the low,
#5) = 2.022, p > .05, CTA group displayed a significant
increase in time spent on the DPS (18- and 146-s change
from baseline preference, respectively). Correlational
analysis of individual subjects revealed no significant
relationship between changes in saccharin consumption
and changes in time spent on the DPS for either of these

two conditions, absolute rs < .497, ps > .05 (see Table 1).

The high-CPP (n = 6) group, #5) = 4.472, p < .01,
displayed a significant increase in time spent on the DPS,
whereas the low-CPP (n = 6) group did not differ from its
baseline, #(5) = —1.168, p > .05 (Fig. 1, right panel). When
these groups were analyzed for taste aversions, both high-,
#(5) = —3.162, p < .05, and low-, #«5) = —2.739, p < .05,
CPP groups displayed a significant decrease in amount of
saccharin consumed (-2 and —4-ml from baseline con-
sumption, respectively). Again, analysis of individual data
revealed no significant correlations between changes in
saccharin consumption and changes in time spent on the
DPS for either of these two conditions, absolute s < .269,
ps > .05 (see Table 1).

Experiment 2: morphine, 10 mg/kg

As above, individual subjects injected with morphine
(n = 12) were divided into high (n = 6) and low (n = 6)
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Fig. 1 Change in saccharin consumption (left panel) and change in

time spent on the drug-paired side (right panel) for high and low
responders in subjects injected with 5 mg/kg morphine. The high and
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responders for both the CTA and CPP preparations.
Subjects in both the high (n = 6), «(5) = —20.494, p <
.001, and low (n = 6), #(5) = —8.283, p <.001, CTA groups
significantly suppressed their saccharin consumption,
relative to their own baseline (Fig. 2, left panel). When
the high- and low-CTA groups were separately analyzed
for place preferences, neither high, #(5) = 0.382, p > .05,
nor low, #5) = 0.357, p > .05, CTA groups differed from
their respective baseline in time spent on the DPS (13- and
8-s change from baseline preference, respectively). Analysis
of individual subjects revealed no significant correlations
between changes in saccharin consumption and changes in
time spent on the DPS for either of these two conditions,
absolute rs < .737, ps > .05 (see Table 1).

The high-CPP group (n = 6), #5) = 4.077, p < .05,
displayed a significant increase in time spent on the DPS,
whereas the low-CPP group (n = 6) displayed a significant
decrease in time spent on the DPS, #5) = —3.526, p < .05
(Fig. 2, right panel). When the high- and low-CPP groups
were analyzed for taste aversions, both high, #(5) = —9.083,
p < .001, and low, #5) = —5.636, p < 0.01, CPP groups
displayed a significant decrease in amount of saccharin
consumed (—6- and —5-ml change from baseline consump-
tion, respectively). Analysis of individual subjects revealed
no significant correlations between changes in saccharin
consumption and changes in time spent on the DPS for
either of these two conditions, absolute s < .441, ps > .05
(see Table 1).

Experiment 3: amphetamine, 3 mg/kg

When amphetamine-injected subjects (n = 10) were divided
into high and low responders, subjects in both the high (n =
5), #(4) = —13.023, p < .001, and low (n = 5), #(4) =
=23.717, p < .001, CTA groups significantly suppressed
their saccharin consumption, relative to their own baseline
(Fig. 3, left panel). When the high- and low-CTA groups
were separately analyzed for place preferences, the high,
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low groups were defined by the median split (see the text for detail).
*Significant difference from baseline
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Table 1 Correlational analyses
of the relationship between

change in time spent on the
drug-paired side and change in
saccharin consumption for high
and low responders across all
conditions. Each cell indicated
the » and p values for the given
relationship. Bold font indicates
significant relationship (see text
for more detail). Included are
also correlational analyses of the
relationship for all subjects
injected with either both doses
of morphine or both doses of
amphetamine

High CTA Low CTA High CPP Low CPP
Morphine 5 mg/kg r=0.127 r=—0.497 r=0.176 r=—0.269
p=0.811 p=0.316 p=0.738 p=0.607
Morphine 10 mg/kg r=0.590 r==0.737 r=-0.441 r=0.210
p=0.218 p=0.095 p=0.381 p=0.690
Morphine 5 and 10 mg/kg r=0.216 r=0.140 r=0.524 r=—0.121
p=0.499 p=0.663 p=0.081 p=0.709
Amphetamine 3 mg/kg r=-0.248 r=0.004 r=0.242 r=0.251
p=0.687 »=0.995 p=0.695 p=0.684
Amphetamine 5 mg/kg r=0.882 r=—0.543 r=0.589 r=-0.532
p=0.020 p=0.344 p=0.219 p=0.356
Amphetamine 3 and 5 mg/kg r=-0.335 r=—0.223 r=0.003 r=—0.071
p=0.314 p=0.535 p=0.993 p=0.845

#(4) =2.880, p < .05, but not the low, #4) =0.211, p > .05,
CTA group significantly increased their time spent on the
DPS (122- and 13-s change from baseline preference,
respectively). Analysis of individual subjects revealed no
significant relationship between changes in saccharin
consumption and changes in time spent on the DPS for
either of these two conditions, absolute rs < .248, ps > .05
(see Table 1).

The high-CPP group (n = 5), #(4) = 12.482, p < .001,
displayed a significant increase in time spent on the
DPS, whereas the low-CPP group (n = 5) did not differ
from its baseline, #4) = —1.172, p < .05 (Fig. 3, right
panel). When the high-CPP and low-CPP groups were
analyzed for taste aversions, both high, #4) = -9.253, p <
.001, and low, #(4) = —9.375, p < .01, CPP groups displayed
a significant decrease in amount of saccharin consumed
(—11- and —8-ml change from baseline consumption,
respectively). Analysis of individual subjects revealed no
significant correlations between changes in saccharin con-
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Fig. 2 Change in saccharin consumption (left panel) and change in
time spent on the drug-paired side (right panel) for high and low
responders in subjects injected with 10 mg/kg morphine. The high and

sumption and changes in time spent on the DPS for either of
these two conditions, absolute rs < .251, ps > .05 (see
Table 1).

Experiment 4: amphetamine, 5 mg/kg

When amphetamine-injected subjects (n = 11) were divided
into high and low responders, subjects in both the high (n =
6), #(5) = —26.784, p < .001, and low (n = 5), #(4) = —12.363,
p <.001, CTA groups significantly suppressed their saccharin
consumption, relative to their own baseline (Fig. 4, left
panel). When the high- and low-CTA groups were separately
analyzed for place preferences, neither high, #5)=0.716,
p > .05, nor low, #(4) = 0.943, p > .05, CTA groups
differed from their respective baseline in time spent on the
DPS (21- and 77-s change from baseline preference,
respectively). Analysis of individual subjects revealed a
significant relationship between change in saccharin con-
sumption and change in time spent on the DPS for individual
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low groups were defined by the median split (see the text for detail).
*Significant difference from baseline
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Fig. 3 Change in saccharin consumption (left panel) and change in
time spent on the drug-paired side (right panel) for high and low
responders in subjects injected with 3 mg/kg amphetamine. The high

subjects in the high-CTA group, » = .882, p = .02.
Specifically, animals displaying the greater decrease from
baseline in amount of saccharin consumed showed either
limited increase (or actual decrease) in time spent on the
DPS. There was no significant relationship between change
in saccharin consumption and change in time spent on the
DPS for individual subjects in the low-CTA group, r =
—.542, p > .05 (see Table 1).

The high-CPP group (n = 6), #(5) = 2.890, p < .05,
displayed a significant increase in time spent on the DPS,
whereas the low-CPP group (n = 5) displayed a significant
decrease in time spent on the DPS, #(4) = —2.891, p < .05
(Fig. 4, right panel). When the high-CPP and low-CPP
groups were analyzed for taste aversions, both high,
#(5) = —20.656, p < .001, and low, #4) = —7.238, p < .01,
CPP groups displayed a significant decrease in amount of
saccharin consumed (—8-ml change from baseline con-
sumption for both groups). Analysis of individual subjects
revealed no significant correlations between changes in
saccharin consumption and changes in time spent on the
DPS for either of these two conditions, absolute s < .589,
ps > .05 (see Table 1).

Control subjects in each of the four experiments (n = 10—
11 per experiment) were also evaluated for changes in
saccharin intake and time spent on the white side of the
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Fig. 4 Change in saccharin consumption (left panel) and change in

time spent on the drug-paired side (right panel) for high and low
responders in subjects injected with 5 mg/kg amphetamine. The high

@ Springer

T

o

8

o 200

g Low CPP
2 B High CPP
§

£ 100

-4

w

o

£

g T

2

u -

-
=]
o

Groups

and low groups were defined by the median split (see the text for
detail). *Significant difference from baseline

chamber. A paired samples r-test analysis revealed a
significant increase in amount of saccharin consumed in
Experiments 1 and 3,all s > 2.781, all ps < .05, but no
change in amount of saccharin consumed in Experiments 2
and 4,all ¢s < 1.008, all ps > .05. The significant increases
from baseline consumption in amount of saccharin con-
sumed for subjects in Experiments 1 and 3 likely reflect an
initial neophobic response, which has been reported to vary
across subjects (see Mitchell, Kirschbaum, & Perry, 1975).
Analysis of the change in time spent on the DPS revealed
no significant change for any of the four experiments,
absolute s < 1.992, all ps > .05.

Discussion

The reports that preferences and aversions can be conditioned
by the same drug are generally used to suggest that drugs of
abuse produce co-occurring rewarding and aversive effects
(Reicher & Holman, 1977; Simpson & Riley, 2005; Switzman
et al.,, 1978; White et al., 1977; Wise et al., 1976; see also
Riley et al., 2009). As was noted above, however, the manner
by which demonstrations of preferences and aversions are
typically generated is by group analysis that precludes any
assessment of the covariation of preferences and aversions in
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and low groups were defined by the median split (see the text for
detail). *Significant difference from baseline
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individual subjects. If these effects covary within individual
subjects in a dependent manner (i.e., relationship between the
two), this would strongly argue for a commonality of the
underlying mechanisms mediating these effects. If, on the
other hand, there is no relationship between the ability of a
drug to produce place preferences and taste aversions within
individual subjects, these opposing motivational effects are
likely mediated by different mechanisms. To more directly
address this issue, the present experiments examined the
relationship between the ability of morphine and amphet-
amine to condition place preferences and taste aversions in
individual subjects.

As has been described, rats were given one taste—
drug—environment pairing with either a low or high dose
of morphine (5 and 10 mg/kg) or a low or high dose of
amphetamine (3 and 5 mg/kg) or were injected with
vehicle. Place preferences and taste aversions were
analyzed in high and low responders to assess the ability
of either drug and at either dose to condition preferences
and aversions. When place preferences and taste aver-
sions were analyzed in high and low responders across
all four experiments, subjects in high-CPP and high-CTA
groups always showed significant preferences and aver-
sions across different drugs and different doses. The
performance of low responders was less consistent with
subjects in the low-CPP groups, showing either no
change from baseline in time spent on the DPS (5 mg/
kg morphine and 3 mg/kg amphetamine) or an actual
decrease in time spent on the DPS (10 mg/kg morphine
and 5 mg/kg amphetamine). Subjects in the low-CTA
groups showed significant aversions at all but the low
dose of morphine (5 mg/kg).

Although preferences and aversions were established in
the specific group analyses (e.g., high CPP, high CTA),
there was no consistent relationship between reward and
aversion in individual subjects. Of the 16 possible
correlations generated, there was only 1, that is, Group
High CTA in the 5-mg/kg amphetamine group, for which
the relationship was significant. Under this condition,
subjects that showed the greater decrease in amount of
saccharin consumed were more likely to display either a
limited increase or an actual decrease in time spent on the
DPS—interestingly, a relationship inconsistent with the
position that a common mechanism underlies the two
behaviors (see below).

This dissociation between place preferences and taste
aversions in individual subjects does not argue that drugs
do not produce both effects. They clearly do, as evidenced
by studies that have examined preferences and aversions
between and within groups (see above). The present data do
argue, however, that the rewarding and aversive effects may
be independent, with individual animals displaying varying
degrees of each (possibly due to differential reactivity for

each effect). If they were dependent upon each other, an
animal would be expected to respond comparably—for
example, display both high CTA and high CPP or low CTA
and low CPP. The lack of a significant relationship is
inconsistent with this position and argues that the rewarding
and aversive properties of a drug are independent.

The present series of experiments are the first to compare
concurrently place preferences and taste aversions in
individual subjects. As was noted above, other studies
generally have examined aversions in separate groups of
subjects (within or across studies), precluding individual-
subject analysis. Only a single study (Turenne et al., 1996)
has examined the possible relationship between aversions
and preferences in the same subjects, but as was noted, it
did not analyze individual-subject data and used a serial
taste/place conditioning procedure (see above). Although
the present series of assessments and those of Turenne et al.
do differ procedurally and in focus, comparisons can be
made, albeit cautiously. In relation to morphine, the present
results are consistent with those of Turenne et al. in that
there was no apparent relationship between the ability of
the drug to induce preferences and aversions. Our results
with amphetamine, however, differ from those of Turenne
et al. More specifically, Turenne et al. reported that the
group that displayed the strongest amphetamine-induced
CTA also showed the strongest amphetamine-induced CPP;
in the present experiments with amphetamine, we found a
relationship only with animals conditioned with the highest
dose of amphetamine, and under this condition, the
relationship was opposite to that reported by Turenne et
al. Specifically, subjects that showed the greater decrease in
amount of saccharin consumed were less likely to display a
place preference (as indexed by time spent on the DPS). No
other correlational analyses revealed a significant relation-
ship between amphetamine-induced reward and aversion.

There are several important differences between our
study and theirs that may account for the reported differ-
ences with amphetamine. One such difference is that in
Turenne et al. (1996), subjects received taste and place
conditioning in a serial manner, while in the present studies,
animals received concurrent CTA/CPP conditioning. An-
other difference in the two reports is that in Turenne et al.,
animals received different number of conditioning trials for
both taste aversion and place preference conditioning.
Thus, animals injected with amphetamine received a single
taste aversion conditioning trial and two, four, or eight trials
in place preference conditioning. In the present series of
experiments, subjects were equated in the number of
conditioning trials across all experiments and received a
single CTA/CPP conditioning trial. Moreover, although
both studies used the same doses of amphetamine (3 and
5 mg/kg) given by the same route of administration,
Turenne et al. pooled and analyzed the data across the
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doses, whereas in the present report, the doses were
analyzed in separate experiments. However, when the data
from the two morphine and two amphetamine conditions
were pooled, we still found no relationship between the
ability of either drug to condition place preference and taste
aversion (see more details below). It is not known to what
extent these factors contributed to the differences in the two
reports. It is clear, however, that when the rewarding and
aversive effects of morphine and amphetamine are exam-
ined in individual subjects (vs. group analysis in all other
studies), we see no consistent relationship between the
ability of either drug to produce these effects concurrently
in the same animal.

Although there was no clear relationship in the present
series of experiments between the ability of morphine or
amphetamine to increase time spent on the DPS and to
suppress saccharin consumption, there are several caveats
that deserve discussion. First, the size for each group of
high and low responders was small (5-6 subjects per
group), which may limit our conclusions regarding the
absence of relationships. It should be noted, however, that
when the individual-subject data from the two morphine
and two amphetamine doses were pooled and analyzed
together (see Turenne et al.,, 1996), there still was no
relationship between reward and aversion (see Table 1). In
other words, when the n was functionally doubled for either
drug condition, we still found no relationship between the
two.

Second, although CPP and CTA are thought to measure
the rewarding and aversive effects of drugs, respectively,
these procedures may differ in their relative sensitivity as
such measures. For example, CPP may be less sensitive as a
measure of the rewarding effects of morphine than CTA is
as a measure of the aversive effects of the drug. As such,
the rewarding effects of morphine in the present study may
not have been accurately reflected in the expression of
place preferences for specific animals. Conversely, CTA
may be less sensitive as a measure of the aversive effects of
morphine than CPP is as a measure of the rewarding effects
of the drug, and the aversive effects of morphine in the
present study may not have been accurately reflected in the
expression of taste aversions for specific animals. As such,
any attempt to relate these behaviors in a correlational
analysis should be made cautiously. However, when the
relationship between change in time spent on the DPS
and change in saccharin consumption was examined in
subjects showing either significant preferences (i.e., high
CPP) or significant aversions (i.e., high CTA), there still
was no consistent significant correlation between the
two. The only exception to this was for the high-CTA
group given the 5-mg/kg amphetamine dose. In other
words, under conditions where preferences and aversions
were analyzed in individual subjects most sensitive to
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either rewarding (high CPP) or aversive (high CTA)
effects of either drug and at either dose, there still was
no consistent relationship between the ability of either
drug to produce these effects (see Table 1).

Third, although preferences and aversions were clearly
acquired, the present study does not address the nature of
these effects—that is, the specific stimulus effects of
morphine or amphetamine responsible for this conditioning.
For example, in relation to morphine’s rewarding effects, it
remains unknown whether morphine supports a place
preference due to some euphoric, positive effect or the
negatively rewarding effect of anxiety reduction (see van
der Kooy, 1987). Although one generally assumes that such
preferences reflect a positive effect of the drug, in biased
designs, such as the one used here, in which animals are
placed in the initially nonpreferred compartment following
drug injection, increases in time on the DPScould be due to
the anxiolytic effects of the drug. How this would apply to
amphetamine, however, is unclear. Similarly, the basis for
taste aversion learning, for both morphine and amphet-
amine, remains a subject of considerable debate. While
some have argued that aversions are based on sickness or a
dysphoric effect of the drug (Riley & Tuck, 1985), others
have noted that drug novelty or disruption of homeostasis
mediates taste aversions (Gamzu, 1977; Hunt & Amit,
1987). Yet others have argued that aversions misrepresent
the suppression of consumption evident in such designs and
that taste avoidance better characterizes the suppression
(Parker, 1988, 1991, 1995).

Independently of the specific bases for these two
behavioral effects (i.e., place preferences and taste
aversions), it is generally assumed that they reflect
different motivational or affective properties of drugs of
abuse (Riley et al., 2009). The present results are
consistent with this assumption in that the rewarding and
aversive effects of morphine and amphetamine appear
dissociated. This dissociation has implications for any
interpretation of taste aversion learning that argues that the
rewarding and aversive effects of drugs of abuse are
mediated by a common mechanism. For example, Grigson
(1997) has argued that a drug’s well-documented reward-
ing, rather than its hypothetical aversive, effects mediate
suppression of saccharin consumption in the CTA design.
According to this position, rats avoid a rewarding
saccharin solution in anticipation of a more rewarding
drug (i.e., reward comparison). This hypothesis, however,
fails to explain the findings of the present study in which
the rewarding and suppressive effects of morphine and
amphetamine appear dissociated. The only exception in
the present analyses was observed in the high CTA in the
5 mg/kg amphetamine group and is inconsistent with the
position that the rewarding effects of drugs mediate
aversion learning (subjects that showed the greater



Learn Behav (2011) 39:399—408

407

decrease in amount of saccharin consumed were less likely
to display a place preference). The present results, on the
other hand, are consistent with the position that drugs of
abuse are complex pharmacological stimuli that have
multiple stimulus effects, both rewarding and aversive,
that condition place preference and taste aversion sepa-
rately. Moreover, as described above, the occurrence of
one effect does not necessarily predict the occurrence (or
the extent) of the other.

It has been argued that the initiation and/or escala-
tion of drug taking may be a function of the relative
balance between the rewarding and aversive effects of
drugs of abuse (Gaiardi et al., 1991; Riley et al., 2009;
Riley & Simpson, 2001). As such, the ongoing effort to
examine different factors that may impact susceptibility to
drug use (e.g., drug self-administration) warrants a better
understanding of the relationship between a drug’s
rewarding and aversive effects. The present findings
show significant individual variability in response to the
affective properties (both rewarding and aversive) of
morphine and amphetamine. Given this considerable
variability, it is important to further examine the contri-
bution of this individual variability to the vulnerability to
drug self-administration.
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