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Morphine-Conditioned Changes in Locomotor Activity:
Role of the Conditioned Stimulus

Rick A. Bevins, Department of Psychology, University of Nebraska—Lincoln
Michael T. Bardo, Department of Psychology, University of Kentucky

Abstract: When a multisensory environment was reliably paired with morphine (2 mg/kg) in rats, that environment, in a
drug-free test, evoked a hyperactive conditioned response (CR). When an olfactory cue (banana odor) was the only stimu-
lus element reliably paired with morphine, it also elicited a hyperactive CR. However, a gustatory cue (saccharin solution)
evoked a hypoactive CR. This taste-elicited decrease in activity was dose dependent; morphine at 2 and 4 mg/kg condi-
tioned hypoactivity, whereas a higher dose (8 mg/kg) did not. A robust conditioned saccharin aversion occurred only at the
highest dose of morphine, suggesting disassociation between the hypoactive CR and taste aversion. A taste cue present dur-
ing context conditioning also prevented either acquisition or expression of the hyperactive CR to the context. The modality
of the conditioned stimulus is a critical determinant of the form of the CR in a morphine locomotor conditioning paradigm.

Drugs that are abused have a wide range of effects on the
behavior and the biology of an organism. Some of these ef-
fects are enhanced with drug experience. Of interest to us is
the increase in activity seen in rats after repeated administra-
tion of morphine (e.g., Babbini & Davis, 1972). This mor-
phine-induced enhancement of activity, termed locomo-
tor sensitization, has received much attention by researchers
in the drug abuse area. One reason is the apparent overlap of
the neural mechanism of locomotor sensitization and the re-
warding and motivational effects of drugs (Kalivas & Stewart,
1991; Wise & Bozarth, 1987).

Interestingly, if rats receive a distinct environmental cue
(context) reliably paired with morphine, that context, in the
absence of any morphine administration, will come to evoke
an increase in activity relative to that in control rats (Mucha,
Volkovskis, & Kalant, 1981; Neisewander & Bardo, 1987). It
is generally believed that Pavlovian conditioning mechanisms
are responsible for this context-elicited hyperactivity (Stew-
art, 1992a, 1992b). According to this formulation, the context
is the conditioned stimulus (CS) and the morphine is the un-
conditioned stimulus (US). The increase in activity evoked by
the context alone after repeated pairings with the morphine
US is termed the conditioned response (CR).

Theories of drug use and addiction based on withdrawal, re-
ward, and/or incentive-motivational mechanisms often explain
drug taking and relapse by invoking Pavlovian conditioning
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processes (O’Brien, Childress, McLellan, & Ehrman, 1992;
Robinson & Berridge, 1993; Schulteis & Koob, 1996; Siegel,
1988; Stewart, 1992a; Wise & Bozarth, 1987). For instance,
Robinson and Berridge recently theorized that drug seeking,
uncontrollable drug taking, and relapse following treatment
for drug abuse may be attributed to the associative (Pavlov-
ian) control of environmental stimuli acquired during repeated
exposure to the drug in the presence of those stimuli. Despite
this reliance on conditioning mechanisms, the behavioral and
neural processes involved in the acquisition and the expres-
sion of conditioned drug effects have received little empiri-
cal attention in comparison to unconditioned drug effects (cf.
Stewart, 1992b).

Much of the research on Pavlovian drug conditioning has
made use of multisensory environmental contexts as the to-
be-conditioned stimulus. Because a contextual CS may in-
clude visual, auditory, thermal, olfactory, gustatory, and
tactile stimulus elements, it is unclear which element or com-
bination of elements is necessary or sufficient to establish
conditioning. Few explicit attempts have been made to iden-
tify and study effective stimulus elements. One recent excep-
tion is a study by Schwarz-Stevens and Cunningham (1993;
see also Schwarz and Cunningham (1990). They found that
a discrete light-noise compound CS paired with intravenous
morphine in rats elicited increases in heart rate and body tem-
perature in the absence of any drug. Furthermore, the degree
of conditioning was sensitive to the CS duration after mor-
phine administration was terminated. It appears that tactile
cues can also serve as effective CS in Pavlovian drug con-
ditioning. Vezina and Stewart (1987), for example, demon-
strated that rats preferred a tactile floor cue previously paired
with morphine over one paired with saline. Also, locomo-
tor activity appeared to increase directly with the amount of
morphine-paired flooring that was present during testing. Us-
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ing an apomorphine-conditioned stereotypy paradigm, Ferger
and Kuschinsky (1995) found that an olfactory cue, but not
a tactile or an auditory cue, elicited conditioned licking and
sniffing responses.

The work just described demonstrates that various stimulus
types (elements) can serve as a CS in Pavlovian drug condi-
tioning experiments. To our knowledge, however, no one has
examined the ability of different stimulus elements to serve as
CS in a morphine-conditioned locomotor paradigm. Thus, in
this series of experiments, we examined the ability of a gusta-
tory cue (saccharin solution) and an olfactory cue (banana ex-
tract) to function as a CS in this situation.

Method
Subjects

The subjects were 95 male Sprague-Dawley rats obtained from
Harlan Industries (Indianapolis, IN). They weighed 200 to 225 g on
arrival and were handled at least twice before the start of each ex-
periment. Rats were housed individually in a hanging stainless steel
cage in a colony room on a 12-hr light—dark cycle. Rats in Experi-
ment 3 had free access to water in their home cages; fluid availability
was restricted to 15 min daily for rats in Experiments 1, 2a, 2b, and
2c. Food was available continuously in the home cages.

Apparatus and Drug

Four wooden boxes were used in Experiment 1. All four boxes
were located in a laboratory room isolated from the home colony
room. The laboratory room was illuminated with two fluorescent
ceiling lights. A white-noise generator that ran continuously masked
external noises. The inside walls of two of the boxes were painted
black; the inside walls of the other two boxes were painted white.
Only the white boxes were used in Experiments 2a, 2b, 2c, and 3.

The inside dimensions (length x width x height) of each black
box were 30.1 x 27.6 x 45 cm. The floor was made of wire mesh (7 x
7 mm), and cedar chips lined the litter tray. Fluids were presented in
100-ml graduated water bottles mounted on the outside of each box
so that the metal sipper tube was inserted into a hole that entered the
inside of the box. The sipper tube, centered on one wall, was 3 cm
above the mesh floor. Consumption was measured to the nearest mil-
liliter. Locomotor activity was not monitored in the black boxes (see
below).

The inside dimensions of each white box were 30.3 x 27.6 x 42.7
cm. Wire mesh (14 x 14 mm) served as flooring, and the litter tray
was lined with pine wood chips. Fluids were presented in a manner
similar to that for the black boxes, except that the drinking tube was
mounted 5.5 cm from an end wall and 4 cm above the mesh floor.
The white boxes were equipped with two photobeam detector units.
The units were mounted 4 cm above the floor so that they divided the
chambers into four equal quadrants. Solid-state equipment located in
an adjacent room automatically recorded the number of photobeam
breaks during preset intervals. In all of the experiments, activity on
the test day was assessed in the automated white locomotor boxes.

The taste CS was a 0.1% (wt/vol) sodium saccharin solution. The
olfactory cues in Experiment 3 were a banana odor (Imitation Banana
Flavor; Kroger) and orange odor (Pure Orange Extract; Kroger). At
the end of each day, the boxes were cleaned with a solution of 20%
acetic acid and 80% tap water.

Morphine sulfate (National Institute on Drug Abuse, Rockville,
MD) was dissolved in saline (0.9% NaCl). All injections were sub-

cutaneous at a volume of 1 ml/kg. Morphine dosages were calculated
on the basis of the salt form of the drug.

Procedure

Conditioning for all experiments included 8 morphine injection
days alternating with 8 saline injection days. On each of the 16 days,
a rat was injected with the appropriate solution (morphine or saline)
and then placed in the activity box and allowed 15 min of access to
either tap water or 0.1% saccharin solution (Experiments 1, 2a, 2b,
and 2¢) or 15 min of exposure to either banana or orange odor (Ex-
periment 3). On the day after the last conditioning trial, a CS-alone
test was administered. CS-alone testing consisted of a saline injection
followed by placement in the white locomotor box with the CS pres-
ent. The CS-alone test allowed us to determine whether the paired
stimulus acquired the ability to change ongoing activity in the ab-
sence of any drug (i.e., evidence of conditioning).

Experiment 1

The purpose of Experiment 1 was to examine the ability of a con-
text, a taste, or a compound stimulus of context plus taste to serve
as a CS in a morphine-conditioned locomotor paradigm. Rats were
assigned to one of four treatment groups. All groups were exposed
equally to the black and white activity boxes, to the two fluids (tap
water and 0.1% saccharin solution), and to morphine (2 mg/kg) and
saline. However, which stimuli were paired with morphine and saline
differed for each group. The group names denote which stimuli were
paired with morphine for conditioning and then assessed in a no-drug
test in the white context. Group CXT+SAC (n = 5) had the white
context and the saccharin solution paired with morphine; the black
box and tap water were paired with saline. A second group, group
CXT (n = 3), had the white context and tap water paired with mor-
phine; the black box and saccharin were paired with saline. Another
group of rats, group SAC (n = 3), had the black box and saccharin
paired with morphine; the white context and tap water were paired
with saline. The last group was an unpaired control (group UNP; n =
4) that had the black box and water paired with morphine; the white
context and saccharin were paired with saline. All groups were tested
for 75 min in the white box containing the saccharin solution about
24 hr after the last conditioning trial. The 75-min CS-alone test was
divided into two time periods: the first 15 min (duration of each con-
ditioning trial) and an additional 60 min. The number of photobeam
breaks was recorded for the first 15 min; the counters were then re-
set, and breaks were recorded for another 60 min.

Experiments 2a, 2b, and 2c

These experiments were designed to assess the effect of changing
the morphine dose on conditioned changes in locomotor activity for
a saccharin CS. In Experiments 2a, 2b, and 2c, we tested morphine
doses of 2, 4, and 8 mg/kg, respectively. The procedures from Exper-
iment 1 were modified so that all conditioning and testing were con-
ducted in the automated white locomotor boxes. There were 6 preex-
posure days before the start of conditioning. Each preexposure day
consisted of 15 min of access to water in the white box; no injections
were given. Preexposing the context cues (white box) decreased the
likelihood that the context would serve as a CS and acquire the abil-
ity to elicit a hyperactive CR (see Ayres, Philbin, Cassidy, Bellino,
& Redlinger, 1992; Lubow, 1973). Moreover, 6 preexposure days al-
lowed water consumption to stabilize before the conditioning phase.
For each experiment, rats were randomly assigned to one of two
groups (referred to as group paired and group unpaired; n = 10 per
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group), with the restriction that activity and water intake did not dif-
fer statistically between the groups on the last preexposure day. The
conditioning phase consisted of § saccharin days and 8 intervening
water days. On the saccharin days, group paired received an injec-
tion of morphine (2, 4, or 8§ mg/kg) followed immediately by 15 min
of access to 0.1% saccharin CS in the white box. On the water days,
group paired received an injection of saline followed immediately by
15 min of access to water in the white box. Note that the intervening
water days provided an extinction trial for context cues (i.e., weak-
ened conditioning to the context, if any occurred; Pavlov, 1927; Re-
scorla & Wagner, 1972). Hence, only the saccharin taste was reliably
paired with morphine for group paired. In each experiment, the con-
trol group (group unpaired) underwent the same procedure, except
that morphine was given on water days and saline was given on sac-
charin days. Testing for conditioned changes in locomotor activity
was identical to that in Experiment 1.

Experiment 3

The purpose of Experiment 3 was to examine whether a discrete
odor cue could serve as a CS in morphine locomotor activity condi-
tioning. The experimental protocol was similar to that in Experiment
2a, except for the changes noted below. On the 2 days before the
conditioning phase, each rat was preexposed to the white locomo-
tor box for 30 min. Overall preexposure was decreased in this exper-
iment because stabilization of fluid consumption was not required.
For the 8 conditioning days, each rat in group paired (n = 10) re-
ceived a morphine injection of 2 mg/kg followed immediately by a
15-min presentation of a banana odor in the white context. Group un-
paired (n = 10) received saline on the banana odor days. On the 8 al-
ternating days, rats were given the opposite injection and then ex-
posed to an orange odor for 15 min in the white context. On the test
day, each rat was injected with saline and then placed in a white con-
text for 30 min with the banana odor present. The test duration for
this experiment was shortened relative to those in the other exper-
iments because we were concerned that the banana extract, which
contained 47% (vol/vol) alcohol, would evaporate, thus making the
odor CS dissipate across the test. During the conditioning and testing
phases, new odorant (1 ml) was applied to the bedding before each
rat was placed into the box. The litter tray was emptied and cleaned
with acetic acid solution at the end of each day.

Data Analyses

The dependent measures were first analyzed with between-group
one-way analyses of variance (ANOVAs) or repeated measures
ANOVAs. Post hoc contrasts prompted by statistically significant in-
teractions were performed with Student-Newman-Keuls tests. Statis-
tical significance for all tests was declared with a two-tailed a of .05.

Results
Experiment 1

Figure 1A shows the mean saccharin intake across the
eight conditioning trials regardless of context (black or white)
for rats treated with either morphine (2 mg/kg) or saline. The
repeated measures ANOVA revealed a main effect of trial,
F(7,91)=17.79, and a significant Trial x Drug (saline vs. mor-
phine) interaction, F(7, 91) = 4.60. The main effect of drug
approached statistical significance, F(1, 13) = 3.53, p > .08.

The post hoc Student-Newman-Keuls tests indicated that sac-
charin consumption was higher in the morphine-treated rats
on the first saccharin trial. This pattern reversed later, with
morphine-treated rats consuming significantly less saccharin
than saline-treated rats on Trials 5, 6, and 8.

Because saccharin exposure could interact with the uncon-
ditioned effects of morphine (e.g., Bergmann, Cohen, & Li-
eblich, 1984; Bowers, Nicastle, & Falb, 1993), we assessed
whether activity in the white boxes interacted with the fluid
type (water or saccharin) that was available on a given trial.
Fluid type did not interact with drug or trial, F's < 1.24; the
Fluid x Drug x Trial interaction also was not significant, F' <
1. Hence, for ease of presentation, B shows the activity in the
white test box for morphine- and saline-injected rats regard-
less of fluid type. As expected, morphine increased activity
with repeated administration. We found a main effect of drug,
F(1,13) =112.72, a main effect of trail, F(7,91)=3.31,and a
significant Drug x Trial interaction, F(7, 91) = 4.66. Post hoc
comparisons revealed that the morphine-injected rats were
more active than the saline-injected rats on all but Trial 1.

Figure 2A shows each group’s saccharin consumption for
the 75-min CS-alone test. Saccharin consumption did not differ
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Figure 1. (A) Mean saccharin consumption (+1 SEM) for rats in Experiment
1 regardless of box (white or black). The morphine dose was 2 mg/kg. (B)
Activity (1 SEM) of morphine- versus saline-treated rats across condition-
ing trials in the white locomotor box. Asterisks denote a significant difference
(p <.05) between groups.
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Figure 2. (A) Saccharin intake (+1 SEM) during the 75-min CS-alone test for
each treatment group in Experiment 1. (B) Last 60 min of activity (—1 SEM)
in the white box in the test session for each of the treatment groups, shown
in 20-min intervals. Asterisks denote a significant difference (p < .05) from
the values for the explicitly unpaired control group. UNP = unpaired; CXT =
white context; SAC = saccharin.

statistically among the groups, F < 1. However, groups
showed significant differences in locomotor activity on the
test day ( B). Recall that on the test day, photobeam counts
were recorded for 15 min, the counters were reset, and ac-
tivity was measured for an additional 60 min. Activity in the
first 15 min of testing did not differ among the groups, F(3,
11) = 1.44 (data not shown). B shows the remaining activity
data in three 20-min blocks. Overall, activity decreased across
the test session. We found a main effect of group, F(3, 11) =
3.70, a main effect of interval, F(2, 22) = 57.76, and a signifi-
cant Group X Interval interaction, F(6, 22) = 5.16. Subsequent
comparisons prompted by the interaction revealed that group
CXT was more active than all the other groups in the first 20-
min interval displayed. Thus, contextual cues (white box) re-
liably paired with morphine (2 mg/kg) elicited a transient hy-
peractive CR. Interestingly, group SAC was less active than
all the other groups in the last 20 min of testing. This latter
result suggests that a saccharin taste paired with morphine
acquired the ability to elicit a hypoactive CR. The lack of a
difference between group CXT+SAC and group UNP is con-
sistent with this latter suggestion. That is, perhaps for group
CXT+SAC, the hypoactivity evoked by the saccharin CS in-

terfered with the hyperactivity evoked by the context (see dis-
cussion later in the article).

Experiments 2a, 2b, and 2c

Figure 3A shows saccharin consumption across the eight
saccharin conditioning trials for each of the morphine doses
examined. The 2- and 4-mg/kg induced weak and transient
avoidance of the saccharin solution. However, the 8-mg/kg
dose produced robust saccharin avoidance. Separate analyses
at each dose supported these observations. For the 2- and 4-
mg/kg morphine doses, there was a significant Trial x Group
interaction, Fs(7, 126) > 2.60; the main effects of group, Fs(1,
18) < 2.27, and of trial, Fs(7, 126) < 1.61, were not signif-
icant. For the 8-mg/kg morphine dose, the main effects of
group, F(1, 18) = 19.66, and of trial, F(7, 126) = 2.93, and the
interaction, F(7, 126) = 9.51, were significant. Student-New-
man-Keuls tests on the 2-mg/kg data revealed less saccharin
consumption for group paired than for group unpaired on Tri-
als 1 and 7, whereas group paired drank less saccharin than
group unpaired on Trials 3 and 6 when treated with 4 mg of
morphine per kg. At the 8-mg/kg morphine dose, group paired
consumed less saccharin than did group unpaired on Trials 2
to 8.
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Figure 3. (A) Saccharin intake (=1 SEM) across conditioning trials for Exper-
iments 2a, 2b, and 2c (i.e., 2, 4, and 8 mg of morphine per kg, respectively).
(B) Activity data (1 SEM) across saccharin trials. Asterisks denote a signifi-
cant difference (p <.05) from the values for the unpaired control group.
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On the saccharin trials, all doses of morphine induced in-
creases in activity after repeated administration (Figure 3B).!
The degree of hyperactivity appeared directly related to the
dose of morphine. At each dose, the ANOVA revealed main
effects of group, Fs(1, 18) > 9.00, and of trial, Fs(7, 126) >
8.03, as well as a significant Group x Trial interaction, Fs(7,
126) > 8.53. Subsequent contrasts were conducted at each
dose of morphine. When compared with group unpaired,
group paired evidenced morphine-induced hyperactivity with
2 mg/kg on Trials 3 to 8. The two higher morphine doses (4
and 8 mg/kg) induced hyperactivity on all but the first saccha-
rin trial.

One issue that requires some attention before the test re-
sults for Experiments 2a, 2b, and 2c are presented is the pos-
sible interaction between activity and saccharin consumption.
In general, rats that received the highest dose of morphine (8
mg/kg) were more active and consumed less saccharin than
rats treated with the lower doses. This trend suggests that the
avoidance of the saccharin solution shown in A may have been
due to morphine-induced hyperactivity interfering with drink-
ing. An alternative possibility is that saccharin acquired con-
ditioned aversive properties as a result of being paired with
morphine. For three reasons, the first possibility seems un-
likely. First, the hyperactivity induced by the 4-mg/kg dose of
morphine approximated the hyperactivity seen with the 8-mg/
kg dose. In comparison with the 8-mg/kg group, however, the
4-mg/kg group showed weak saccharin avoidance. The second
reason arguing against the notion of morphine-induced hyper-
activity interfering with saccharin consumption can be found
on the intervening water days. Group unpaired received mor-
phine on the water days, whereas group paired received saline.
Although morphine-induced locomotor sensitization was ob-
served for all doses on the water days, water consumption did
not differ statistically between groups (paired vs. unpaired)
at any of the doses (data not shown). The largest F value for
the main effect of group or the Group x Trial interaction was
1.34, p = .24. Thus, the decrease in saccharin intake seen dur-
ing conditioning trials in Experiments 1, 2a, 2b, and 2c more
likely reflects conditioned saccharin avoidance. Finally, on the
test day on which the saccharin CS was presented alone, con-
ditioned saccharin aversion was evident only at the 8-mg/kg
dose of morphine (A). One-way ANOVAs found no signifi-
cant difference in saccharin consumption between groups at
the 2- or 4-mg/kg morphine dose, F's <2.15. However, group
paired drank significantly less saccharin than did group un-
paired at the 8-mg/kg dose, F(1, 16) = 16.00.2

Regardless of morphine dose, locomotor activity did not
differ among groups in the first 15 min of the test session, F's
<1 (data not shown). B shows the photobeam counts from the
last 60 min of the 75-min test session for each morphine dose.
As in Experiment 1, a saccharin taste previously paired with
morphine elicited a decrease in activity relative to that in the
control group. This hypoactive CR appeared stronger at the 2-
and 4-mg/kg doses of morphine than at the 8-mg/kg dose. For
the 2-mg/kg experiment, we found a main effect of interval,

>

" Unpaired Paired

HE
N
ME A

L

2ma/kg 4 mglkg 8 mg/kg
Morphine Dose
B
2 mg/kg 4 mg/kg 8 mg/kg
%2}
T 200+
poe
o
Q
£ 150
3 C
8
G 1004
£
0.
- —— Unpaired
5OT —=— Paired
0 T T I T T T
12 3 17 2 3 1 2 3

20-Min Intervals

Figure 4. (A) Saccharin intake (+x1 SEM) on the CS-alone test day for each
group in Experiments 2a, 2b, and 2c. (B) Last 60 min of activity (£1 SEM) in
the test session for group paired versus group unpaired at each dose, shown in
20-min intervals.

F(2, 36) = 73.81, denoting a decrease in activity across the
test, and a main effect of group, F(1, 18) = 4.49, representing
overall less activity in group paired than in group unpaired.
The Group x Interval interaction was not significant, (2, 36)
= 2.16. The pattern of results was similar at the 4-mg/kg dose.
We found a main effect of interval, F(2, 36) = 28.73, and of
group, F(1, 18) = 5.55; the interaction was not significant, F' <
1. In contrast, only the main effect of interval was significant
at the 8-mg/kg dose of morphine, F(2, 34) = 47.40; there was
no main effect of group, F(1, 17) = 2.46, and the Group x In-
terval interaction was not significant, /' < 1.

! In Experiments 2a to 2c, data for several rats were lost on a given trial as
a result of mechanical or technical errors. The statistical package used to ana-
lyze the data (SAS) drops the entire animal from the analysis when one value
from the repeated measures is missing, resulting in an unacceptable loss of
data. To avoid this problem, we derived an estimate for missing values by us-
ing the mean for values of the trials before and after the missing value. For
example, activity on the second saccharin trial for a morphine-paired rat in
Experiment 2a was lost. We placed a value of 209 photobeam counts into the
empty cell of the analysis. This value was the mean of activities on saccharin
Trial 1 (175 counts) and Trial 3 (243 counts).

2 In Experiment 2¢ (8-mg/kg morphine dose), saccharin intake data on the
test day were lost for one rat in group paired and for one rat in group un-
paired. Also, a photobeam bulb went out during testing for a rat in group un-
paired. The statistical analyses and Figure 4 reflect these losses.
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Experiment 3

As in the previous experiments with a saccharin taste CS,
when a banana odor was used as the CS, morphine (2 mg/kg)
induced hyperactivity after repeated injections (A). We found
a main effect of trial, F(7, 126) = 24.09, and a significant
Group x Trial interaction, F(7, 126) = 5.15. The main effect of
group approached statistical significance, F(1, 18) =4.18, p =
.056. Subsequent Student-Newman-Keuls tests at each trial re-
vealed greater activity in group paired than in group unpaired
on Trials 4, 6, and 8.

Unlike a taste CS, but similar to a context CS (Figure 2B),
an olfactory cue reliably paired with morphine elicited a hy-
peractive CR. B shows the activity counts in 10-min intervals
for the 30-min test session. There was a main effect of group,
F(1, 18) = 6.27, denoting that group paired was more active
than group unpaired. The general decrease in activity across
the test session was evident by a main effect of interval, F(2,
36) = 86.68. The Group x Interval interaction was not signifi-
cant, F(2,36)=1.78.
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Figure 5. (A) Activity (+1 SEM) across banana odor conditioning trials for
each group in Experiment 3 (2 mg of morphine per kg or saline). (B) Test ses-
sion activity (1 SEM) in 10-min intervals when the banana odor CS was pre-
sented alone. Asterisks denote a significant difference (p <.05) from the val-
ues for the unpaired control group.

Discussion

Like other researchers (e.g., Babbini & Davis, 1972), we
found that morphine-induced activity increased with repeated
injections. Also as in previous work (e.g., Neisewander &
Bardo, 1987), when morphine administration was reliably
paired with a distinct set of contextual cues, those cues, in
the absence of drug, elicited increases in activity (hyperactive
CR). Our experiments extend these findings by examining the
effect of a discrete taste or odor cue on morphine locomotor
activity conditioning. In particular, when an olfactory cue (ba-
nana odor) was reliably paired with morphine, that odor CS
elicited a hyperactive CR. Yet, when a gustatory cue (saccha-
rin solution) served as the CS, a hypoactive CR occurred. This
taste-elicited decrease in activity was dose dependent. Pairing
the taste with either the 2- or the 4-mg/kg morphine dose con-
ditioned a hypoactive CR, whereas the 8-mg/kg dose resulted
in no significant difference in activity relative to that in the
control group. This latter result was probably attributable to
the decrease in saccharin CS exposure from the taste aversion
induced by the 8-mg/kg dose of morphine (see McAllister,
McAllister, & Dieter, 1976, for the biphasic effect of increas-
ing US intensity). Finally, the taste CS was able to interfere
with either the acquisition or the expression of the hyperac-
tive CR in response to context. That is, rats that had a context
and a taste reliably paired with morphine did not differ from
control rats (no pairing). This latter result is consistent with a
behavioral mixing account of stimulus compounding (Weiss,
1972). That account would argue that the increase in activity
controlled by the contextual cue competed with the decrease
in activity controlled by the taste cue. Thus, the competing re-
sponse types canceled each other out.

The results of this study clearly demonstrate that the na-
ture of the CS is, at least in part, a determinant of the form of
the CR in a locomotor conditioning paradigm with a morphine
US. Studies done with other Pavlovian conditioning prepara-
tions and nondrug USs have reported similar effects of CS
type on the CR form. In a now classic study, Holland (1977)
reported that in an appetitive conditioning situation with rats,
a tone CS elicited startle and head-jerk CRs; yet, a visual CS
(light) elicited rearing and food tray orienting. Stimulus mo-
dality also affected the CR form in Pavlovian aversive condi-
tioning of rats with a foot-shock US (Bevins & Ayres, 1991;
Kim, Rivers, Bevins, & Ayres, 1996).

The notion of different stimulus modalities acquiring the
ability to elicit different CR forms given the same US has sev-
eral important implications for drug conditioning work. For
example, locomotor conditioning studies typically use dif-
fuse contextual cues comprising a complex of stimuli includ-
ing visual, auditory, olfactory, thermal, tactile, and gustatory
elements. Thus, in conditioning, any one or some combination
of these stimuli may acquire the conditioned strength. Impor-
tantly, the behavior controlled by one stimulus element may
interfere with or facilitate the CR to another element present
on the test day. The presence of competing CR forms, along
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with inconsistencies in day-to-day stimuli that comprise the
context, could explain individual differences in conditioned
drug responding (Jodogne, Marinelli, LeMoal, & Piazza,
1994; Schwarz-Stevens & Cunningham, 1993).

It may be argued that the hypoactive CR elicited by the
taste CS in this study is not relevant to other demonstrations of
drug-induced locomotor conditioning because gustatory stim-
uli are not experienced in a typical context. Although stan-
dard contextual CS used in this area of research do not contain
an explicit gustatory stimulus like that used in this study, we
would argue that gustatory stimuli can be readily experienced
within any context. For instance, rats probably receive gusta-
tory input when grooming themselves or when licking and bit-
ing the apparatus. Interestingly, many of the drugs used in the
locomotor conditioning paradigm alter these behaviors (Arnt,
Hyttel, & Perregaard, 1987; Ferger & Kuschinsky, 1995; Hiroi
& White, 1989; Segal & Kuczenski, 1994). Thus, not only do
taste cues exist in a typical context, but also the degree of ex-
posure to those cues during conditioning and testing depends
on the drug treatment (cf. Overton, 1964).

One possible reason that taste may have evoked a differ-
ent CR than either context or odor is that taste is a highly lo-
calized CS, whereas the context and the odor CS used in this
work were diffuse. Holland (1980) found that a highly local-
ized light CS paired with food elicited a CR directed toward
the CS, whereas a diffuse light CS elicited behaviors directed
at the food tray. Holland suggested that it was the orienting
response to the CS that determined the CR form in his con-
ditioning situation. A similar argument could be made for
our results. To experience the taste CS, the rats remain rela-
tively stationary while contacting the sipper tube (i.e., de-
creased locomotor behavior). The odor and context CS, in
general, do not require a specific orienting response that dis-
courages movement. Perhaps if the CS does not elicit a strong
or directed orienting response, the US has more influence over
the nature of the CR (see Davey & Cleland, 1982; Jenkins &
Moore, 1973). Future research directed at this question could
test this account by removing the response-contingent nature
of the taste CS used in this work. Rather than requiring the rat
to approach and drink the saccharin solution, the fluid could
be infused directly into the mouth with an intraoral cannula.
This manipulation would allow the taste CS, like the odor CS,
to be experienced without a directed response.

Finally, most theories of drug abuse and addiction invoke
conditioning mechanisms to explain some aspect of drug seek-
ing, drug taking, and/or relapse (O’Brien et al., 1992; Ramsay
& Woods, 1997; Robinson & Berridge, 1993; Siegel, 1988;
Stewart, 1992a; Wise & Bozarth, 1987). This study clearly
demonstrates the ability of repeated drug administration to
condition stimuli that are reliably present. Not only will the
place at which a person readily takes drugs acquire associative
strength (i.e., context), but also very specific stimulus elements
within that context may acquire associative strength (e.g., par-
aphernalia). Thus, the discrete olfactory, gustatory, tactile, vi-
sual, auditory, and thermal cues experienced in conjunction

with the drug may acquire the ability to evoke a CR similar to
or different from that evoked by the drug itself, depending on
the stimulus type. Intervention strategies may change depend-
ing on the effective stimuli for a given individual.
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