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Acquisition and extinction of context-specific
morphine withdrawal
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The acquisition, retention, and extinction of context-specific morphine withdrawal in rats were in-
vestigated in two experiments. In Experiment 1, context-specific withdrawal was observed after a
placebo injection following 11 sessions in which the context was paired with either a 10-mg/kg or a
75-mg/kg dose of morphine. Contextual withdrawal was retained during 10 days of drug abstinence
in both dose conditions. In Experiment 2, context-specific withdrawal (rearing) was retained after
21 days of morphine abstinence. In addition, conditioned rearing was extinguished by exposure to
the drug context with or without a placebo injection. Injection cues did not contribute to conditioned

withdrawal.

Chronic administration of morphine and other opiates
produces both tolerance and dependence. Tolerance is
defined as a decrease in drug effectiveness that occurs after
repeated administration, and dependence is identified by
the appearance of withdrawal symptoms after the drug is
abruptly discontinued. A large body of research has shown
that tolerance to many of the effects of morphine (e.g.,
analgesia, hyperthermia, sedation) is at least partly me-
diated by environmental or contextual cues paired with the
drug (for a review, see Goudie & Demellweek, 1986).

Siegel (1975, 1989) proposed a classical conditioning
model of drug tolerance in which contextual cues present
during drug administration serve as a conditioned stim-
ulus (CS) and the drug acts as the unconditioned stimu-
lus (US). After repeated pairings of these cues and the
drug, the cues elicit compensatory, drug-opposite re-
sponses. These compensatory conditioned responses (CRs)
serve a homeostatic function and reduce the drug’s effects,
which results in tolerance.

Siegel’s model (1975, 1989) also incorporates drug
dependence. In the absence of drug administration, the
environmental cues still elicit the compensatory CRs,
which are withdrawal signs. Tolerance and dependence,
according to this model, result from the same underlying
process. Although contextual control of tolerance to opi-
ates is well documented (see Goudie & Demellweek, 1986,
Siegel, 1989), its mediation by compensatory CRs is con-
troversial. Siegel and others have found cue-elicited com-
pensatory hyperalgesia (Siegel, 1975), hypothermia (Sie-
gel, 1978), and hyperactivity (Hinson & Siegel, 1983;
Mucha, Volkovskis, & Kalant, 1981). However, others have
offered alternative explanations for these demonstrations
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or have failed to find evidence of compensatory respond-
ing in tolerant subjects (see Goudie & Demellweek, 1986).

In spite of the controversy about cue-elicited compen-
satory responses, there is evidence that cues repeatedly
paired with morphine can elicit opiate withdrawal signs
such as rearing, circling, jumping, darting, genital lick-
ing, and wet dog shakes (Azorlosa, Hartley, & Deffner-
Rappold, 1994; Falls & Kelsey, 1989; Kelsey, Aranow,
& Matthews, 1990; Krank & Perkins, 1993; but see So-
brero & Bouton, 1989). It has also been shown that con-
textual withdrawal is retained for at least a week of drug
abstinence (Azorlosa et al., 1994). Retention of contex-
tual withdrawal is important, because these cues may trig-
ger relapse after a long period of drug abstinence (Hinson,
Poulos, Thomas, & Cappell, 1986).

The first experiment was conducted to determine
whether cues repeatedly paired with different doses
of morphine would elicit different withdrawal signs and
whether contextual withdrawal would be retained for
a longer time than had previously been reported. The
second experiment was conducted to determine whether
context-specific withdrawal could be extinguished.

In Experiment 1, we investigated the effects of two dif-
ferent morphine doses on the acquisition and retention
of contextual withdrawal. In other, previous studies, doses
had been administered in an ascending series, terminating
at 50 mg/kg (Falls & Kelsey, 1989) or 40 mg/kg (Kelsey
etal., 1990; Krank & Perkins, 1993). In the present study,
we used lower (10-mg/kg) and higher (75-mg/kg) termi-
nal doses. We had already found context-specific with-
drawal with a 10-mg/kg dose (Azorlosa et al., 1994), but
there have been no demonstrations of contextual with-
drawal with a dose as high as 75 mg/kg and none in which
the effects of two different doses have been compared.
Such a comparison is important, because studies of uncon-
ditioned morphine withdrawal have shown that the appear-
ance and intensity of various signs vary according to
dose (e.g., Blasig, Herz, Reinhold, & Zieglginsberger,
1973).

Copyright 1996 Psychonomic Society, Inc.
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EXPERIMENT 1

Method

Subjects. Subjects were 40 male Sprague-Dawley rats weigh-
ing 218-279 g at the start of the experiment. These animals were
individually housed in the colony room and were allowed ad-lib
access to food and water. The colony room was lighted on a 14:10-h
light:dark cycle. The animals were run during the lighted part of
the cycle.

Drugs. Morphine sulfate was administered in a 1-ml/kg vehi-
cle of .85% sodium chloride. All injections were administered
subcutaneously in the dorsal neck area.

Distinctive environment. The distinctive environment (DE)
consisted of two rooms, each containing four aluminum cages
with black and white stripes on the sides and floor. White noise
masked extraneous noise and contributed to the distinctiveness of
the DE. A partially covered lamp with a 45-W bulb illuminated
Room 1. In Room 2, desk lamps with 25-W red bulbs were
mounted above each cage. The cages were cleaned with a pine-
scented disinfectant between sessions.

Procedure. On the first 3 days, the rats were habituated to han-
dling and injections. On the Ist day, they were weighed and in-
jected with saline. Thirty minutes later, they received a second
saline injection. This procedure was repeated on the next 2 days.

The day after pretraining, the animals were randomly assigned
to one of five groups and given 11 acquisition sessions in the DE.
The sessions lasted 1 h and were spaced 48 h apart. This interval
ensured that there were no residual drug effects from the previous
session. The two paired groups (P) received morphine in the DE
and saline in the home cage (HC). The two unpaired groups (U) re-
ceived saline in the DE and morphine in the HC. P75 and U75 re-
ceived an ascending dose of morphine (5, 10, 20, 30, 30, 50, 50,
75,75, 75,75 mg/kg). Groups P10 and U10 received an initial dose
of 5 mg/kg followed by 10 mg/kg for all remaining sessions. Group
Sal received saline in both the DE and HC. During each acquisi-
tion trial, the animals were carried to the assigned room in the DE,
injected with the appropriate drug, and placed in the assigned cage,
where they remained undisturbed for 60 min. Room and cage as-
signment were counterbalanced among groups. Home cage injec-
tions were given S h after each session. The animals were removed
from the cage, injected, and returned to the cage. Twenty-four
hours after the last acquisition trial, withdrawal was tested. The an-
imals were carried to the DE and injected with saline. For 10 min
immediately after the injection, the following withdrawal signs
were recorded: rears (number of times animal stood on its hind
paws, stretching its torso upward), wet dog shakes (brief shakes of
head and body), jumps (all four paws off the ground), circles (con-
tinuous rotation), and darts (swift movements from one area of the
cage to another). These signs have been used as indices in both
pharmacological studies of morphine withdrawal (e.g., Blasig
et al., 1973; Linesman, 1977) and studies of conditioned with-
drawal (Azorlosa et al., 1994; Falls & Kelsey, 1989; Kelsey et al.,
1990; Krank & Perkins, 1993). Twenty-four hours after the first
withdrawal test, the groups received one additional acquisition trial
to compensate for any effects of the test. The animals then re-
mained undisturbed in their home cages for 9 days. On the 10th
day, the rats were tested for retention of withdrawal.

There were two observers who were blind to the animals’ group
assignment. Prior to withdrawal testing, interobserver reliability
was measured (r = .98).

Results

Two rats died during the experiment, 1 P75 and 1 U75
animal, leaving these groups with 7 animals.

Figure 1 shows the mean number of rears observed
during the first withdrawal test conducted 24 h after the
final morphine session. In each dose condition, the paired
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Figure 1. Mean rearing scores during the first withdrawal test
in Experiment 1. Bars indicate standard error of the mean.

group reared more than the unpaired group, and the 10-
mg dose produced more rearing than did the 75-mg dose.
A one-way analysis of variance (ANOVA) indicated a
significant main effect for groups [F(4,33) = 11.98,p<
.001]. Newman-Keuls comparisons ( p < .05) showed that
P10 reared more than U10 and Sal. P75 reared more than
U75 but did not differ from Sal. P10 animals also exhib-
ited more rears than did P75 and U75.

Figure 2 presents the mean number of wet dog shakes
and suggests that this sign was context-specific only in
the high-dose condition. A one-way ANOVA revealed a
significant effect for groups [F(4,33) = 3.84, p < .01].
Newman-Keuls comparisons showed that P75 animals
exhibited significantly more wet dog shakes than did
both U75 and Sal. There were no other reliable differ-
ences. One-way ANOVAs revealed no significant effects
for darts, jumps, or circles (not shown).

Mean number of rears observed during the withdrawal
retention test are displayed in Figure 3. A one-way ANOVA

Mean Number of Wet Dog Shakes
I
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Figure 2. Mean wet dog shakes during the first withdrawal test
in Experiment 1.



revealed a significant effect for groups [F(4,33) = 9.35,
p <.001]. Newman-Keuls comparisons showed that P75
reared more than U75 and Sal and that P10 reared more
than both U10 and Sal. Neither unpaired group differed
from Sal. One-way ANOVAs revealed no significant ef-
fects for the other signs.

Although the ANOVAs showed no significant effects
for the other withdrawal signs, the analyses of darts, jumps,
and circles showed marked heterogeneity of variances
for the scores for all three signs. Therefore, a nonparamet-
ric test, the Mann-Whitney U (Siegel, 1956) was used to
test rank order effects (p <.05). These tests, and the me-
dian scores of darts, circles, and jumps, are summarized in
Table 1. During the original withdrawal test, P10 displayed
more darts and jumps than did P75. Both P75 and U75
exhibited fewer darts, jumps, and circles than did Group
Sal. A very different pattern was evident on the retention
test. P10 jumped more than both U10 and Sal. P75 jumped
more than U75, but did not differ from Sal. Similarly,
P10 darted more than U10, but the difference between P10
and Sal only approached significance (p = .06).

Discussion

Experiment 1 showed that contextual cues previously
paired with morphine elicited withdrawal and that context-
specific withdrawal was retained during a 10-day period
of drug abstinence. This experiment also showed that dif-
ferent doses produced a different pattern of contextual
withdrawal 24 h after the final morphine injection. For
example, both P10 and P75 reared more than their re-
spective unpaired controls, but P75 did not differ from
Sal, which makes contextual control of rearing in the high
dose problematic. Wet dog shakes were controlled by the
context only with the higher (75-mg/kg) dose. In addi-
tion, the overall level of activity in Groups P75 and U75
was lower than in P10 and U10, respectively. P75 and
U75 reared less than P10 and U10, respectively (see Fig-
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Figure 3. Mean rearing scores during the withdrawal retention
test in Experiment 1.
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Table 1
Median Withdrawal Scores and Mann-Whitney U Tests
(One-Tailed, p < .05) From Experiment 1

Withdrawal

Sign P75 u7s P10 u1o Sal
First Withdrawal Test

Circles 0.0 0.0 1.0 0.5 3.5

Jumps 1.0 0.0 8.5 6.5 9.0

Darts 0.0 0.0 2.5 2.0 1.5

Circles: S > P75, (U = 9); S>U7S, (U = 10)
Jumps: P10 > P75, (U = 13); Sal > P75, (U = 13); Sal > U75, (U = 6)
Darts: P10 > P75, (U = 8); Sal > P75, (U = 10.5);

Sal > U75,(U = 9.5)

Withdrawal Retention Test

Circles 0.0 0.0 0.0 0.0 35
Jumps 3.0 0.0 6.0 1.0 2.0
Darts 1.0 0.0 3.5 0.0 0.5

Circles: Sal > P75, (U = 9)

Jumps: P10 > U10, (U = 14); P10 > Sal, (U = 14.5);
P75>U75,(U = 11)

Darts: P10 > U10, (U = 8); P10 > Sal, (U = 16.5, p = .06)

Note—P, paired; U, unpaired; Sal, saline. All significant rank differ-
ences are presented; “>" indicates higher rank.

ure 1), and both P75 and U75 exhibited less jumping, cir-
cling, and darting than did the saline controls (Table 1).

The pattern of contextual withdrawal in the two dose
conditions was more similar on the retention test. Context-
elicited rearing and jumping were found in the 10-mg/kg
dose condition and rearing was found in the 75-mg/kg
condition. In addition, P10 darted more than U10, and
P75 jumped more than U75. On both tests, the scores of
the unpaired groups never exceeded the scores of the
saline groups for any sign; all of the withdrawal ob-
served was contextually mediated.

A puzzling aspect of these data is that the signs ob-
served on the original and retention tests were not always
the same. For example, on the original test, only rear-
ing was seen in the 10-mg/kg condition, but rearing and
jumping were observed during the retention test. In the
75-mg/kg condition, wet dog shakes were seen in the
first test but only rearing was contextually controlled in
retention. Although not different from the saline con-
trols, P10 also darted more than U10, and P75 jumped
more than U75. One explanation for this difference is
that residual morphine reduced the level of activity on
the first test, since the test occurred only 24 h after the
previous morphine conditioning session.

A second explanation is that the first withdrawal test
produced conditioning in the paired groups. Other stud-
ies have shown that withdrawal can be conditioned to
cues paired with either naloxone-precipitated withdrawal
(e.g., Schnur, 1992; Schnur & Wainwright, 1992) or ab-
stinent withdrawal (Wikler & Pescor, 1967). In the pres-
ent experiment, perhaps the withdrawal elicited by the
DE in the paired groups during the first test resulted in
withdrawal conditioning rather than extinction. This
would be analogous to the fear “incubation” hypothesis
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(Eysenck, 1979), in which a CS previously paired with
an aversive US is briefly presented without the US. In-
stead of producing extinction, this brief presentation of
the CS produces more fear than do no CS-only exposures
between the original CS-US training and testing of the
CS (Rohrbaugh & Riccio, 1970; Rohrbaugh, Riccio, &
Arthur, 1972). This explanation of the present results
seems unlikely, for several reasons. First, incubation has
only been demonstrated in fear conditioning; as far as we
can determine, it has not been demonstrated in any other
conditioning preparation. Even in aversive conditioning,
incubation is not a well-established phenomenon. There
have been several failures to obtain it (Chorot & Sandin,
1993; Kaloupek, 1983; Nicholaichuk, Quesnel, & Tait,
1982), and alternative interpretations have been offered
for the studies in which it was purportedly demonstrated
(see the open peer commentary by McAllister and McAl-
lister in Eysenck, 1979). Second, after the initial test in
Experiment 1, the rats were given an additional acquisi-
tion trial, which may have produced more conditioning
and which therefore could account for the higher number
of hyperactivity signs seen in retention. However, if ad-
ditional conditioning occurred on that trial, it makes the
lack of retention of wet dog shakes in P75 more difficult
to understand. Falls and Kelsey (1989) found contextual
control of wet dog shakes only when withdrawal was pre-
cipitated by naloxone. Apparently, the effects of the
morphine-associated cues and the antagonist summated
to elicit this withdrawal sign. In the present experiment,
presumably more physiological withdrawal was occur-
ring in P75 than in P10, and this may have summated
with the withdrawal elicited by the DE.

These results replicate and extend previous contextual
withdrawal studies. Azorlosa et al. (1994) found contex-
tual rearing, circling, and jumping 24 h after the final
10-mg/kg dose of morphine. Falls and Kelsey (1989) and
Kelsey et al. (1990) found that paired groups showed in-
creased rearing and circling 24 h after the final dose, re-
spectively, of 30 or 50 mg/kg. Falls and Kelsey also
found more wet dog shakes in the paired condition, but
only when withdrawal was precipitated by naltrexone.

In the present experiment, retention of rearing, darting,
and jumping was found in the 10-mg/kg condition, and
retention of rearing was found with 75 mg/kg. Also, P75
jumped more than U75. Azorlosa et al. (1994) found re-
tention of rearing and jumping with 10 mg/kg. Kelsey
et al. (1990) showed retention of rearing and circling
with a terminal dose of 40 mg/kg. In all these studies,
with doses ranging from 10 to 75 mg/kg, indices of hy-
peractivity were found to be the predominant contextual
withdrawal signs when they were assessed with a placebo
after a period of drug abstinence.

The results of this study are compatible with Siegel’s
(1975, 1989) model in which drug withdrawal is defined
by the compensatory responses elicited by stimuli previ-
ously paired with morphine. According to this model,
context-elicited measures of hyperactivity, such as rear-
ing, darting, jumping, and circling, are compensatory
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CRs for the sedative effects of morphine, and wet dog
shakes, an index of hypothermia, are compensatory for
morphine’s hyperthermic effects. Although this inter-
pretation is consistent with Siegel (1975, 1989), it is spec-
ulative, because the rats were not tested for sedation or
hyperthermia during any of the morphine sessions. Pre-
vious research has shown that doses of 4 and 16 mg/kg
of morphine produce an unconditioned decrease in ac-
tivity (Mucha et al., 1981) as does 40 mg/kg (Hinson &
Siegel, 1983).

The presence of several withdrawal signs after 10 days
of abstinence demonstrates that the passage of time is
not sufficient to eliminate context-specific withdrawal.
If context-specific withdrawal plays a role in relapse
(Hinson et al., 1986; Wikler & Pescor, 1967; but sce
Krank & Perkins, 1993; Sobrero & Bouton, 1989), it is
important to determine whether it can be extinguished.
Although numerous studies have demonstrated extinc-
tion of context-specific tolerance to several of mor-
phine’s effects, including analgesia (MacRae & Siegel,
1987; Siegel, 1975, 1977, Siegel, Sherman, & Mitchell,
1980), hyperthermia (Siegel, 1978), and sedation (Fan-
selow & German, 1982), extinction of context-specific
withdrawal has been investigated in only a few (O’Brien,
Ehrman, & Ternes, 1986; Schnur, 1992). In those stud-
ies, conditioned withdrawal was produced by pairing the
context cues with antagonist-precipitated withdrawal.
No research has examined extinction of contextual with-
drawal elicited by cues paired with morphine. If toler-
ance and withdrawal arise from the same underlying
process, techniques used to diminish context-specific
tolerance should also be effective in diminishing context-
specific withdrawal.

Experiment 2 was designed to determine whether con-
textual withdrawal could be eliminated by extinction
trials in which the contextual cues previously paired with
morphine were subsequently presented without the drug.
In addition, the role of injection cues in the extinction of
context-specific withdrawal was examined. Several in-
vestigators have suggested that injection cues may con-
tribute to conditioned drug effects (McLaughlin, Dewey,
& Fanselow, 1991; Siegel, 1989; Walter & Riccio, 1983).
There are at least two ways in which injection cues could
become conditioned. First, the injection cues, because
they are sometimes followed by morphine, may become
another CS in addition to the DE. This seems unlikely,
given the paired/unpaired design typically used in stud-
ies of contextual tolerance and withdrawal. In this de-
sign, injections are equally likely to be followed by mor-
phine or saline. CSs that are relatively poor predictors of
the US usually do not become well conditioned (Kamin,
1969; Rescorla, 1968). In addition, the pretraining phase
in which saline injections are given might produce latent
inhibition which would also retard any association be-
tween injection cues and morphine.

However, a second type of association involving the
DE and injection cues could be formed during acquisi-
tion. The DE, instead of functioning as a CS, might serve



as an occasion setter, or facilitator, which signals that the
injection will be followed by the drug (Rescorla, 1985,
1986). In this analysis, the injection cues constitute the
CS, and the DE is the occasion setter which signals that
the CS-US relation (injection—morphine) is in force. If
this is the case, then simply placing an animal in the DE
without an injection should not extinguish context-
specific withdrawal. Previous research has shown that
presentations of a facilitator, without either the CS or the
US, does not diminish its power (Rescorla, 1985, 1986).

In Experiment 2, four groups of rats received mor-
phine in the DE and saline in the HC. Unpaired groups
were not included in this study, because there was no evi-
dence of any withdrawal in the unpaired condition in Ex-
periment 1. Although unpaired groups were not included
in this study, HC injections of saline were given so that
the “paired” treatment would be comparable to that of
Experiment 1. As in Experiment 1, there were 11 acqui-
sition sessions. Because only signs of hyperactivity were
retained in Experiment 1 in both doses and more were
retained in the 10-mg/kg condition, this dose was chosen
for Experiment 2.

Experiment 2 incorporated two minor procedural
changes. First, individual desk lamps containing 25-W
red bulbs were directed at each cage in Room | and the
45-W lamp was removed. Second, withdrawal testing
was videotaped.

EXPERIMENT 2

Method

Subjects. Subjects were 40 male Sprague-Dawley rats weigh-
ing 197-225 g at the start of the experiment. They were housed as
in Experiment 1.

Drugs. Morphine sulfate (10 mg/kg) and saline were adminis-
tered as in Experiment 1.

Procedure. The animals underwent 3 days of pretraining,
which were identical to those of Experiment 1. Following pre-
training, the animals were randomly assigned to one of two con-
ditions: Paired (morphine in the DE, saline in the HC, n = 32) or
Sal (saline in the DE and HC, n = 8). As in Experiment 1, there
were 11 acquisition sessions. The interdose interval was 48-72 h
and HC injections were given 24 h later.

Twenty-four hours after the last acquisition session, withdrawal
was assessed for 10 min following a saline injection. Rearing
scores, collected from this test, were used to assign paired ani-
mals to one of four groups (n = 8). Rearing was chosen as the cri-
terion because it was the most reliable and robust sign in Experi-
ment | and in previous studies (Azorlosa et al., 1994; Falls &
Kelsey, 1989; Kelsey et al., 1990). As in Experiment 1, 24 h after
the withdrawal test, the animals received one additional acquisi-
tion trial to compensate for any test effects.

Seventy-two hours after this additional session, the extinc-
tion/rest phase began. Two groups received extinction (E) trials in
the DE, while the other two groups rested (R) in the colony room.
The groups that received extinction in the DE were carried to the
assigned room and placed in the assigned cage. One group (EI)
was injected with saline prior to placement in the box, and the
other group (E) was placed in the box without an injection. The
rats were left in the DE for | h. During this time, the animals in
the rest condition were removed from their cages and placed in
individual carrying boxes in the colony room for 1 h. This was
done to equate time away from the home cages in all groups. The
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rats in Group RI were given an injection of saline prior to being
returned to their home cages, and Group R was simply returned to
the home cage. During the extinction/rest manipulation, half of
the saline control group received placebo injections in the DE
while the others were treated like Group R. There were 8 extinc-
tion trials over a period of 20 days. The extinction/rest manipula-
tion was run at the same time of day with the same interdose in-
terval (48-72 h) as that for the acquisition sessions. Forty-eight
hours after the final extinction/rest session, all animals were
transported to the DE, injected with saline, and videotaped for
10 min. The tapes were scored by a single observer who was blind
to group assignment.

Results

One animal in Group R was removed from the exper-
iment because of a significant weight loss. There were
no differences between the two saline groups, so their
scores were combined.

Figure 4 shows the mean number of rears observed
during the withdrawal retention test, conducted after the
extinction/rest phase. The animals in both extinction con-
ditions reared less than the animals in both rest condi-
tions. There were no differences among animals in the ex-
tinction groups (E and EI) and Sal. A one-way ANOVA
revealed a significant effect for groups [F(4,34) =
15.75, p < .001], and Newman-Keuls tests confirmed the
impression from Figure 4 that Groups RI and R reared
more than Groups EI, E, and Sal. In addition, EL, E, and
Sal were not different, nor were RI and R.

A one-way ANOVA performed on the wet dog shake
scores showed no differences among the groups either
before or after the extinction/rest phase. As in Experi-
ment 1, the scores for jumps, circles, and darts (Table 2)
showed marked heterogeneity of variance, so nonpara-
metric tests were performed. There were no differences
between any of the groups either before or after the ex-
tinction/rest phase (Mann-Whitney U tests, one-tailed,
p < .05). Wilcoxon tests (one-tailed; Siegel, 1956) ex-
amined differences between the first and second with-
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Figure 4. Mean rearing scores during the retention test in Ex-
periment 2.
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Table 2
Median Withdrawal Scores From Experiment 2

Withdrawal

Sign E El R RI Sal
First Withdrawal Test
Circles 0.5 0.0 2.0 1.0 0.5
Jumps 3.0 3.5 2.0 2.0 4.5
Darts 0.0 0.0 0.0 0.0 0.0
Withdrawal Test After Extinction/Rest
Circles 0.0 0.5 0.0 2.0 0.5
Jumps 2.0 1.5 2.0 0.5 2.0
Darts 0.0 0.0 0.0 0.0 0.0

Note—E, extinction; EI, extinction, injected; R, rest; RI, rest, in-
jected; Sal, saline.

drawal tests for each group. No group exhibited signifi-
cant changes for any sign.

Discussion

Experiment 2 showed that context-specific rearing was
retained for 21 days, a much longer time interval than in
previous studies. It is the first to demonstrate that a with-
drawal sign elicited by cues previously paired with mor-
phine can be extinguished when the cues are repeatedly
presented without the drug. Exposure to the DE, with or
without a saline injection, resulted in extinction and
placebo injections in the HC had no effect; Groups E and
EI were virtually identical, as were R and RI (Figure 4).
This suggests that injection cues did not become associ-
ated with the drug, probably because these cues, in com-
parison with the contextual cues of the DE, did not reli-
ably predict morphine. However, it is certainly possible
that injection cues could gain control over contextual
withdrawal if they were always followed by the drug or if
injections were given with a less salient contextual CS.
Using the paired/unpaired design, Cepeda-Benito and
Tiffany (1995) found that injection cues mediated asso-
ciative tolerance in the unpaired groups but had no effect
in the paired groups, presumably because the distinctive
cues overshadowed the injection cues in the paired groups.

There was also no evidence that the DE functioned as
a facilitator which signaled that the injection would be
followed by morphine. If the DE were a facilitator, ex-
posure to it with an injection (Group EI) would have pro-
duced more extinction than occurred in Group E, which
was exposed to the DE without an injection (Rescorla,
1985, 1986). However, E and EI displayed the same low
levels of rearing.

The demonstration of retention and extinction in Ex-
periment 2 must be qualified by the fact that only con-
textual rearing was observed, whereas in Experiment 1,
with the same dose, rearing, jumping, and darting were
retained. This is similar to the results in Azorlosa et al.
(1994), in which only rearing was observed in Experi-
ment 1 but rearing, circling, and jumping were found in
Experiment 2. If these measures of hyperactivity are
compensatory responses, perhaps some are more easily
detected or more robust (Siegel, 1989). Hinson, Poulos,
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and Cappell (1982) have suggested that compensatory
CRs may not easily be observed in the absence of the
drug but that a pharmacological challenge would result
in an observable compensatory CR. This may explain
why contextual control of some withdrawal signs, such
as wet dog shakes, is more likely to be found when the
animal is also given an opiate antagonist (Falls & Kelsey,
1989; Kelsey et al., 1990).

GENERAL DISCUSSION

These two experiments replicated previous demon-
strations that environmental cues repeatedly paired with
morphine elicit withdrawal signs (Azorlosa et al., 1994;
Falls & Kelsey, 1989; Kelsey et al., 1990; Krank & Per-
kins, 1993). Experiment 1 is the first in which the ac-
quisition and retention of contextual withdrawal with a
moderate (10-mg/kg) morphine dose have been com-
pared with the acquisition and retention of contextual
withdrawal with a high (75-mg/kg) morphine dose. Al-
though somewhat different patterns of withdrawal were
observed 24 h after the final morphine injection, the two
doses produced similar patterns when subjects were
tested after 10 days of drug abstinence. On the retention
test, signs of hyperactivity were prominent.

Experiment 2 is the first demonstration that a context-
specific morphine withdrawal sign, elicited by cues that
had been paired with the drug, can be extinguished. The
finding that rearing was retained during the 3-week ex-
tinction/rest phase of the study is consistent with the idea
(Siegel, 1989) that contextual withdrawal is a CR, and as
such, will persist unless extinguished. Previous studies
have shown that context-specific withdrawal can be
extinguished in hamsters (Schnur, 1992) and humans
(O’Brien et al., 1986). However, in these studies, with-
drawal was conditioned by pairing neutral cues with
antagonist-precipitated withdrawal. Indeed, this type of
conditioned withdrawal has been demonstrated in many
studies and can be accomplished by pairing the cues with
either precipitated withdrawal (e.g., O’Brien et al., 1986;
Schnur, 1992; Schnur & Wainwright, 1992) or abstinent
withdrawal (e.g., Wikler & Pescor, 1967). This type of
conditioned withdrawal is difficult to accommodate
within the theoretical framework of Siegel (1989) and
may be more easily conditioned than the contextual
withdrawal created by pairing cues with morphine (e.g.,
Schnur & Wainwright, 1992).

With the exception of context-elicited wet dog shakes
seen in Group P75 on the first withdrawal test of Exper-
iment 1, all the signs observed reflected hyperactivity. An
alternative interpretation of these signs is that they repre-
sent not conditioned withdrawal, but incentive motiva-
tion. It is well established that opiates are positive rein-
forcers (see Young & Herling, 1986). Stimuli repeatedly
paired with a positive reinforcer of food come to elicit in-
creases in activity (e.g., Campbell & Sheffield, 1953). It
is possible that in the present experiments, the DE elicited
more rearing, jumping, and darting in the paired groups
because it functioned as a conditioned positive reinforcer.



Although this possibility cannot be ruled out, our pre-
ferred interpretation is that these behaviors reflected
conditioned withdrawal. In other studies using similar
doses (Azorlosa et al., 1994; Falls & Kelsey, 1989;
Kelsey et al., 1990), contextual withdrawal consisted
mostly of hyperactivity in abstinent rats given saline.
Kelsey and colleagues also showed contextual control of
wet dog shakes, genital licking, feces excretion, and
weight loss, but only when withdrawal was precipitated
by naltrexone. During antagonist-precipitated with-
drawal, signs of hyperactivity (e.g., rearing and circling)
were much less frequent. This suggests that contextual
control of withdrawal signs such as wet dog shakes, gen-
ital licking, and weight loss are more likely after precip-
itated withdrawal or perhaps with a much higher dose of
morphine. Although contextual control of wet dog shakes
was shown without an antagonist in Experiment 1, it was
not retained. Wikler and Pescor (1967) found retention
of wet dog shakes during a 72-day period of morphine
abstinence. The terminal dose was substantially higher
(200 mg/kg) than that used in other studies of contextual
withdrawal, and conditioning was obtained by pairing
the context with withdrawal rather than morphine. Per-
haps wet dog shakes, even after an extended period of
drug abstinence, could be elicited by cues previously
paired with a much higher dose of morphine than that
used in the present studies. As far as we can determine,
the 75-mg/kg dose used in Experiment 1 is the highest
dose used to study contextual withdrawal elicited by
cues paired with morphine.

The issue of whether cue-elicited rearing, darting, and
jumping found in the present experiments and in previous
research (Azorlosa et al., 1994; Falls & Kelsey, 1989;
Kelsey et al., 1990) indicate withdrawal or a positive in-
centive state is an important theoretical question. Unfor-
tunately, the present experiments do not allow for a defin-
itive choice between these alternatives. However, these
experiments do show that context-elicited hyperactivity
persisted for a long period of drug abstinence unless it was
systematically extinguished. According to Siegel (1989)
these contextual cues may lead to relapse even after a pro-
longed period of abstinence. Hinson et al. (1986) showed
that morphine-abstinent rats drank more of a morphine so-
lution in the presence of cues previously paired with mor-
phine injections than rats who had those cues paired with
saline. However, two later studies failed to find this effect
(Krank & Perkins, 1993; Sobrero & Bouton, 1989).
Clearly, additional research is needed to determine what
motivational state is elicited by cues paired with an opiate,
whether these cues will motivate self-administration after
a long period of abstinence, and if so, whether an extinc-
tion procedure reduces self-administration.
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