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Context-specific morphine tolerance
and withdrawal: The effects of
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In the present experiments, we examined the effect of interdose interval (IDI) on context-specific
morphine tolerance and withdrawal in rats. Contextual control of withdrawal was demonstrated with
a48-h IDI and was retained during an 8-day period of drug abstinence. Context-specific tolerance was
also acquired and retained with a 48-h IDI. With a 12-h ID], contextual control of both withdrawal and
tolerance was disrupted. These studies demonstrated context-specific withdrawal with a lower dose
(10 mg/kg) and a longer retention interval than has been previously reported. The finding that both
contextual withdrawal and tolerance were similarly affected by the IDI suggests that they are medi-

ated by a common process.

A large body of research has established that associa-
tive learning plays a major role in the development of tol-
erance to morphine and other opiates (e.g., Siegel, 1975,
1977, 1978; see Goudie & Demellweek, 1986, for a re-
view). These studies showed that animals were more tol-
erant to morphine when it was administered in the pres-
ence of contextual cues previously paired with the drug
compared with animals that had the same history of mor-
phine exposure paired with different cues. Siegel (1975,
1989) proposed a classical conditioning model of asso-
ciative tolerance in which the environmental cues present
during drug administration serve as a conditioned stim-
ulus (CS) and the drug as the unconditioned stimulus
(US). After repeated pairings, the CS elicits compen-
satory, drug-opposite conditioned responses (CRs), which
attenuate the effects of the morphine. Paletta and Wagner
(1986) and Baker and Tiffany (1985) view tolerance as a
process of habituation that may be mediated by cues
paired with morphine. According to Paletta and Wagner,
tolerance is also due to compensatory responses that de-
velop to some drug effects.

Repeated administration of morphine also results in
dependence, which is characterized by the appearance of
withdrawal signs after the drug is discontinued or pre-
cipitated by an opiate antagonist. In the rat, these signs
include rearing, circling, jumping, wet dog shakes, teeth
chattering, and genital licking (Blasig, Hertz, Reinhold,
& Zieglginsberger, 1973; Linseman, 1977). According
to Siegel (1989), withdrawal occurs when the compen-
satory responses that mediate tolerance are elicited by
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drug cues in the absence of drug administration. Al-
though some investigators have found evidence of com-
pensatory responses (Krank, Hinson, & Siegel, 1981;
Siegel, 1975, 1978), others have either failed to find ev-
idence of them or have offered alternative explanations
for the original demonstrations (see Goudie & Demell-
week, 1986).

Despite the controversy about compensatory re-
sponses, several studies have shown that contextual cues
can elicit morphine withdrawal signs. Some showed that
cues paired with withdrawal sickness elicited withdrawal
signs in rats (Wikler & Pescor, 1967) and hamsters
(Schnur, 1992). Other studies have shown that cues re-
peatedly paired with morphine elicit withdrawal. Kelsey
and colleagues, for example, found that morphine-
dependent rats given a saline injection in the same envi-
ronment in which they had received morphine displayed
more rearing, circling, and genital licking than did rats
that had received morphine in another environment
(Falls & Kelsey, 1989; Kelsey, Aranow, & Matthews,
1990). Hinson and Siegel (1983) demonstrated con-
text-specific circling and jumping, and Krank and
Perkins (1993) found contextual control of several with-
drawal signs in morphine-dependent rats. However,
some recent studies have failed to find contextual con-
trol of withdrawal (Sobrero & Bouton, 1989; Zellner,
Dacanay, & Riley, 1984).

The role of associative learning in opiate withdrawal
is of considerable theoretical and practical importance
and deserves additional investigation. The present stud-
ies had three goals. The first was to demonstrate that
cues paired with morphine can elicit contextual with-
drawal with a dose lower than that previously reported
(Falls & Kelsey, 1989; Kelsey et al., 1990; Krank &
Perkins, 1993). The second was to determine what effect
relatively short intervals between morphine administra-
tions would have on the acquisition (Experiment 1) and
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retention (Experiment 2) of context-specific withdrawal.
Previous research has shown that a brief interdose inter-
val (IDI) disrupts context-specific tolerance (Dafters &
Odber, 1989; Kesner & Cook, 1983; Tiffany & Maude-
Griffin, 1988; Tiffany, Maude-Griffin, & Drobes, 1991)
but there have not been any studies examining the effect
of this manipulation on withdrawal. The third goal was
to determine whether both contextual withdrawal and
tolerance were similarly affected by the IDI manipula-
tion. If they were, this would provide some support for
the contention that these phenomena arise from the same
process (Siegel, 1975, 1989). In Experiment 1, rats were
given discrimination training in which seven injections
of morphine were either paired or unpaired with a dis-
tinctive environment (DE). Control groups were trained
with saline only. Half the rats had training sessions
spaced 48 h apart, and the other half were trained at 12-h
intervals. Following the seventh session, tolerance to
morphine analgesia was tested in all groups in the DE.
Twenty-four hours later, withdrawal was measured in the
DE after a saline injection. It was predicted that con-
text-specific tolerance and withdrawal would be ob-
served in the 48-h IDI, but would be reduced or elimi-
nated in the 12-h IDI.

EXPERIMENT 1

Method

Subjects

The subjects were forty-eight male Sprague-Dawley rats that
weighed 240-270 g at the start of the study. They were housed in-
dividually, given ad-lib access to food and water, and maintained
on a 15:9-h light:dark cycle. The animals were trained and tested
during the light part of the cycle.

Apparatus
Analgesia was measured with a hot plate (Omnitech Model

HP) set at 52°C. Training sessions were conducted in the DE,
which consisted of two rooms, each containing two cages. One
room was lighted with two 25-W red bulbs, one directed at each
cage. The walls and tops of the cages in this room were Plexiglas,
and the floors were made of stainless steel rods. Each cage was
scented with a pine air freshener, and a white noise masked ex-
traneous sounds. The other room was lighted by a partially
shaded, 45-W white light. The cages in this room were made of
Plexiglas with smooth aluminum floors; they were also scented
with pine air freshener. A room fan masked extraneous noise. Be-
tween sessions, the cages were cleaned with a pine-scented disin-
fectant.

Drugs. Morphine sulphate (10 mg/kg) was administered in a
.85% sodium chloride vehicle in a volume of 1 ml’kg. All injec-
tions were subcutaneous in the dorsal neck area.

Procedure

The rats were handled and pretrained for 3 days prior to the start
of the study. On the first pretraining day, the animals were injected
with saline; 20 min later, they were placed on the unheated hot
plate for 30 sec. Hot plate tests (latency to lick a hind paw) were
conducted at 40 and 60 min after the injection. The animals were
returned to the home cage for the interval between hot plate tests.
On Days 2 and 3, the animals were injected with saline and given
three hot plate assessments at 20-min intervals. The rats remained
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in the home cage between the tests. Following the hot plate tests,
the animals were again injected with saline.

Following pretraining, the rats were randomly assigned to six
equal groups. The two paired groups (P) received morphine in the
DE and saline in the home cage. The two unpaired groups (U) re-
ceived saline in the DE and morphine in the home cage. The two
saline groups (S) received saline in both the DE and the home
cage. Three of the groups had the sessions spaced 48 h apart (P48,
U48, and S48), and three had them 12 h apart (P12, U12, and S12).
At the start of a session, the animals were taken to the assigned
room, injected, and placed into the assigned cage. At 20, 40, and
60 min postinjection, they were placed onto the unheated hot plate
for 30 sec. One hour after the injection, they were returned to the
home cage. Home cage injections were given S h after the session
in the 48-h IDI groups and 2 h after the session in the 12-h IDI
groups. There were seven acquisition sessions. The 48-h groups
were run between 0900 and 1700, and the 12-h groups from 0800
to 1000 and 2000 to 2200. Each animal was run at approximately
the same time during every session. Half of the rats in each group
received the sessions in one of the DE rooms, and half received
their sessions in the other room. Assignment to the cages in each
room was counterbalanced between groups.

Tolerance testing. Tolerance was assessed on the eighth ses-
sion and at the same IDI used in acquisition. All the rats were
given an injection of morphine in the DE, placed into the appro-
priate box, and given hot plate tests at 20, 40, and 60 min post-
injection. Latencies to lick a hind paw were recorded. The test was
terminated after 30 sec if an animal failed to lick. Testing was
blind with respect to group assignment.

Withdrawal testing. Twenty-four hours after tolerance testing,
each animal was transported to the DE, injected with saline, and
placed into the appropriate box. For 10 min, the following with-
drawal symptoms were counted: rearing (up on hind feet with
body partly or fully extended), genital licking (licking penis), wet
dog shakes (brief shake of head, shoulders, and body), and circling
(one continuous movement). The observers were blind with re-
spect to the animal’s group. Prior to this test, the three observers
jointly recorded withdrawal signs in morphine-dependent pilot an-
imals to ensure high interobserver agreement.

Data analysis. The means of the three hot plate scores were cal-
culated for each animal. These scores and the totals for each with-
drawal sign were separately analyzed by planned, orthogonal com-
parisons (Hays, 1981). The four comparisons were (1) the mean of
P48 and U48 compared with the mean of §48; (2) the mean of P12
and U12 compared with the mean of S12; (3) the mean of P48
compared with the mean of U48; and (4) the mean of P12 com-
pared with the mean of Ul12. Comparisons (1) and (2) tested,
within each IDI, whether prior exposure to morphine produced
tolerance (or withdrawal). Comparisons (3) and (4) determined,
within each IDI, whether tolerance (or withdrawal) was context
specific.

Results

Tolerance Test

Inspection of the hot plate scores showed that they
were stable during the three test times, so it was appro-
priate to average them. These data are presented in Fig-
ure 1, which shows that previous exposure to morphine
resulted in tolerance. The means of the morphine groups
were significantly lower than were their respective saline
controls in both the 48-h IDI [#(42) = 4.83, p < .001]
and the 12-h IDI [#(42) = 4.32, p < .001]. It is also ap-
parent that context-specific tolerance occurred only in
the 48-h IDI. The latencies of P48 were shorter than
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Figure 1. Mean latencies to lick a hind paw during the tolerance test

in Experiment 1. P, paired; U, unpaired; S, saline; 48, 48-h IDI; 12,
12-h IDI. Bars indicate standard error of the mean.

those of U48 {#(42) = 3.24, p < .05], but there was no
difference between P12 and U12 [#(42) = 0.10, p > .9].

Withdrawal Tests

Mean number of rears and circles recorded during the
10 min following a saline injection (24 h after the toler-
ance test) are presented in Figure 2. Rearing (upper
panel) was not affected by prior morphine exposure; that
is, the comparisons between the mean of the morphine
groups and their respective saline controls were not sig-
nificant in either the 48-h IDI [#(42) = 1.49, p = .072]
or the 12-h IDI [#(42) = .172, p > .4]. Rearing was con-
text specific in the 48-h IDI [#(42) = 2.91, p < .01], but
not in the 12-h IDI [#(42) = 1.16, p > .1]. The bottom
panel of Figure 1 shows that the groups trained with the
48-h IDI circled more than did those trained with the
12-h IDI, but none of the comparisons approached sig-
nificance (all #s < 1.0). None of the comparisons for wet
dog shakes or genital licks were significant (not shown).

Discussion

This experiment showed that cues repeatedly paired
with morphine can elicit withdrawal at a dose lower than
that previously reported (Falls & Kelsey, 1989; Kelsey
et al., 1990; Krank & Perkins, 1993). It also demon-
strated that withdrawal was disrupted by a brief IDI, and
it is perhaps the first time that the effect of any condi-
tioning parameter on the acquisition of context-specific
withdrawal has been examined. This experiment also
confirmed the previous finding (Falls & Kelsey, 1989)
that contextual cues that elicit context-specific with-
drawal also mediate analgesic tolerance.

The demonstration of context-specific tolerance in
the 48-h IDI, but not in the 12-h ID], is consistent with
other studies showing that a brief IDI attenuated toler-
ance controlled by contextual cues (Dafters & Odber,
1989; Kesner & Cook, 1983; Tiffany & Maude-Griffin,
1988; Tiffany et al., 1991).
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The finding that a brief IDI disrupted both context-
specific tolerance and context-elicited withdrawal is
consistent with the model proposed by Siegel (1975,
1989), in which context-specific tolerance and with-
drawal both arise from cue-elicited compensatory CRs.
Because compensatory responses were not measured,
this study only provides tentative support for this idea.
Nonetheless, these results suggest a common process
for these two phenomena and warrant further investi-
gation.

The purpose of Experiment 2 was to replicate the
finding that context-specific withdrawal and tolerance
both occur in the 48-h IDI, but are disrupted with a 12-h
IDI. The finding is also extended by examining whether
context-specific withdrawal and tolerance are retained
during a period of drug abstinence. There is abundant
evidence for the retention of context-specific tolerance
to analgesia (Dafters & Odber, 1989; Siegel, 1975,
1977; Tiffany et al., 1991), but much less evidence con-
cerning the retention of context-specific withdrawal
signs. Schnur (1992) and Wikler and Pescor (1967)
demonstrated retention of withdrawal that was elicited
by cues paired with withdrawal. Kelsey et al., (1990)
found that a context paired with morphine elicited with-
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Figure 2. Mean withdrawal scores in Experiment 1. Upper panel,
rears; lower panel, circles.
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drawal signs (circles and rears) after a 5-day period of
abstinence. Krank and Perkins (1993) found context-
specific withdrawal signs 4 days after the last morphine
injection. The final purpose of Experiment 2 was to
compare retention of context-specific withdrawal and
tolerance. If both are retained, this would provide addi-
tional support for the notion that these phenomena arise
from a common process.

The procedure used in Experiment 2 was similar to
that of Experiment 1. Six groups of rats were given
seven morphine administrations in the paired, unpaired,
or saline-only conditions, with sessions spaced 48 or
12 h apart. Tests of withdrawal and tolerance retention
were conducted, respectively, after 7 and 8 days of mor-
phine abstinence. Experiment 2 incorporated three
minor procedural changes. First, hot plate testing during
the pretraining stage was omitted to avoid any precondi-
tioning effects (e.g., Tiffany & Baker, 1981). Second,
two conditioning boxes were added to each DE room. Fi-
nally, jumping was measured. This behavior was rarely
seen in pilot work done prior to the first study, but was
observed in subsequent studies. Jumping was defined as
leaping with all four paws off the floor.

EXPERIMENT 2

Method
Subjects
Forty-eight male Sprague-Dawley rats, weighing between 230
and 270 g, were used. They were housed and maintained as in Ex-
periment 1.

Apparatus
The distinctive rooms and boxes from Experiment | were again

used. In each room, two additional boxes were used; these were
constructed of aluminum, with wire-mesh fronts and smooth wood
floors. All the boxes were scented with pine air freshener.

Procedure

Pretraining was the same as that described previously, except
that the hot plate was unheated. The rats were placed on the un-
heated hot plate and remained there for 30 sec.

After pretraining, the rats were randomly assigned to one of six
groups (P48, U48, S48, P12, U12, and S12) and given seven tol-
erance acquisition sessions, as in Experiment 1. Morphine was ad-
ministered subcutaneously (10 mg/kg). Tolerance and withdrawal
were measured as in Experiment 1. There were two observers,
with an interobserver reliability of .98.

Six days after the first withdrawal test, retention of context-
elicited withdrawal was measured. Following a saline injection in
the DE, the rats were placed into the assigned box and observed for
10 min. Withdrawal was assessed before tolerance so that the rats
would be tested after a long period of drug abstinence. On the day
following the withdrawal test, retention of tolerance was measured.

Results

Tolerance Test

Mean hot plate latencies from the first tolerance test
are shown in Figure 3. The combined means of the
groups given morphine during acquisition were shorter
than were their respective saline controls in both the
48-h IDI [#(42) = 5.92, p < .001] and the 12-h condition
[#(42) = 6.82, p <.001]. Tolerance was context specific
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Figure 3. Mean latencies to lick a hind paw during the initial toler-
ance test in Experiment 2.
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only in the 48-h IDI [#(42) = 1.69, p <.05]. P12 and U12
did not differ [#(42) = 1.13, p > .1].

Withdrawal Test

Figure 4 shows the mean number of withdrawal signs
recorded during the 10-min period after a saline injec-
tion in the DE. The morphine groups reared more (upper
panel) than did the saline group in the 48-h IDI [¢(42) =
242, p <.01], butnot in the 12-h IDI [#(42) = 1.48,p =
.072]. This effect in the 48-h IDI appears to be due to the
high scores of the paired group, and there was an effect
of context in both IDI conditions: P48 reared more than
U48 [1(42) = 4.10, p < .001], and P12 reared more than
U12 [#(42) = 1.86, p < .05].

Figure 4 (middle and bottom panels, respectively)
also shows that in the 48-h IDI, jumping [#(42) = 2.01,
p <.05] and circling [#(42) = 3.56, p < .001] were con-
text specific. There were no context effects in the 12-h
IDI for either sign (#s < 1) and no differences between
the mean of the morphine groups and the saline control
for jumping or circling in either IDI condition (¢s < 1).
None of the comparisons for the other withdrawal signs
were significant.

Retention of Withdrawal and Tolerance

Figure 5 shows three withdrawal signs observed dur-
ing the 10-min period following a saline injection in the
DE 7 days after the last exposure to morphine. The mor-
phine groups reared more than the saline group [#(42) =
1.76, p < .05] in the 48-h IDI, but not in the 12-h IDI
(¢ < 1). Rearing was context specific in the 48-h condi-
tion [#(42) = 1.83, p < .05] and the 12-h IDI {#(42) =
2.46, p < .01].

Jumping (middle panel) was context specific only in
the 48-h condition [#(42) = 1.80, p < .05]. None of the
other comparisons for jumps approached significance
(ts < 1). Groups P48 and U48 circled more than did
Group S48 [1(42) = 1.82, p <.05], and the greater num-
ber of circles by Group P48 than by Group U48 ap-
proached significance [#(42) = 1.61, p = .057]. Neither
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Figure 4. Mean withdrawal scores during the first withdrawal test
in Experiment 2. Upper panel, rears; middle panel, jumps; lower
panel, circles.

of the comparisons in the 12-h IDI condition approached
reliability (ts < 1). None of the comparisons for wet dog
shakes or genital licking were significant.

Figure 6 shows hot plate latencies during the tolerance
retention test conducted 24 h later. The groups trained
with morphine had significantly lower latencies than did
the saline controls in the 48-h IDI [#(42) = 2.67, p <
.01] and the 12-h IDI [#(42) = 3.63, p < .01], but toler-
ance was not context specific in either IDI (s < 1).
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Discussion

Analgesic tolerance and three withdrawal signs (rears,
jumps, and circles) were context specific in the 48-h
IDI. In the 12-h condition, however, tolerance was not
context specific, and only one withdrawal sign was con-
trolled by the context. A week later, there was more
context-specific withdrawal in Group P48 than in Group
P12. Analgesic tolerance was retained, but it was not
context specific in either IDL

These results replicated the finding of Experiment 1
that the acquisition of context-specific tolerance and
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Figure 6. Mean latencies to lick a hind paw during the tolerance re-
tention test in Experiment 2.

withdrawal is facilitated by spaced rather than by massed
morphine administrations. It also showed that contex-
tual control of withdrawal was retained for a somewhat
longer time than that shown by previous demonstrations
(Kelsey et al., 1990; Krank & Perkins, 1993).

The finding that context-specific withdrawal and tol-
erance were similarly affected by the IDI supports the
contention that they arise from a common process
(Siegel, 1975, 1989). However, there were several in-
stances in which the tolerance (hot plate) scores and the
withdrawal signs did not exactly correspond. For exam-
ple, the unpaired groups displayed no withdrawal, but
substantial tolerance. Although it was not context spe-
cific, the retention of this tolerance suggests that it was
associative; if so, some stimulus or stimuli must have
mediated it. Several investigators have suggested that
drug-onset cues may serve as CSs (McLaughlin, Dewey,
& Fanselow, 1991; Siegel, 1989; Walter & Riccio,
1983). Although there is currently no evidence that mor-
phine cues mediate morphine tolerance, there is evi-
dence that alcohol can serve as a cue for itself and me-
diate tolerance (Greeley, L&, Poulos, & Cappell, 1984)
and that pentobarbital cues can control morphine toler-
ance (Siegel, 1988). In the present experiments, if
drug-onset cues mediated tolerance in the unpaired
groups, no withdrawal signs would be expected during
testing because these cues would not occur after a saline
injection. Drug-onset cues could aiso explain the toler-
ance observed in Group P12, which was not context spe-
cific but was also retained. Indeed, some investigators
have suggested that these cues overshadow contextual
cues with a brief IDI (Walter & Riccio, 1983). If this
analysis is correct, the disruption of context-specific tol-
erance with a brief IDI is consistent with both the com-
pensatory response model (Siegel, 1975, 1989) and the
habituation model (Baker & Tiffany, 1985).

Drug-onset cues cannot explain the contextual rearing
seen in Group P12 and the corresponding lack of con-
textual tolerance. However, a precise correspondence

309

between latency to paw lick and the withdrawal signs
might not be expected. Different responses in other con-
ditioning procedures are not exactly parallel. For exam-
ple, a CS paired with a shock US elicits freezing and
suppresses an operant baseline. Presumably, both freez-
ing and conditioned suppression are mediated by the
same central state—fear. Although there is ample evi-
dence that these responses are similarly affected by vari-
ous manipulations, (e.g., CS-US contingency, CS modal-
ity), they do not correspond exactly (Ayres, Axelrod,
Mercker, Muchnik, & Vigorito, 1985; Bouton & Bolles,
1980). Although contextual tolerance and dependence
did not precisely correspond, this experiment clearly
shows that both were similarly affected by the IDI.

The failure to obtain retention of context-specific tol-
erance in Group P48 despite the retention of two with-
drawal signs poses a more serious problem for the notion
that these phenomena arise from a common process. In-
deed, the lack of retention in Group P48 is puzzling be-
cause tolerance retention has been well documented
(Dafters & Odber, 1989; Siegel, 1975, 1977, Tiffany
et al., 1991). In the present experiment, the lack of re-
tention in Group P48 may have been an artifact of the
testing procedure. There were two withdrawal tests be-
tween the first and second tolerance test, and each with-
drawal test constituted an extinction trial for the paired
groups, which would have diminished contextual con-
trol of tolerance. This explanation, while plausible, re-
quires verification. Experiment 3 was performed to pro-
vide this. If contextual control of tolerance in Group
P48 was due to the extinction that occurred during with-
drawal testing, retention of contextual tolerance should
be observed if the withdrawal tests are eliminated. The
rats were trained in either the P48 or U48 conditions
using a procedure identical to that of Experiment 2 and
tested for tolerance 8 days after the last session. Saline
controls were omitted because context-specific toler-
ance is defined by comparing the paired and unpaired
groups.

EXPERIMENT 3

Method

Subjects

Sixteen male Sprague-Dawley rats were used. They weighed be-
tween 220 and 250 g and were maintained as in the previous
experiments.

Apparatus
The DE and hot plate were those used in the first two
experiments.

Procedure

Pretraining and tolerance development was identical to the 48-h
IDI condition in Experiment 2. The rats received seven injections
of morphine (10 mg/kg), spaced 48 h apart. The rats were ran-
domly assigned to either the paired or unpaired groups. Eight days
after the seventh session, all the rats received the usual dose of
morphine in the DE and were tested on the hot plate at 20, 40, and
60 min postinjection.



310

Results and Discussion

Group P48 had substantially lower hot plate scores
(M = 10.13 sec; SEM = 0.94) than did Group U48 (M =
15.57 sec; SEM = 2.02). This difference was significant
[t(14) = 2.45, p < .05] and supports the explanation that
the failure to observe retention of context-specific tol-
erance in the 48-h IDI in Experiment 2 was indeed an
artifact of the testing procedure. Without the extinction
trials produced by withdrawal testing, contextual control
of tolerance was retained.

GENERAL DISCUSSION

These experiments clearly showed that contextual
cues paired with morphine can elicit opiate withdrawal
signs. Context-specific withdrawal was demonstrated
with a dose that was substantially lower (10 mg/kg) than
that used in previous studies (50 mg/kg in Falls &
Kelsey, 1989, and Kelsey et al., 1990; 20 mg/kg in Krank
& Perkins, 1993) and was retained for a longer time
(7 days) than that in previous demonstrations (Kelsey
et al., 1990; Krank & Perkins, 1993). In addition, these
experiments showed that a procedure that produced
context-specific withdrawal also resulted in context-
specific analgesic tolerance and is the only replication of
Falls and Kelsey. Finally, these experiments showed that
a procedure that reduced context-specific tolerance also
reduced contextual control of withdrawal.

Although the measures of tolerance and withdrawal
did not correspond precisely, both were similarly af-
fected by the IDI manipulation. Although this manipu-
lation is not a definitive test, the most parsimonious
interpretation is that these phenomena were due to a com-
mon process (Siegel, 1975, 1989). These results could
also be incorporated by the homeostatic model (Poulos
& Cappell, 1991), in which compensatory responses de-
velop proportionally to the degree of drug-induced,
homeostatic disturbance. The present experiments did
not directly test this prediction of homeostatic theory,
but it could easily account for these results by assuming
that morphine-induced sedation was sufficiently aver-
sive for hyperactivity to develop.

These results are also consistent with the tolerance
model of Paletta and Wagner (1986), in which drug ef-
fects generally diminish because of habituation. In this
model, compensatory responses also develop to drug ef-
fects that have a secondary, drug-opposite component
that appears after the initial drug effect. For example,
they showed that analgesia produced by morphine di-
minished and was replaced by a return to the predrug
level of pain sensitivity. Sedation however, was followed
by hyperactivity. This implies that conditioned hyper-
activity and analgesic tolerance should develop in a sim-
ilar but not exactly parallel fashion. Indeed, Paletta and
Wagner (1986, Experiment 4) provided evidence for this
by showing that either reducing or increasing the time
spent in the context after a morphine injection disrupted
context-specific analgesic tolerance. However, tolerance
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to sedation and conditioned hyperactivity were disrupted
when the time in the context was increased, but not when
it was decreased. This result is similar to the finding of
Experiment 2 that context-specific analgesic tolerance
was disrupted by the 12-h IDI, but rearing, an index of
hyperactivity, was not.

In summary, these results provide support for the no-
tion that these phenomena arise from a common process
and are best explained by models that incorporate both
associative tolerance and withdrawal. These results do
not favor the compensatory response models (Siegel,
1975, 1989; Poulos & Cappell, 1991) over the dual-
process model of Paletta and Wagner (1986). In addi-
tion, we cannot conclude that the withdrawal signs ob-
served were compensatory responses. It seems plausible
that rearing, circling, and jumping developed in re-
sponse to sedation, but this remains speculative. Addi-
tional research is necessary to determine the precise re-
lationship between conditioned tolerance, conditioned
withdrawal signs, and the unconditional effects of mor-
phine.
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