Pharmacology Biochemistry and Behavior, Vol. 54, No. 3, pp. 575-580, 1996
Copyright © 1996 Elsevier Science Inc.

Printed in the USA. All rights reserved

0091-3057/96 $15.00 + .00

SSDI 0091-3057(95)02274-0

Unsignaled Morphine Delivery Does Not
Disrupt the Development of Associative
Morphine Tolerance in the Rat

ANTONIO CEPEDA-BENITO*' AND STEPHEN T. TIFFANY+t

*Texas A&M University, Department of Psychology, College Station, TX 77843-4235
tPurdue University, Psychology Department, West Lafayette, IN 47907-1364

Received 2 June 1995; Revised 2 November 1995; Accepted 15 November 1995

CEPEDA-BENITO, A. AND S. T. TIFFANY. Unsignaled morphine delivery does not disrupt the development of asso-
ciative morphine tolerance in the rat. PHARMACOL BIOCHEM BEHAV 54(3) 575-580, 1996. — When morphine adminis-
tration is paired with a distinctive context, tolerance to morphine’s analgesic effects comes readily under the associative control
of the drug-paired context. These associative tolerance effects are eliminated when a relatively short (i.e., 6 h) interdose
interval (ID]) is used for conditioning. Contemporary models of learned tolerance explain the absence of learning at short IDls
by positing that residual morphine effects from a recent drug exposure disrupt the formation of drug-context associations. The
present studies examined the impact of unsignaled morphine injections given 6 h prior to drug-context pairings on the
development of associative tolerance. Analgesia was measured by the tail-flick method, and tolerance levels were assessed by
dose-response curve methodology. Morphine preexposure had no detectable influence on the acquisition of associative
tolerance when rats were tested immediately after conditioning, after a 30-day rest interval, or after a 30-day period of daily
saline injections in their home-cage environment. These data suggest disruption of associative tolerance effects at short 1DIs

is not attributable to residual effects of morphine from the immediately preceding trial.
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Tolerance

Tail flick Unsignaled morphine delivery

THERE is considerable evidence that learning processes can
influence the development of drug tolerance (2,37). For exam-
ple, it has been established that distinctive environmental cues
reliably paired with morphine administration can become con-
ditioned stimuli (CSs) that produce associative tolerance ef-
fects (7,30,32,34,35). However, in light of numerous examples
of tolerance developing independently of drug-environment
contingencies (1,13,20,38), it is generally accepted that learn-
ing may not account for all instances of tolerance. Con-
sequently, most contemporary learning-based models of
tolerance acknowledge tolerance may be acquired via both
associative and pharmacological (or nonassociative) routes
(2,25,31).

The habituation account of associative and nonassociative
tolerance (2,36) posits tolerance mechanisms are elicited to the
extent the drug’s stimulus properties are already represented
or primed in working memory. These stimulus properties can
be primed nonassociatively, through a recent presentation
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of the drug itself (self-generated priming), or associatively,
through the presentation of stimuli predictive of drug delivery
(associatively generated priming). The magnitude and persis-
tence of self-generated priming is assumed to be related posi-
tively to dose and negatively to interdose interval (IDI). Toler-
ance developing independently of predictive cues is attributed
to the accumulation of self-generated priming across succes-
sive drug administrations. This nonassociative tolerance is ex-
pected to dissipate after drug administration is discontinued,
whereas associatively based tolerance should display excellent
retention,

Recent investigations have produced clear support for sev-
eral major predictions of the habituation model (2). For exam-
ple, we injected rats with a series of high doses of morphine
either paired or unpaired with a distinctive context at a short
(6 h) or a long (96 h) IDI (29). Tolerance developing at the
long IDI was context dependent and displayed retention over
a 30-day interval [see also (7,33)]. In contrast, although com-
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parable in magnitude to the tolerance displayed by animals
receiving morphine at the long IDI, tolerance acquired at the
short IDI was uninfluenced by contextual contingencies of
drug delivery and dissipated completely by the 30-day reten-
tion test.

An interesting feature of these results was that conditions
conducive to the development of nonassociative tolerance
(i.e., short IDI) eliminated the development of associative tol-
erance. This finding, which has been replicated in other re-
search from our laboratory (5,8,28), was explicitly predicted
by the habituation mode! of tolerance (2). According to this
theory, at a short IDI, self-generated priming from prior con-
ditioning trials intruding into a current trial would reduce the
effectiveness of the drug unconditioned stimulus (US) in insti-
gating steps necessary for associative learning [see also (36)].
From this priming perspective, the disruption of learning at
the short IDI arises from massed exposure to morphine over
the course of tolerance development.

The homeostasis model of tolerance (25) has provided a
related account of disruption of associative tolerance effects
at short IDIs. The homeostasis model suggests drugs paired
with contexts at short IDIs result in a backward pairing of the
drug US with the CS, which is not particularly conducive to
the acquisition of associative effects (21). That is, to the extent
unconditioned responding to the drug from a given trial con-
tinues to be present on a subsequent trial, the animal will be
exposed to a backward CS/US contingency.

The explanations offered by the habituation and the ho-
meostasis models for the attenuation of conditioned tolerance
effects at a short IDI assume a recent presentation of mor-
phine will selectively inhibit the formation of morphine-cue
associations. Alternatively, massed exposure to morphine
might disrupt learning in general. That is, at a short IDI,
residual intoxication from a recent administration of a drug
may prevent any form of conditioning on a current trial
4,29).

Although differing in their details, the priming (2), back-
ward conditioning (25), and intoxication (4) accounts of dis-
rupted associative tolerance at short IDIs attribute this effect
to the influence of closely spaced morphine administrations
on conditioning. According to these hypotheses, a dose of
morphine given shortly before a morphine-context pairing
should disrupt the formation of an association between that
context and the drug. The present research tested this predic-
tion by investigating the effect on associative tolerance of a
pretrial dose of morphine given shortly before a morphine-
context pairing. In light of research showing that 6 h IDI
schedules disrupt associative tolerance effects (5,8,28,33), ani-
mals in Experiment 1 received an unsignaled morphine dose
6 h prior to each of eight context-paired morphine injections
separated by a 96-h IDI. The 96-h IDI procedures utilized in
this research have produced robust associative tolerance ef-
fects in previous investigations (5-8,28,32,33,35). A reduction
in associative tolerance as a result of pretrial exposures to
morphine 6 h prior to each conditioning session would support
the aforementioned hypotheses. Experiment 2 further exam-
ined the associative nature of any tolerance effects produced
in the first experiment by testing for the presence of tolerance
after a 30-day retention period. Experiment 3 utilized an ex-
tinction procedure (6) to investigate the extent to which any
tolerance produced in these studies was controlled associa-
tively by handling and injection cues accompanying morphine
administration (6,10). In combination, these experiments pro-
vided a comprehensive analysis of the associative impact of
pretrial morphine exposures on conditioned tolerance effects.
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EXPERIMENT |

Method

Subjects, drugs, and analgesia assessment. The subjects,
123 male Holtzman rats 96 to 99 days old on testing, were
housed individually in cages located in a colony room. The
dose of morphine sulfate (expressed as the salt) used during
Tolerance Development was 20 mg/kg. Tolerance test doses
ranged from 1 to 20 mg/kg. Morphine was dissolved in saline
with the concentration of sodium chloride adjusted so that
each dose was isotonic with physiological saline. Solutions
were injected intraperitoneally in a volume of 1.25 ml/kg.
Analgesia was assessed by the tail-flick method, which mea-
sured the latency for the rat to remove its tail from a radiant
heat source generated by a 125 W prefocussed light bulb. The
methodological procedures followed in this research closely
parallel those we have used in our previous research (33,35).
We refer the reader to these sources for a more detailed de-
scription of the experimental procedures.

Habituation and tolerance development. Prior to mor-
phine exposure, the rats were habituated to saline injections
and handling procedures for 14 days. During tolerance devel-
opment, rats were given eight exposures to a distinctive con-
text with each exposure separated by 96 h. Animals were
carried from their home cage to the room serving as the dis-
tinctive context, injected with saline or morphine, and placed
in a plastic holding box. Each animal was given mock tail-flick
trials, with the light bulb activated but not directed at the rat’s
tail, at 30 and 60 min after its injection. The animal was
returned to its home cage after the 60 min mock tail flick.
Six hours prior to distinctive context exposures, each rat was
injected with either saline or morphine in its home-cage envi-
ronment. All animals were also given a home-cage saline injec-
tion 48 h after each distinctive context exposure. Rats were
assigned randomly to four treatment conditions: morphine-
primed distinctive context (MPDC), distinctive context (DC),
home cage (HC), and saline control (SC). During distinctive
context exposures, MPDC and DC animals received mor-
phine, and HC and SC animals received saline. The injection
delivered 6 h prior to each distinctive context exposure con-
sisted of morphine for MPDC and HC animals and saline for
DC and SC animals.

Tolerance test and data analyses. The test session occurred
in the distinctive context 96 h after the last context exposure
of the tolerance development phase. Each animal was carried
to the distinctive context and injected with morphine. To con-
struct dose-response curves (DRCs), each condition was di-
vided into four subgroups (7 = 7) with each subgroup receiv-
ing a different test dose of morphine. Tail-flick assessments
were given at 30 and 60 min after the injection. The average
of the three consecutive tail-flick trials conducted 30 min after
the injections were subjected to multiple regression analysis
(9). Tail-flick latencies were regressed on log-dose level, group
condition, and the interaction of these two variable sets. The
variables were forced into the equation in the order listed.
Effects for group conditions were evaluated by the use of
dummy coding for pair-wise comparisons. Differences be-
tween any pair of groups were indexed by a significant group
effect. Parallelism of DRCs was evaluated by examining inter-
actions between condition effects and log-dose level.

Results and Discussion

The average tail-flick latencies for the four treatment con-
ditions are shown in Fig. 1. The straight lines represent the
best-fitting line calculated with tail-flick latency regressed on



UNSIGNALED MORPHINE DELIVERY

"Tail-Flick (sec)

SC HC DC MPDC
a A L] o

1.25 2.5 5 10 20 40
Morphine Dose (mg/kg; on log scale)

FIG. 1. Mean tail-flick latency 96 h after last conditioning session
for each dose group as a function of log-morphine dose for each
condition. SC = saline control; HC = morphine explicetly unpaired
with distinctive context; DC = morphine explicetly paired with dis-
tinctive context; MPDC = morphine given 6 h prior to pairing mor-
phine with distinctive context.

log-morphine dose for each condition. The DRC for animals
given the priming dose of morphine prior to each morphine-
context pairing (MPDC) was not significantly different from
the DRC of the animals receiving morphine paired exclusively
with the context (DC), F < 1. The DRCs of those animals
given morphine in the distinctive context (DC and MPDC)
were shifted significantly to the right of animals receiving
morphine exclusively in their home cage environment (HC),
SR2 = 0.041, F(1, 61) = 7.41, p < 0.01, and sR2 = 0.035,
F(1, 63) = 6.41, p < 0.025, respectively. Finally, The HC
animals were significantly more tolerant than the SC animals,
sR2 = 0.119, F(1, 56) = 19.68, p < 0.001. All DRC shifts
were parallel as indicated by the absence of a dose X condi-
tion comparison interaction, Fs < 1.19.

The difference in tolerance magnitude between DC and HC
conditions shows that animals that had morphine paired with
the distinctive context developed associative tolerance to mor-
phine’s analgesic effects [see also (6,7,28,33,35)]. There was
no evidence in this study that exposure to morphine 6 h prior
to each morphine-context pairing impeded the development of
this context-specific tolerance effect. These results suggest a
recent administration of morphine before a conditioning trial
did not disrupt the acquisition of an association between mor-
phine and the context. However, this conclusion assumes the
tolerance observed in the MPDC animals was an associative
effect controlled exclusively by the distinctive context.

There are alternative explanations of these data compatible
with the possibility that priming exposures to morphine inter-
fered with contextual conditioning in MPDC animals. One
possibility is that priming doses eliminated associative effects
in MPDC animals, and that tolerance in MPDC and HC ani-
mals was exclusively nonassociative in nature. Under this sce-
nario, MPDC animals would have developed greater tolerance
than HC animals because the former received twice as much
morphine as the latter over the course of tolerance develop-
ment. A related possibility is that tolerance in MPDC animals
represented the combined influence of attenuated associative
tolerance and some degree of nonassociative tolerance. Fi-
nally, tolerance in the MPDC and HC animals may have been
controlled associatively by injection cues rather than the dis-
tinctive context. Previous research has shown that the injec-
tion ritual is capable of supporting associative tolerance ef-
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fects (6,10). If MPDC and HC animals were utilizing injection
cues to predict the delivery of morphine, the MPDC rats’
greater number of pairings and greater probability of rein-
forcement would explain why these rats acquired more toler-
ance than HC rats. That is, MPDC rats received twice the
number of pairings of morphine with injection cues as HC
rats (16 vs. 8, respectively) and were twice as likely as HC rats
to receive morphine in the presence of those cues (66.6 vs.
33.3%, respectively).

EXPERIMENTS 2 AND 3

These experiments tested the hypotheses that tolerance in
MPDC animals was to some extent nonassociative in nature
or to some extent controlled associatively by injection cues. It
has been established that associative tolerance exhibits excel-
lent retention long after the cessation of drug delivery, where-
as nonassociative tolerance is relatively short lived [e.g., (6,28,
33,39)]. For example, pronounced levels of nonassociative tol-
erance have been produced by giving animals morphine injec-
tions every 6 h (5,8,33). This tolerance effect, which was com-
parable in magnitude to the level of tolerance observed in the
DC and MPDC rats of Experiment 1, dissipated completely at
a 30-day retention test (8,33). There are numerous additional
studies demonstrating that profound levels of nonassociative
tolerance show little retention after intervals considerably
shorter than 30 days [e.g., (14,24)]. In sum, the available liter-
ature provides support for the hypothesis that tolerance pres-
ent at a 30-day retention test is of an associative nature. There-
fore, Experiment 2 examined the retention of tolerance in
animals tested 30 days after the completion of conditioning.
This experiment allowed for an examination of the extent to
which tolerance in MPDC animals was controlled exclusively
or even partially by nonassociative processes. Experiment 3
investigated whether tolerance in MPDC animals was medi-
ated associatively via injection stimuli. This experiment used
an extinction procedure in which animals were given a series
of unreinforced presentations of the injection ritual over a
30-day retention interval. Previous research from our labora-
tory has shown this procedure abolishes the retention of toler-
ance in animals using injection cues to predict morphine deliv-
ery (6). Therefore, if associative tolerance in MPDC animals
was controlled by injection stimuli, this extinction procedure
should selectively disrupt this tolerance.

Method

Subjects and procedures. The subjects were 161 (Experi-
ment 2) and 142 (Experiment 3) male Holtzman rats 126 to
129 days old on testing. The design and procedures used for
the Habituation and Tolerance Development phases of these
experiments were identical to those used for Experiment 1.
Experiment 2 included all four treatment conditions used in
Experiment 1. Three of the treatment conditions (MPDC, DC,
SC) were used in the third experiment. Animals were tested 30
days after the last context exposure of the Tolerance Develop-
ment phase. In Experiment 2, animals were left undisturbed in
their home cage environment over the retention period. In
Experiment 3, all rats received a daily saline injection in their
home cage over the 30-day retention period. The HC control
group in Experiment 3 was not needed because the HC rats
from Experiment 2 were not tolerant to morphine’s analgesic
effects. That is, these rats’ tolerance disappeared in the ab-
sence of extinction procedures.

Results
Experiment 2. Figure 2 (Retention) shows the DRCs for
the 30 min assessments for the four treatment groups after the
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FIG. 2. (Retention/Extinction). Mean tail-flick latency 30 days after
last conditioning session for each dose group as a function of log-
morphine dose for each condition. During the 30-day interval, ani-
mals were either left undisturbed in their home cages (Retention),
or received a daily saline injection in the home cage environment
(Extinction). SC = saline control; HC = morphine explicetly un-
paired with distinctive context; DC = morphine explicitly paired with
distinctive context; MPDC = morphine given 6 h prior to pairing
morphine with distinctive context.

30-day rest period. There were no DRC differences between
the MPDC and the DC groups, or between the SC and HC
groups, all Fs < 1. Each of the DRCs for DC and MPDC rats
revealed a shift to the right of the DRC of the HC animals,
SR2 = 0.049, F(1, 78) = 5.20, p < 0.05 and sR2 = 0.038,
F(1,81) = 4.00, p < 0.05.

Experiment 3. Figure 2 (extinction) shows the DRCs for
the 30-min assessments for the three treatment groups after
the 30-day period of daily saline injections in the home-cage
environment. There were no DRC differences between the
MPDC and the DC groups, F(1, 92) = 2.51, p > 0.05. Each
of the DRCs for DC and MPDC rats revealed a shift to the
right of the DRC of the SC animals, sR2 = 0.093, F(1,91) =
17.55, p < 0.00]1 and sR2 = 0.153, F(1, 92) = 25.71, p <
0.001. All DRC shifts were parallel as indicated by nonsignifi-
cant dose X group interactions in both Experiment 2 and Ex-
periment 3, Fs < 3.58.

GENERAL DISCUSSION

The results provided no evidence that, within the drug ad-
ministration parameters used in this research, an unsignaled
morphine dose given shortly before a signaled morphine dose
disrupted the development of associative morphine tolerance.
Rats receiving a high morphine dose 6 h prior to each of eight
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morphine doses paired with a distinctive context developed
context-specific morphine tolerance. The retention of MPDC
tolerance and absence of any difference between the MPDC
and the DC conditions in Experiments 2 and 3 corroborated
the associative nature of this tolerance [see also (6)]. Any
nonassociative processes contributing to tolerance in MPDC
rats should have dissipated at the 30-day retention test and
produced a differential tolerance effect between MPDC and
DC rats. Moreover, after an extensive regime of unreinforced
saline injections, morphine-primed rats continued to be as
tolerant as DC rats. The finding that these extinction proce-
dures had no impact on MPDC tolerance suggests that this
tolerance was not supported associatively by the injection cues
that accompanied drug administrations. [t should be noted
these findings were obtained with the use of dose-response
curve methodology, which allows for the detection of fairly
small differences in tolerance levels [e.g., (4-6,33-35)]. In
light of the power of this methodology to discern even modest
effects, it seems highly likely that, had it existed, we would
have found some difference between the MPDC and DC con-
ditions in at least one of the three experiments.

The present results challenge two major theories of condi-
tioned drug tolerance. The habituation model specifically pre-
dicts that “if signaled morphine doses are preceded by unsig-
naled morphine doses, the amount of associatively primed
tolerance acquired will be an inverse function of the unsig-
naled morphine dose. The influence of an unsignaled mor-
phine dose, of course, decreases as the IDI increases” [(2), p.
102]. In turn, the homeostasis model explains that at high
doses and short IDIs “the persistence of UCR activation from
a preceding drug delivery will overlap with the presentation of
the conditioned stimulus (CS), making for backward condi-
tioning” [(21), p. 400].

In an effort to reconcile the present results with these pre-
dictions, it could be said the 6 h IDI was not short enough, or
the 20 mg/kg priming dose was not high enough, to disrupt
associative tolerance development. However, previous re-
search has consistently found that 6 h IDI schedules interrupt
the development of associative morphine tolerance in rats re-
ceiving morphine explicitly paired with a distinctive context
[e.g., (5,28,33)]. Moreover, this effect has been obtained even
when a 5 mg/kg morphine dose was used for tolerance devel-
opment (28).

Alternatively, the habituation model could be expanded
by a consideration of the impact of massed CS exposure on
associative effects [see (36)]. According to the priming theory
of conditioning (36), two stimuli should become associated to
the extent they are simultaneously rehearsed in memory. As
the habituation model predict, a stimulus already primed in
memory by a prior presentation will interfere with rehearsal
of another presentation of the same stimulus. This model em-
phasized the self-generated priming of the US as the blocking
mechanism by which recent drug administrations interfered
with the simultaneous rehearsal of morphine (the US) and the
distinctive context (the CS). However, simultaneous rehearsal
of the CS-US association could also be disrupted by a self-
priming of the CS. This argument can explain both the disrup-
tion of associative tolerance in the 6-h IDI design (28,33) and
the absence of disruption of associative tolerance in the 6-h
morphine-primed design. The 6 h IDI design utilizes closely
spaced morphine exposures and closely spaced context expo-
sures. Conversely, the morphine-primed design represents
closely spaced morphine exposures and widely dispersed dis-
tinctive context exposures. Unfortunately, it is not clear why
self-priming from the CS, but not the US, should disrupt
conditioning. Moreover, it seems reasonable to expect the self-
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priming of a drug to persist longer than the self-priming of
exteroceptive stimuli. These authors suggested that self-gen-
erated priming of drug effects may last longer than a self-
generated priming of exteroceptive stimuli because drug
effects may last many hours, whereas retentive capacity of
exteroceptive stimuli in short-term memory is usually mea-
sured in seconds (2).

Beyond the habituation and the homeostatic model’s pre-
dictions regarding associative and nonassociative tolerance de-
velopment, the fact that the administration of noncontingent
USs did not significantly diminished the association between
morphine and the distinctive context deserves further inquiry.
On the surface, our data seem to be problematic for CS-US
contingency models of classical conditioning. According to
contingency models, the introduction of unsignaled USs
should have reduced the magnitude of the conditioned re-
sponse because it reduced the CS-US contingency [e.g.,
(12,16,23,26)]. Most influential theoretical models of the im-
pact of intertrial USs on conditioning assume that associations
formed between these USs and the experimental context either
reduce the associations formed between the CS and the US
(27) or attenuate the expression of the CS-US learning [e.g.,
(3,22)]. However, within our procedures there is no clearly
identifiable experimental context that could compete with the
distinctive context or CS. Therefore, these models would not
necessarily predict a reduction in conditioning responding
within our paradigm. Likewise, although no US preexposure
interference effects in associative tolerance have been reported,
the present data do not necessarily challenge previous findings
from drug-conditioning paradigms where preexposure to the
US shortly before the CS-US conditioning session has blocked
learning [e.g., (11)]. It is possible that higher priming doses or
shorter preexposure intervals would produce a US preexposure
effect within an associative tolerance paradigm.

The disruption of associative tolerance in the 6-h IDI de-
sign, relative to the 96-h 1DI design (28,33) is compatible with
the common finding in classical conditioning paradigms that
massed conditioning trials, in relation to spaced trials, tend to
produce weaker or slower acquisition of conditioned respond-
ing [e.g., (16-18)]. It has been argued (27) that, with spaced
conditioning trials subjects have greater nonreinforced expo-
sure to the experimental context during the intertrial interval,
which should result in the extinction of any associations
formed between the US and the experimental context. When
trials are massed, there is less opportunity for extinction of
experimental context-US associations, thus decrementing the
associative strength acquired by the CS. However, as noted
earlier, we do not present the distinctive context or CS within
a superordinate experimental context. Therefore, the discrep-
ancy of the results found between the 6-h IDI design and the
96-h IDI design require another interpretation.

An alternative explanation for the disruption of associative
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tolerance effects at a short IDI emerges from Jenkins’ relative
waiting time (RWT) hypothesis (18). This hypothesis predicts
the strength of the CS-US association is an inverse function of
the ratio of the average time the subject waits for the US while
being exposed to the CS to the average time the subject waits
between US presentations in the experimental setting. That is,
for a given waiting time in the CS per US, the strength of the
association between the CS and the US will decrease as the
average time between US presentations decreases. Within
the 6-h IDI, the 96-h IDI, and the morphine-primed designs,
the average waiting time in the CS per US is the same (i.e.,
animals receive an injection right after they enter the distinc-
tive context, where they stay for 1 h). Conversely, the overall
waiting time per US presentation varies markedly across these
designs. The average waiting periods per US in the 96-h IDI
and the morphine-primed designs are 96 h and 48 h, respec-
tively. The average waiting period in the experiment for the
6-h IDI design is much shorter—6 h. According to the RWT
hypothesis, we should expect greater associative strength in
the groups with low RWT in the CS per US (1 out of 96 and 1
out of 48 h, respectively) than in the group with a greater
RWT in the CS per US (1 out of 6 h). This interpretation is
further supported by the finding (35) that a 12-h IDI design (1
out of 12 h) reduced the associative tolerance effects found
with a 24-h IDI and a 96-h IDI designs. The RWT hypothesis
could be further tested by observing the effects of maintaining
the IDI constant while systematically varying the length of
the distinctive context exposure. This could be achieved by
gradually delaying the interval between the time of entrance to
the distinctive context and the time of drug delivery while
keeping constant the exposure time to the CS after the drug is
administered.

In summary, these three experiments, in combination with
previous research investigating the role of the IDI in the devel-
opment of associative and nonassociative forms of morphine
tolerance, challenge a prediction made by two major theories
of drug tolerance. The results suggest that a self-generated
priming of morphine (2), or perseveration of a homeostatic
response (25) from a recent drug administration is not suffi-
cient to disrupt the development of associative morphine toler-
ance. More generally, there is no support in these data for
the argument that massed exposure to morphine in short IDI
designs are responsible for disruptions in the acquisition of
associative tolerance effects.
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