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Environmental control of morphine withdrawal: 
Context specificity or stimulus novelty? 

ROBERT V. McDONALD and SHEPARD SIEGEL 
McMaster University, Hamilton, Ontario, Canada 

Past investigations of context-specific morphine withdrawal have demonstrated that when rats are 
tested while undrugged, withdrawal behaviors are more pronounced in an environment previously 
paired with drug administration than in an environment previously paired with saline administration 
(even in rats that have had exposure to only low doses of morphine prior to testing). In these studies, 
rearing is a commonly used index of morphine withdrawal. Rearing is also an exploratory behavior. The 
higher levels of rearing displayed in a morphine-paired, compared with a saline-paired, environment 
may be a manifestation of a tendency to explore this environment, rather than a tendency to display 
withdrawal symptoms in this environment. We evaluated the extent to which rearing and other mea
sures of morphine withdrawal are displayed in drug-paired, saline-paired, and novel environments. The 
results suggest that, in some cases, apparent context specificity of morphine withdrawal actually re
sults from novelty-elicited exploration. 

As discussed by a number of investigators (e.g., Dwor
kin, 1993; Ramsay & Woods, 1997; Subkov & Zilov, 
1937), events occurring during drug administration cor
respond to a Pavlovian conditioning trial. Cues accom
panying the drug effect function as conditional stimuli 
(CSs), and the direct drug effect constitutes the uncondi
tional stimulus (UCS). Prior to any learning, this UCS 
elicits responses that compensate for drug-induced dis
turbances. These responses that compensate for the drug 
effect are unconditional responses (UCRs). After some 
pairings of the predrug CS and pharmacological UCS, 
the drug-compensatory responses are elicited as condi
tional responses (CRs). 

We (see Siegel, 1991) and others (e.g., Obal, Vicsay, & 
Madanisz, 1965; Poulos & Cappell, 1991) have hypothe
sized that, when a drug is administered in the context of the 
usual drug-administration cues, these drug-compensatory 
CRs contribute to tolerance; that is, they attenuate the drug 
effect. Moreover, when a drug is not administered in the 
context of the usual drug-paired cues, these CRs are ex
pressed as "withdrawal symptoms." On the basis of the 
conditioning analysis of tolerance and withdrawal symp
toms, then, these phenomena should be more pronounced 
in the context of the usual drug administration cues than 
in the context of alternative cues. 

There are many demonstrations of context specificity of 
tolerance in which the drug-experienced organism is less 
responsive to the drug if it is administered in the drug
associated environment than if it is administered elsewhere. 
Such context specificity of tolerance was originally demon-
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strated with respect to tolerance to the analgesic effect of 
morphine in a number of experiments by Mitchell and col
leagues (e.g., Kayan, Ferguson, & Mitchell, 1973; Kayan, 
Woods, & Mitchell, 1969). Subsequent research has dem
onstrated context specificity with respect to tolerance to 
many effects of a variety of drugs, including ethanol (e.g., 
Seeley, Hawkins, Ramsay, Wilkinson, & Woods, 1996), 
nicotine (e.g., Epstein, Caggiula, & Stiller, 1989), opiates 
(reviewed by Siegel, 1991), benzodiazepines (reviewed by 
Siegel, 1986), pentobarbital (e.g., Cappell, Roach, & Poulos, 
1981), phencyclidine (Smith, 1991), immunoenhancing 
drugs (Dyck, Driedger, Nemeth, Osachuk, & Greenberg, 
1987), and haloperidol (Poulos & Hinson, 1982). It is seen 
in many species, from snails (Kavaliers & Hirst, 1986) to 
humans (e.g., Dafters & Anderson, 1982). 

Similarly, there are demonstrations of context speci
ficity of withdrawal symptoms. That is, rats display more 
behavioral withdrawal symptoms in a drug-paired envi
ronment than an alternative environment (e.g., Kelsey, 
Aranow, & Matthews, 1990). In most demonstrations of 
the importance of the drug-paired environment to the dis
play of withdrawal symptoms, "paired" rats are adminis
tered morphine in a distinctive environment (E l ; e.g., a 
room other than the animal colony), and saline in an al
ternative environment (E 2. e.g., the home cage in the col
ony room). "Unpaired" rats are administered saline in E l , 

and morphine in E2. Typically, morphine is injected in as
cending doses, terminating (in different experiments) at 
40-75 mg/kg. Anywhere from 1 to 10 days following the 
final morphine administration, rats are administered sa
line in E I' and various signs of morphine withdrawal are 
tabulated. Context specificity of withdrawal is inferred if 
paired rats display more withdrawal behaviors than do un
paired rats. 

Recently, Azorlosa and colleagues (Azorlosa, Hartley, 
& Deffner-Rappold, 1994; Deffner-Rappold, Azoriosa, 
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& Baker, 1996) have reported that context specificity of 
withdrawal may be seen after a much smaller amount of 
morphine exposure than is typical. That is, after as few 
as seven 10-mg/kg morphine administrations (at 48-h in
tervals), paired rats display more evidence of withdrawal 
when administered saline in E) than do unpaired rats. In
deed, with some measures, more withdrawal is apparent 
in E) in rats that previously received 1 O-mg/kg morphine 
in this environment than in rats that received 75-mg/kg 
morphine in this environment (Deffner-Rappold et aI., 
1996). Although such a finding may reflect the context 
specificity of morphine withdrawal, there is another in
terpretation. It is possible that some apparent morphine
withdrawal behaviors are actually exploratory behaviors, 
and some cases of more withdrawal behaviors in E 1 by 
paired than by unpaired rats actually represent more ex
ploration by paired-group subjects. 

It is well established that rats explore a novel environ
ment more than they do a familiar environment (see, e.g., 
Berlyne, 1955). Although paired and unpaired rats have 
the same exposure to E) and E2, only paired rats are pre
treated with morphine in conjunction with E) placement. 
There is considerable evidence that if rats are narcotized 
during exposure to a particular environment, their ex
ploration of that environment is attenuated. When sub
sequently tested while undrugged, they treat this environ
ment as relatively novel (see Scoles & Siegel, 1986). 

Although there are various reasons why drugged ex
posure to an environment may be less effective than un
drugged exposure in attenuating exploratory responses, 
one possibility is that the drug act as a restraint. Results 
of conditioned place preference experiments indicate that 
if a rat is restrained during exposure to a particular envi
ronment' it subsequently displays increased preference 
for that environment, and that this is due to restraint pre
serving the "novelty" of the environment (Carr, Fibiger, 
& Phillips, 1989). It may be that subjects receiving mor
phine in E) are prevented from engaging in exploratory 
behavior by the locomotor suppression of morphine. That 
is, morphine may be acting as a "pharmacological re
straint" resulting in increased exploratory behaviors when 
rats are placed in E) in the absence of morphine. 

Another reason why paired rats may explore E) on the 
test more than do unpaired rats is state dependency. Al
though rats in both groups have equal exposure to this 
test environment prior to actual testing, only paired rats 
are drugged during pretest exposures. For paired rats, 
then, the first exposure to E 1 in the undrugged state oc
curs on the test session, and they may treat this environ
ment as they do a novel environment since they are now 
in a novel pharmacological state. 

Some of the behaviors seen as indicative of opiate with
drawal, such as wet-dog shakes and piloerection (Emmett
Oglesby, Mathis, Moon, & Lal, 1990), would appear to 
have little to do with exploratory behavior. However, one 
commonly reported symptom of opiate withdrawal, rear
ing (both front paws free of the floor), is also seen in re
sponse to novel stimuli. Several investigators have pre-

sented rearing as a morphine-withdrawal behavior (e.g., 
Kelsey et aI., 1990; MacRae & Siegel, 1997). Indeed, reaf
ing sometimes is the only measure that provides compel
ling evidence of context specificity of such withdrawal
especially withdrawal seen following minimal morphine 
exposure (see, e.g., Azorlosa et aI., 1994; Deffner
Rappold et aI., 1996). Rearing has also been characterized 
as an exploratory/curiosity-related behavior (Berlyne, 
1960), a fear/emotionality-related behavior (Archer, 
1973), and the result of nonspecific CNS excitability 
(Lat & Gollova-Hemon, 1969). 

The present experiment was designed to incorporate 
many features of recent demonstrations of context-spe
cific withdrawal (e.g., Deffner-Rappold et aI., 1996). In 
addition, the design of the experiment also permitted com
parison of behaviors seen in a morphine-paired environ
ment and in a novel environment. 

METHOD 

Subjects and Drugs 
The subjects were 60 male Sprague-Dawley rats, weighing be

tween 325 and 400 g at the start of the experiment. All subjects were 
individually housed in plastic cages containing recycled paper bed
ding material, with food and water freely available (except during 
conditioning and test trials), and maintained on a 12: 12-h photope
riod (lights on at 6:30 a.m.). All conditioning and testing took place 
during the light portion of the photoperiod. 

Morphine sulfate was prepared as a 10-mglml solution. All saline 
injections were given equivolume to the corresponding morphine in
jection. Injections were subcutaneous in the dorsal surface of the neck. 

Environments, Design, and Procedure 
Environments. Morphine and saline were injected in one of three 

environments (E 1, E 2, or E3)' El was 1 of6 identical, clear, acrylic 
chambers (30 X 30 X 30 cm) located in a distinctive, brightly illu
minated room. These chambers were supported on stands, and a 
mirror was mounted under the chamber at a 45° angle to allow obser
vation of the rat from below, as well as directly through the walls of 
the chamber. E2 was 1 of 12 identical clear plastic cages (like the home 
cage but with no bedding material) located in a dark, vented, sound
attenuating enclosure (a drawer of a f'Ireproof filing cabinet; see Siegel, 
Hinson, & Krank, 1978). E3 was the home cage in the colony room. 

Design. Withdrawal behaviors were evaluated in all rats in E I on 
a test session following the conditioning phase of the experiment. 
Five groups of rats (n/group = 12) differed in their treatments dur
ing this pretest conditioning phase. Rats assigned to the morphine 
paired (MP) group were injected with morphine in E I and saline in 
E 2, and rats assigned to the morphine unpaired (MU) group were 
injected with morphine in E2 and saline in E 1• Rats assigned to the 
saline paired (SP) group were injected with saline in both E I and 
E 2 . Thus, the present experiment, like earlier experiments, evalu
ated contextual contribution to putative drug withdrawal symptoms; 
more such symptoms should be displayed by MP than by MU rats. 
In addition, the design of the present experiment included two ad
ditional groups to evaluate the extent to which these symptoms seen 
in El represent responding to a novel environment, rather than a drug
paired environment: Groups Morphine Novel (MN) and Saline 
Novel (SN). During conditioning, Group MN rats were injected with 
morphine in E2 and saline in E3, and Group SN rats were injected 
with saline in both E2 and E3. These rats had no exposure to the test 
environment, E I' during conditioning. 

Procedure. The procedure was similar to that of Deffner
Rappold et a!. (1996), except that the conditioning phase consisted 



of 12 (rather than II) days. Rats received two injections on each 
conditioning day. The first injection consisted of saline. The second 
injection, 4 h later, consisted of either morphine (Groups MP, MU, 
and MN) or saline (Groups SP and SN). The morphine dose for first 
morphine injection was 5 mg/kg, and for the second and subsequent 
injections, it was 10 mg/kg (Deffner-Rappold et aI., 1996). 

For injections in Eland E2, rats were transported from the colony 
room to the distinctive environment and placed in the environment 
for 5 min. They were then removed, injected, and replaced in the en
vironment for an additional 55 min before being returned to their 
home cages in the colony room. For injections in E3 (the home cage), 
rats were simply removed from their cages, injected, and returned 
to their cages, without leaving the colony room. 

Test trials took place 5 days after the final conditioning trial. Sub
jects were tested in groups of 6. Each test trial consisted of a 5-min 
preinjection exposure to the testing environment, an injection of 
saline (equivolume to injections received on the final conditioning 
trial), and a 3D-min postinjection observation period in the testing 
environment. The 3D-min postinjection interval was divided into 
five blocks of 6 min each. Following injection, each subject was ob
served for I min during each 6-min block in a cycling procedure, 
resulting in a total observation period of 5 min (I min from each of 
five blocks) for each subject during the 3D-min interval. 

Analysis. The behaviors scored during testing were rearing (both 
front paws off the floor of the chamber, with body extended upward, 
with episodes of grooming that resulted in both front paws being off 
the floor not being scored as rearing; see Azorlosa et aI., 1994; Falls 
& Kelsey, 1989; MacRae & Siegel, 1997), genital licking (licking 
of the external genitalia, presumably reflecting ejaculation; see Kel
sey et aI., 1990), ear wiping (during grooming, pulling both paws 
simultaneously over the ears from back to front; see MacRae & 
Siegel, 1997), and jumping (all four paws off the ground simulta
neously; see Kelsey et aI., 1990). The number of feces excreted was 
also recorded. 

RESULTS AND DISCUSSION 

The mean frequency of rearing observed during testing 
for each group is displayed in Figure 1. A one-way analy
sis of variance of the data summarized in Figure I revealed 
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a significant difference among groups [F(4,55) = 12.9, 
p < .001]. Subsequent Fisher's LSD tests revealed that 
Group MP, Group MN, and Group SN all reared more fre
quently than Group MU and Group Sp, and that Group MP 
reared more frequently than Group SN (all ps < .05). 
There were no other significant between-group differ
ences, either in the rearing measure, or in any other mea
sure. In fact, the other behaviors scored during testing 
occurred only infrequently. Few rats displayed any ofthese 
other behaviors, and the mean occurrence of each behav
ior per group was less than one. 

The finding that Group MP rats reared more than 
Group MU rats is similar to other reports that rats con
ditioned with as little as 10-mglkg morphine display more 
rearing in the morphine-paired environment than in a 
saline-paired environment (Azorlosa et aI., 1994; Deffuer
Rappold et aI., 1996). Although it is tempting to interpret 
this finding as evidence of environmentally elicited drug 
withdrawal, results obtained from the additional groups 
suggest caution in applying this explanation. Group MN 
rats displayed about as much rearing as did Group MP rats, 
and, like Group MP rats, reared more than did Group MU 
rats. The difference between Groups MN and MU likely 
resulted from the fact that the test environment was novel 
for Group MN rats; thus they displayed rearing as an ex
ploratory behavior. Indeed, the fact that Group SN rats 
reared more than did Group SP rats suggests that novelty
induced rearing may be seen in rats with no prior history 
of morphine. 

The primary implication of these results is that previ
ous studies demonstrating context-specific increases in 
rearing upon termination of relatively low maintenance 
doses of morphine (e.g., Deffner-Rappold et aI., 1996) 
cannot be taken as unequivocal evidence of context-spe
cific withdrawal. Since paired-group rats were drugged 
during pretest exposures to the test context, the exten-
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Figure 1. Mean (±1 SEM) frequency of rearing observed in each group. 
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sive rearing displayed by these rats may represent height
ened exploration of the functionally novel test context. 

The phenomenon of context-specific withdrawal is 
one that merits further study. This phenomenon has been 
reported in human clinical studies (O'Brien, Ehrman, & 
Ternes, 1986), and it has been suggested that contextual 
cues may playa significant role in the relapse to drug use 
often seen in human drug users following a period of ab
stinence (Siegel, 1989). Although the results of the pre
sent study do not rule out the interpretation of rearing as 
an index of context-specific withdrawal distress, it appears 
that this interpretation may be problematic where rela
tively low maintenance doses are used. The fact that there 
was a significant, although small, difference in frequency 
of rearing between Group MP and Group SN may suggest 
that there is some form of interaction between the effects 
of stimulus novelty of the environment and the elicitation 
of context-specific withdrawal in previously drug-paired 
environments. 
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