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A Pavlovian conditioning model of tolerance emphasizes the contribution of an association be
tween predrug cues and the systemic effect of the drug to the display of tolerance. In agreement 
with the model, results of a recent animal experiment, as well as retrospective reports by human 
overdose victims, indicate that the pernicious effects of heroin are influenced by environmental 
cues associated with the systemic effects of the drug. The present case report describes an in
stance of death from apparent morphine overdose in a patient receiving the drug for medical 
purposes. The circumstances of this death are readily interpretable by the conditioning analysis 
of tolerance. 

The display of tolerance to many effects of a variety 
of opiates is modulated by environmental cues. The con
tribution of such cues to tolerance has been addressed in 
a Pavlovian conditioning model of tolerance. The model 
is based on Pavlov's (1927, pp. 35-37) suggestion that 
the administration of a drug constitutes a conditioning 
trial: the conditional stimulus consists of environmental 
cues that are present at the time of drug administration, 
and the unconditional stimulus consists of drug-elicited 
responses. According to this interpretation, as the drug 
is administered with increasing frequency, with the same 
environmental cues signaling each pharmacological stimu
lation, an association is established between the cues and 
the central effects of the drug. This association may be 
demonstrated by administering an inert substance in the 
drug-administration environment. Conditional responses 
revealed in this manner are often opposite in direction to 
those caused by the drug effects (Siegel, 1983). Such drug
compensatory anticipatory responses attenuate the drug 
effects and contribute to tolerance. Accordingly, environ
mental signals of impending pharmacological stimulation 
are important because they enable the organism to make 
a drug-compensatory conditional response in anticipation 
of the drug effect. I 

On the basis of this model, a failure of tolerance should 
occur if the drug is administered in an environment that 
has not previously been associated with the drug. Indeed, 
many studies have demonstrated such dependence of opi-
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ate tolerance on environmental cues. For example, if the 
last of a series of morphine injections is given in the 
presence of cues that have not previously signaled the 
drug, animals and humans display less tolerance than if 
this injection is given in the presence of the usual drug
associated cues (see review by Siegel & MacRae, 1984). 

The conditioning model of tolerance has been elabo
rated to account for some instances of overdose in hu
man heroin addicts (Siegel, 1984; Siegel, Hinson, Krank, 
& McCully, 1982). Although deaths from overdoses are 
prevalent (Maurer & Vogel, 1973, p. 101), the mechan
isms of many of these deaths are far from clear. Some 
deaths result from pharmacological overdoses (see Huber, 
1974), but often victims die following doses that would 
not be expected to be fatal for these drug-experienced, 
and presumably drug-tolerant, individuals (see reviews 
by Brecher, 1972, pp. 101-114; Reed, 1980); indeed, the 
victims sometimes die following self-administration of a 
heroin dose that was well tolerated the previous day 
(Government of Canada, 1973, p. 314). Some fatalities 
may result from a synergism between the opiate and other 
drugs concomitantly administered or from adulterants (es
pecially quinine) in the illicit heroin, but many deaths do 
not result from such drug interactions (Brecher, 1972; 
Government of Canada, 1973; Reed, 1980). Thus, it has 
been suggested that "the term 'overdose' has served to 
indicate lack of understanding of the true mechanism of 
death in fatalities directly related to opiate abuse' , 
(Greene, Luke, & DuPont, 1974, p. 175). Some instances 
of these enigmatic failures oftolerance may be interpret
able by the conditioning analysis. According to this anal
ysis of overdose, an organism is at risk for overdose when 
the drug is administered in an environment that, for that 
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organism, has not previously been extensively paired with 
the drug (and thus does not elicit the compensatory con
ditional pharmacological response that attenuates the ef
fect of the drug). 

Results of a recent experiment support the Pavlovian 
conditioning interpretation of heroin overdose (Siegel 
et al., 1982). Rats injected with high doses of heroin in 
the same environment as that previously associated with 
the drug were more likely to survive than rats with the 
identical pharmacological history receiving the final drug 
administration in an alternative environment. 

Interviews with drug addicts who survived a heroin 
overdose similarly indicate a role for drug-associated en
vironmental cues in opiate overdose (Siegel, 1984). The 
majority of respondents reported that, on the occasion of 
the overdose, the drug was administered in the context 
of unusual environmental cues. 

We report here a case of apparent morphine overdose 
in a patient receiving the drug for medical purposes. The 
circumstances of this overdose are readily interpretable 
by a conditioning analysis, and they suggest that unantici
pated overdoses may occur when a drug , used for thera
peutic purposes, is administered in the context of environ
mental cues not previously associated with the drug. 

BACKGROUND 

The victim of the apparent morphine overdose was 
suffering from advanced pancreatic cancer. Either one of 
the patient's two sons regularly administered morphine, 
in accordance with the procedures and dosage levels speci
fied by the patient's physician. The fatal dose of morphine 
was administered by one son, N. E., who was 17 years 
old at the time. 

About 2 years after his father's death, N. E. was a stu
dent in an undergraduate psychology class, in which the 
Pavlovian conditioning analysis of drug tolerance was dis
cussed. Realizing the applicability of the model to his 
father's death, N. E. discussed the matter with the in
structor. 

Unfortunately, many details concerning the occasion of 
the patient's overdose are not accessible, and some im
portant information was forgotten over the 2-year period 
between the patient's death and N. E. 's insight into the 
potential role of pharmacological conditioning in the 
death. Nevertheless, there is enough information to sus
pect that N. E.'s interpretation of the event as another in
stance of exacerbation of a drug effect by environmental 
alteration may be correct. 

THE OVERDOSE 

The patient was being attended at home. His condition 
was obviously very poor, as N. E. recalled that his father 
had lost 100 Ibs body weight over the course of the dis
ease. The patient received a morphine injection four times 
per day (at 6-h intervals). The injections had been given 
for 4 weeks. There is no documentation available to in-

dicate the dosage of morphine that N. E. was administer
ing, and N. E. cannot recall this information. He does 
remember, however, that the dose was being gradually 
increased over the period that he was administering the 
drug to his father. Typically, the preparation of the in
jection was observed by both sons to preclude the possi
bility of a mistake. 

The patient's condition was such that he stayed in his 
bedroom, which was dimly lit and contained much 
hospital-type apparatus necessary for his care. The mor
phine had always been injected in this environment. For 
some reason, on the day that the overdose occurred, the 
patient had dragged himself out of the bedroom to the liv
ing room. The living room was brightly lit and appar
ently different in many ways from the bedroom/sickroom. 
The patient, discovered in the living room by N. E. , ap
peared to be in considerable pain. Inasmuch as it was time 
for his father's scheduled morphine injection, N. E. in
jected the drug while his father was in the living room. 
He had never administered the morphine in this environ
ment before. The son quickly noticed that his father 's reac
tion to this injection was atypical: his pupils became un
usually small, and his breathing became very shallow. 

His father 's response to this injection in the living room 
alarmed N. E., and N. E. called his father's physician. 
The physician instructed N. E., by telephone, to evalu
ate some indices of his father's status. (Unfortunately, 
N. E. cannot now recall, in any detail, the type of infor
mation he provided to the physician.) Based on the infor
mation supplied by the son, the physician suggested that 
his father had suffered an overdose of morphine. The 
father died some hours later. 

In view of the patient's condition, there was no post
mortem examination to ascertain the potential role of mor
phine in his death. The evidence that he did die from an 
overdose is based entirely on his reaction to the final mor
phine administration, and the physician's interpretation 
of the symptoms as described in his telephone conversa
tion with N. E. at the time of the event. Although N. E. 
maintains that he is confident that he prepared the injec
tion in the usual manner, he remained confused and guilty 
about his role in his father 's death. This reaction was sub
stantially ameliorated when N. E. learned about the con
ditioning analysis of tolerance and the relevance of the 
model to opiate overdose. 

DISCUSSION 

Results of an animal experiment concerning heroin 
overdose indicated that "rats that received the potentially 
lethal dose in the context of cues previously associated 
with sublethal doses were more likely to survive than 
animals that received the dose in the context of cues not 
previously associated with the drug" (Siegel et al., 1982, 
p. 437). A similar conclusion was reached following in
terviews with human overdose victims: "a failure oftoler
ance, following drug administration in the context of cues 
not previously associated with the drug, may contribute 
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to some occurrences of heroin overdose" (Siegel, 1984, 
p. 429). Based on the present case report, it is possible 
that some instances of death among users of medically 
prescribed opiates may have a similar mechanism. 

Of course, there are a variety of possible explanations 
for this very sick patient's death. Indeed, it appears that 
it is often very difficult to predict morphine kinetics in 
patients suffering from several types of cancer, includ
ing pancreatic cancer (Sawe, Dahlstrom, Paalzow, & 
Rane, 1981). However, the available evidence of the 
symptoms immediately preceding death strongly impli
cate morphine overdose, and the circumstances of the 
death are congenial with a Pavlovian conditioning in
terpretation of this overdose. The patient's shallow breath
ing and constricted pupils, recalled by N. E., are classic 
symptoms of opiate overdose (Jaffe & Martin, 1985). The 
physician's conclusion, based on the information provided 
by N. E. , further suggests that the patient's reaction to 
the final morphine injection was extreme. The fact that 
N. E. states that he was always assiduous in preparing 
the morphiIle (including the preparation on the occasion 
of the apparent overdose) suggests that there was noth
ing unusual about the drug dosage when his father died. 

It may be estimated that N. E.'s father had received 
over 100 prior morphine injections, each of which oc
curred in the bedroom. It appears that the injection in the 
living room. an environment not previously associated 
with the systemic effects of the drug, elicited an exces
sive, and ul imately fatal, response. The circumstances 
of the overd ose related by N. E. are very similar to the 
circumstanc!s favoring heroin overdose, as elucidated by 
experimental studies with rats (Siegel et al . , 1982) and 
by interviews with drug addicts who were hospitalized 
for heroin overdoses (Siegel, 1984). That is, such over
doses are especially likely if the drug is administered in 
the context of cues not previously associated with the drug. 
According to the conditioning model of tolerance, such 
circumstances of drug administration favor exaggerated 
responsivity because the drug effect is not attenuated by 
the pharmacological conditional compensatory response 
that is elicited by the usual predrug cues. 

The contribution of environmental cues to this patient's 
death would be clearer if more information were avail
able. The long interval between the death and N. E. 's in
sight into the relevance of the conditioning analysis of 
tolerance to the death makes it difficult to reconstruct some 
important c1.etails. Of course, the emotional circumstances 
surrounding N. E.'s father's terminal illness and death 
are also not conducive to recall. As might be imagined, 
the event was very distressing to N. E., and he is to be 

commended for suffering through a reconstruction of his 
father's death to ascertain the relevance of the environ
mental alteration on the occasion of the final morphine 
administration. 
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NOTE 

I . It should be noted that there are theoretical frameworks, other than 
that emphasizing drug-compensatory conditional responses, that have 
been used to integrate Pavlovian conditioning and drug tolerance (e.g., 
Baker & Tiffany, 1985). A full discussion of these approaches is be
yond the scope of this paper (but see Siegel, 1982; Siegel & MacRae, 
1984). However, these alternative associative accounts of tolerance make 
the same predictions concerning the effect of environmental alteration 
on the display of tolerance as does the compensatory conditional response 
account. 
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