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INTRODUCTION |

It has long been recognized that the process of "detoxification* and
the crisls of withdrawal are not the major impedimenis to effective
drug abuse treatment. Rather, the major problem is ratapse following
the completion of tha withdrawal crisis. The high relapse rate
following apparently “successful® treatment (or prolonged abstinence
due to Incarceration) has been documented In many studies (Siegel
1983), and the typlcal scenarlo has been described by several inves-
ligators. For example:

The patient was a 28-year-old man with a 10-year history

of narcotic addiction. He was married and the father of
two children. He reported that, while addicted, he was
amested and Incarcerated for 8 months. He reporied
experiencing severe withdrawal during the first 4 or 5 days
in custody, but later, ha began to feel well. He gained
welght, felt like a new man, and declded that he was
finished with drugs. He thought about hls chlidren and
looked forward to retuming to his job. On the way home
alter release from prison, he began thinking of drugs and
feeling nauseated. As the subway approached his stop, he
bagan sweating, tearing from his eyes, and gagging. This
was an area where he had frequently experlenced narcotic
withdrawal symploms while trying to acquire drugs. As he
got off the subway, he vomited onto the tracks, He soon
bought drugs, and was relieved. The iollowing day he
again experienced craving and withdrawal symptoms In his
nelghborhood, and he agaln raliaved them by Injecting



heraln. The cycle repealed itself over the next few days and
soon he became readdicted. (O'Brien 19786, p. 533)

PREDAUG CUES AND RELAPSE

Resulls of recent research indicate that the occurrence of withdrawal
distress and relapse, long afier deloxlfication, are not readily
prediciable from an Individual's drug history (e.g., length of
addictlon, type, and purity of drugs used). Rather, understanding the

phenomenon requires an appreclation of drug-predictive environmental

signals, as well as pharmacological considerations. This Is apparent
in both the experimental literature (with animals), and the clinical
and epidemlological literature {with humans).

ENVIRONMENTAL CUES AND RELAPSE
Animal Studies

An early demonstration that environmental cuas play an Important
role In relapse was provided by Thompson and Ostlund (1865). In the
first phase of thelr experiment {addiction phase), rats were orally -
addicted to morphine by having it as their only avaliable fluid for 60
days. They were then withdrawn from morphine by replacing the
oplate solution with water for 30 days. Finally, during the

readdiction phase of the experiment, the rals were again permitied to
drink the morphine solution. For half the rats, readdiction occurred
In the same environment as that used during the addiction phase.
For the remalning rats, readdiction took place In a very different
environment. During readdictlon, rats displayad greater avidity for
morphine solution when it was presented in the environment where
original addiction had occurred than when readdiction occurred In an
alternative environment.

More recently, Hinson el al. (1986) confirned and extended the re-
sults of Thompson and Ostlund (1965). In the Hinson et al. (1986)
experiment, rals received a series of momphine injections in one
environment (the DR, or "distinctive room" environment), and also a
serlas of saline Injections in ancther environment (the HR, or "home
room" enviranment). When subsequently given the cpportunity to
consume morphine solution In both environmants, the rats drank
significanily more morphine solution in the morphina-assoclated DR
anvironment than In the saline-assoclated HR environment.

Anecdotal evidence of the contribution of environmental cues 1o
relapse Is provided by Temes' (1977) description of the behavior of
monkeys that were repeatedly Injected with morphine In the presence
of an arbilrary auditory cue~tape-recorded music. This music

became capable of eliclting withdrawal symptoms and relapse in thase
monkeys afier a considerable period of abstinence:

After the animal had been weaned from the drug and
maintained drug-free for several months, the experimenter
agaln played the tape-recorded music and the animal
showed the following signs: he became restless, had
plloerection, yawned, bacame diuretic, showed rhinarrhea,
and agaln sought out the drug injection. (Ternes 1977, pp.
167-168)

Human Studies ,

There Is considarable evidence that relapse in human addicts, like
relapse in experimentally addicted animals, is influenced by drug-
assoclated cues. As Indicated In the above quote from O'Brien (1976),
the physical environment In which drugs had previously been used
frequently elicit withdrawal symptoms In the Individual who had been
drug free for a considerable perlod of time. Often the association
between environmental cues and relapse is noted, but the rale of the
environment is minimized. Wikler has describad a typlcal instance ol
this incognizance:

. . . Alter being detoxlified and having served their
santence at the U.S. Public Health Service Hospital, the
postaddict felt fine and had no craving for heroln or
morphina but Just before his release, or on his way home,
or after arriving in his drug-ridden environment, he felt

sick, craved a fix, and then hustled to obtain . Some
postaddicts described the sickness In more detall: running
nose, watery eyes, sweatling, chills, nausea and vomit-
ing—'like the flu, doc.' One postaddict, a physician,
remarked that the sickness resembled heroin abstinence
phenomena, but he dismissed that interpretation as prepos-
terous. (Wikler 1977, p. 36)

Not anly Is relapse In humans retaled to the presence of drug-
assoclated cues, but successful abslinence is related to the ahsenca of
these cuas. Evidence in support of the salulary effect of protection



from drug-assoclated cues Is provided by followup studles of retuming

Vielnam veterans who were addicted to heroln while In Vietnam:

During the summer and fall of 1971, drug use by United )
States servicemaen in Vietnam had, by all estimates, reached
epidemic proportions. (Robins 1973, p. 1)

The high rates of narcotic use and addiction there were
truly unlike anything prior in the American exparience.
(Robins et al. 1975, p. 860) ,
A siudy of a sample of enlisted men departing Vielnam In September
1971 Indicated that approximately 20 percent were addicted to heroln
while in Vietnam (Robins et al. 1874). Although known heroln users
were treated before relaase, a substantlal soclal problem was
anticlpated. Since there s a very high relapse rate foliowing all
known forms of trealmaent, it was expecied that a new, large
population of relapsing heroln addicts would substantially add to the
indigenous civillan addict population:

This will cbvlously lead to crime and other problems with
law enforcement when he (the retumning Vietnam herolin

user) brings his addiction home . . .. They will be unable
to cut off this drug use. (Senate Testimony 1972, p. 481)

Unllke most civilian addicts, following treatment, these Vietnam
addicis returned to an environment very difierent from that in which
they used drugs. They also evidenced much less relapse than civilian
addicis. In one report, narcotic use in the United States by retumed
velerans addicted in Vietnam was compared to that seen in addicts of
comparable age treated at the large Federal facllities In Lexington,

KY, and Foit Worth, TX (Robins et al. 1975). Those addicted In
Vietnam {and retumed to a very dlfferent environment} were much
less likely to relapse than those addicted In the environmant to which
they subsequently returned. indeed, the veterans evidenced “rates of
remission unheard of among narcotics addicts treated In the United
Statas” (Robins et al. 1975, p. 958). Many of Robins' conclusions
have bean substantlally confirmed in a more recent followup study of
a different population of ratumed soldiers who were addicted in
Vietnam {O'Brien el al. 1980).

In addition to the Vietnam vateran findings, other data suggest that

alteration in the addict’s environment promotes long-lasting
abstinence. Ross studied 109 oplaie addicts in Detrolt and noted that
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physical relocation was signiilcantly assoclated with abstinence from

 lliicit drugs:

it appears that for a large group of a treatment population
(almost 40%) cessation of lllegal drug use meant moving
away physically from an area of high drug use. (Ross
19873, p. 561)

Frykholm evaluated 58 intravenaus drug users In Sweden who had
besan abstinant for 3 years or more, Resldence relocatlon was con-
sldered a prima tactor In achleving this abstinence:

When asked what they had done to change thelr lives In

order to glve up drugs, a majority of the respondents

answered that they had felt it necessary to change rest

dence. (Frykholm 1979, p. 376) )
More recently, Maddux and Desmond (1982) studied patierns of absti-
nence In heroin addicts In San Antonlo, TX. They found that
frequency of 1-year abstinence was three times higher In relocated
respondents than In respondents staying In San Antonlo. These and
many other reports (see reviaw by Maddux and Desmond (1982)) all
indicate that environmantal alteration favors long-term drug
abstinence.

ENVIRONMENTAL CUES, DRUG TOLERANCE, AND DRUG
DEPENDENCE

Findings that environmental cues are important contributors to re-
lapse are accommodated In a model of drug tolerance and dependence
that emphaslzes learning principles. The modal will first be discussed
with respact to toterance, and then the relevance of this analysis of
tolerance to dependence will be discussed.

Environmental Speclificity of Tolaerance

it has bacome increasingly apparent that the pharmacokinetic or
pharmacodynamic principles usually used to explain tolerance are
insuficlent. Rather, a complete account of tolerance raquires an
appreclation of environmental influences.

The imporiance of environmental cues in tolerance is lllustrated by
the results of a number of studies that have demonstrated that



lolerance Is not the Inevitable result of repeated drug administration.
Rather, the drug-experienced organlsm may or may not display the
hyporesponsivity to the drug that characterizes tolerance, depending
on whether the drug is administered In the usual drug administration
anvironment or an altemative envircnment.

Early siudies of the environmental specificity of tolerance evaluated
tolerance fo the analgesic effect of morphine. A number of experi-
ments by Mitchell and colleagues (e.g., Adams et al. 1969) demon-
sirated that rats displayed the expected analgesia-tolerant response to
the last of a series of morphine Injections only if the final injection
occurred In the same environment as the prior injections In the

serles. Results of many subsequent experiments have confirmed and
extended Mitchell's observations, In several spacles (including
humans), using a range of morphine doses, a variety of analgesio-
metric procedures, and varlous modifications of Mitchell's original
design (Slegel and MacRae 1984). Additional research has indicated
the environmenial specificity of tolerance to the thermic and loco-
motor effects of morphine, and to the lethal elfect of dlacetyl-
motphine hydrochlaride (heroln} (Slegel and MacRae 1984). The
environmaental specificity of tolerance has also been demonsirated
with many noncplate drugs: ethanol, pentobarbltal, amphetamine,
scopolamine, haloperidol, and a variety of benzodiazepines (see
roviews by Slegel (1983), Slegel (19886), and Slegel (1987)}. Such find-
Ings have inspired analyses of folerance that emphasize leaming
principles.

Tolsrance and Learning

Several Investigators have Indicated parallels between lolerance and
lsaming. Both processes frequantly exhiblit great retentlan, both are
disrupted by electroconvuisive shock and frontal cortical stimulation,
both are retarded by inhibitors of protein synthests, and both are
facilitated by antagonists of these metabolic inhibitars (Slegel 1983).
Although there are several ways in which learing may contribute to

. tolerance, a clearly articulated model of tolerance that emphasizes
the contribution of laaming Is based on Pavlovian conditioning
principles.

The Paviovian Conditioning Situation. In the Paviovian conditioning
sltuation, a contingency is arranged between two stimull. Typlcally,
one slimulus reliably predicts the occurrence of the second stimulus.
Using the usual terminology, the second of thase paired stimull is
termed the “unconditional stimulus” (UCS). The UCS, as the name
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Implles, Is setected because It elicits relevant activitles from the
outsel, |.e., unconditionally, prior {o any palrings. The stimulus
signalling the presentalion of the UCS is "neutral,* |.e., It elicits

little relavant activity prlor to Its palring with the UCS, and Is-

termead the “condltional stimulus* (C8). The CS, as the name Implias,
becomes capable of eliciting new responses as a function of, l.e.,
conditional upon, its palring with the UCS. In Pavlov's (1927) well-
known conditloning research, the CS was (for example) a bell, and
the UCS was food {which elicited a convenienily manitored salivary
response).

Conditloning of Drug Responses. Pavlov (1927) suggested that the
usual drug administratlon situation corresponded to the conditlonlng
paradigm: environmental cues uniquely present at the time of drug
adminlstration constitule the CS (e.g., location of injection, or drug
adminlstration rituals), with the actual systemic effect of the drug
constiluting tha UCS. Subssquent to Pavliov's original demonstrations,
there have been many studies concemed with the conditioning of
drug effects (Siegal 1985).

Compansatory Pharmacologlcal Conditional Responses (CRs). The
development of an assoclation between the environmental CS and the
pharmacologlcal UCS may be seen by administering an inert substance
In the presence of the usual drug-signalling cues. The nature of the
pharmacologlical CR observed in these clrcumstances depends very
much on the nature and mechanism of the drug effect {(Eiketboom and
Stewart 1982). For many elfects of many drugs, the CR Is an
anticipatory compensation: drug-associated environmental cues elicit
responses that are opposite to the drug elfect. For axample, the
subject with a history of ethanol administration (and ls hypothermic
consequences) displays a CR of hypeaithermia (Slege! 1987). Similar
drug compensatory CRs have been reported with respect to a variety

of effects of morphine (analgesia, temperature, locomolor activity,

and gastrointestinal transit time), as well as many other drugs (Slegel
1983; Slegel and MacHae 1984).

Although most studies of pharmacological conditloning have been
conducted with animals, there is evidence that humans display drug-
compensatory CRs too. Most of this human research has been
conducted with alcohol, and evidance of alcohol-compensatory con-
ditlonal responding has been reported by several investigators (see
review by Siegel (1987)). A compensalory CR has also been reported”
with respect to caffeine In humans (Rozin et al. 1984).



Compensatory Pharmacological CRse and Tolerance. As Indicated
above, organisms with a history of drug administration frequently
evidance CRs opposite to the drug effact, as revealed by presentation
of the usual predrug cues without the usual pharmacotogical
consequences. When these predrug cues are foliowad by the usual
pharmacological consequences, the compensatory CR would be expect-
ed 1o attenuate the drug effact. As the assoclation batween the
environmental CS and the pharmacological UCS is strengthened by
repeated pairings, the effect of the drug becomes Increasingly
attenuated. Such a progressively diminished response to a drug over
the course of repeated administrations defines tolerance.

Comparison With Nonassociative Interpretations of Tolerance. it
should ba noted that the analysis of tolerance that emphasizes the
importance of environment-drug associations Is not an alternative to
{raditional Interpretations. Rather, the conditioning model is
complementary 1o viaws of tolerance that do not acknowladge a role
for leatrning. Many such nonassociative analyses of tolerance
emphasize the role of drug-elicited homeostatic corrections that
restore pharmacologically induced physiological disturbances to normal
levels. Seversl Investigators have indicated that the potential

adaptive advantage of these homeostatic corrections actually antedate
the pharmacological Insult (e.g., Slegel et al, 1987; Wikler 1973).
Paviov was certainly aware of the Importance of such anticipatory
rasponding:

It is pretty evident ihat under natural conditions the

normal animal must respond not only to stimull, which
themselives bring immaediate benefit or harm, but also to
olher physical or chemical agencies-waves of light and the
like—-which In themselves only signal the approach of these
stimull. (Paviov 1927, p. 14)

Pavlovian conditioning provides a mechanlsm for such antlcipatory
responding. On the basis of a conditioning model, the systemic
alteralions that mediate tolerance occur not only in response to
pharmacological stimulation, but may-also occur in response to
reliable environmantal signals of this stimulation.

Evidence for the Conditloning Model of Tolarance

A considerable amount of avidence has been published that supports
lhe conditioning analysis of tolerance. Much of thase findings have

been reviewed elsewhera (Slegel 1983; Slegel 19886; Siegel 1987) and
are only briefly summarized here.

Environmental Speclficity of Tolerance. The observation that there
often Is pronounced environmental specificity to the display of tol-
orance Is readily Interprelable by an analysis of tclerance that
Incorporates Paviovian conditioning principles. If the repeatedly
drugged organism receivas the drug in the context of the usual pre-
drug cues, the compensatory CR partlally cancels the drug effect;
thus, lolerance Is observed. On the other hand, if this drug-
exparienced organism receives the drug In the cantext of cues not
previously associated with the drug, there would be no pharmaco-
logical CR canceliing the drug elfect, and the toierance attributable
to such a CR would not be observed. An especlally dramatic
demonstration of the environmental specificity of iolerance concems
tolerance to the lethal elfect of oplates.

Environmental Specificity of Tolerance snd Oplate Overdoss. The
conditioning model of tolarance has bean elaborated to account for
some Instances of overdose In human heroln addicts (S. Slegel 1984;
Slagel and Ellsworth 1988; Slegel et al. 1982). Although deaths from
overdose are prevalent, the mechanisms of many of these deaths are
far from clear. Some deaths result from pharmacologlcal overdose
(Huber 1974), but often victims die following doses that wouid not be
expected {o be fatal for these drug-experlenced, and presumably
drug-tolerant, Individuals (see reviews by Brecher (1972) and Reed
(1980)). Indeed, the victims sometimes die following self-
administration of a heroin dosa that was wall tolerated the previcus
day (Gavernment of Canada 1873). Some fatalities may result from a
synergism between the opiate and other drugs concomitantty adminis-
tered or from adultarants {(espaclally quinine} In the ilicit heroin, but
many deaths do not result from such drug inleractions (Brecher 1972;
Government of Canada 1973; Reed 1980). Thus, it has bean suggested
that "the term ‘overdose’ has served lo indicate lack of understanding
of the true machanism of death in fatalities directly related to opiate
abuse" (Greene et al, 1974, p. 175). Some Instances of these
enigmalic fallures of tolerance may be Interpretabls by the
conditioning analysls. According to this analysis, an arganism Is at
risk for overdose when the drug is administered in an environment
that has not previously been paired extensively with the drug {and

thus doas not sliclt the compensatory pharmacological CR that
altenuates the effect of the drug).



Resulis of an experiment by Slegel et al. (1882) support the Paviovian
condltioning interpretation of heroin overdose. Rals Injacted with
high doses of heroln in the same environment as that previously
associated with the drug were more likely to survive than rats with
the Identical pharmacalogical history recelving the final drug
adminisiration in an altemative environment.

The role of predrug cues in overdose has also been evaluated by
Interviewing drug addicts who have survived a heroin overdose.
Findings obtained In such retrospective studies are mixed: S. Siegel
(1984) reported that novel predrug cues typically accompany such
overdoses, but Neumann and Ellis (1986) reported that there |s typi-
cally nothing unusual about the predrug cues on the occaslon of the
overdose.

A recent report suggests that Paviovian conditioning may ba relavant
to some Instances of death from overdose of medically prescribed
oplates (Slegel and Ellsworth 1986). A single case Is described-a
pallent recaiving morphine for relief of pain from pancreatic cancer.
The circumstances of thig patlent's death from apparent overdose of
licily used morphine are readily Interprelable by the Paviovian

. conditloning account of tolerance: on the occaslon of his final
morphine administration, he was in an environment very ditferent
from that assoclated with prior moiphine administrations.

Extinction of Tolerance. Following CR acquisition, presentation of
the CS wilhout the UCS causes a decrease In the CR strength, l.e.,
*extinction.” i drug tolerance is partially mediated by drug-

compensatory CRs, extinclion of these CRs should attenuate tolerance.

That is, established tolerance should be reversed by placebo
administrations. Such extinction has been demonstrated with respect
to tolerance to both the analgesic (e.g., Slegel et al. 1980) and {ethal
(Slegel et al. 1979) elfects of morphine, as well as a varlety of

effacts of amphetamine, midazolam (a short-acting benzodiazepine),
and the synthetic polynucleotide Poly I:C (see reviews by Siegel
(1986) and Slegel (1987)).

Another procedure for extinguishing a CS-UCS assoclatlon is to con-
tinue to present both the CS and the UCS, but In an unpalred

manner (Mackintosh 1974). That Is, the subject receives both
conditioning stimuli, but the CS doas not signal the UCS, Rather,

the UCS is presented only during Intervals between CS presentations.
It has been reporied that such unpaired presentations attenuate
tolerance to the behaviorally sedating effect of morphine in rats
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(Fanselow and Garman 1982). In this experiment, morphine was
administered on a number of occaslons in the presence of a dis-
tinctive environmental cue. When tolerance was established,
continuad presentation of the drug and cue, but in an explicitly
unpalred manner, eliminated folerance. That Is (as expacted on the
basls of a conditioning analysis of tolerance), despite the lact that
morphine-talerant rats continue to receive morphine, tolerance Is
raversed If the continued morphine administrations are unpalred with
a cue that was initially paired with the drug. Such a finding would
appaar uninterpretable by any view of tolerance that does not
acknowledge the contribution of learning.

Retardation of Tolerance. A variety of nonpharmacoiogical proce-
dures retard the acquisition of CRs. According to the conditlaning
Intarpratation of tolerance, similar procedures should retard the
development of tolerance. Ona technique for attenuating the.strength
of an assoclatlon Is {o repeatedly present the CS alone prior to
pairing It with the UCS. The delaterious effect of such
preconditioning exposure to the CS has been termed "latent
inhlbition® {Mackintosh 1974). if drug tolerance is mediated, at least
in part, by an association between predrug cues and the drug, it
would be expected that rats with extensive experlence with admin-
istration cues prior to the pairing of these cues with the drug should
be relatively retarded In the acquisition of tolerance (compared to
rats with minimal preexposure to these cues), despite the fact that
the groups do not differ with respect’io ihelr histories of drug
administration. Such latent inhibition of lolerance has been reported
with respect to the analgesic elfect of morphine (Slegei 1877; Tiltany
and Baker 1981) and the immunostimulatory effect of Poly 1:C (Dyck
ot al. 1986).

Anothar procedure for decreasing the strength of a CS-UCS associa-
tion is partial (as compared to consistent) reinforcement. That s, if
only a portion of the presentations of the CS is palred with the UCS,
CR acquisition Is retarded (compared to the siiuation in which all
presentatlons of the CS are palred with the UCS; see Mackintosh
(1974)}. This literature has clear implications for a Pavlovian
conditioning account of morphine tolerance: a group in which only a
portlon of the presentations of the drug administration cues Is
actually followed by morphine {l.e., a partiaf reinforcement group)
should be slower ta acquire tolerance than a group thal never has
exposure to environmenial cues signalling the drug without actually
recalving it (l.e., a continuous reinforcement group), even when the
two groups are equal with respect 1o all pharmacologlcal parameters.
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Such a finding has been reported with respact to tolerance to the
analgesic, thermic, and anorexigenic effects of morphina (Krank et al.
1984; Slegel 1977; Siegal 1978).

Other Evidence for the Conditioning Analysls of Tolerance. In addi-
tion to the research summarized above, results of many other
experiments have provided further evidence that Pavlovian condition-
Ing contributes to tolerance to many drugs. These experiments
demonstrate that nonpharmacologlical manipulations of predrug
environmental cuses affect both CR acqujsition and tolerance in a
similar manner. For example, tolerance to both morphine (Fanselow
and German 1882; Siegel et al. 1981) and pentobarbital (Hinson and
Slagel 1988) Is subject o inhibltory learning. Furthermors, morphine
tolerance Is subjact to sensory preconditioning {Dafters et al, 1983)

and "extemal Inhibltion" (Slegel and Sdao-Jarvie 1986), and can be
maniputated by compound conditioning phenomena such as "blocking”
(Dafters et al. 1983) and "overshadowing" {Dafters and Bach 1985;
Waltar and Rlcclo 1983). A full discussion of these findings Is

beyond the scope of this review, but It should be emphasized that a
varlety of additlonal sxperiments support the conditionlng analysis of
tolarance,

Paviovian Conditioning and Withdrawal Symptoms

According to most current views, lolerance and withdrawat symptoms
are both manifestations of homeostatic machanisms that correct for
phamacological disturbances: the feedback mechanlsms that mediate
tolerance when the drug is administared are exprassed as withdrawal
symptoms when the drug is not adminisiered (Siegel et al. 1987). i
has become Increasingly apparent that, Just as feedforward, or
anticipation (as well as feedback), contributes to tolerance, it also
contributes to withdrawal symptoms. Thus, some “withdrawal
symptoms” are due not to alterations in feedback mechanisms Induced
by past drug administrations, but rather to the anticipation of the

next drug adminlistration. That Is, some drug "withdrawal symploms*
are, more accurately, drug “preparation symptoms"; they result from
drug-compensatory CRs.

In discussing the role of compensatary CRs In so-called withdrawal
symploms, It Is Important to make a distinctlon between the acute
withdrawal reaction sean shortly after the initlation of abslinence
{which typically lasts for days or, al most, weeks), and the apparant-
ly simllar symptoms ofien noted after detoxification is presumably
complete (Hinson and Slagel 1982). In the latter case, il I5 likely
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that it Is the anticipation of the drug, rather than the drug Itsel,
that Is responsible for the symptoms:

Consider the sltuation in which the addict expects a drug,
but does nol receive It; that is, no drug is avallable, but

the addict is in an environment where he or she has
frequently used drugs in the past, or It Is the time of day
when the drug is typically administered, or any of a

varlety of drug-associated stimull occur. Research with
animals demonstrates that presentation of cues praviously
assoclated with drug administration, but now not followed
by the drug, results in the occurence of drug-
compensalory CRs. . .. In the situation in which the drug
addict expacts but does not receive the drug, it would ba
expected that drug-compensatory CRs would also occur.
These CRs normally counter the pharmacological disruption
of functloning which occurs when the anticipated drug Is
administered. Howaever, since the expected drug Is not
forthcoming, the CRs may achieve expression as overt
physlological reactions, e.g., yawning, running nose, walery
eyes, sweating . . . or form the basls for the subjactive
expariance of withdrawal sickness and craving. (Hinson
and Slegel 1982, p, 499)

Actually, the role of environmental cues In the display of withdrawal
symptoms and relapse has been known for a long time. The following
observation is from The Anatomy of Drunkennaess, writlen in 1859:

Man Is very much the creature of habit. By drinking regu-
larly at certain limes he faels the longlng for liquor at the
stated return of these periods—as after dinner, or
immediately before going 1o bed, or whatever the pariod
may be. Ha even finds it in certain companies, orin a
particular tavern at which he is in the habit of taking his
libations. (Macnish 1859, p. 151)

Morae recently, many other investigatars have noted that environ-
mental cues affect the display of the symptoms of withdrawal from a
variety of drugs.

Observations of Addicts. One way to evaluate the role of environ-
menial cues in withdrawal dislress is simply to ask addicts to recail
the clrcumstances In which thay suffer such distress. Several inves-
tigators have done just this, and have noted thal both opiate addicts
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and alcoholics report that such distress is especially pronounced In
tha presenca of drug-associaled cues (see reviews by Siegel (1983)
and Siegel (1987)). Several cliniclans have reported that oplate
withdrawal symptoms are displayed when, during behavior (herapy
(even with long detoxified former addicts), drugs are discussed
(O'Brien 1976; Wikler 1977) or the paraphernalia of addiction (syringe
and tourniquet) are viewed (Teasdale 1973). The appearance of such
symptoms In these circumstances can be enigmatic lo an observer nol
acquainted with the phenomenon of pharmacological conditioning, as
one of Wikler's recollections demonstrates:

On two separate occasions, psychiatrists at the U.S. Public
Health Service Hospital told me that in group therapy with
long detoxified postaddicts, the patlents would suddenly
begin to blow thelr noses, wipe their eyes, and yawn
Incessantly when the subject under discussion lurned to
dope. The psychlatrists, unaware of this theory of relapse,
were puzzled by the reappearance of oploid abstinence
phenomena 3 to 6 months after detoxification. (Wikler
1977, p. 35)

One's own personal exparience may provide similar evidence of the
importance of drug-assoclated cues In withdrawal distress and
craving—environmental cues associated with smoking (or seaing others
smoking, or talking about smoking) often aellcit craving for a

cigarette in Individuals addicted to nicotine.

In the case of orally ingested drugs, such as alcohol and fobacco, an
especially effactive cue for the drug's systemic effects should be the
flavor of the drug. it has been repotted that cigarette smokers will
display nicotine withdrawal symptoms if they experignce Lhe laste of
the cigarette without the usual accompanying nicotine administration,
l.e., they puff on a clgarette containing much less than the usual
amount of nicotine (Schachter 1977). It is well known that alcoholics
find the taste of alcohol a potent elicitor of craving {e.g., Ludwig

and Stark 1974) and have difficulty in refraining from drinking It

they sample an aicoholic beverage (Hodgson and Rankin 1976). This
“ioss of control” Is apparently elicited by the taste cue since, if the
taste of the alcoholic beverage is masked, a sip does not alicit such
craving (Merry 1966}).

Drug-assoclated ollactary cues can apparently also elicit withdrawal
sickness and craving. Teasdala {1973} noted that several heroin
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addicts who had usually injected themselvas in public lavatories re-
ported that a lavatory smaell elicited craving.

Many other anecdotal reporis of environmentally elicited withdrawal
symploms and craving are reporied by Blernacki in his study of re-
covery from heroin addiction:

Those In the study who were able o Isolale the source of
their cravings to use drugs again usually pointed to some
olfactory or visuat cue that they assoclated in their past
experience with oblaining the drug and/or using il. Being
in an area where they once had obtained the drug, seeing
old addict assoclates, or (especlally} witnessing another
person using drugs were the most frequent reported events
that engendered craving to use opiates. One man, who had
been addicted for five years prior to his belng interviewed,
recalied how drug cravings ware prompted when he saw a
group of actors seem to inject heroin in a movle that he

was waliching on television. (Biernacki 1988, pp. 107-108)

Anaother of Blernacki's respondent's displayed remarkable insight. He
"likenad himself to one of Pavlov's dogs when he felt the nausea
accompanylng a craving. He explained: 'l had the objectivity to aven
see my own behavior for whal it was and that was like getting
nauseous wheneaver I'd even think aboult fixing. Like one of Paviov's
dogs' (Biernacki 1986, p. 115).

Experimants Concerning Environmental Elicitation of Withdrawal
Dislress. There are several laboratory demonstrations of the ability
of drug-assoclated cues to elicit withdrawal distress. For example, it
has bean noted that former addicis display physlological signs of
narcotic withdrawal when they performed the "cocking up” ritual

while being monitored by a polygraph (O'Brien et al. 1976). Teasdale
(1973) showed addicls slides of both oplate-related material, e.g.,
inserting a syringe Into a vein, and non-opiale-related materlal, e.g.,

a hand holding a cup of coffee. On the bas!s of a varlely of
psychometric measures, Teasdale (1973) concluded that the oplate-
related slides induced more emotional responding and evidence of
withdrawal distress than the non-drug-relaled slides. Sideroff and
Jarvlk (1980) also reported that drug-associated cues elicit symploms
of withdrawal, They presented a videolape depicling scenes of heroin
preparation and administration to groups of both heroin addict
patients and nonaddicls. They found that the videotape elicited
evidence of withdrawal {changaes in heart rale and galvanic skin

15



response, and subjective ratings of anxlety and craving) in only the
addict group.

Similar findings have been reported with respect to alcohol. Ludwig
and colleagues (Ludwig et al. 1974; Ludwig et al. 1977) have presented
resulls of experiments demonstrating that alcoholics, In the presance
of laboratory-reconstructed alcohol-associated cues (e.g., 8 mock
barroom or the odor of bourbon) display withdrawal sickness,
subjective reports of alcohol craving, and (if liquor Is available)

ralapse to drinking.

it

IMPLICATIONS FOR TREATMENT

According to the conditioning model, those drug-compensatory CRs
which contribute to tolerance when the anticipated drug Is adminls-
{ered contribute to wilhdrawal symptoms when the aniicipated drug is
not administered. it follows that treatment techniques should address
the cruclal contribution of environment-drug associations to
dependence (Poulos et al. 1961).

As described previously, when treatment conslsts primarily of a period
of "detoxification” In an insulated treatment environment, and the
raleased patient is returned to the original addiction anvironment,
treatment success Is poor: the vast majority of the reated addicts
quickly relapse tollowing reexposure o predrug cues. The
conditioning analysls suggests several factors which should be
considered in a treatment program to minimize such relapse.

Environmental Change and Treatment Effectiveness

As discussed previously, transfer of an addict to an environment not
associated with drug use should promote racavery. This Is what
happened with soldiers addicted while In Vietnam {e.g., Robins 1973)
and with experimentally addicted rats (e.g., Hinson el al. 1986;
Thompson and Ostlund 1965). As discussed In the beginning of this
chapter, results of several epldemiological studies suggest that
environmental change is frequently associated with long-lasting
abslinence.

Of course, environmental change may be a good prescription, but itis
not one that can readily be implemented. Since such changes usually
do not occur, a function of treatment might be the extinction of the
pharmacelogical assoclations that are responsible for relapse, and/or
tha teaching of other, ovarriding behaviors in response to drug CSs.
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Extinction of Responses to Drug-Assoclaied Cues

The primary treatment implication of the conditioning analysls of
withdrawal is that the usual predrug cues must be subjected to
extinctlon. There are reports of the effactiveness of extinction-like
procedure In eliminaling the abliity of predrug cues to elicit crav-
ing and withdrawal distress (Siegel 1983). The study by Blakey and
Baker (1980) provides an example of how extinction procedure may
be used with alcoholics. Ons of the cases they described (W.R.,
case 1) lllusirates the procedure. The drinking history of the
patient was first analyzed In terms of the events which "triggered*
craving for alcohol and relapse to consumption. For this patient,
these stimuli included “tiredness after long hours of wark, boredom,
smell of drink on customers, bouts of lliness, travelling home past

a particular pub at night, and the taste, smell, and sight of alco-

hol* {Blakey and Baker 1980, p. 320). Treatment Involved extinc-
tion of the capacity of these usual predrug cues to eligit craving

by presenting the cue and not allowing drinking. At first, presan-
lation of one of the usual predrug cues slicited sirong craving,
trembling, and feelings of deprassion. With repaated presentations
ol the cue not followed by the drug, these symptoms diminished.
When the capacity of one cue to eficit craving had been extin-
gulshed, another predrug cue was Introduced and subjected to the
same extinction procedure. The extinclion procedure continued
untit most of the "trigger” stimull had undergone extinclion, after
which the patient apparenily successfully gave up drinking.

Blakey and Baker {1980) report other cases Involving the same gen-
eral procedure for eliminating the capacity of the usual predrug
cues to elicit craving: Identification of the usual predrug cues for
the individual patient and systematic exposure to each of the cues
while not allowing alcohol consumption until the capacity of that
cue lo elicit craving Is diminished. In some cases, it was necessaty
that the extinction program be conducted outsida the institutionat
setting. For example, treatment for one patient who reported that
being in a pub in the company of friends was the most powetful
alicltor of craving Involved sitting in the pub with one or two
theraplists white he and they drank soft drinks. Later sessions
included beling in the presence of people drinking aicohol, going
Into a well-known pub, and going Into a pub alone.

Ronald Siagel (1984) has reporled the use of extinction therapy to

treal cocaine dependence. Patlents belng trealed for cocaine
addiction wore provided with vials that contalned a chemical that
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duplicated the odor of "streel" cocaine. They could sniff the
vapors ad fibilum. Such exposure o a cocaine odor was an
effactive adjunct to treatmant for the majority of the users who
participated in the study:

Repeated sniffing of the aroma unaccompanied by cocaine
itself appears to result in same ‘extinction’ of the cocaine
craving itse. (R.K. Siegel 1984, p. 61)

“Extinction tharapy* has also been used lo treat opiate addiction
(O'Brlen and Ng 1979). Although dramalic successes have not been
reported, a problem In Implementing this procedure with these
patlents is the difficulty In reconstructing pradrug environmental
cues. As Indicated by O'Brien and Ng (1978), “for optimal elec-
liveness it might be necessary for patients to be desensitized In
situations thal clearly resemble their own nelghborhoods” (O'Brien
and Ng 1979, p. 196). Obviously, such realislic presentation of
drug-associaled cues may present special problems, although it has
been used in somae cases, such as Kraft's (1970) procedure of having
amphetamine-barbiturate (Dexamyl, or "purple hearts") abusers ga to
areas of the city where they usualiy obtain the drug and refraln

from buying W

A promising extinction procedure has the patient actually self-
Inject the oplate In an environment similar to that in which heroin
is usually self-administered, but the effects are blocked by a long-
lasting narcolic antagonist such as cyclazocine or naltrexone
(Meyer and Mirin 1979},

SUMMARY AND CONCLUSIONS

Results of much research demonstrate that tolerance Is not the in-
evilable consequencs of repeated drug exposure: the drug-
experienced organism often demonstrates tolerance when the drug is
administered In the context of the usuat predrug cues, but not in

the context of altamative cues. Such findings raise the importance
of learning factors above that of the purely physiological lactors in
substance abuse. Incorporated in a model of tolerance that empha-
sizes the Pavlovian conditioning of an assoclation between predrug
cues and the systemic effect of the drug are findings that learned
tolerance leads lo death by overdose. A history of assoclatlon re-
sults in drug-compensatory conditional responses, and these condi-
lional pharmacological responses may be displayed as *withdrawal
symploms* and craving when the organism with a history of drug
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administration Is confronted with the usual predrug cues without
the usual pharmacological consequences.

An Implication of the conditioning analysis is that successful treat-
ment of drug addiction should acknowledge nol only pharmaco-
dynamic and pharmacokinelic principles, but also the powerful evoc-
alive effacts of drug-predictive environmental cues. Permanent
abstinence is most likely If the trealed addict is either protected

from reexposure to these predrug cues (for example, by residence
relocatlon), or treated with a protocol which incorporates extinc-

1lon of the association between these cues and the drug. As

Hamlet suggested to his mother (Act lll, Scene 4):

Assume a virlue if you have it not

.. . refrain tonight;

And that shall lend a kind of easinass

To the next abstinenca: the next more easy;
For use almost can change the stamp of nature
And master ev'n the devll or throw him out
With wondrous potency.
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