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Associative Mechanisms and Drug-Related Behavior

Stanley J. Weiss Mark P. Reilly
American University, U.S.A. Central Michigan University, U.S.A.

and

David N. Kearns
American University, U.S.A.

This special issue of the International Journal of Comparative Psychology
is based on presentations delivered at the Focus Session of the 2004 Winter Con-
ference on Animal Learning and Behavior (WCALB) held in Winter Park, Colo-
rado. The Associative Mechanisms and Drug-Related Behavior Focus Session be-
gan with an invited address by Shepard Siegel titled The Ghost in the Addict: Drug
Anticipation and Drug Addiction. He described an impressive body of research
showing that conditioning mechanisms underlie drug tolerance and withdrawal.
Siegel's address underscored the important contribution of associative mechanisms
to drug-related behavior and set the stage for the six papers presented in this issue.

Siegel began by describing his landmark study that first demonstrated the
"situational specificity of tolerance" (Siegel, 1975). In that study, tolerance to
morphine was only observed when rats were injected with morphine in an envi-
ronment where they had previously experienced morphine. In contrast, no toler-
ance to morphine was observed when rats were injected in a novel environment.
This result demonstrated that environmental factors might be as important, or even
more important, than pharmacological factors in the expression of tolerance to
drugs. Siegel pointed out that these results were anticipated by Subkov and Zilov
(1937) who demonstrated conditioned tolerance of epinephrine-induced tachycar-
dia.

Siegel hypothesized that this situational specificity of tolerance was medi-
ated by conditioned compensatory responses (CCRs) that counteracted the analge-
sic effects of morphine. According to this conditioning account of tolerance, the
environmental stimuli present before and during morphine (the unconditioned
stimulus or US) administration should act as Pavlovian conditioned stimuli (CSs).
Through these pairings, the CSs come to elicit a conditioned response (CR) that
opposes the direct effects of morphine. Therefore, since morphine itself produces
analgesia, the environmental CSs that are paired with morphine come to elicit hy-
peralgesia. These oppositional processes then summate to produce a zero net ef-
fect, which manifests itself as tolerance, when morphine is administered in the
presence of cues previously paired with morphine.

A critical prediction of the CCR analysis of tolerance is that an effect op-
posite to the direct effects of morphine (e.g., hyperalgesia) should be observed if
the morphine-paired CSs are presented without the morphine (e.g., saline injection

For information about ttie Winter Conference on Animal Learning & Behavior, visit tittp://www.
american.edu/academic.depts/cas/psycti/wcalb.htm, or contact Stan Weiss, WCALB Convener, at
sweiss@american.edu.
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is substituted for morphine). This is because the full expression of the CCR should
be elicited with nothing to counteract them. Siegel (1975) showed that hyperalge-
sia is indeed observed when previously morphine-paired stimuli are presented in
the absence of morphine to morphine-tolerant rats. He has called these unopposed
CCRs "withdrawal symptoms" (Siegel, 1999). Thus, for Siegel, tolerance and
withdrawal are both manifestations of a CCR—tolerance is observed when the
CCR is elicited in the presence of the drug and withdrawal symptoms are observed
when the CCR is elicited in the absence of the drug (Siegel, 1999; 2002).

Siegel proceeded to review numerous studies conducted over the past 30
years supporting the view that drug tolerance reflects the processes of classical
conditioning. Principally, this evidence comes from studies showing that tolerance
is affected by learning contingencies in the same way that other nondrug Pavlovian
CRs are affected by these contingencies. This reveals generality of process through
"functional contiguity" (Sidman, 1960). These learning phenomena include, but
are not limited to, extinction, external inhibition, latent inhibition, partial rein-
forcement effects, blocking, sensory preconditioning as well as electrophysiologi-
cal and pharmacological manipulations (Siegel, 1975, 1989, 1991; Siegel & Lar-
son, 1996; Dafters et al., 1983; Siegel et al., 2000).

So where is the ghost in Siegel's address? In describing his experience
with opium addiction, Jean Cocteau wrote "the dead drug leaves a ghost behind. At
certain hours it haunts the house" (Cocteau, 1958, p. 60). Siegel materializes the
ghost by reframing it in terms of Pavlovian conditioning. For Siegel, the 'ghost'
refers to the CRs elicited by drug-associated CSs resulting from extended drug ex-
periences. The candidates for conditioned stimuli can be numerous and include the
complex of stimuli present when drugs are taken, such as people, places, sounds
and smells. He also posited that the CSs may be interoceptive in nature.

Siegel presented his recent research on interoceptive drug-associated cues
that logically extend his research on Pavlovian conditioning of exteroceptive cues.
This work essentially shows that interoceptive cues can indeed acquire CS func-
tions in ways similar to exteroceptive cues. He considered two types of interocep-
tive cues, those associated with self-administration and drug onset cues. Self-
administration cues are stimuli arising from the active administration of the drug
(such as movement of the body and other proprioceptive stimuli). Fvidence was
presented that self-administration cues contribute to tolerance and symptoms of
withdrawal (Weise-Kelly & Siegel, 2001; MacRae & Siegel, 1997). Siegel then
described research demonstrating the CS function of drug onset cues. In a proto-
typical experiment, rats receive chronic injections of a large dose of morphine (50
mg/kg). On test days, a much smaller dose (e.g., 5 mg/kg) is given. The small dose
of morphine precipitated opiate withdrawal as evidenced by the behavioral and
thermic data. This finding is expected if the interoceptive stimulation produced by
the small dose was similar to the early drug-onset cues associated with the admini-
stration of the large dose. In other words, the early drug-onset cues are analogous
to exteroceptive morphine-paired stimuli and elicit CCRs (i.e., precipitate with-
drawal) when presented without the US (see Sokolowska, Siegel, & Kim, 2002).

Siegel's keynote address provided convincing evidence that drug-
associated stimuli, environmental and internal, play a critical role in drug tolerance
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and withdrawal. The six papers presented in this issue are concerned with a variety
of effects of drug-related stimuli, including place conditioning (Bevins), selective
associations produced by cocaine-associated stimuli (Weiss, Kearns, Cohn,
Panlilio & Schindler), conditioned tolerance to the ataxic effects of alcohol
(Brooks), the drug as a CS (Tomie, Mohamed, & Poherecky), and the conditioned
reinforcing properties of drug-paired stimuli (Shelton & Beardsley, Newman &
Beardsley, and Bevins).

Siegel's address and the spectrum of learning paradigms represented by
these six articles confirm the central role learning and associative mechanisms play
in drug-related behavior. They also illustrate that this is an active area of research
that needs people with diverse backgrounds and interests including classical and
operant conditioning, behavioral pharmacology and drug abuse. Clearly, people
other than metaphysicians acknowledge that the "ghost" is alive and well, and wor-
thy of study.
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