
Abstract Rationale: Clinical data suggest that stimuli
paired with cocaine use acquire emergent stimulus ef-
fects, such as the ability to elicit cocaine craving. Objec-
tives: The purpose of this study was to determine the
conditioned effects of neutral stimuli paired with cocaine
smoking. Methods: Eight experienced adult cocaine
smokers participated in 22 experimental sessions while
residing on a Clinical Research Center. One set of cues
(CS–) was paired with placebo smoked cocaine and one
set of cues (CS+) was paired with 25 mg smoked co-
caine. Results: After 18 training trials, the effects of co-
caine on heart rate and ratings of “anxious” were greater,
and skin temperature and ratings of “tired” were smaller
when compared to the effects of cocaine after the first
training trial. When instructed to select a cue to experi-
ence after training, seven of eight participants selected
the CS+, while only three of the participants selected the
CS+ prior to training, i.e., the CS+ functioned as a con-
ditioned reinforcer. Presentation of the CS+ alone with-
out cocaine during extinction trials increased HR, SP,
and ratings of “anxious” “tired”, and “I want cocaine”
and decreased skin temperature. These changes elicited
by presentation of the CS+ decreased over the course of
the extinction sessions. Conclusions: The present results
indicate that classical conditioning is one mechanism by
which stimuli paired with cocaine acquire emergent
stimulus effects.
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Introduction

In the natural ecology, cocaine abuse involves alternating
periods of cocaine-seeking or acquisition behavior and
cocaine-taking behavior. Human cocaine users often
self-administer multiple doses of cocaine within a limit-
ed time frame followed by a period in which no cocaine
is taken, in what is commonly called a cocaine “binge”
(Gawin and Kleber 1986). The repetitious nature of co-
caine-seeking and cocaine-taking is believed to play an
important role in defining cocaine abuse and, thus influ-
ences behavioral treatment approaches. For example, co-
caine craving is reported by individuals in the natural
ecology, which is replete with cues associated with drug
use. Drug-cue elicited changes in mood and craving are
often interpreted within the framework of classical con-
ditioning (O’Brien et al. 1992): the relatively consistent
pairing of certain environmental cues with cocaine seek-
ing or cocaine taking cause those cues to become condi-
tioned stimuli for drug effects. Gawin and Kleber (1986)
have postulated that responsivity to cocaine cues varies
during cocaine abstinence. The postulated relationships
between cocaine cues, cocaine craving and cocaine tak-
ing, i.e., cues elicit craving which elicits cocaine taking,
or cues directly elicit cocaine taking, has set the occasion
for studies aimed at understanding these relationships.

The environmental cues that elicit cocaine craving or
cocaine taking vary among individuals, making it diffi-
cult to set up a controlled laboratory study (Robbins and
Ehrman 1992). Some protocols have involved the pre-
sentation of a 10-min audio tape, a 10-min video tape,
and 5 min of handling cocaine paraphernalia (e.g., Ehr-
man et al. 1996) as the cocaine “cue”, while recent stud-
ies have relied on 25-min videotapes displaying cocaine-
related or neutral images (e.g., Childress et al. 1999).
Research using these complex stimulus sets has shown
that cocaine-related stimuli can increase cocaine craving,
decrease skin temperature and less consistently elicit
feelings of “high” or cocaine withdrawal (Ehrman et al.
1992, 1996; Kranzler and Bauer 1992; Berger et al.
1996; Reid et al. 1999; Robbins et al. 1999). One diffi-
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culty with the cue procedures used in previous studies is
that there was no control for the amount of personal his-
tory with either the cocaine stimuli or the neutral stimuli
(Robbins and Ehrman 1992).

Procedures using environmental stimuli normally as-
sociated with cocaine use also rely on learning occurring
outside the laboratory, memory, imagery and response to
instructions, either explicit or implied. For example, in-
structions may play a role in the cue-presentation elicited
response. Muntaner et al. (1989) demonstrated that pla-
cebo, when given to cocaine users who were instructed
that they would receive cocaine, increased heart rate. Co-
caine video presentation may function as a type of in-
struction to elicit cocaine craving. Imagery may also be
important (e.g., Elash et al. 1995). Tiffany and Drobes
(1990) demonstrated that asking cigarette smokers to
imagine situations where they would normally smoke a
cigarette resulted in cravings for cigarettes. Video pre-
sentation may also function via imagery to elicit cocaine
craving. Thus, cocaine-related cue-presentation proce-
dures involve complex behavioral processes, and they do
not establish that the observed behaviors were the result
of classical conditioning.

The purpose of this study was to investigate, using a
classical conditioning paradigm, the emergent stimulus
effects of stimuli that had been paired with cocaine
smoking in experienced cocaine users as compared to
stimuli paired with placebo cocaine. In contrast to previ-
ous studies that relied exclusively on individual histories
with stimuli, this protocol provided similar conditioning
histories for all participants, and separate stimuli were
also paired with placebo smoking (Robbins and Ehrman
1992). Thus, participants smoked active cocaine follow-
ing presentation of one set of neutral stimuli and smoked
placebo cocaine following presentation of another set of
neutral stimuli. The strength of this procedure is that the
influence of classical conditioning on cocaine’s effects is
specifically addressed.

One difficulty in designing the study was estimating
how many conditioning trials (i.e., CS–→placebo,
CS+→cocaine pairings) would be required to observe a
response and how these trials could be effectively sched-
uled within a relatively brief study. In classical condition-
ing protocols, the rate of conditioning is decreased when
trials occur too frequently, such that the inter-trial interval
should be longer than any direct effects of either the con-
ditioned stimulus (CS) or the unconditioned response
(UCR; Hilgard 1951). In the natural ecology, cocaine
smokers wait a brief 3- to 8-min interval between dose
administrations (Foltin and Fischman 1992), indicating
that the initial positive subjective effects of cocaine (i.e.,
“rush”) are short lived. In this study, participants had two
sessions of up to six trials at 14-min intervals each exper-
imental day. The decision to have six training trials per
session was based both on the practicality of limiting
study duration and of mimicking the way cocaine is
smoked in the natural ecology, i.e., a cocaine “binge”.

A second difficulty in using smoked cocaine as the
unconditiond stimulus (UCS) is that it has a distinct odor

and taste. Because these stimulus cues already predict
cocaine, they may overshadow or block the ability of
novel cues to acquire conditioned stimulus effects. In our
experience, blocking the taste of smoked cocaine using a
local anesthetic topically applied to the mouth and
throat, and blocking the odor of cocaine using nose plugs
are noxious stimuli that are not well tolerated by re-
search participants. For these reasons, it was not experi-
mentally possible to remove the odor and taste cues pro-
duced by cocaine itself.

Materials and methods

Participants

Eight research volunteers (six African-American males, two Afri-
can American females), 30–41 years of age (mean=36), reporting
current smoked cocaine use, but not seeking treatment, were solic-
ited through word-of-mouth referral and newspaper advertisement
in New York, N.Y. None of the participants had ever participated
in research, nor had they lived on an inpatient clinical research
unit. Participants reported smoking cocaine in a repeated-dose
“binge” pattern 3–7 times each week (mean=4.6), spending
$24–100 during each binge [mean=$53]. With cocaine costing
$20–40/g in New York City, participants thus smoked 1–4 g co-
caine during each binge. Six participants also smoked 0.25–2
packs of tobacco cigarettes per day (mean=0.8). Participants had
completed an average of 13.1±1.4 (SD) years of education. All
participants passed medical evaluation, and were interviewed ex-
tensively by a psychologist and a psychiatrist prior to the study; no
participant met DSM-IV criteria for an axis I disorder, and none
was receiving psychiatric treatment. Participants were informed
that the purpose of the study was to examine the effects of envi-
ronmental cues alone or in combination with cocaine. Each partic-
ipant signed a consent form, approved by the Institutional Review
Boards of The College of Physicians and Surgeons of Columbia
University and The New York State Psychiatric Institute.

Apparatus

During experimental sessions, each participant was seated in a
comfortable lounge chair in front of a computer monitor. An 18-
gauge catheter (Quik-Cath, Travenol Laboratories, Deerfield, Ill.,
USA) was inserted into a subcutaneous vein on one arm in case
there was a need to administer medications to offset the effects of
cocaine. The IV line was kept patent by a physiological saline so-
lution drip at a rate of 2 cc/min. Electrocardiogram was continu-
ously monitored via chest electrodes (MAC PC, Marquette Elec-
tronics, Milwaukee, Wisc., USA) while heart rate (HR) and blood
pressure (systolic, SP; diastolic, DP) were recorded every 2 min
(Sentry II, Model 6100 automated vital signs monitor, NBS Medi-
cal, Costa Mesa, Calif., USA), beginning at time –20 min each
session. Skin temperature was monitored with a thermistor probe
(YSI 400 series, Cole-Parmer, Vernon Hills, Ill., USA), connected
to a thermistor interface (Harvard Apparatus, South Natick, Mass.,
USA). Data were collected and analyzed using software from the
MP100WS Data Acquisition system (BIOPAC Systems, Inc, Santa
Barbara, Calif., USA). Skin temperature was recorded every 2 min
(30 s of sampling at a rate of 5 samples/s) beginning at time –10
min each session. Macintosh (Cupertino, Calif., USA) computers
were used for automated data collection.

Procedure

Participants were admitted on a Friday to the Irving Center for
Clinical Research in the Presbyterian Hospital, and resided there
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for the duration of the 15-day study. They had access to television,
radio, and video-taped movies while on the Clinical Research
Center, and were not permitted to leave the unit unless accompa-
nied by a staff member. As shown in Table 1, the first experimen-
tal session occurred on that Friday afternoon. Beginning the fol-
lowing Monday, there were two experimental sessions per day on
weekdays, one in the morning and one in the afternoon.

Experimental sessions

CS+ versus CS– choice

The purpose of these sessions was to determine which set of cues
participants preferred to experience when given a choice to experi-
ence either set. There were three CS+ versus CS– choice sessions:
the first and last session of the study and the morning session of
study day 8. Participants completed a subjective-effects question-
naire at the beginning of the session and then experienced either
the CS+ or CS– cues at –2 min (order of cue presentation was sys-
tematically varied within and among participants). Another sub-
jective-effects questionnaire was completed and then participants
experienced the other set of stimulus cues at 6 min. After complet-
ing another subjective-effects questionnaire, participants selected
which set of cues they wanted to experience for 2 min beginning
at 24 min.

Training

The purpose of these sessions was to pair cocaine with one set of
cues (CS+), and placebo with another set of cues (CS–). There
were four cocaine training sessions and four placebo training ses-
sions: one placebo and one cocaine training session on study days
4, 5 and 7, and a placebo or cocaine training session the morning
of study day 11 and the afternoon of study day 12. The order of
training sessions varied across individuals. During cocaine train-
ing sessions, participants smoked a 25 mg dose of cocaine base 6
times, at 14-min intervals, beginning at time 0. Cocaine was not
given on any trial that any cardiovascular measure was above our
criteria for safe drug administration (HR >130, DP >100, SP
>165). So that the doses could be identified for later use in choice
sessions, each time cocaine was given, participants were instruct-
ed that it was dose A. During placebo training sessions, partici-
pants smoked placebo. Each time placebo was given, participants
were instructed that it was dose B.

During cocaine administration, participants were blindfolded
and presented with cocaine base in a glass pipe (“stem”) fitted with
smoke screens, and were instructed to take one large inhalation and
to hold the inhalation as long as they normally would outside of the
laboratory. Pyrolysis of the cocaine base was accomplished by
holding the flame from a pipe lighter on the cocaine. Cocaine base,

derived from cocaine hydrochloride (provided by The National In-
stitute on Drug Abuse) as described in Foltin et al. (1990), was pre-
pared by the Presbyterian Hospital Research Pharmacy. Under the
placebo cocaine condition, participants simply inhaled heated air
through an empty stem. Stimulus cues were presented 2 min before
each placebo or cocaine dose. Subjective-effects questionnaires
were completed prior to the first cue presentation, 4 min after each
dose and also 14 and 30 min after the last dose.

Probe

The purpose of these sessions was to determine the effects of pre-
senting a set of stimulus cues and then providing the participant the
drug dose (cocaine or placebo) that was not associated with those
cues. In addition, because probe sessions occurred after the first 2
days of training sessions, they also provided information about the
rate of acquisition of emergent stimulus effects. During a placebo
probe session, participants experienced five placebo: CS– pairings.
For the sixth trial of that session, participants experienced the CS–
cues and then were given 25 mg cocaine to smoke. During a co-
caine probe session, for the first trial of that session, participants
experienced the CS+ cues and then were given placebo to smoke.
Participants then experienced five cocaine:CS+ pairings. Probe ses-
sions occurred on study day 6, with the order of placebo and co-
caine probe sessions counter-balanced across participants.

Choice

The purpose of these sessions was to determine the effects of pre-
senting a set of stimulus cues and then providing the participant
the opportunity to buy up to 6 doses of either dose A (cocaine) or
dose B (placebo) using his/her bonus money for that day. There
were three cocaine and three placebo choice sessions: a no-cue, a
CS+, and a CS– session for each dose. During CS+ and CS– ses-
sions, participants experienced the cues beginning at –6 min and
were told at –4 min what dose (A or B) was available that day.
Participants were told that they could “purchase” up to five doses
of that dose, at a cost of $5/dose, using their $25 bonus earning for
that day’s study participation. All doses were purchased at the be-
ginning of the session before drug was administered. During no
cue sessions, participants were told by the cocaine nurse what
dose was available that day. Other session details were as de-
scribed above for training sessions. The order of choice sessions
varied across individuals.

Extinction

The purpose of these two sessions was to determine the effect of
presenting the CS+ set of stimulus cues with placebo, so that any

Table 1 Representative
schedule of experimental
sessions

Day Study day AM (0930) PM (1530)

Fri 1 Move-in CS+ vs CS– choice #1
Sat 2
Sun 3
Mon 4 Placebo training #1 Cocaine training #1
Tues 5 Cocaine training #2 Placebo training #2
Wed 6 Placebo probe Cocaine probe
Thur 7 Placebo training #3 Cocaine training #3
Fri 8 CS+ vs CS– choice #2 Cocaine choice: no cues
Sat 9
Sun 10
Mon 11 Placebo training #4 Cocaine choice: CS–
Tues 12 Cocaine choice: CS+ Cocaine training #4
Wed 13 Placebo choice: no cues Placebo choice: CS+
Thur 14 Placebo choice: CS– Extinction #1
Fri 15 Extinction #2 CS+ vs CS– choice #3



Probe

Because resting cardiovascular activity decreased during sessions,
two baselines were used to convert the cardiovascular and physio-
logical measures to change from baseline data during probe ses-
sions. Data from the first trial of placebo sessions (CS–→placebo)
and the first two trials of cocaine sessions (CS+→placebo,
CS+→cocaine) were expressed as change from baseline. Data
from the sixth trial of placebo sessions, which was a cocaine trial
(CS–→cocaine), were expressed as change from resting activity
after the fifth trial. Data were analyzed using a three-factor repeat-
ed measures ANOVA: the first factor was type of session (CS–,
CS+), the second factor was drug given (placebo, cocaine) and the
third factor was time (0–12 min after dose was administered). The
subjective-effects data obtained during probe sessions were con-
verted to change from baseline and analyzed using a two-factor re-
peated measures ANOVA: the first factor was type of session
(CS–, CS+), the second factor was time.

Extinction

The cardiovascular and physiological effects of extinction were
determined by converting data to change from baseline and ana-
lyzing the data using a three-factor repeated-measures analysis of
variance (ANOVA): the first factor was session number (first, sec-
ond), the second factor was trial (1–6) and the third factor was
time within trial (0–12 min). All results were considered statisti-
cally correct at P<0.05. The Hunyh-Feldt correction for non-
sphericity was employed where appropriate.

Results

Training

None of the active cocaine doses was refused or withheld
for safety reasons in any participant at any time during
this study. The first dose of cocaine during training ses-
sions significantly increased HR [F(1,7)=30.4, P<0.0009],
DP [F(1,7)=34.2, P<0.0006], and SP [F(1,7)=31.0,
P<0.0008] compared to placebo. The top panel of Fig. 1
compares HR following the first placebo and cocaine dose
of the first and fourth training sessions as a function of
time after the first dose. Cocaine produced larger increases
in HR [F(1,21)=9.50, P<0.006] during the fourth training
session. As shown in the bottom panel of Fig. 1, cocaine
produced larger decreases in skin temperature during the
fourth training session [F(1,21)=8.27, P<0.011].

Figure 2 compares several subjective effects measures
(expressed as change from baseline) obtained during the
first and fourth training sessions as a function of dose
number within the session. During cocaine training ses-
sions, ratings of “I feel..”. “anxious” [F(1,7)=6.85,
P<0.035], “a good drug effect” [F(1,7)=29.35, P<0.001],
“high” [F(1,7)=23.09, P<0.002], and “stimulated”
[F(1,7)=32.79, P<0.0007] were greater than observed
during placebo training sessions, and ratings of “tired”
[F(1,7)=20.30, P<0.003] were less than observed during
placebo training sessions. Ratings of drug dose were also
larger during cocaine training sessions: “liking”
[F(1,7)=19.74, P<0.003], “quality” [F(1,7)=17.85,
P<0.004], “potency” [F(1,7)=18.33, P<0.003], and
“pay” [F(1,7)=13.82, P<0.007].
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conditioned response to the CS+ stimulus cues would extinguish
prior to participants leaving the study. These sessions were identi-
cal to cocaine training sessions, except that placebo was given fol-
lowing the CS+ presentations 6 times each session.

Stimulus cues

There were two sets of stimulus cues, each consisting of a visual,
olfactory, and auditory cue, and a research nurse. During one set
of cues, a pink towel was draped on the computer screen in front
of the participant, participants wore a hospital face mask that con-
tained a peppermint-scented tea bag, and listened to a specific
piece of modern guitar music. During the second set of cues, a
striped towel was draped on the computer screen in front of the
participant, participants wore a hospital face mask that contained a
spice-scented tea bag, and listened to a specific Gregorian chant.
Throughout the study, active cocaine was always administered by
the same research nurse. Due to scheduling difficulties, several
different research nurses administered the placebo dose. The dura-
tion of the stimulus presentations was 2 min. Half of the partici-
pants experienced the first set of cues with cocaine and half expe-
rienced the second set of cues with cocaine.

Subjective-effects questionnaires

A computerized questionnaire was completed repeatedly during
each session. The questionnaire consisted of a series of 100-mm
visual analog scales (VAS), labeled “Not at all” (0 mm) at one end
and “Extremely” (100 mm) at the other end. Eighteen of these
VAS were labeled “I feel . . “. “Stimulated”, “High”, “Anxious”,
“Sedated”, “Depressed”, “Hungry”, “Focussed”, “Calm”, “Able to
Concentrate”, “Alert”, “Tired”, “Talkative”, “Self-Confident”,
“Social”, “Irritable”, “Confused”, “Good Drug Effect”, and “Bad
Drug Effect”. Four VAS were used to operationalize drug craving
and were labeled “I want..”. “Cocaine”, “Heroin”, “Alcohol”, and
“Tobacco”. Three VAS were related specifically to the cocaine
dose the participant had just received and were labeled “The
choice was of high quality”, “The choice was potent”, and “I liked
the choice”. A final question asked the participants “How much
would you pay for the dose you just received”, with a range of
$0–25.

Data analysis

Data were analyzed using SuperANOVA statistical software for
Macintosh: physiological measures included HR, SP, DP and skin
temperature (averaged across the 30 s of data obtained every 
2 min); subjective-effects measures included each of the items on
the subjective-effects questionnaire. In addition to the analyses of
variance described below, planned comparisons were used to com-
pare between individual conditions and session times, as described
in Results.

Training

The physiological effects of training were determined by convert-
ing data obtained between 0 and 14 min (first dose given immedi-
ately following time 0 reading) to change from baseline (mean of
data obtained –18 to –8 min) and analyzing the data using a three-
factor repeated-measures analysis of variance (ANOVA): the first
factor was session type (placebo, cocaine), the second factor was
session number (1–4) and the third factor was time within session
(0–14 min). The subjective effects of training were determined by
converting data to change from baseline (data obtained before the
first cue exposure and dose administration) and analyzing the data
using the ANOVAs similar to those described above for the physi-
ological measures.
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Participants reported being more “anxious”
[F(1,17)=17.18, P<0.001], and less “tired” [F(1,17)=14.98,
P<0.012] after the first cocaine dose of the fourth
cocaine training session, compared to the first cocaine
dose of the first training session.

Probe sessions

The top panel of Fig. 3 compares HR during cocaine and
placebo probe sessions as a function of time following
presentation of that stimulus cue-drug pair. As shown by
the filled symbols in the left portion of the top panel,
presentation of the CS+ followed by placebo increased
HR to a greater extent than presentation of the CS– fol-
lowed by placebo, shown by the open symbols
[F(1,42)=19.05, P<0.003]. As shown in the right portion
of the top panel, presentation of the CS+ followed by co-
caine also increased HR to a greater extent than presen-
tation of the CS– followed by cocaine [F(1,42)=4.59,
P<0.047].

As shown in the bottom panel of Fig. 3, presentation
of the CS+ followed by placebo increased skin tempera-
ture to a greater extent than presentation of the CS– fol-
lowed by placebo [F(1,30)=5.60, P<0.037; data only
available for six participants]. By contrast, presentation
of the CS– followed by cocaine decreased skin tempera-
ture to a greater extent than presentation of the CS+ fol-
lowed by cocaine, i.e., the effects of cocaine were great-
er [F(1,30)=23.37, P<0.0003].

Figure 4 compares ratings of “stimulated” and “I want
cocaine” during cocaine and placebo probe sessions as a
function of time following presentation of that stimulus
cue-drug pair. Presentation of neither the CS+ followed
by placebo nor the CS– followed by cocaine produced
subjective effects that differed from presentation of that
drug dose with the correct stimulus (CS–→placebo,
CS+→cocaine).

CS+ versus CS– choice

Three of eight participants selected the CS+ cue to expe-
rience at baseline, which did not differ from chance
(P<0.36; based on the binomial distribution). By con-
trast, seven of eight participants selected the CS+ cue to
experience after having the CS+ paired with smoked co-
caine, which was significantly greater than chance
(P<0.035). Thus, the CS+ cue had acquired conditioned
reinforcing effects.

Fig. 1 Selected physiological measures following the first cocaine
dose during the first (white circles) and fourth (black circles)
cocaine training session as a function of time after dosing. Data
are expressed as change from baseline obtained before cue presen-
tation and first dose administration. Error bars represent ±SEM

Fig. 2 Selected subjective-effects measures following the first
cocaine dose during the first (white circles) and fourth (black
circles) cocaine training session as a function of time after dosing.
See Fig. 1 for details
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Cocaine and placebo choice after cue presentation

When cocaine was available during choice sessions, par-
ticipants purchased a similar number of cocaine doses
under all three choice conditions (CS+: 2.5±0.73; CS–:
2.7±0.78; no cue: 2.5±0.73). No participant ever pur-
chased a dose of placebo cocaine under any choice con-
dition.

Extinction

The top panel of Fig. 5 compares HR, expressed as
change from baseline, during the two extinction sessions
as a function of time. The first presentation of the CS+
cue alone during the first extinction trial increased HR
by 8 bpm (data obtained at 0 min, after CS+ presenta-
tion, but before placebo delivery) and SP by 15 mmHg
(data not shown). Although HR and SP decreased over
the session, as normally observed when placebo is
smoked, presentation of the CS+ cue alone often in-
creased cardiovascular activity. This is clearly shown by
the increase in HR at 0, 14, 56 and 70 min (shown by the
vertical bars) observed immediately after cue presenta-
tion and before placebo cocaine smoking (shown by the
arrows). The CS+-induced transient increases in cardio-
vascular activity became smaller as extinction pro-
gressed across the two extinction sessions. HR
[F(1,35)=9.61, P<0.008] and SP [F(1,35)=14.30,
P<0.006] were significantly greater on the first trial of

Fig. 3 Selected physiological measures during probe sessions as a
function of time after dosing. Left portion of each panel: placebo
was administered following presentation of the CS– (open squares)
or the CS+ (closed squares). Right portion of each panel: cocaine
was administered following presentation of the CS– (open squares)
or the CS+ (closed squares). Data are expressed as change from
baseline obtained immediately before cue presentation and dose
administration. Error bars represent ±SEM

Fig. 4 Selected subjective-effects measures during probe sessions
as a function of time after dosing. Cocaine was given following
the CS– presentation on the sixth trial of the placebo session.
Placebo was given following the CS+ presentation on the first trial
of the cocaine session. See Fig. 3 for additional details

Fig. 5 Selected physiological measures during extinction sessions
as a function of time within a session. Vertical bars represent CS+
presentation and arrows indicate placebo administration. Data are
expressed as change from baseline obtained before cue presentation
and first dose administration. White circles session 1, black circles
session 2
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the first extinction session compared to the first trial of
the second extinction session. HR [F(1,35)=4.56,
P<0.052] and SP [F(1,35)=4.19, P<0.048] were also
slightly, but significantly, greater on the second trial of
the first extinction session compared to the second trial
of the second extinction session.

The bottom panel of Fig. 5 compares skin tempera-
ture, expressed as change from baseline, during the two
extinction sessions as a function of time. Skin tempera-
ture decreased slightly after each dose administration
during both extinction sessions, indicating a conditioned
response to the CS+ cues.

Figure 6 compares selected subjective-effects mea-
sures during both extinction sessions as a function of tri-
al within session. Comparing the subjective-effects data
obtained between the first and second extinction sessions
revealed three items that were “cocaine-like”, i.e.,
changed in the direction observed after cocaine adminis-
tration, one item that changed in the direction opposite
that observed after cocaine administration, and five
items that had not changed during training or probe ses-
sions. Ratings of “anxious” [upper left panel;
F(1,49)=7.47, P<0.032] and “social” [F(1,49)=15.97,
P<0.008] were greater and ratings of “hungry”
[F(1,49)=207.3, P<0.0001] were smaller on the first ex-
tinction session; changes similar to those observed with
cocaine administration. Participants reported being more
“tired” during the first extinction session [upper right
panel; F(1,49)=9.79, P<0.017], an effect opposite that
observed with cocaine. With respect to subjective-effects
that were not observed following cocaine smoking, par-
ticipants reported greater cocaine craving [“I want co-
caine”; lower right panel; F(1,49)=171.82, P<0.0001],
“bad drug effect” [F(1,49)=26.34, P<0.01] and “talk-
ative” [F(1,49)=12.86, P<0.007], and less “able to con-

centrate” [F(1,49)=10.27, P<0.007] and “alert”
[F(1,49)=7.47, P<0.03] during the first extinction ses-
sion compared with the second extinction session. Last-
ly, participants were more “irritable” [lower left panel;
F(1,49)=8.45, P<0.023] during the second extinction
session compared to the first extinction session.

Discussion

The results of the present study clearly demonstrate that
neutral environmental stimuli paired with smoked co-
caine acquire emergent stimulus effects. Presentation of
the CS+ alone without cocaine during extinction trials
increased HR, SP, and ratings of “anxious”, “tired”, and
“I want cocaine” and decreased skin temperature. These
changes elicited by presentation of the CS+ decreased
over the course of the extinction sessions. In contrast,
presentation of the cues associated with placebo, i.e.,
CS–, during training sessions did not elicit any behavior-
al nor physiological changes. The failure to see any
changes in the behavioral or physiological response to
the CS– over the course of the study when combined
with the observed changes in the effects of the CS+
strongly argue that the CS+, but not the CS– had ac-
quired emergent stimulus effects. The physiological
changes observed with CS+ presentation parallel previ-
ous studies in cocaine users that reported increased HR
and/or decreased skin temperature following presenta-
tion of a complex set of cues directly related to cocaine
use in the natural ecology (e.g., Ehrman et al. 1992,
1996; Reid et al. 1999; Robbins et al. 1999).

The present results are unique in that this study was
the first to control explicitly for conditioning history by
pairing one set of previously neutral cues with active co-

Fig. 6 Selected mean subjective-
effects measures during extinc-
tion sessions as a function of
trial. Data points represent the
mean change from baseline
obtained before cue presentation
and first dose administration.
Error bars represent ±SEM.
White circles session 1, 
black circles session 2



caine smoking and one set of previously neutral cues
with placebo smoking under controlled laboratory condi-
tions. Cascella et al. (1989) reported that the administra-
tion of placebo to cocaine users in a room where they
had been previously given intravenous (IV) cocaine in-
creased SP and HR, supporting the present conclusion
that neutral cues acquire emergent stimulus properties
after being paired with cocaine. All other studies of con-
ditioned responsivity in cocaine users have relied on the
individual’s conditioning history to produce a response
in the laboratory to cues, such as videos of cocaine being
smoked, and paraphernalia related to cocaine smoking.
These natural cues may not only be paired with cocaine-
taking, but also cocaine-seeking behavior. Thus, it is not
clear to what aspect of the cue presentation the partici-
pants are responding (Robbins and Ehrman 1992). In the
present protocol, the stimulus cues preceded either co-
caine (CS+) or placebo (CS–) administration, except
twice (once during each of the two probe sessions), such
that the cues predicted cocaine or placebo smoking.

In humans, drug-seeking behavior is often accompa-
nied by reports of drug craving (Pickens and Johanson
1992). Cue-elicited increases in cocaine craving have
commonly been reported in studies presenting complex
cocaine-related environmental cues to experienced co-
caine users (e.g., Berger et al. 1996; Reid et al. 1998;
Robbins et al. 1999). In the present study, presentation of
the CS+, after 12 CS+ cocaine pairings, did not elicit co-
caine craving (probe session), but presentation of the
CS+ during the first extinction session, after an average
of 36 CS+ cocaine pairings, did elicit a small (15 mm)
increase in cocaine craving. Given sufficient training,
previously neutral environmental cues, when presented
alone, came to elicit craving for cocaine.

The vast majority of previous studies evaluating cue-
induced cocaine craving have evaluated the effects of
cue presentation in individuals in treatment for cocaine
dependence (e.g., Ehrman et al. 1992; Kranzler and Bau-
er 1992). It is possible that such an effect of cues is lim-
ited to individuals in treatment. We have reported, how-
ever, that handling paraphernalia used for IV drug ad-
ministration elicited cocaine craving in non-treatment
seeking IV cocaine users (Foltin and Fischman 1997a),
but failed to see cue-elicited craving in non-treatment
seeking cocaine smokers when given cocaine-smoking
paraphernalia to handle (Foltin and Fischman 1997b).
Grant et al. (1996) also observed cue-elicited cocaine
craving in non-treatment seeking cocaine users who
were told they would later be able to inhale the cocaine
powder that was part of the cue complex.

In addition to cocaine craving, several studies have
reported that cocaine cues elicit cocaine-like subjective
effects including increasing ratings of “high”, or eupho-
ria (Kranzler and Bauer 1992; Berger et al. 1996; Ehr-
man et al. 1996; Robbins et al. 1999). In the present
study, there was no evidence that presentation of the CS+
alone produced “positive” cocaine-like subjective ef-
fects, but the CS+ alone did increase ratings of “anx-
ious”, an effect also observed in other studies of cue-

induced mood changes (Berger et al. 1996; Reid et al.
1998 , 1999). It is possible that “positive” subjective ef-
fects might have been observed if we had a larger sam-
ple. Alternatively, the failure to see “positive” subjective
effects may also indicate that these effects, as observed
in other studies, are not acquired via classical condition-
ing, but through other behavioral processes.

This is the first study to examine the effects of pre-
sentation of cues predictive of cocaine (CS+) or predic-
tive of placebo (CS–) on the response to cocaine admin-
istration. Comparing the effects of the first dose of the
first and fourth cocaine training sessions indicates that
the CS+ increased some of the effects of cocaine (e.g.,
HR and ratings of “anxious”). By contrast, when cocaine
administration is not preceded with a CS+, cocaine’s ef-
fects do not change between laboratory sessions (e.g.,
Ward et al. 1997a, 1997b). This difference across studies
argues that the presentation of stimuli predictive of co-
caine administration plays a crucial role in modulating
the effects of cocaine with repeated dosing (Browman et
al. 1998; Robinson et al. 1998).

Presentation of the CS– before cocaine administration
during a probe session altered several effects of cocaine:
the effects of cocaine on HR were decreased, but the ef-
fects of cocaine on skin temperature were increased
compared to when cocaine following presentation of the
CS+. The present results confirm previous reports that a
stimulus cue that predicts the absence of drug can also
have conditioned effects (Niaura et al. 1988; Carter and
Tiffany 1999).

In addition to determining the effects of CS+ or CS–
presentation on behavioral response alone, and in combi-
nation with cocaine, the purpose of this research was to
determine if cue presentation had either conditioned re-
inforcing effects or altered choice to self-administer co-
caine. When instructed to select a cue to experience after
training, seven of eight participants selected the CS+,
while only three of the participants selected the CS+ pri-
or to training. The finding that participants chose to ex-
perience the CS+ at significantly greater than chance
levels after, but not before, pairing the CS+ with cocaine,
supports the hypothesis that the CS+ had acquired condi-
tioned reinforcing effects. This result is in accord with
clinical observations that stimuli paired with drug ad-
ministration can function as conditioned reinforcers
(O’Brien et al. 1992). Mucha et al. (1998) also reported
that participants spent more time listening to a tone that
had preceded cigarette smoking than listening to a tone
that predicted a no-smoking interval, indicating that the
tone had acquired conditioned reinforcing effects.

In the present study, it was postulated that presenta-
tion of the CS+ cue would increase the number of co-
caine doses participants chose to smoke during choice
sessions compared to the presentation of the CS– cue or
no cue. This was not the case. The failure to see variabil-
ity in the number of cocaine doses chosen across the
three stimulus conditions (CS+, CS–, or no cue) suggests
that the procedure may not have been sensitive enough
to the experimental manipulation. Under these condi-
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tions, there was no evidence that neutral cues that are
presented prior to drug self-administration acquire moti-
vational effects.

While studies of cue-induced changes in cocaine crav-
ing and physiological response in individuals seeking
treatment for their cocaine abuse have recently garnered
increasing amounts of experimental attention, it has also
been reported that the effectiveness of such cues decreas-
es rapidly in the clinical laboratory setting (e.g., Kranzler
and Bauer 1992; Robbins et al. 1992; Satel et al. 1995),
even after only a single cue-exposure session (Ehrman et
al. 1996). In these studies, the participants were seeking
or in treatment for cocaine dependence and no cocaine
was available. The rapid decrease in cue effectiveness
might have been related to participants quickly learning
that cocaine was not available and therefore the cues
were not predictive of cocaine. In the present study, co-
caine was available and conditioned responses to the CS+
were observed at least through several trials of the first
extinction session. These findings indicate the transient
nature of conditioned responses in cocaine users when
cocaine is not available in laboratory settings.

The current procedure relied on controlled classical
conditioning trials, while procedures using environmen-
tal stimuli normally associated with cocaine use also rely
on learning occurring outside the laboratory, memory,
imagery and response to instructions, either explicit or
implied. The clear procedural differences between the
cue-training procedures used here and cocaine cue-pre-
sentation procedures used in previous studies may also
evoke different behavioral and physiological mecha-
nisms. Because the results were similar in many regards,
it is tempting to conclude that classical conditioning is
the mechanism by which stimuli paired with drug ac-
quire emergent stimulus effects. The present results indi-
cate that classical conditioning is one mechanism by
which stimuli acquire emergent stimulus effects, but do
not prove that the results obtained using cocaine cues in
other studies are due to classical conditioning. Although
the protocol was designed to maximize classical condi-
tioning, it is possible that some of the emergent effects
observed here may have been mediated, in part, by other
behavioral mechanisms.

Several design issues may have limited the magnitude
of the emergent stimulus effects observed here. First, in-
terspersing the two probe sessions among the first six
training sessions may have weakened the predictive val-
ue of the two sets of stimuli. Second, having six training
trials (CS-UCS) pairings each training session may have
been less effective than having the training trials spaced
further apart. And, third, given that in the natural ecolo-
gy the odor and taste of cocaine is a stimulus, it is possi-
ble that allowing the participants to smell and taste co-
caine while smoking may have weakened the predictive
value of the two novel sets of stimuli. While other dos-
ing schedules and dosing procedures may have been
more optimal, large conditioned effects were still ob-
served, especially during the extinction sessions (e.g., 
15 mmHg increase in SP on first trial).

In conclusion, the present study demonstrates that en-
vironmental cues paired with cocaine administration ac-
quire conditioned stimulus effects. Such cues may elicit
behavioral and physiological effects that are similar to
the effects of cocaine alone. In addition, cues paired with
cocaine can acquire conditioned reinforcing effects.
While the present results do not provide data on the role
of conditioned stimulus responses in the etiology or
treatment of cocaine abuse, they do demonstrate that
such conditioned stimulus responses develop rapidly un-
der controlled laboratory conditions.
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