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Abstract Rationale: While several environmental situa-
tions may produce cocaine craving, there is little research
on whether patterns of drug cue reactivity are similar
across different environmental situations. Objective: This
study examined whether two different environmental sit-
uations, psychological stress and drug cues, produce sim-
ilar or varying patterns of cue reactivity in 20 cocaine de-
pendent individuals. Methods: All subjects participated in
a single laboratory session and were exposed to stress,
drug cues and neutral-relaxing imagery conditions. Co-
caine and acohol craving, emotion state ratings, subjec-
tive anxiety, heart rate and salivary cortisol measures
were assessed. Results: Significant increases in cocaine
and alcohol craving were observed with stress and drug
cues imagery but not with neutral-relaxing imagery. In
addition, stress and drug cues situations produced similar
increases in subjective anxiety, heart rate and salivary
cortisol levels. Significant increases in negative emotion
ratings and decreases in positive emotion ratings were
found for stress and drug cues conditions as compared to
the neutral condition. Conclusions. The findings indicate
that a similar and comparable pattern of cue reactivity is
induced by stress and drug cue manipulations. Further-
more, the comparable increases in subjective anxiety and
negative affect observed with stress-induced and drug
cue-induced craving provides support for the negative re-
inforcement model of drug craving and relapse. The neg-
ative affectivity co-occurring with the craving state ap-
pears to be an important target in the development of new
treatments for cocaine dependence.
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Introduction

Severa studies have shown that cocaine craving can be
successfully induced in the laboratory by exposing sub-
jects to cocaine cues. These cue reactivity studies have
primarily used exposure to drug-related paraphernalia as
the method for craving induction (Ehrmann et al. 1992;
Childress et a. 1993; Margolin et al. 1994; Berger et al.
1996). Exceptions to the above studies are those that
used erotic stimuli (Bauer and Kranzler 1994) and stress
cues for induction of cocaine craving (Sinha et al. 1999).
One of the main purposes of these studies has been reli-
ably to produce cocaine cue reactivity in the context of
the above manipulations.

A second focus of this line of research has been to use
the cue reactivity method to test medications that may
block/attenuate cocaine craving in the laboratory (Dackis
et a. 1987; Gawin et al. 1989; Kosten 1992; Robhins et
al. 1992). However, these efforts have not been entirely
successful, in that pharmacological agents shown to at-
tenuate cocaine craving in the laboratory have not prov-
en to be efficacious treatments for cocaine addiction
(Kosten 1992; Robhins et al. 1992). There are severd
possible reasons for the failure to develop an effective
anti-craving medication for cocaine addiction, thus far.
First, while previous studies have screened agents that
act on the dopaminergic system, it is likely that more
than one neurobiological system may be involved in co-
caine craving and compulsive drug use. Second, it is also
possible that different types of environmental cues may
activate different neurobiological systems, thus produc-
ing varying patterns of cue reactivity associated with dif-
ferent environmental cues. For example, while exposure
to drug cues may produce a craving state associated with
the positively reinforcing properties of cocaine, craving
associated with psychological stress may be linked to the
negatively reinforcing and self-medicating properties of
compulsive cocaine use. If a consistent and stable pattern
of cue reactivity were observed under different environ-
mental cue manipulations, then blocking or attenuation
of cocaine craving would be an important pharmacol ogi-



cal treatment target for cocaine dependence. If on the
other hand, cue reactivity varied as a function of differ-
ent environmental cues, efforts to target cocaine craving
by specific medications devel opment may not be a useful
treatment strategy.

Thus, the present study examined whether two differ-
ent cue manipulations, i.e. stress and drug cues, produce
consistent and similar patterns of cue reactivity. Psycho-
logical stress was selected because drug abusers identify
stress and negative affect as frequent reasons for drug
use and relapse (Bradley et al. 1989; Wallace et al.
1989). Laboratory studies have shown that psychologi-
cal stress or mood induction in substance abusing popu-
lations can successfully induce drug craving (Litt et al.
1990; Childress et al. 1994; Rubonis et al. 1994; Maude-
Griffin and Tiffany 1996; Cooney et al. 1997; Sinha
et a. 1999). Drug abusers also identify triggers in the
environment such as people, places and things associat-
ed with drug use as common reasons for drug use
(Childress et al. 1993). Cocaine craving has been in-
duced in the laboratory most frequently by exposure to
drug-related cues either by watching videotapes/films or
in-vivo exposure to cocaine paraphernalia (Robbins et
al. 1992; Childress et al. 1993; Bauer and Kranzler
1994; Margolin et a. 1994; Berger et al. 1996). There-
fore, exposure to non-stress, drug-cues was used as the
contrasting condition. A third condition using neutral-
relaxing cues was included as a control for the induction
method. The specific hypothesis was that in contrast to
neutral-relaxing cues, exposure to stress and drug cues
will produce comparable patterns of cue reactivity as as-
sessed via self-report of craving, anxiety, emotional
state, heart rate and salivary cortisol.

Materials and methods

Subjects

Twenty cocaine dependent individuals (18 men and two women)
ages 21-55 years, who recently entered treatment for cocaine de-
pendence at an outpatient substance abuse treatment facility, were
recruited to be in the study. All subjects were interviewed using
the Structured Clinical Interview for DSM-1V (SCID-I; First et al.
1995) and met criteria for current cocaine dependence. Subjects
wereineligible if they met criteriafor a psychotic disorder, mental
retardation, or reported current suicidal or homicidal ideation,
and/or reported a past or present history of opiate use. Subjects
were also ineligible if they were currently on medications for psy-
chiatric or cardiovascular problems. The demographic and sub-
stance use characteristics of the sample are presented in Table 1.
All subjects participated voluntarily in the study, and were paid for
their participation. Informed consent, in which subjects were told
that the purpose of the study was to examine the effects of stress-
ful situations and non-stressful drug related situations on their
body, mood and craving, was obtained for all subjects. In addition,
the Yale Human Investigation Committee approved the study pro-
tocol.

Study design

Drug craving was induced using imagery-based induction pro-
cedures shown to be effective in previous cue reactivity studies
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Table1 Sample characteristics

Subject variable Cocaine dependent
ss (n=20)

Caucasian 60%

Age* 33.3(6.08)

Male 90%

High school education 85%

Full time employment 40%

Currently married 45%

Alcohol dependence 79%

Alcohol use (drinks/week)* 43.73 (53.47)

Average frequency of cocaine use per week*  3.34 (2.12)

Average amount of cocaine use per week* $137 (87.40)

Route of administration 90% freebase

* Values represent means and standard deviations

Table 2 Schedule of assessments for imagery conditions

2:45 p.m. Subject arrived,;
urine and BAC check Psychophysiological setup

Stress/drug cues (condition 1)

3:00 p.m. Baseline period; on-line heart rate and anxiety ratings
3:05p.m. Craving and DES ratings; cortisol samples

3:10 p.m. Image period; on-line heart rate and anxiety ratings
3:15 p.m. Craving and DES ratings; cortisol samples

3:20 p.m. Recovery period; on-line heart rate and anxiety ratings
3:25 p.m. Craving and DES ratings; cortisol samples

3:30 p.m. 10-min relaxation period

Neutral imagery condition (condition 2)
3:40 p.m. Schedule asin condition 1

Stress/drug cues (condition 3)
4:20 p.m. Schedule asin condition 1

(Tiffany and Drobes 1990; Tiffany and Haekeneworth 1991;
Maude-Griffin and Tiffany 1996; Drobes and Tiffany 1997; Sinha
et al. 1999). All subjects participated in a single 2-h laboratory
session that included three imagery conditions: a neutral-relaxing
imagery, stress imagery and a drug cue imagery condition. Each
imagery condition was presented in 30-min blocks with a 10-min
relaxation period between conditions. The neutral-relaxing imag-
ery was aways presented as the second condition, while the stress
and drug cues imagery were presented as either the first or last
condition, with the order of the stress and drug cues imagery
counterbalanced across subjects. The subject was not informed of
the order of imagery conditions. Table 2 presents the schedule of
assessments for each imagery condition, and the time points at
which physiological and subjective assessments were conducted.

Procedures
Imagery script development session

In a session prior to the experimental session, imagery scripts
were developed for the stress and drug cues situations using the
scene devel opment questionnaire (adapted from Miller et al. 1987,
Sinha et a. 1992). The stress imagery script was developed by
having subjects identify a recent stressful experience they had per-
sonally experienced as “most stressful”. “Most stressful” was de-
termined by having the subjects rate the perceived stress experi-
enced by them on a 10-point Likert scale where 1="not at all
stressful” and 10="the most stress they have felt recently in their
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life”. Only situations rated as 8 or above on this scale were accept-
ed as appropriate for script development. Stressful situations relat-
ed to drug use, such as being arrested for possession of drugs or
being caught in a police chase, were not allowed. Examples of ac-
ceptable stressful situations include breakup with significant other,
a verbal argument with a significant other or family member or
unemployment-related stress, such as being fired or laid off from
work. The drug cues script was developed by having subjects
identify a recent situation that included cocaine-related cues and
was a trigger for subsequent cocaine use (e.g. buying cocaine, be-
ing at a bar, watching others smoke crack and drink alcohol). Drug
related situations that were associated with negative affect or psy-
chological distress were not allowed, i.e. when subjects went to a
bar after afight, or feeling depressed and called a drug using bud-
dy. A neutral-relaxing script was developed from a standard com-
monly experienced relaxing summer beach scene. Subjects were
asked if the beach scene was a neutral drug-free situation, and no
subjects endorsed the relaxing beach scene as a trigger situation.
The scripts were developed by obtaining specific stimulus and re-
sponse details, including specific physical and interpersonal con-
text details, verbal/cognitive attributions regarding the people in-
volved, including themselves, and physiological and bodily sensa-
tions that the subject experienced in the situation. A script for im-
agery induction was developed from the specific description of
each situation. The script development procedures were based on
methods developed by Lang and his colleagues (Lang et al. 1980,
1983; Miller et a. 1987), and further adapted in our previous stud-
ies (Sinhaet al. 1992, 1999; Sinha and Parsons 1996).

Laboratory session

Subjects arrived for the laboratory session at 3:00 p.m. After ob-
taining confirmation of acohol and drug-free state via urine toxi-
cology (EZ Kit, test for opiates, cocaine, amphetamines and barbi-
turates) and breathalyzer tests, subjects were prepared for electro-
cardiograph (EKG) recordings. Subjects were then seated in a
comfortable chair and asked to relax for a few minutes. Instruc-
tions to clear their mind of any worry thoughts and to focus on
deep breathing were provided. The experimental procedure was
based on the following format: a 5-min baseline, a 5-min image,
and a 5-min recovery period during which subjects were asked to
stop the imagery and remain seated quietly. After the baseline pe-
riod, subjects were given the following instructions for imagery:
“You will soon hear a situation being described to you. Your task
is to close your eyes and imagine yourself in the situation being
described, ‘as if’ it were happening right now. Allow yourself to
become completely involved in the situation, by involving your
mind and body in actually doing what is being described. Contin-
ue imagining until you are asked to stop”. Subjects then listened to
the script and participated in the image period for a period of
5 min. Following each of the baseline, image and recovery peri-
ods, subjects completed ratings for cocaine and alcohol craving,
emotion ratings and provided one salivary cortisol sample for each
time period. After each imagery condition, subjects were given a
10-min break with instructions to relax and focus on deep breath-
ing. Physiological recordings were monitored during this time and
the next imagery condition was not initiated until subjects ex-
hibited baseline levels of anxiety and heart rate. The second and
third imagery conditions followed the procedures described above.
Table 2 outlines the schedule of assessments within each imagery
condition.

Manipulation check for imagery vividness

After the image period in each imagery condition, subjects made
an additional rating on a 10-point visual analog scale (with 1=not
at al clear, and 10=perfectly clear image) for how “clearly and
vividly” they were able to imagine the situation. Average vivid-
ness ratings were 8.35 (0.92) for stress imagery, 8.65 (0.67) for
neutral imagery and 8.84 (0.84) for drug-related cues imagery
with no significant differences between the three conditions.

Assessments
Craving

Cocaine craving was assessed using a 10-point visual analog scale
(VAS) where 1 was anchored at “not at all” and 10 was anchored
at “extremely high”, and subjects rated their “desire for using co-
caine” aong this scale. As a mgjority of subjects were also abus-
ing alcohol, an additional 10-point VAS was used for assessing al-
cohol craving and subjects rated their “desire for an alcoholic
drink”.

Emotion state ratings

An abbreviated 30-item version of the Differential Emotion Scale
(DES; lzard 1972) used in previous laboratory studies to assess
emotional states (Schwartz and Weinberger 1980; Sinha et al.
1992, 1999; Sinha and Parsons 1996) was included to measure
specific positive and negative emotional states at each time point.
The DES requires the subject to rate on a single 5-point Likert
scale the extent to which various emotional words describe the
way he/she felt at the present time. The following items from the
original scale were included: pleasant, downhearted, irritated, dis-
tressed, alert, fearful, hostile, at ease, happy, attentive, annoyed,
relaxed, joyful, active, jittery, mad, enthusiastic, scared, aroused,
discouraged, calm, disgusted, afraid, excited, lonely, comfortable,
frightened, energized, upset and delighted. Five items were attrib-
uted to each of the fear, anger, joy, sadness, neutral/relaxed and
physical action states. The sum of the ratings for the five defining
items generated the scores for each emotional state (scores ranging
from minimum of 5 to a maximum of 25). The time taken to com-
plete the DES was 1-2 min.

Continuous ratings of anxiety were obtained by using a rating
dial instrument with ten divisions anchored by extremely calm (1)
and extremely tense/anxious (10). Subjects were instructed to keep
their dominant hand on the dial and to adjust it freely so that it al-
ways reflected their current level of tension. The rating dial was
connected to the computer system to obtain on-line continuous
anxiety ratings. The anxiety dial has been successfully used in pre-
vious stress studies (Levenson et a. 1987; Sinha et a. 1998) and
similar devices have been used in other laboratory studies assess-
ing moment-to-moment changes in mood states. In general, con-
tinuous ratings are considered more sensitive in assessing subjec-
tive state than paper and pencil ratings administered after the ex-
perimental manipulation (Lukas and Mendelson 1988).

Heart rate

Acquisition and on-line analysis was accomplished using a system
consisting of a Grass Model 7 polygraph, a 386/25 Mhz IBM com-
patible PC and data acquisition software. Heart rate was derived
from the electrocardiograph (EKG) signal obtained by attaching
chloride silver electrodes on the subject’s abdomen. Heart rate da-
tafor one subject was missing due to equipment malfunctioning.

Salivary cortisol

Salivary cortisol represents a simple non-invasive measure of hy-
pothalamic-pituitary-adrenal (HPA) axis activity, which isreliable,
stable and highly correlated with plasma cortisol (Kahn et al.
1988; Kirschbaum and Hellhammer 1994). The salivary cortisol
assessments were conducted by collecting saliva samples using
the salivette kit (Sarstedt, Inc.). A cotton roll insert from the sal-
ivette kit was placed in the subject’'s mouth for approximately
2-3 min at the assigned timepoints. Once the cotton was thorough-
ly saturated, it was collected in the upper part of the salivette tube
and stored in a freezer until the time of analysis. Cortisol assays
were conducted using commercia cortisol RIA kits (Diagnostic
Products Corporation, Inc.) with modified assay sensitivity and di-
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craving (and SE) from baseline
to image and recovery periods gl
for each the stress, drug cues
and neutral imagery conditions.
A Cocaine craving; B alcohol
craving

Change in Cocaine Craving

Change in Alcohol Craving
—

Image Period

lution procedures provided by Diagnostic Products Corporation,
Inc. Four of the 20 subjects produced inadequate amounts of sali-
va to accurately measure cortisol levels; thus generating missing
values for certain time-points. Therefore only 16 subjects were in-
cluded in the analysis of cortisol data.

Data analysis

Online heart rate recordings and continuous subjective anxiety rat-
ings were averaged across each minute per recording period, for
each imagery condition.

Assessment of baseline differences

As each imagery condition had a separate baseline period, base-
line differences between imagery conditions were first examined.
One way repeated measures ANOVAs were conducted for each
dependent measure. The only dependent measure with trend to-
wards significance was for baseline alcohol craving scores
[F(2,38)=2.10, P<0.13]. Baseline alcohol craving scores for the
neutral condition was higher than the baseline alcohol craving
score for the stress and drug cues condition.

Cuereactivity differences

Cue reactivity was assessed using change scores from baseline to
the image and recovery period for each imagery condition for
heart rate, craving ratings, emotion state ratings and cortisol mea-
sures. Change scores were used instead of absolute raw scores for
purposes of consistency with previously published cue reactivity
studies (Robbins et al. 1992; Ehrman et al. 1992; Berger et al.
1996; Sinha et al. 1999). A 3 (imagery type: stress, drug cues ver-
sus neutral)x2 (time-period: image and recovery change) repeated
measures analysis of variance (ANOVA) procedure was conducted
on change scores for each dependent measure. Significant main ef-
fects were further analyzed by post-hoc comparisons to examine
differences between levels within a factor, and simple effects ana-
lyses were conducted to examine the source of any significant in-
teractions.

Results
Cocaine and acohol craving

Cocaine craving produced main effects for imagery
condition [F(2,38)=14.16, P<0.0001], and time period

Recovery Period

Image Period Recovery Period

|lNeutraI OSiress MDrug Cues |

[F(1,19)=21.26, P<0.0002] and a significant imag-
eryxtime period interaction [F(2,38)=7.26, P<0.004].
Results for alcohol craving also produced effects sim-
ilar to cocaine craving, with main effects for imagery
condition [F(2,38)=11.95, P<0.0003], time period
[F(1,19)=22.9, P<0.0001], and a significant imag-
eryxtime period interaction [F(2.38)=5.77, P<0.007].
Simple effects analyses revealed significant increases
in cocaine (P<0.0005 for image; P<0.02 for recovery)
and alcohol (P<0.0003 for image; P<0.01 for recovery)
craving for stress cues and drug cues imagery (cocaine
craving: P<0.0001 for image; P<0.002 for recovery; al-
cohol craving: P<0.0002 for image; P<0.02 for recov-
ery) conditions as compared to neutral imagery (see
Fig. 1A, B). The significant interactions resulted from a
decrease in craving scores for stress and drug cues im-
agery from the image period to the recovery period, but
no change in craving across time period for the neutral
imagery condition.

Subjective anxiety

Significant main effects of imagery condition [F(2,38)=
26.05, P<0.0001] and time period [F(1,19)=9.57,
P<0.006] and a significant imageryxtime period inter-
action [F(2,38)=5.06, P<0.02] was observed. Anxiety
increased during the stress (image period: P<0.0001;
recovery period: P<0.03) and drug cues (image period:
P<0.0001; recovery period: P<0.001) conditions and
was significantly different from anxiety ratings during
the neutral condition. As expected, there was signifi-
cantly greater increase in anxiety during the image pe-
riod as compared to the recovery period resulting in a
time period main effect. Further, this was true for the
stress and drug cues conditions but not for the neutral
imagery condition, resulting in a significant interaction
between imagery condition and time period (see
Fig. 2A).
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Fig. 2A—C Mean change (and SE) from baseline to image and re-
covery periods for each of the stress, drug cues and neutral-relax-
ing imagery conditions. A Subjective anxiety; B heart rate; C sali-
vary cortisol

Heart rate

A significant main effect of imagery condition
[F(2,36)=4.37, P<0.02] and a trend toward significance
for time period [F(1,18)=3.00, P<0.10] were observed.
Post-hoc comparisons revealed significant increases in
heart rate for stress and drug cues imagery as compared
to the overal decrease in heart rate during the neutral
imagery condition (see Fig. 2B).

Salivary cortisol

A significant main effect of imagery condition was
found for change in salivary cortisol [F(2,30)=5.30,
P<0.01]. Post-hoc comparisons revealed a decrease in
cortisol found with neutral imagery, which was signifi-
cantly different from the increases in cortisol observed
for stress (image: P<0.04; recovery: P<0.08) and drug
cues (image: P<0.05; recovery: P<0.01) imagery condi-
tions (see Fig. 2C).

DES ratings

Figure 3A—F illustrates changes in emotion ratings for
each of the three imagery conditions, which resulted in
several significant effects.

Positive emotion ratings

Joy and neutral ratings decreased for the stress and drug
cues conditions, but increased for neutral imagery result-
ing in a significant main effect of imagery condition
[Joy: F(2,38)=10.9, P<0.0002; Neutral: F(2,38)=5.13,

| EMNeutral DOStress  MDrug Cues |

P<0.01]. Furthermore, significant imageryxtime period
interactions were also observed [Joy: F(2,38)=8.27,
P<0.001; Neutral: F(2,38)=10.15, P<0.0008]. The inter-
actions resulted from decreased joy and neutral-relaxed
emotion ratings with stress and drug cues exposure, with
no significant change in these ratings across time period.
However, athough these ratings increased for the neutral
imagery condition, the positive emotion state was not
maintained in the recovery period (see Fig. 3A, B).

Negative emotion ratings

A similar pattern of results was observed for fear, anger and
sadness (see Fig. 3C-E). A significant main effect of imag-
ery condition was obtained for fear [F(2,38)=9.84,
P<0.0005], anger [F(2,38)=11.43, P<0.0003] and sadness
[F(2,38)=9.31, P<0.001]. Significant main effects of time
period were also obtained for fear [F(1,19)=9.71, P<0.006],
anger [F(1,19)=9.44, P<0.006] and sadness [F(1,19)=
13.14, P<0.002], as were significant imageryxtime period
interactions for fear [F(2,38)=7.22,P<0.003], anger
[F(2,38)=12.86, P<0.0001] and sadness [F(2,38)=8.55,
P<0.002]. For fear ratings, smple effects anaysis revealed
that fear ratings were increased during stress (P<0.0005)
and drug cues (P<0.003) image period which were signifi-
cantly different from the decrease in fear ratings seen dur-
ing the neutral image period. During the recovery period,
decreased fear ratings for neutral imagery remained signifi-
cantly different from the increased fear ratings for stressim-
agery but not for drug cues imagery (P<0.05). For anger
and sadness ratings the simple effects analyses were similar.
Marked increases were observed in anger and sadness rat-
ings for the stress image period, which was significantly
different from the increases in these ratings during drug
cues image period (anger: P<0.007; sadness. P<0.01),
which in turn was significantly different from the reduc-
tions in anger (P<0.005) and sadness (P<0.009) ratings for
the neutral image period. During the recovery period, while
there were no significant differences in anger ratings be-
tween the three imagery conditions, there was a trend to-
ward significance in the difference between sadness ratings
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for the stress imagery as compared to neutra imagery
(P<0.06).

Finally, we examined the ratings for physical action
that assesses the subject’s perception of their prepared-
ness for physical action. Interestingly, there was a signif-
icant main effect of imagery condition [F(2,38)=3.53,
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P<0.04] and time period [F(1,19)=7.33, P<0.01]. Post-
hoc comparisons indicated a significant increase in phys-
ical action ratings for the drug cues image period as
compared to the stress and neutral image periods
(P<0.05), but not during the recovery period (see
Fig. 3F).

Discussion

This study examined whether psychological stress-in-
duced craving and drug cues-induced craving produced
similar or different patterns of cue reactivity in cocaine
dependent individuals. The findings supported our hy-
pothesis that psychological stress-induced and drug cue-
induced craving produced similar patterns of psychaobio-
logical activation as measured by subjective-emotional
ratings, autonomic arousal and HPA activation. The find-
ings suggest that a comparable cocaine craving state is
generated across two different cue manipulations, and
that it appears useful to target the drug craving state in
future studies that use this methodology to screen new
anti-craving agents in the treatment of cocaine depen-
dence.

The results indicated similar increases in craving with
stress and drug cue situations when compared to the neu-
tral-relaxing situation (see Fig. 1A, B). Concomitant
with increases in drug craving were increases in subjec-
tive anxiety and negative emotions, along with reduc-
tions in positive emotions for the stress and drug cues
imagery as compared to neutral imagery. Although anxi-
ety and emotion ratings were assessed at slightly differ-
ent points for each time period, i.e. anxiety using the rat-
ing dial during each time period and emotion ratings us-
ing paper and pencil immediately following each time
period, the findings were consistent with each other. This
pattern of emotion and anxiety ratings suggests an anxi-
ety and negative affect component to the cocaine craving
state. To the extent that increases in negative affectivity
co-occur with the craving state across different types of
environmental cues, it may be an important aspect of the
motivational state that promotes drug-seeking behavior,
in the absence of drug itself. These findings support the
negative reinforcement models of drug craving and re-
lapse (Wikler 1972; Siegel 1983), which suggest that
craving and relapse are more likely to occur in environ-
mental situations that induce a withdrawal-like state or a
state opposite in direction to the pharmacological effects
of the drug. It is possible however, that availability of
drug itself is a significant factor in expression of the pos-
itive hedonic component of craving, and in the absence
of drug, the anxiogenic and negative affect component of
craving is more prominently manifested.

Severa previous studies with opiate addicts (Powell
et a. 1992; Childress et a. 1994) and alcoholics
(McCusker and Brown 1991; Rubonis et al. 1994) have
reported dysphoric mood states and/or increased subjec-
tive anxiety co-occurring with drug craving. Indeed,
craving has often been associated with the negative

reinforcement of withdrawal symptoms (Wikler 1972;
Kosten 1992; Childress et al. 1994). While in the case of
cocaine, craving has been linked to the positive rein-
forcement or euphoria associated with cocaine's effects
(Kosten 1992), there is evidence of increased subjective
anxiety associated with cocaine cue-induced craving
(Bauer and Kranzler 1994; Berger et a. 1996). In addi-
tion, chronic use of cocaine itself is known to induce
anxiety symptoms (Anthony et al. 1989), and acute and
chronic cocaine administration are known to result in
anxiogenic-like behavioral responses in animal studies
(Ettenberg and Geist, 1991; Yang et al. 1992). Our find-
ings are consistent with these reports and further indicate
that the negative affectivity induced by drug cue-induced
craving is comparable to that produced by the stress-
induced craving state in cocaine dependent individuals.

The data also showed comparable increases in heart
rate and salivary cortisol for stress and drug cues as
compared to neutral-relaxing cues. Heart rate and corti-
sol increases in response to psychological stress are well
documented in the literature among normal volunteers
(Mason 1968; Frankenhauser 1980; Meyerhoff et al.
1988; Lovallo et a. 1990), and in our previous study of
cocaine dependent individuals (Sinha et al. 1999). Heart
rate increases have also been consistently reported in cue
reactivity studies (Carter and Tiffany 1999). Similar to
our findings, Berger et al. (1996) reported increases in
cortisol with drug cue-induced craving, and linked the
cortisol increases to the subjective anxiety associated
with cocaine craving. Findings from preclinical studies
suggest an important role of CRF and corticosterone in
stress-induced drug seeking and in psychostimulant self-
administration (Goeders 1997; Shaham et a. 1997).
Most recently, two preclinical studies have shown that a
non-peptide CRF antagonist significantly attenuated both
stress-induced drug seeking (Shaham et al. 1998) and
IV cocaine self-administration in laboratory animals
(Goeders and Guerin 1998). Cortisol increases seen with
both stress-induced and drug cue-induced craving in this
study is consistent with the above preclinical data show-
ing that the CRF/HPA systems are involved in psycho-
stimulant self-administration. Pharmacological manipu-
lation of the CRF/HPA axis in future human studies to
examine whether this system may be specificaly in-
volved in cocaine craving and compulsive cocaine use
appears warranted.

In conclusion, the above findings support our hypoth-
esis that different environmental cues produce similar
patterns of cue reactivity, and further suggest that the
negative affect component of the drug craving state may
be an important target in the treatment of cocaine depen-
dence. However, several aspects of the study design may
limit the generalizability of these findings. First, while
the stress and drug cues scripts were personalized, the
neutral cue script was based on a standard commonly ex-
perienced situation. Second, only one situation for each
condition was presented, and therefore the responses
across different stress and drug cue situations remains
unknown. Third, cue conditions were only partialy



counterbalanced in this study, in that the order of stress
and drug cues was counterbalanced but the neutral cues
was not. Fourth, while we found robust increases in
craving which is consistent with previous cue reactivity
studies, craving ratings were obtained using a single-
item visual analog scale, rather than a multi-item craving
scale. Finally, a large proportion of the cocaine depen-
dent sample was dependent on alcohol as well. While a
strong association between alcoholism and cocaine abuse
has been previously documented (Helzer and Pryzbeck
1988; Regier et al. 1990; Carroll et al. 1993), it is possi-
ble that cocaine abusers without alcoholism may show a
different subjective-emotional response associated with
drug craving. Clearly, future studies that include differ-
ent subgroups of cocaine abusers, and control for the
above design limitations are needed to further under-
stand the negative affect and anxiogenic component of
the drug craving state.
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