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Abstract
Cocaine has high abuse liability but only a subset of individuals who experiment with it develop
dependence. The DSM-IV (APA, 2000) provides criteria for diagnosing cocaine abuse and cocaine
dependence as distinct disorders- the latter characterized by additional symptoms related to loss of
control over drug use. In this study, two groups of cocaine users (n=8/group), matched on
demographic factors and length of cocaine use history and meeting criteria for either cocaine abuse
(CocAb) or cocaine dependence (CocDep), were compared on 1) measures related to impulsivity
and sensation seeking, 2) response to experimenter-administered cocaine (0, 12.5, 25 and 50 mg/70
kg, iv), and 3) cocaine self-administration using a Relapse Choice and a Progressive Ratio Procedure
(0, 12.5 and 25 mg/70 kg, iv). Groups did not differ on impulsivity or sensation seeking scores. After
experimenter-administered cocaine, the CocAb group reported feeling more suspicious and observers
rated them significantly higher on unpleasant effects (e.g., irritability, difficulty concentrating). In
contrast, the CocDep group reported significantly greater desire for cocaine, which was sustained
over the course of the study, and gave higher street value estimates for cocaine (p< .05). While cocaine
self-administration was dose-related and generally comparable across the two procedures, the
CocDep users chose to take significantly more cocaine than the CocAb users. These data suggest
that, while regular long-term users of cocaine with cocaine abuse or dependence diagnoses cannot
be distinguished by trait measures related to impulsivity, they do exhibit significant differences with
regard to cocaine-directed behavior and response to cocaine administration.
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1. Introduction
Epidemiological data show that the susceptibility to drug dependence is not a uniform risk —
as individuals who have access to drugs do not always experiment, individuals who experiment
do not always proceed to regular use, and individuals who use regularly do not always advance
to compulsive use, even with a drug like cocaine, which is associated with very high abuse
liability (e.g. Brady and Griffiths, 1976; Stafford et al., 1998). In a retrospective twin-registry
study on the transition from drug use to dependence, cocaine was identified as possessing the
highest probability of leading from regular use to abuse or dependence among the range of
illicit drugs examined (Tsuang et al., 1999). Cocaine has also been characterized as having a
more “explosive” risk for the development of drug dependence, that is, the risk of advancing
to dependence occurs faster after initial experimentation compared to other drugs such as
marijuana and alcohol for which the transition to dependence occurs more slowly (Wagner and
Anthony, 2002).

Numerous factors are believed to contribute to the relative vulnerability to the development of
drug dependence, including genetic predisposition (Kendler et al., 2000; Nestler, 2000),
biological responses to drug exposure (Robinson and Berridge, 1993; Koob and Le Moal,
2000; Lyvers, 2000), and a wide range of environmental, developmental and social factors (e.g.
Dusenbury et al., 1992; Kendler et al., 1999; Brook et al., 2000; Friedman and Glassman,
2000). The concept of this transition from drug abuse to drug dependence was described by a
former Director of the National Institute on Drug Abuse as turning on the “switch” (Leshner,
1997). Popularization of the metaphorical “switch” provided a useful conceptual framework
particularly for the lay audience, and, importantly spurred efforts to elucidate neuroadaptive
changes that may mediate compulsive drug-taking behaviors.

While non-human models lend themselves readily to explore directly causative factors in the
development of drug dependence (e.g., quantification of the relative rate of developing
tolerance or sensitization), parallel controlled examination of similar phenomena in humans
are more challenging. Studies requiring purposeful induction of the transition to addiction or
dependence are precluded by ethical constraints. Alternatively, longitudinal studies examining
the trajectory of drug experimentation to dependence require years to complete, and
retrospective analyses require large groups of subjects and employ correlational techniques.
An alternative strategy is to conduct controlled evaluations in which subjects, who are
susceptible and presently drug dependent, are compared to others who, despite a comparable
duration of drug use, have not developed drug dependence.

One defining feature that differentiates dependent individuals from abusers without
dependence is their apparent “loss of control” over their drug use. That is, drug-dependent
individuals whose use is frequent and compulsive, thus leading to negative consequences, are
considered to have a loss of control, while sporadic users who maintain a regular use pattern
without escalation are categorized dissimilarly. Indeed, “loss of control” has been used
interchangeably with the term addiction and applied to conditions of excessive drug use (Jaffe,
1990), and even more widely investigated as a defining construct in alcoholism (Jellinek,
1960; Kahler et al., 1995). This concept has made its way into the treatment and recovery
community on a broad scale in self-help groups based upon the 12-step ideology in which
participants are encouraged to admit that they are helpless or powerless over their drug use.
This construct has been operationalized and incorporated into widely used diagnostic criteria
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for drug dependence. Specifically, the “loss of control” construct is reflected in the DSM-IV
dependence criteria (APA, 2000), whereby 1) “the substance is often taken in larger amounts
or over a longer period than was intended,” and 2) “there is a persistent desire or unsuccessful
efforts to cut down or control substance use.” In contrast to this clinical viewpoint, a behavior
analyst might argue that the problem of compulsive drug use or drug dependence is not due to
the loss of control, but rather due to the exquisite control that the drug (as a reinforcer) or the
environmental context associated with drug use (as a conditioned reinforcer or discriminative
stimulus) has come to exert over the individual's behavior and the concomitant relative decline
in the value of alternative reinforcers (e.g., food, activities, social experiences), see for example
(Johanson et al., 1976). The dependence criterion from the DSM-IV “important social,
occupational, or recreational activities are given up or reduced because of substance use” is a
diagnostic parallel that reflects this relative decline in reinforcing value of alternative
reinforcers.

Despite intensive clinical research efforts directed toward understanding cocaine abuse and
dependence and identifying effective treatments over the past two decades, surprisingly few
studies have sought to evaluate directly factors that may differentiate individuals who intensify
their use to a state of dependence compared to those who sustain regular, but controlled, patterns
of use and remain in the diagnostic category of “abuse.” To examine differences between
cocaine abusers with and without cocaine dependence with respect to their response to cocaine,
drug-directed behaviors, or factors that may confer risk or resiliency to drug-taking and relapse
in the laboratory, this study capitalized upon paradigms designed to assess drug-seeking
behavior that have been developed and widely explored with non-human and, to a lesser extent,
human subjects. Human self-administration studies have examined the influence of
pharmacological factors (e.g. Fischman et al., 1990; Foltin and Fischman, 1994) and
environmental factors (Griffiths et al., 1974; Silverman et al., 1994) on drug self-
administration. To our knowledge, this paradigm has not been applied to study individual
differences in the vulnerability to cocaine dependence, differences between groups who vary
in their drug use characteristics, or the influence of environmental and pharmacological factors
on cocaine-seeking behavior in dependent and non-dependent drug users.

The present study compared individuals meeting DSM-IV criteria for cocaine dependence to
those meeting diagnostic criteria for cocaine abuse, but not dependence. As dependence can
occur soon after initiation of drug use or after extended experimentation, it was important that
the diagnosis of individuals meeting criteria only for cocaine abuse not be attributable to recent
initiation of cocaine use (i.e., a lack of opportunity to develop dependence because of a short
history of drug use). Thus, in addition to matching on basic demographic characteristics, groups
were also matched on the duration of cocaine exposure (e.g., years of use) as a proxy for the
opportunity to develop dependence. This controlled laboratory evaluation sought to compare
individuals who report a loss of control over their cocaine use in the natural environment to
those who exhibit regular but controlled use (as distinguished by frequency of reported cocaine
use and DSM-IV diagnosis) on trait characteristics (e.g., impulsivity and sensation seeking),
pharmacodynamic response to cocaine and on cocaine self-administration behaviors in the
presence and absence of alternative reinforcers.

2. Methods
2.1 Subjects

Subjects were healthy adult male and female volunteers recruited through local newspaper
advertisements and word-of-mouth. All subjects were determined to be in good health
following medical history, physical examination, electrocardiogram (ECG), laboratory tests
and were without psychiatric disorders other than their drug abuse according to a structured
psychiatric interview (SCID, Structured Clinical Interview for Diagnosis, DSM-IV; Spitzer
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and Williams, 1986). Subjects were excluded if they were seeking treatment for cocaine abuse,
had a history of seizures, cardiovascular disease, or diabetes, were pregnant, or were physically
dependent on any other drug other than nicotine and caffeine. To qualify, all volunteers were
required to report cocaine use for at least a 6-month duration, report current use within the last
30 days, and report either injecting or smoking cocaine.

Subjects were recruited to meet criteria for one of two groups: CocAb or CocDep users. CocAb
users were required to 1) report cocaine use no more than twice weekly on average for two
months prior to study admission, 2) meet DSM-IV criteria for cocaine abuse, but 3) not meet
diagnostic criteria for cocaine dependence according to the SCID. CocDep users were required
to 1) report cocaine use an average of six or more days per week for two months prior to study
admission, and 2) meet diagnostic criteria for cocaine dependence according to the SCID,
endorsing at least one of the criteria related to “loss of control.” Specifically, the “loss of
control” construct is reflected in the DSM-IV dependence criteria (APA, 2000) whereby 1)
“the substance is often taken in larger amounts or over a longer period than was intended,” or
2) “there is a persistent desire or unsuccessful efforts to cut down or control substance use.”
Master's levels psychometricians with formal training on the administration of the SCID
conducted the interviews, and all results were reviewed by a supervisor for consistency in
diagnosis.

2.2 Study Design
This study was approved by the Johns Hopkins Institutional Review Board and was conducted
in accordance with the 1964 Declaration of Helsinki. Volunteers provided written informed
consent and were paid for participating ($24/night). Volunteers participated as inpatients living
on a residential research facility for approximately 6 weeks. During this time, they were not
allowed to consume caffeine; cigarette smoking was allowed except for 1.5 hours before and
during experimental sessions.

This study used a double-blind, placebo-controlled, between-group (CocAb vs. CocDep)
design where each volunteer participated in one assessment session, one cocaine safety
screening session, six cocaine sample sessions, three relapse sessions, three progressive ratio
sessions and one lottery session. In addition to being blinded to doses, both the subjects and
the staff interacting with them in conducting sessions and collecting data were blinded to
diagnostic category. All sessions were conducted at least 24 hours apart with a maximum of
four sessions per week. The assessment session took place a minimum of three days after
admission. The cocaine safety session was conducted at least 24 hours after the assessment
session. Volunteers then participated in a series of six pairs of sessions, each pair consisting
of one sample session and one self-administration session the next day (using either a choice
or PR procedure). The order of the self-administration sessions (Choice or PR) was
counterbalanced across subjects. The order of cocaine dose within each self-administration
procedure was randomized. A lottery session was the last session prior to discharge.

2.3 Experimental Sessions
Experimental sessions were conducted in an isolated room that provided a constant testing
environment. The subject was seated in a comfortable chair in front of a personal computer
(Apple IIGS, Apple Computer, Cupertino, CA, USA) that recorded subjective, observer-rated
and physiological data. A research assistant was present throughout sessions and initiated the
data collection, monitored the volunteer and answered observer-rated questions. A physician
was present, administered the drug and monitored the ECG for up to 30 minutes after each
infusion. A peripheral i.v. line remained in place throughout all sessions.
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2.3.1 Baseline Assessment Session—During the first session, subjects completed a
number of assessments and behavioral tasks in the absence of drug administration. These
measures included the NEO personality assessment (Costa and McCrae, 1985), the Eysenck
Impulsivity Scale, I-7 version (Eysenck and Eysenck, 1978; Eysenck et al., 1985), the Sensation
Seeking Scale (Zuckerman, 1994), the Barratt Impulsivity Scale, BSI-11 version (Patton et al.,
1995), and a Gambling Task. The first four instruments were used to assess trait characteristics.
The Gambling Task (Bechara et al., 1994; Bechara et al., 1998) is a decision-making task
requiring evaluation of long-term consequences. Subjects are instructed that the goal of the
task is to earn as much “play” money as possible by selecting one card at a time from any of
four decks until they are instructed to stop. The four decks differ in the 1) magnitude and
frequency of rewards (in which the subject receives a certain amount of money), and 2)
penalties (in which the subject must pay a certain amount of money). The primary outcome of
performance is the number of cards selected from the decks that result in an overall gain (the
advantageous decks) versus an overall loss (the disadvantageous decks).

2.3.2. Cocaine Dose Response Session—Volunteers received four injections of
intravenous cocaine (0, 12.5, 25, and 50 mg/70 kg) in ascending order with 60-minutes
separating each injection. Physiological and subjective data were evaluated 30-minutes prior
to any drug administration and for 1-hour after each infusion.

2.3.3. Sample Sessions—Sample sessions were conducted the day before each relapse or
progressive ratio session. Volunteers received a single injection (cocaine at 0, 12.5, or 25/70
kg) and were instructed that this same dose would be available during the session the following
day. Physiological and subjective data were collected 30-minutes before and for 1-hour after
the infusion. Forty-five minutes after the injection, subjects completed the Multiple-Choice
Procedure (Griffiths et al., 1993). For this task, subjects were asked to make sequential choices
on a questionnaire between cocaine and various amounts of money. The data are reported as
“crossover” point, which is the dollar value at which the first choice for money rather than drug
is made. They were instructed that at the end of the study, during the “Lottery Drawing,” one
of the choices they have made will be drawn at random and that they will receive whatever
they chose (i.e., cocaine or money).

2.3.4. Relapse Sessions—Volunteers participated in three relapse sessions, each following
a sample session conducted the previous day. In each session, volunteers had seven
opportunities to choose between the assigned cocaine dose (0, 12.5 or 25 mg/70kg) and varying
amounts of money; the seven trials occurred at 15-minute intervals. The value of the money
alternative decreased by $3 over consecutive trials as follows: $19, $16, $13, $10, $7, $4, and
$1. The money and the drug vial were placed in front of the volunteer before they made their
choice. If the subject chose cocaine, that dose was injected within two minutes. If money was
chosen the cash was handed to the volunteer. At the end of session, the cash was collected and
the volunteer was given a receipt of their earnings. These earnings were separate from study
participation earnings and both were paid to the volunteer upon discharge. All seven choices
were presented to the volunteer regardless of their choices. A maximum of $70 could be earned
if they chose money for all seven trials. Subjective and physiological data were collected at
baseline, following each choice trial and for 60 minutes following the last choice trial.

2.3.5. Progressive Ratio Sessions—Subjects participated in three progressive ratio
sessions. After a 30-minute baseline assessment period, volunteers were allowed to perform a
task (pressing the button on the computer mouse) in order to earn up to seven injections of the
assigned cocaine dose. The number of button-presses required to receive an infusion increased
with each infusion earned (50, 250, 500, 1000, 1500, 2000, and 2500 times), and the subject
was informed of the requirements. Responses, which could be made only every 0.5 seconds,
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were displayed on the computer monitor until the response requirement was fulfilled at which
point an icon (“Injection earned”) would appear. Within two minutes of earning the cocaine
dose, the injection would be administered to the volunteer. A minimum interval of 15 minutes
between infusions was enforced for safety reasons. The session concluded after the completion
of all seven injections, after 30 minutes of no button pressing, after the volunteer reported that
they would work no longer, or after a total session time of 5 hours (4 hours of access to cocaine
+ 30 minute baseline and 30 minute post-last injection).

2.4. Experimental Outcomes
2.4.1. Subject- and Observer-Rated Measures—Subject-rated measures included
visual analog scales, a street value question and an adjective checklist. Six visual analog
questions were asked to determine the subjective effects of each injection. These included “Do
you feel any drug effect?, Do you feel a rush?, Does the drug have any good effects?, Does the
drug have any bad effects?, How much do you like the drug?” and “How much do you desire
cocaine right now?” The subjects responded by positioning an arrow along a 100-point line
labeled with “not at all” at one end and “extremely” at the other. The visual analog scales were
administered at baseline (i.e., 15 minutes before first injection), once each minute for 10
minutes after the start of the injection, and 15, 30, and 45 minutes post-injection during the
safety and sample sessions. During the relapse and progressive ratio sessions, the visual analog
scales were completed at baseline and once each minute for 10 minutes after the start of each
choice injection. If the money was selected during relapse sessions, the volunteer was only
asked “How much do you desire cocaine right now?” once each minute for 10 minutes
immediately following their choice of money. Street value was measured by asking “What is
the street value of the dose you just received?” 10 minutes after each infusion during all
sessions. The subject-rated adjective checklist consisted of 22 items rated from 0 (indicating
“not at all”) to 4 (indicating “extremely”). The items were: craving for cocaine, dizzy/
lightheaded, drug effect, dry mouth, excited, fearful, feel a thrill, feeling of power, fidgety,
irritable, jittery, nervous, numbness, seeing/hearing things, sleepy, stimulated, stomach upset/
nausea, suspicious, sweating, thirsty, tingling, tremor. Observer adjectives were rated on the
same 5-point scale, and included drug effect, difficulty concentrating, fidgety, talkative,
positive vocalizations, tremor/shaky, sweating, edgy/irritable and moody. Subjective- and
observer-rated adjectives were administered at baseline and 10, 30, and 45 minutes after each
infusion during the safety and sample sessions. For the relapse and progressive ratio sessions,
the adjective checklists were administered at baseline and 10 minutes after each injection.

2.4.2. Physiological Measures—Heart rate, blood pressure (BP), and skin temperature
were collected every minute using an automatic physiological monitoring device (Noninvasive
Patient Monitor model 506, Criticare Systems, Waukesha, Wis.) that was interfaced with a
Macintosh computer. Respiratory rate was taken by an observer who visually observed and
counted the number of breaths taken by the volunteer for a 30-second period. Pupil diameter
was determined from photographs taken in constant room lighting with a Polaroid camera
(Polaroid Corp., Cambridge, Mass.) using a twofold magnification. Respiratory rate and pupil
diameter were recorded 15 minutes before (baseline) infusion, 10, 15, 30, and 45 minutes after
each infusion during the dose-response and lottery sessions. These same measures were
recorded at baseline and 10 minutes after each infusion during the sample, relapse, and
progressive ratio sessions.

2.5 Drugs
Cocaine powder (Mallinckrodt, Inc., St. Louis, MO) was aseptically prepared under a
horizontal laminar flow hood by dissolving it in sterile saline to deliver a dose of 12.5, 25 or
50 mg/70 kg in 1 ml and filtering the solution through a 0.22-μm Millex-GS Millipore filter
(Millipore, Bedford, MA) into a sterile, pryrogen-free vial (Lyphomed, division of Fujisawa

Walsh et al. Page 6

Drug Alcohol Depend. Author manuscript; available in PMC 2011 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



USA, Inc., Deerfield, IL). The same volume of sterile saline served as the placebo. Cocaine
and placebo were administered intravenously at a constant rate by a physician into a venous
catheter in the arm over 60 seconds. During injections, the flow rate of the saline drip was
increased to prevent backflow and ensure rapid delivery into the circulatory system. All
injections were followed by a 1 ml saline flush through the catheter port.

2.6 Safety Criteria
A physician monitored the ECG continuously for a minimum of 15 minutes following each
infusion. Prior to drug administration, the volunteer's heart rate had to be below 130 beats/
minute, systolic BP <165 mm Hg, and diastolic BP <100 mm Hg to receive the next dose. If
these criteria were not met, the injection was delayed until the physician judged it safe to
proceed. Any subject with an abnormal ECG, increased heart rate greater than [(220-subjects
age) × 0.85], systolic BP >180 mm Hg, or diastolic BP >120 mm Hg for 4 or more consecutive
minutes did not receive the next injection and was terminated from the study.

2.7 Statistical Analysis
The two groups were compared on demographics and trait characteristics using Chi Square
tests for dichotomous variables or independent t-tests with testing for equality of variance
(Levene, 1960) for continuous variables. Baseline measures collected during the dose response
session were examined for group differences with independent t-tests. Data collected from the
dose response session (excluding baseline) were analyzed as raw time course data with 3-factor
ANOVA (group [2], dose [4] and time) for mixed designs. The physiological measures
collected on a minute-by-minute basis were summarized before analysis to yield average values
for baseline, and time points for 5, 10, 15, 20, 30 and 40 minutes after each infusion. Subsequent
analyses of transformed data, such as peaks and peak change from baseline were analyzed with
two-factor mixed ANOVA (group [2] and dose [4]). Data from the relapse choice and
progressive ratio sessions were analyzed with 2-factor ANOVA (group and dose) for mixed
designs. Significant main and interaction effects were further explored by use of Tukey post-
hoc tests. Spearman's rho was employed to examine the correlation between cocaine self-
administration in the two procedures. All multi-level analyses were run with SAS Proc Mixed
software. All analyses were conducted using SAS 9.1 for Windows and were considered
significant when p ≤ 0.05.

3. Results
3.1 Subjects

3.1.1. Recruitment—The results from the subject enrollment process are illustrated in the
upper portion of Table 1. One hundred and ninety people completed an initial in-person
assessment. Out of the 190 subjects screened 132 were disqualified for reasons unrelated to
the SCID interview outcome [i.e., failure to meet the cocaine criteria, medical problems (e.g.,
abnormal EKG, hypertension), seeking treatment, lost interest in the study, or lost to follow-
up]. Fifty-eight subjects met all preliminary study criteria and went on for the SCID diagnosis
interview. Of those, 32 were disqualified because of failure to meet the cocaine abuse/
dependence diagnosis or because they had an exclusionary psychiatric disorder. Twenty-six
subjects (14%) were enrolled as inpatients and 19 completed the protocol. Of the seven
discharged early, four were for non-medical reasons, one because he was informed of his
positive HIV status, and two exceeded the BP safety criteria during testing.

3.1.2. Safety—This study was originally designed to include a fourth cocaine dose (50 mg/
70 kg) in the self-administration sessions. During enrollment of the first nine subjects, six doses
were delayed and 17 doses were withheld due to elevated cardiovascular readings. These series
of discharges and delays led to a protocol amendment that eliminated the highest cocaine dose
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(50mg/70kg) from any further self-administration sessions. All self-administration data from
the 50mg/70kg dose were subsequently excluded from the analysis. Two elevated BP incidents
occurred after repeated injections of cocaine (i.e., one subject was receiving 25mg/70kg, and
the other 50mg/70kg) during progressive-ratio sessions. For the latter subject, on the last
session, he chose to receive one 50mg/70kg dose before his BP elevated beyond the safety
criteria; however, this was his last session so he was not excluded. After the elimination of the
highest dose, there were an additional eight doses delayed and two withheld, but no additional
volunteers were discharged due to cardiovascular reactions.

3.1.3. Matching—Nineteen subjects completed the study and were considered for matching.
Subjects were first matched on years of cocaine use to ensure that they had comparable
opportunities to develop cocaine dependence based upon duration of exposure. Subjects were
then successfully matched on gender, age and race. Two groups of eight CocAb and CocDep
users were matched and are reported here.

The lower portion of Table 1 shows subject demographics and drug use characteristics for the
16 matched subjects. The two groups did not differ on these characteristics (p > 0.05) except
for their self-report of past 30-days of cocaine use (t[14] = 13.69; p < 0.0001; this was an a
priori criterion by which the groups were defined). All subjects reported their preferred route
of cocaine use to be smoking, except for one subject in the CocDep group who reported using
intravenously. Self-reported use of other drugs in the last 30 days was low for both groups (6
or fewer occasions for alcohol, heroin, benzodiazepines and marijuana in both groups).

3.2. Cocaine Dose Response
3.2.1. Baseline Measures—Few differences between the two groups were noted at pre-
injection baseline (data collected at the start of the dose response session prior to the first
injection). CocDep users reported a significantly greater “desire for cocaine” (visual analog
scale; t[14] = 2.43; p = 0.045) compared to the CocAb group (see baseline data in Figure 1).
Observer ratings of “edgy/irritable” revealed modestly lower, but statistically different, scores
for the dependent users [t(14) = -2.65; p = 0.033].

3.2.2. Visual Analog Scales—Cocaine produced significant dose- and time-dependent
increases on ratings of “any drug effect,” “high,” “rush,” “good effects” and “liking for
cocaine” (p <0.0001). There were no significant group differences (or interactions by group)
on these measures. Data shown in Figure 1 (upper panel) for the visual analog time course for
“rush” are representative of the other measures listed above, whereby scores were more clearly
dose-related for the CocDep subjects (right panel), while the two higher doses (25 mg/70 kg
and 50 mg/70 kg) were rated more similarly by the CocAb group (left panel; statistical
outcomes shown in legend). In contrast to the other visual analog measures, there was a
significant difference between the two groups on ratings of “How much do you desire
cocaine?” (Figure 1; lower panels), whereby CocDep users reported sustained and relatively
high scores for “desire” throughout the test session. Baseline data are included in Figure 1 (but
were not included in the dose analysis) to illustrate that this group difference was present before
any cocaine was administered (as described above). As can be seen, CocDep users reported
elevated ratings of desire at baseline (see baseline analysis above), and ratings remained high
following all injections with no evidence of a dose- or time-effect. In contrast, the CocAb group
reported baseline levels of zero and cocaine produced dose-dependent and time-dependent
increases in ratings of desire. Ratings of “desire” declined by 45 minutes for the CocAb group,
while scores showed no evidence of diminishing for the CocDep group.

3.2.3. Adjective Checklists—Cocaine produced significant increases on a number of
expected outcomes with the adjective rating scales (main effect of dose; df [3,42]; p <0.05 for
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each). For example, subject-rated scales revealed significant cocaine effects on ratings of
“dizzy/lightheaded,” “tremor,” “jittery,” “fidgety,” “feel a thrill,” “stimulated” and “drug
effect;” observers rated significant cocaine-related increases for “drug effect” only.

There were also a number of significant differences (p <0.05) between the groups (i.e., main
effect of group) on the adjective rating scales with regard to response to cocaine. Subject-
ratings were significantly higher for ratings of “suspicious” (F=7.9) in the CocAb group
compared to CocDep group. Ratings for “crave cocaine” (F=6.0) were significantly higher in
the CocDep group, similar to those reported for “desire” above, whereby the dependent users
had elevated scores at baseline and their scores did not increase as a function of cocaine dose
compared to the CocAb group. Both observers and subjects provided significantly higher
scores for “sweating” (F=7.1) for the CocDep compared to the CocAb group. The observers
also rated significantly higher scores for the CocAb group on measures of “moody,’ “difficulty
concentrating,’ “fidgety” (see Figure 2 and legend for statistical outcomes), “drug effect” (F
[1,14]= 4.7), and “edgy/irritable” (F=12.2).

3.2.4. Street Value—Estimates of cocaine's street value increased as a function of dose.
Moreover, there was a significant group × dose interaction (F[3,42]=5.1; p=0.005)
characterized by CocDep group assigning higher average street values for active cocaine
compared to the CocAb group, with the greatest difference (nearly 3-fold) occurring at the 50
mg/70 kg dose (means of $10.88 versus $30.38 for CocAb versus CocDep, respectively).

3.2.5. Physiological Measures—The time course analyses revealed significant dose-
related increases (df=3, 42; p < 0.0001 main effects of dose) on physiological measures,
including heart rate (F=22.6), systolic (F=26.4) and diastolic BP (F=12.8), and pupil diameter
(F=6.5). However, no group differences were observed on these measures.

3.3. Cocaine Self-administration
Data on the pharmacodynamic effects of cocaine from the relapse and progressive ratio sessions
are not presented because there were varied patterns of cocaine administration between
volunteers and across conditions.

3.3.1. Relapse Procedure—Figure 3 illustrates self-administration outcomes from the
Relapse Choice Procedure for total injections taken (left panel) and money earned (right panel).
The average number of injections taken (of seven available during each test session) increased
significantly across both groups as a function of cocaine dose (see figure legends for statistical
outcome). However, there was a significant difference (F[1,14] = 5.27; p = 0.038) between the
two groups on the number of injections taken, whereby the CocDep group reliably chose to
take more cocaine than the CocAb group, with nearly an average two-fold difference between
the groups for both active doses. The individual subject data are also shown in the figure (as
small circles) and reveal that the CocAb group selected all of the money alternatives when
placebo was available, while half of the CocDep users chose placebo instead of money two or
more times during the session. Moreover, more CocAb subjects chose to take no active cocaine
doses, whereas there were very few instances when CocDep users chose money only. Also
shown in Figure 3 is that the total amount of money earned decreased significantly in a dose-
dependent fashion for both groups (each money vs. dollar choice is independent so the number
of injections versus dollar earned do not covary precisely); however, the difference between
the groups failed to reach significance (p = 0.055).

3.3.2. Progressive Ratio Procedure—Figure 4 illustrates the individual data and mean
number of ratios completed in progressive ratio sessions. Cocaine self-administration showed
significant dose-related increases [F(2,28) = 8.43; p = 0.001]. While group differences appear
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similar to those observed in the Relapse Choice Procedure (i.e., with the CocDep group working
to complete more ratios to receive cocaine compared to the CocAb group), this did not reach
statistical significance (p = 0.056). As with the Relapse Procedure, there were more individuals
in the CocAb group who earned no active injections (i.e., completed no ratios) compared to
the CocDep group, in this case, in the absence of an alternative reinforcer.

Three individuals from the CocAb abstained from cocaine completely in both procedures; the
other abstainers in the Relapse Choice and the Progressive Ratio sessions (1 CocAb and 2
CocDep) were separate individuals. When comparing the primary outcome of the Relapse
Choice procedure (# of injections taken) to that of the Progressive Ratio procedure (# of ratios
completed) collapsed across all doses, there was a strong positive correlation (Spearman's rho=.
76; p<. 001) between these two measures of cocaine self-administration.

3.4 Multiple-Choice Procedure
The Multiple-Choice questionnaire was collected during each sample session (i.e., six times-
three preceding Progressive Ratio sessions and three preceding Relapse Choice Sessions). As
shown in Figure 5, mean crossover points increased in a dose dependent fashion for both groups
(see figure legend for statistical outcomes). There was also a significant difference between
the two groups with the crossover points for the CocDep group greater than those for the CocAb
group. Overall, the findings for the Multiple-Choice Procedure were similar to those for the
cocaine self-administration procedures.

3.5 Trait and Impulsivity Measures
Table 2 presents the outcomes for the trait and impulsivity measures. There were no significant
baseline differences between the groups on scales measuring impulsivity [Eysenck Scale and
Barratt Impulsivity Scale] nor sensation-seeking behavior [Zuckerman Sensation Seeking
Scale]. The NEO showed no group difference on any subscale.

Results for the gambling task card selection are shown in Figure 6 for the two groups. Random
selection of cards from the 100 trials would yield approximately 25 cards (chance, indicated
by the dotted line) from each of the four decks. The CocAb group chose more cards from the
disadvantageous decks (Decks A and B) and fewer cards from the advantageous decks (Decks
C and D) compared to the CocDep group. These overall differences did not reach statistical
significance. However, for both Decks A and B, no selection differences were observed
between groups in the first bins of card choices (i.e., 1-20), but the CocDep group showed
significant reductions in disadvantageous card choice in some subsequent bin trials (21-40,
81-100; p <. 05). Overall, these choices led the CocDep group to earn more winnings ($415.63)
compared to CocAb group which lost money overall (-387.50).

4. Discussion
This study examined differences between individuals with lengthy histories of cocaine use on
their pharmacodynamic response to cocaine, their cocaine self-administration behavior under
multiple conditions, and baseline characteristics related to impulsivity and sensation seeking.
Two groups of current users, those meeting DSM-IV criteria for cocaine dependence and those
meeting only criteria for cocaine abuse were compared. The groups did not differ significantly
with regard to their reported duration of cocaine use (both averaging slightly more than 14
years of use) or their average age of initial cocaine use (21.0 vs. 23.5 for the CocDep and CocAb
groups, respectively), and thus individuals in both groups had equivalent opportunities to
develop cocaine dependence. While the groups did not differ significantly on baseline trait
measures, they did exhibit differences in response to experimenter-administered cocaine and
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differed significantly in their cocaine self-administration behavior with these latter differences
corresponding to their self-reported cocaine use frequency.

While experimenter-administered cocaine produced its expected dose- and time dependent
effects (i.e., cardiopressor effects, subjective reports of euphoria), the CocAb and CocDep
groups exhibited differences on some, but not most, pharmacodynamic responses. The absence
of differences on any physiological measure (e.g., heart rate, blood pressure, mydriasis)
suggests there was no differential biological or metabolic response. However, the CocAb
subjects' ratings indicated that cocaine produced significantly greater suspiciousness, while the
observers provided modestly, but significantly, higher ratings for that same group on difficulty
concentrating, irritability, moodiness and strength of drug effect compared to the dependent
group. Combined, these findings suggest that the CocAb subjects, while not differentially
sensitive to the direct euphorigenic effects of cocaine, may actually exhibit increased sensitivity
to the anxiogenic or unpleasant effects of cocaine compared to the dependent users or perhaps
tolerance to these specific effects in the dependent subjects. In perhaps the only other study
published to date examining the response to cocaine in sporadic versus heavy users, Mendelson
and colleagues reported that a single challenge with a moderate dose (28 mg/70 kg) of
intravenous cocaine in a group of male occasional cocaine users resulted in significantly greater
cardiovascular responses, higher ratings on subjective measures of euphoria and “high,” and
a greater increase in ACTH release compared to the cocaine-dependent subjects (Mendelson
et al., 1998). The authors interpreted these findings as evidence of tolerance to cocaine in the
heavier users. While those data, showing differential sensitivity to the positive subjective
effects of cocaine, are seemingly at odds with the present findings where no differences on
positive subjective outcomes were found, they are consistent with more experienced users
exhibiting a decreased response to cocaine. However, the history of exposure, including
frequency and duration of cocaine use, differed substantively between the two studies. In the
earlier study, the occasional users group reported only 5-10 occasions of cocaine use in the
preceding year. The CocAb subjects in the present study were more frequent users (1-2 times/
weekly) and had a history of regular cocaine use that was longer even than the heavy user group
in the study by Mendelson and colleagues.

With respect to desire or craving for cocaine, the CocDep users reliably reported significantly
greater levels of desire compared to the CocAb group. These elevated ratings in desire,
however, were evident at baseline and were not increased after challenge with active cocaine.
Examination of all of the sessions (dose response and all sample sessions [latter data not
shown]) indicated that these differences persisted over the course of the inpatient stay. In
contrast, the CocAb subjects reported baseline ratings of zero for desire for cocaine prior to
injection, and active cocaine doses triggered generally dose-related increases in ratings of
desire and craving, consistent with earlier reports of cocaine-induced cocaine craving (Jaffe et
al., 1989). Moreover, CocDep users valued cocaine to a greater degree on estimates of the street
value of the dose received suggesting that they both wanted cocaine more and valued it more
highly when received, and these data were concordant with the findings from the Multiple-
Choice Procedure which revealed higher crossover values (the point at which money is chosen
over drug) in the CocDep group.

Both the Relapse Choice Procedure and the Progressive Ratio Procedure yielded reliable and
dose-dependent cocaine self-administration in these volunteers. Importantly, findings for the
two procedures were generally concordant suggesting that both have good face validity and
utility as laboratory models as there was a strong positive relationship between self-
administration in the two procedures, and both were predicted by the subjects' self-report of
cocaine prior to study entry. Two differences between the outcomes for the procedures are
notable. First, the average cocaine intake was reliably (but not significantly) higher when each
active dose was made available in the Progressive Ratio Procedure compared to the Relapse
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Choice Procedure (and this was true for both groups) suggesting that the availability of an
alternative reinforcer (i.e., money) in the Relapse Choice Procedure may have reduced cocaine
taking as has been previously reported (Higgins et al., 1994). Second, of the dependent users,
only one individual was willing to work for placebo in the Progressive Ratio Procedure, while
one-half of the group chose placebo at least once in the Relapse Choice Procedure. In no
instance did the CocAb users choose or work for placebo. Responding for placebo could
indicate greater drug-related conditioned responses in the CocDep user group and could even
reflect the “loss of control” feature of drug dependence. Most importantly, the self-
administration data revealed that the CocDep users rarely abstained from choosing active
cocaine when available (in contrast to the CocAb subjects) and reliably self-administered more
cocaine (on average twice as much) than the CocAb users. Thus, the self-reported history of
greater cocaine use in the natural environment by the dependent users was also captured in
these laboratory analogs of cocaine use, which proved sensitive at detecting group differences.

This study found no significant differences between the two groups of subjects on measures
of sensation seeking or impulsivity. These attributes have been the subject of much research
and are often reported as risk factors for the development of substance abuse or dependence
(see for recent review Verdego-Garcia et al., 2008). However, with regard to cocaine users,
there are a limited number of studies with which to compare the present findings and perhaps
none that have examined differences between cocaine dependent and non-dependent active
users. Studies have reported that cocaine dependent individuals have higher scores on the
Eysenck, the Barratt and the Zuckerman scales when compared to non-drug using controls
(Coffey et al., 2003; Patkar et al., 2004). Also, studies of cocaine-dependent individuals
enrolled in outpatient clinical trials have reported that greater impulsivity, as assessed by these
questionnaires, was significantly correlated with greater cocaine use and poorer retention in
treatment (Moeller et al., 2001; Patkar et al., 2004). Importantly, average scores for these trait
questionnaires in the present study were comparable to those reported previously for cocaine
dependent individuals (Moeller et al., 2001; Petry, 2001; Patkar et al., 2004). With regard to
these measures, the present study focused on only a small but carefully selected subgroup of
individuals and may be hampered by limited power; however, group differences were evident
on a number of other outcomes. Thus, while these trait measures may be predictive of risk for
experimentation and response to treatment, they did not differentiate the two distinct diagnostic
categories of cocaine abuse and dependence.

The Gambling task (Bechara et al., 1994; Bechara et al., 1998), widely used to assess decision
making and sensitivity to future consequences, did not reveal statistically significant
differences between the two groups in their overall card choices. Inspection of the data reveals
that the CocAb group did not vary their card selection as a function of advantage or
disadvantage of the decks (i.e., their card selection was nearly always close to chance), whereas
the CocDep individuals showed a pattern of selection more consistent with choosing to increase
earnings (i.e., fewer cards from the disadvantageous decks than the advantageous decks). There
were, however, some significant differences between the groups for selection of
disadvantageous cards across trials within the session, whereby the CocDep users chose fewer
disadvantageous cards on successive trials suggesting better acquisition or sensitivity to the
contingencies, compared to the relatively unchanged selection by the CocAb group. As with
the trait measures, studies have reported generally poorer decision making on the gambling
task in cocaine-dependent individuals when compared to non-drug using controls (Verdejo-
Garcia et al., 2007; van der Plas et al., 2008). A recent study reported this same finding but
went further to compare decision-making when the reward was hypothetical or when monetary
contingencies were in place (Vadhan et al., 2009). That report indicated that the performance
of cocaine dependent individuals with lengthy cocaine use histories (average of 20.5 years),
while deficient in the hypothetical rewards task, did not differ from the controls when there
was an opportunity to earn real money. This plasticity in responding with cocaine-dependent
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individuals is consistent with the observation in the present study that cocaine dependent
individuals were able to alter their response across trials to improve outcomes.

In conclusion, this study did not provide support for the hypothesis that characteristics related
to impulsivity or sensation seeking will distinguish between individuals with longstanding
histories of cocaine use who meet DSM-IV criteria for abuse versus those who escalate to
develop cocaine dependence. While few differences in pharmacodynamic response to cocaine
were found between the groups, the composite profile suggests that the CocAb subjects may
be more sensitive to the unpleasant effects of cocaine; it is possible that this may represent a
protective mechanism against escalation of use. Importantly, this study demonstrates that
cocaine dependent individuals report greater desire for cocaine, value cocaine more highly
based upon street value estimates and the Multiple-Choice Procedure, and self-administer
greater amounts of cocaine compared to those meeting criteria only for cocaine abuse. A
primary distinguishing feature of dependence is the loss of control over drug use. The present
study found that cocaine dependent individuals were more likely to take all of the available
cocaine (and some even chose placebo) compared to their non-dependent counterparts in both
the presence and absence of alternative reinforcers and may be reflective of the loss of control
over drug use. While few laboratory studies have employed these procedures to examine
individual differences in drug taking in humans, this study highlights the power and sensitivity
of these methods and their potential utility for exploring factors that mediate the complex
behaviors of drug abuse and dependence. Finally, cocaine self-administration under controlled
circumstances in the laboratory reflected the differential rates of self-reported cocaine use in
the natural environment between groups contributing further evidence of the validity of these
laboratory models.
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Figure 1.
Data illustrate the mean scores for visual analog ratings of “Do you feel any rush?” (upper
panels) and “How much do you desire cocaine right now?” (lower panels) for CocAb (n=8;
right panels) and CocDep (n=8; left panels) users. Time course data are shown for up to 45
minutes after each of four consecutive injections of 0, 12.5, 25 and 50 mg/70 kg, i.v. given 1
hr apart. For ratings of “rush,” significant main effects were found for dose (F[3, 42]=13.9; p
<0.0001) and time (F[12, 168]=18.3; p <0.0001). For ratings of desire for cocaine, significant
main effects were found for group (F[1,14]=6.7; p = 0.022), time (F[12, 168]=4.1; p <0.0001)
and a group by time interaction (F[12,168]=2.3; p = 0.009).
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Figure 2.
Mean peak data (±1 S.E.M.; n=8/group) are shown as a function of cocaine dose for three
observer adjective rating scales collected during the dose response sessions. Significant
differences between the groups were found on time course, peak analysis or both for ratings
of “moody” (F[1,14]=4.98; p = 0.043), “difficulty concentrating” (F=5.9; p = 0.029) and fidgety
(F=5.21; p = .039).
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Figure 3.
Data are shown from the Relapse Choice procedure for mean number of cocaine choices (left
panel) and average total money earned (right panel) for the CocAb and CocDep users. Average
data are shown in the bars and the single solid dots represent the individual subjects. For the
number of cocaine choices, there was a significant effect of group (F[1,14] 5.3; p = 0.038) and
dose (F[2, 28] 3.4; p = 0.049). For the money earned, there was a significant effect of dose (F
[2, 28]3.69; p = 0.038) and a trend for group (F[1,14]4.4; p = 0.055). Post-hoc analyses revealed
that these differences reached significance on both outcomes for the 25 mg/70 kg condition (p
<0.05).
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Figure 4.
Data are shown from the Progressive Ratio procedure for the mean (±1 S.E.M.; n=8/group)
number of ratios completed (i.e., injections earned). Average data are shown in the bars and
the single solid dots represent the individual subjects. For the ratios completed, there was a
significant effect of dose (F[2,28]=8.4; p = 0.001) but only trend towards a group effect (F
[1,14]=3.92; p = 0.056).

Walsh et al. Page 19

Drug Alcohol Depend. Author manuscript; available in PMC 2011 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5.
Data shown are mean crossover values (±1 S.E.M.; n=8/group) from the Multiple-Choice
Procedure collected at the end of the sample sessions preceding the Relapse Choice Procedure
and the Progressive Ratio Procedure; as there was no significant difference on crossover values
as a function of session type that followed (for the same doses); means shown here are collapsed
across the two procedures. There was a significant effect of cocaine dose (F[2,28]=6.3; p = .
006) and a significant difference between the CocAb and CocDep groups (F[1,14]=4.9; p =
044) on crossover values.
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Figure 6.
Mean data mean (±1 S.E.M.; n=8/group) are shown for the Gambling task (Bechara et al.,
1994; Bechara et al., 1998) for the dependent (white bars) and non-dependent (gray bars)
groups. The dotted line indicates the card choice that would occur by chance for the
disadvantageous card decks (A and B) and the advantageous card decks (C and D). The overall
choice behavior did not differ significantly between the groups.
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Table 2

Data are shown for the mean (±1 SEM) scores for the CocAb (n=8) versus CocDep (n=8) groups for the baseline
characteristic measures on four questionnaires. There were no significant differences between the two groups.

Non-Dependent Users Dependent Users

Barratt Impulsiveness 64.6 (±2.1) 64.8 (±3.4)

Eysenck Impulsivity Scale

 Impulsiveness 7.3 (±1.1) 8.0 (±1.5)

 Venturesomeness 9.9 (±0.7) 10.3 (±1.6)

 Empathy 11.5 (±1.1) 12.9 (±0.7)

Zuckerman Sensation Seeking

 Thrill & Adventure 6.6 (±0.7) 6.1 (±1.4)

 Experience Seeking 5.5 (±0.6) 4.9 (±0.9)

 Disinhibition 4.5 (±0.8) 5.8 (±0.8)

 Boredom Susceptibility 1.9 (±0.6) 2.1 (±0.4)

 Total Score 18.5 (±1.7) 18.9 (±2.3)

NEO

Neuroticism 79.8 (±5.3) 86.1(±7.9)

Extraversion 113.1 (±2.5) 114.4(±3.8)

Openness 103.6 (±3.2) 99.4(±1.8)

Agreeableness 120.3 (±5.3) 112.6(±5.7)

Conscientiousness 118.6 (±5.1) 112.5(±5.1)
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