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Abstract Rationale: Data in laboratory animals suggest
that D, receptor agonists may have potential utility for
the treatment of cocaine abuse. Objective: The effects
of ABT-431, a selective agonist at the dopamine D,
receptor, on the reinforcing, cardiovascular and sub-
jective effects of cocaine were investigated in humans.
Method: Nine experienced cocaine smokers (§M, 1F),
participated in nine self-administration sessions while
residing on an inpatient research unit: three doses of
ABT-431 (0, 2, 4 mg IV) were each given in combina-
tion with three doses of smoked cocaine (0, 12, 50 mg).
ABT-431 was intravenously administered over a 1-h
period immediately prior to cocaine self-administration
sessions. A six-trial choice procedure (cocaine versus
$5 merchandise vouchers) was utilized, with sessions
consisting of: (a) one sample trial, where participants
received the cocaine dose available that day, and (b)
five choice trials, where participants chose between the
available cocaine dose and one merchandise voucher.
Results: ABT-431 did not affect the number of times
participants chose to smoke each dose of cocaine, but
produced significant dose-dependent decreases in the
subjective effects of cocaine, including ratings of
“High,” “Stimulated,” dose liking, estimates of dose
value, “Quality,” and “Potency.” Furthermore, there
was a trend for ABT-431 (4 mg) to decrease cocaine
craving. ABT-431 also increased heart rate, while
decreasing systolic and diastolic pressure at each dose
of cocaine. Conclusions: These data suggest that D
agonists may have potential utility for the treatment of
cocaine abuse.
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Introduction

Unlike opioid or alcohol dependence, no medication
has yet been shown to be an effective adjunct for the
treatment of cocaine abuse (Kleber 1995; Mendelson
and Mello 1996). Many preclinical and clinical inves-
tigations of potential pharmacotherapies have focused
on agents acting at the dopamine receptor, since
cocaine’s reinforcing effects are largely mediated by
inhibition of dopamine re-uptake (Fibiger 1978; Wise
and Bozarth 1987). The five identified subtypes of the
dopamine receptor are classified into the D; group
(Dy, Ds) and the D, group (D, D3, Dy4), based on
their pharmacological and biochemical properties
(Kebabian and Calne 1979; Jackson and Westline-
Danielsson 1994); for convenience, the term “D;” or
“D,” receptor will be used throughout the manuscript
to refer to the group of receptors, rather than to the
particular subtypes.

Both laboratory and clinical studies suggest that D,
agonists may not be effective treatment medications for
cocaine abuse. In laboratory animals, D, agonists are
self-administered, suggesting that they have the poten-
tial for abuse in humans (Davis and Smith 1977;
Woolverton et al. 1984; Caine and Koob 1993).
Reinforcing effects per se do not preclude the use of a
medication to treat drug abuse, since these properties
may facilitate treatment compliance. However, D, ago-
nists also enhance cocaine’s reinforcing effects (Parsons
et al. 1996; Caine et al. 1997a), and reinstate non-rein-
forced responding for cocaine in an animal model of
cocaine-seeking behavior (Wise et al. 1990; Self et al.
1996a), which may indicate that these agents would
increase the likelihood that cocaine users in treatment



would relapse to cocaine use. Most data in humans
support this hypothesis. In a laboratory study of
cocaine self-administration, the dopamine agonist
pergolide mesylate, at a dose presumed to be selective
for D, receptors, increased self-reported “craving” for
cocaine in non-treatment-seeking cocaine users (Haney
et al. 1998). In a treatment setting, pergolide appeared
to impair rather than facilitate treatment compliance,
compared to placebo maintenance (Levin et al. 1999;
Malcolm et al. 1999). Another D, agonist, bromo-
criptine, was also ineffective in double-blind labora-
tory (Preston et al. 1992) and clinical investigations
(Tennant and Sagherian 1987) in cocaine users.

By contrast, data in laboratory animals suggest that
D, receptor agonists may have potential utility for the
treatment of cocaine abuse. Unlike D, agonists, D
agonists increased the latency to initiate cocaine self-
administration (Self et al. 1996a; Caine et al. 1997b).
Further, D; agonists do not reinstate non-reinforced
responding on a cocaine-paired lever, and in fact
decrease the ability of cocaine to reinstate non-rein-
forced responding in an animal model of cocaine-seek-
ing (Self et al. 1996a), suggesting that D; agonists might
decrease the likelihood that cocaine abusers in treat-
ment would relapse to cocaine use. There is the possi-
bility that these agents have abuse potential, since they
are self-administered by rats (Self and Stein 1992;
Self et al. 1996b) and non-human primates (Weed
et al. 1993, 1997; Weed and Woolverton 1995; Grech
et al. 1996). However, as mentioned earlier, reinforcing
effects are not necessarily incompatible with clinical
utility.

The present study investigated the effects of the
D, agonist, ABT-431 on smoked cocaine self-adminis-
tration by humans in a controlled laboratory setting.
ABT-431 is a potent and selective full agonist at the
D, receptor, with a rapid onset of action (Shiosaki
et al. 1996). Cocaine users who were not seeking treat-
ment for their cocaine use were pretreated with intra-
venous (IV) ABT-431 and were given the opportunity
repeatedly to self-administer cocaine over several hours
each day, under careful medical observation. Alter-
natives to drug-taking were available, just as they are
outside of the laboratory. The effects of ABT-431 on
cocaine self-administration, cocaine “craving,” subjec-
tive-effects ratings, and cardiovascular effects were
determined.

Materials and methods
Participants

One female and eight male research volunteers (six African-
American, two Hispanic, one Asian), 31-39 years of age (mean:
35.6 years), and currently smoking cocaine 3-7 days/week were
solicited through word-of-mouth referral and newspaper advertise-
ment in New York, NY. Participants had an average of 12 years
of education. They reported spending $275+32 (mean £ SD) per
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week on cocaine. Four participants reported drinking alcohol
weekly (17 drinks/week). The eight participants who smoked
cigarettes were permitted to smoke ad libitum, except during labo-
ratory sessions. Four participants reported occasional heroin use
but none were opiate-dependent (no opiate metabolites in urine
upon admission or throughout study;no symptoms of opiate with-
drawal). All participants passed medical and psychological evalua-
tion prior to the study. The single female participant was given a
serum pregnancy test at screening, and a urine pregnancy test upon
commencing the inpatient stay in the laboratory; she was not tak-
ing oral contraceptives. Each participant 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. The consent form described the
study, outlined any possible risks, indicated that participants would
be maintained on an experimental medication, and that cocaine
would be administered, possibly on a daily basis. Two additional
participants (1M, 1F) were enrolled in the protocol but ended their
participation during the first week of the study: one for personal
reasons and one because of side-effects attributed to ABT-431 (nau-
sea, vomiting).

Apparatus

During experimental sessions, participants were seated in a com-
fortable lounge chair in front of a computer used for the comple-
tion of subjective-effects questionnaires. An 18-gauge catheter
(Quik-Cath®, Travenol Laboratories, Deerfield, Ill., USA) was
inserted into a subcutaneous vein on each arm; one catheter was
used for blood withdrawal, and the other was used for ABT-431
infusion. The IV lines were kept patent by an infusion of a dex-
trose (5%) solution at 100 cc/h. Electrocardiograms (ECG) were
continuously monitored via chest electrodes (MAC PC®, Marquette
Electronics, Milwaukee, Wisc., USA) while heart rate and systolic
and diastolic blood pressure were recorded every 2 min (Sentry II,
Model 6100 automated vital signs monitor, NBS Medical, Costa
Mesa, Calif., USA) beginning 4 min prior to the onset of the ABT-
431 infusion. An Apple Macintosh® computer located in an adja-
cent room was used for automated data collection.

Procedure

Participants resided on the Irving Center for Clinical Research in
The Presbyterian Hospital for the duration of the 15-day study.
They had access to television, radio, and video-taped movies and
were free to smoke cigarettes in their rooms. Visitors were
prohibited.

There were nine cocaine self-administration sessions: three doses
of smoked cocaine (0, 12, 50 mg) were each tested in combination
with three doses of ABT-431 (0, 2, 4 mg/100 ml). Doses of ABT-
431 were chosen based on preliminary studies determining the tol-
erability and pharamacokinetics of a range of ABT-431 doses. The
first self-administration session occurred on the third inpatient hos-
pital day. The order of ABT-431 and cocaine dosing was random-
ized, except that for safety reasons, a low dose of cocaine was tested
before the highest dose of cocaine, and the highest ABT-431 dose
was only administered if participants had received another active
dose of ABT-431 within 2 days, since a previous investigation sug-
gested that this dose build-up decreased the risks of side-effects
(Malison et al. 1999). Self-administration sessions began with a 60-
min IV ABT-431 infusion; a slow infusion was used to minimize
injection site reactions. Participants were repeatedly given a choice
between a particular dose of cocaine and a $5.00 merchandise
voucher redeemable at specific stores, payable upon discharge.
Sessions began with one “sample” trial, where participants
responded on a keyboard on a fixed ratio schedule (FR200) to
receive the cocaine dose available that day. Subsequently, there were
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five “choice” trials, in which participants had the opportunity to
self-administer the same dose of cocaine as the sample dose, or
receive a voucher (see Fischman et al. 1990). Each trial was indi-
cated by a visual cue (two squares: 3 cm X 3 cm) on the computer
screen. Participants selected the left or right option with their com-
puter mouse (illuminating the square associated with that position),
and pressed the spacebar or enter key on their computer keyboard
until they completed the response requirement and the message
“Left (or Right) Option Chosen” appeared at the bottom of the
screen. During each session, the left cue was associated with cocaine
and the right cue was associated with vouchers. During each of the
five choice trials, participants could choose to smoke the cocaine
dose again, or receive a voucher. Blood for determination of cocaine
plasma level was drawn at baseline and after the first and the last
options were delivered. The session ended 30 min after the last
option delivery.

During drug administration, participants were presented with
cocaine base in a glass pipe stem fitted with smoke screens. A
research nurse held a flame from a pipe lighter on the cocaine and
participants were instructed to take one large inhalation and to hold
it as long as they would outside the laboratory. Participants were
blind to contents of the pipe. Throughout the session, participants
were monitored via a one-way mirror by research nurses located in
the adjacent room, with whom they could communicate via an inter-
com system. Neither cocaine nor vouchers were given on any trial
where cardiovascular activity was above the criteria for safe drug
administration (heart rate > 130, diastolic pressure > 100, systolic
pressure > 165).

Subjective-effects battery

A computerized subjective-effects battery, which was completed
prior to the onset of the ABT-431 infusion, 40 min after the start
of the ABT-431 infusion, 4 min after each option was delivered,
and 30 min after the last option of the session, comprised 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...” High,” “Stimulated,”
“Anxious,” “Sedated,” “Depressed,” “Hungry,” “Friendly,”
“Miserable,” “On edge,” “Alert,” “Tired,” “Talkative,” “Self-
Confident,” “Social,” “Irritable,” “Confused,” “A Good Drug
Effect,” and “A Bad Drug Effect.” Four VAS were used to opera-
tionalize drug craving and were labeled “I want...” “Cocaine,”
“Heroin,” “Ethanol,” and “Nicotine.” Three VAS were used for
ratings of dose and were labeled “The choice was...” “High Quality,”
“Potent,” and “I Liked the Choice.” The last VAS asked partici-
pants to indicate how much they would pay for the dose of cocaine
they had just received, anchored with $0 and $25.

Drugs

Cocaine base, derived from cocaine hydrochloride (provided by The
National Institute on Drug Abuse) was prepared by the Presbyterian
Hospital Manufacturing Pharmacy, as described in Foltin et al.
(1990). ABT-431 IV solution (0, 2, 4 mg in 5% dextrose solution)
provided by Abbott Laboratories, was also prepared by the
Presbyterian Hospital Manufacturing Pharmacy. The serum half-
life for ABT-431 is estimated at 2 h. ABT-431 and cocaine were
administered under double-blind conditions, with the exception that
nurses, but not investigators or research assistants, were aware of
the daily cocaine dose.

Data analysis

Repeated-measures analyses of variance (ANOVA) with planned
comparisons (Keppel 1991), having two within-group factors

[cocaine dose (0, 12, 50 mg), ABT-431 dose (0, 2, 4 mg)], were used
to compare the following: (1) the number of choices to smoke
cocaine within a session, and (2) subjective effects and cardiovas-
cular measures following the first dose of cocaine, i.e. the “sample
dose.” Six planned comparisons were completed for each measure:
the 2 mg and 4 mg doses of ABT-431 were compared to the 0 mg
dose of ABT-431 for each dose of cocaine (0, 12, 50 mg). The effects
of repeated cocaine doses on subjective-effects, cardiovascular and
plasma cocaine measures were analyzed using a repeated-measures
ANOVA with three within-group factors [cocaine dose (0, 12,
50 mg), ABT-431 dose (0, 2, 4 mg), time within session (4 min after
each of the six option deliveries, 30 min after the final option deliv-
ery)]. There were technical difficulties with the blood drawing on
nine of the 81 attempts to obtain cocaine plasma levels after the
first active cocaine dose. Because the pattern of missing values was
random and not related to cocaine dose or ABT-431 dose, plausi-
ble estimates of the missing values were calculated, using multiple
imputation, to complete the dataset for analysis (Little and Rubin
1987; Rubin and Schenker 1991; Solas For Missing Data Analysis
Statistical Package, Statsol Solutions, Sargus, Mass., USA. There
were six planned comparisons completed for each measure: sub-
jective-effects and cardiovascular data were averaged across the ses-
sion and comparisons were made between the 0 mg ABT-431
condition and the 2 and 4 mg ABT-431 condition for each dose of
cocaine. Plasma cocaine data obtained at baseline, 4 min after the
first cocaine dose and 4 min after the last option delivery follow-
ing 0 mg ABT-431 administration were compared to the results
obtained at each of these time-points following 2 or 4 mg ABT-431
administration. Given the large number of planned comparisons
overall, only those with P values less than 0.01 were considered sta-
tistically significant, in an effort to control for type I error. Hunyh-
Feldt corrections were used, when appropriate.

A Chi square analysis was completed to determine if the num-
ber of adverse events varied as a function of cocaine dose. A
separate Chi square analysis was completed to determine if the
number of adverse events varied as a function of ABT-431dose.
P values less than 0.05 were considered statistically significant.

Results
Self-administration

Figure 1 presents cocaine self-administration as a func-
tion of cocaine dose and ABT-431 dose. The number
of times cocaine was chosen each session increased
as a function of cocaine dose [F(2,16) = 32.79,
P <0.0001]. Pretreatment with ABT-431 had no
effect on cocaine self-administration.

Subjective effects measures
Single cocaine doses

Table 1 presents the effect of ABT-431 on selected
subjective-effects ratings completed 4 min after the first
administration of each “sample” cocaine dose. Ratings
of “Good Drug Effect,” “High,” “Stimulated,” dose lik-
ing, dose potency, and the amount of money
participants would pay were increased as a function of
cocaine dose (P < 0.01). Both active doses of ABT-431
(2,4 mg) significantly decreased the effects of 12 mg
cocaine on ratings of “Good Drug Effect,” “High,”
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Fig. 1 Mean number of cocaine choices as a function of cocaine
dose and ABT-431 dose. Error bars represent + SEM. O 0 mg,
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“Stimulated,” dose liking, and dose potency. Only the
2 mg ABT-431 dose significantly decreased the amount
of money participants would pay for the 12 mg cocaine
dose. Neither dose of ABT-431 reduced the effects of
the 50 mg dose of cocaine. Further, ABT-431 in the
absence of active cocaine had no significant effect on
any of the subjective-effects ratings.

Repeated cocaine doses

Figures 2-4 present selected subjective effects as a
function of ABT-431 dose and repeated cocaine

Fig. 2 Selected mean
subjective-effects ratings as a
function of cocaine dose and
ABT-431 dose. Ratings
completed 4 min after each of
the six option deliveries, and
30 min after the final option
delivery were averaged across
the session. Error bars
represent = SEM. Asterisks
denote a significant difference
from the placebo ABT-431
dose at each dose of cocaine
(*P <0.01, **P < 0.005).
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Table 1 Selected mean (£ SEM) subjective-effects ratings following
the first smoked cocaine dose each session, i.e., the sample cocaine

dose

Cocaine dose

0 mg 12 mg 50 mg
“Good Drug Effect”
ABT-431 (mg)
0 1.3 (1.0) 34.0 (10.4) 424 (9.6)
2 0.2 (0.1) 21.6 (10.7)* 35.2 (11.2)
4 0.7 (0.5) 21.6 (10.6)* 434 (9.6)
“High”
ABT-431 (mg)
0 1.0 (0.9) 34.2 (10.2) 41.2 (10.5)
2 0.1 (0.1) 21.1 (10.0)** 39.6 (10.0)
4 0.9 (0.6) 21.7 (10.7)** 44.2 (9.2)
“Stimulated”
ABT-431 (mg)
0 1.2 (0.8) 33.3 (10.3) 34.0 (10.7)
2 0.1 (0.1) 18.8 (10.2)** 30.3 (10.1)
4 3.0 (2.9) 18.4 (10.8)** 30.6 (9.8)
Dose Liking
ABT-431 (mg)
0 3.6 (3.1) 41.7 (10.9) 47.3 (9.9)
2 0.0 (0.0) 22.7 (10.2)** 452 (10.1)
4 1.1 (1.1) 19.7 (10.5)** 41.3 (10.3)
Dose Potency
ABT-431 (mg)
0 2.1(1.6) 37.4 (10.7) 44.3 (10.2)
2 5.0 (5.0) 21.7 (9.9)* 37.7 (10.6)
4 1.7 (1.1) 19.4 (10.8)** 39.8 (9.5)
Pay for Dose
ABT-431 (mg)
0 $0.02 (0.02) $2.00 (0.73) $2.33 (0.50)
2 $0.00 (0.00) $0.50 (0.00)* $2.50 (0.80)
4 $0.02 (0.02) $0.80 (0.40) $2.25 (0.70)

Ratings (0-100 mm, visual analog scale) measured 4 min after
cocaine administration. Asterisks denote a significant difference
from the placebo ABT-431 dose at each dose of cocaine; *P < 0.01,

**P < 0.005
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Fig. 3 Selected mean ratings of
cocaine dose as a function of
cocaine dose and ABT-431 50
dose. See Fig. 2 for details.
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Fig. 4 Mean subjective-effects
ratings as a function of
cocaine dose and ABT-431
dose. See Fig. 2 for details.
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administration. Figure 2 shows that ratings of
“Stimulated,” “High” and how much participants
would be willing to pay for the dose increased as a func-
tion of cocaine dose (P < 0.01). Both active doses of
ABT-431 (2,4 mg) decreased each of these ratings fol-
lowing 12 mg cocaine; the 4 mg ABT-431 dose also
significantly decreased ratings of “Stimulated” follow-
ing 50 mg cocaine. In Fig. 3, cocaine is shown to increase
ratings of dose potency, dose liking and dose quality
(P < 0.001). These ratings were decreased by both doses
of ABT-431 at the 12 mg dose of cocaine, while the
effects of the 50 mg cocaine dose were only attenuated
by the 4 mg dose of ABT-431. ABT-431 (4 mg) also
decreased ratings of “Good Drug Effect” following the
12 mg cocaine dose [F(1,192) =10.48, P <0.01; data
not shown]. ABT-431 did not significantly affect any of
these ratings under placebo cocaine conditions.

: S|
1T L
| — Li | 1

12 50 0 12

Smoked Cocaine Dose (mg)

As shown in Fig. 4, cocaine did not significantly
influence ratings of “I Want Nicotine,” “I Want
Cocaine, or “Alert,” while both doses of ABT-431
decreased ratings of “I Want Nicotine” in the 0 mg
cocaine condition. The 4 mg ABT-431 dose decreased
nicotine craving at the 12 mg cocaine dose as well.
ABT-431 (4 mg) decreased ratings of “I Want Cocaine”
under placebo cocaine conditions, although the effect
just failed to attain significance (P < 0.03). Under
placebo cocaine conditions, the 2 mg dose of ABT-431
increased ratings of “Hungry” [F(1,192) = 11.66,
P < 0.01; data not shown], while the 4 mg dose of ABT-
431 decreased ratings of “Alert” (Fig. 4), and increased
ratings of “Tired” [F(1,192) = 15.60, P < 0.007; data
not shown], and “Hungry” [F(1,192) = 20.12, P < 003;
data not shown]. At the 12 mg cocaine dose, ABT-431
(4 mg) also decreased ratings of “Friendly” compared



Fig. 5 Mean systolic blood
pressure, diastolic blood
pressure and heart rate as a
function of cocaine dose and
ABT-431 dose. Cardiovascular
measures obtained 2, 4, 6, 8
and 10 min after each cocaine
administration were averaged.
See Fig. 2 for further details.
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to placebo ABT-431 [F(1,192) = 14.00, P < 0.009; data
not shown].

Cardiovascular measures
Single cocaine doses

Cocaine doses-dependently increased heart rate, sys-
tolic pressure and diastolic pressure (P < 0.0009). ABT-
431 (2 mg) significantly decreased the effects of 12 mg
cocaine on systolic pressure [F(1,32) = 8.25, P <0.01;
data not shown]. The 4 mg dose of ABT-431 signifi-
cantly decreased the effects of cocaine on diastolic
[12mg: F(1,32) =12.89, P <0.001; 50 mg: F(1,32) =
6.93, P <0.01] and systolic pressure [12 mg: F(1, 32) =
18. 71 P < 0.0005; data not shown], while increasing
heart rate regardless of cocaine does [0 mg: F(1,32) =
11.27, P<0.005 12mg: F(1,32)=7.89, P<0.01;
50 mg: F(1,32) =9.25, P <0.009; data not shown].

Repeated cocaine doses

There were a total of 486 trials during the study; on
three trials, cocaine or a voucher was withheld because
of elevated heart rate. Fig. 5 portrays the effects of
ABT-431 on diastolic pressure, systolic pressure and
heart rate following repeated cocaine administration.
Each of these measures was significantly increased by
repeated cocaine administration (P < (0.0001). Both
active doses of ABT-431 had direct pressure-lowering
effects, demonstrated by the significant decreases in sys-
tolic and diastolic pressure under placebo cocaine con-
ditions. Systolic pressure was also significantly lower
when active ABT-431 (2,4 mg) preceded 12 and 50 mg
cocaine, as compared to placebo ABT-431 adminis-

50 0 12 50 0 12 50
Smoked Cocaine Dose (mg)

Table 2 Number of adverse events as a function of ABT-431 dose.
Maximum potential number of occurences of each side-effect at
each dose of ABT-431 =27 (9 participants X 3 exposures to each
ABT-431 dose). Maximum potential number of ocurrences of any
side-effect at each dose of ABT-431 = 162 (9 participants x 3 expo-
sures to each ABT-431 dose x 6 side-effects)

ABT-431 dose

0 mg 2mg 4 mg
Nausea 0 3 6
Vomiting 0 2 3
Headache 2 2 7
Fatigue 0 1 1
Lightheadness 0 1 2
Injection site reaction 0 2 1
Total 2/162 11/162 20/162

tration. Both active ABT-431 doses also decreased dias-
tolic pressure following 12 mg cocaine, while the effects
of 50 mg cocaine were only attenuated by the higher
ABT-431 dose (4 mg). Heart rate was increased by
both active ABT-431 doses under placebo cocaine
conditions and at each active dose of cocaine.

Adverse events

Table 2 shows the range of adverse events reported by
participants as a function of ABT-431 dose. Data reflect
the five participants who experienced at least one symp-
tom; four participants reported no side-effects of
ABT-431. The number of adverse events significantly
varied as a function of ABT-431 dose [;?(2)=15.55,
P < 0.001)] but did not vary as a function of cocaine
dose. The most frequent symptoms were headache and
nausea.
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Plasma cocaine

Plasma cocaine levels were dose-dependently increased
by cocaine (P < 0.0001); ABT-431 had no effect on this
measure. Cocaine plasma levels (ng/ml) were 65.6 + 7.2
after the first 12 mg cocaine dose, and 161.8 + 17.5
after the final option delivery of the session. Cocaine
plasma levels were 227.2 £ 25.3 after the first admin-
istration of the 50 mg cocaine dose and 843.0 £ 76.0
after the final option delivery of the session.

Discussion

The D receptor agonist, ABT-431, did not significantly
decrease smoked cocaine self-administration in cocaine
abusers. However, ABT-431 dose-dependently dec-
reased mean ratings of “High,” “Stimulated,” how
much participants liked and would be willing to pay
for the cocaine dose, as well as the perceived potency
and quality of the cocaine dose. There was also a trend
for the 4 mg ABT-431 dose to decrease cocaine crav-
ing (P < 0.03), consistent with findings from another
laboratory study in humans investigating the interac-
tion between ABT-431 (0,2,4,8 mg IV ) and IV cocaine
(20 mg/70 kg) (Malison et al. 1998). Although most of
the effects of ABT-431 were limited to the 12 mg dose
of cocaine, and were largely overcome at the higher
cocaine dose, the direction in which cocaine craving
and cocaine’s subjective effects were modulated clearly
support further investigations of D; agonists as poten-
tial treatment medications for cocaine abuse.

It is of interest to note that even a 50% decrease in
certain of cocaine’s subjective effects by ABT-431 (e.g.,
Table 1) did not shift cocaine self-administration. A
similar pattern was seen with the tricyclic antidepres-
sant, desipramine in an IV cocaine self-administration
procedure in humans (Fischman et al. 1990). Desipra-
mine markedly decreased cocaine craving, and dec-
reased a range of cocaine’s subjective effects without
affecting cocaine self-administration. It may be that a
medication has to decrease cocaine’s subjective effects
markedly before cocaine self-administration is affected,
at least in individuals who report no interest in stop-
ping their drug use. Attenuating cocaine craving and
its subjective effects may influence cocaine use in indi-
viduals seeking treatment for their cocaine dependence,
as an adjunct to other therapeutic techniques. In fact,
desipramine has shown promise in certain clinical
investigations, although the effects appear to be limited
to a subpopulation of cocaine users, e.g., those who
are depressed, use cocaine intranasally, or do not have
a personality disorder (see Arndt et al. 1994; Kleber
1995; Mendelson and Mello 1996). These data empha-
size the robust nature of cocaine self-administration,
and indicate that potential pharmacotherapy for
cocaine use may require substantial alterations of sub-
jective effects.

The fact that the 2 mg dose of ABT-431 only atten-
uated the effects of 12 mg cocaine, while the 4 mg dose
also decreased certain effects following administration
of 50 mg cocaine might indicate that larger doses of
ABT-431 would attenuate the effects of cocaine to a
greater extent. However, side-effects such as nausea and
headache also increased as a function of ABT-431 dose,
suggesting that larger acute doses of the medication
would not be tolerated. Despite this dose-related
increase in side-effects, it does not appear that the atten-
uation of cocaine’s subjective effects and cocaine crav-
ing by ABT-431 was indirect, i.e., ABT-431 decreased
ratings of dose potency and quality due to an overall
malaise. First, the 2 mg dose of ABT-431 decreased the
effects of 12 mg cocaine while only infrequently pro-
ducing side-effects. Second, only one individual left the
study due to medication side-effects, while the remain-
ing participants seemed to tolerate ABT-431 well.
Third, only five of the nine individuals who completed
the study experienced even a single adverse event.

There are a number of important differences between
the present findings with ABT-431 and data obtained
with another dopamine agonist, pergolide mesylate,
tested in a similar laboratory design (Haney et al. 1998).
Pergolide, which is 50-500 times more selective for the
D5 receptor than the D receptor (Dwoskin et al. 1998;
Fuller and Clemens, 1991), was administered at a
low dose (0.05 mg bid) in the laboratory investigation,
and therefore was assumed to be acting selectively
at the D, receptor. Both ABT-431 and pergolide
significantly decreased ratings of the cocaine dose, e.g.,
potency, liking, amount participants would pay,
etc. However, one difference between the two com-
pounds occurred on ratings of cocaine “craving,” which
were significantly increased by pergolide while tending
to be decreased by ABT-431 (P < 0.03). ABT-431 and
pergolide also had opposite effects on reported craving
for nicotine, which was significantly increased by per-
golide (Haney et al. 1998) and significantly decreased
by ABT-431.

These differences between ABT-431 and pergolide
administration in humans parallel findings in a labo-
ratory animal model of cocaine seeking, where D, ago-
nist administration initiated responding on a
nonreinforced lever that had been paired with cocaine,
while D; agonist administration, including ABT-431
(Self, personal communication), did not (Self et al.
1996a). D, agonists also enhanced responding main-
tained by a conditioned reinforcer in laboratory ani-
mals, whereas D; agonists did not (Beninger and
Ranaldi 1992; Beninger and Rolfe 1995). The findings
in laboratory animals, which suggest that maintenance
on D, agonists would be less effective than placebo in
decreasing cocaine use in cocaine users, are supported
by clinical data showing that cocaine abusers main-
tained on pergolide have poorer treatment outcome
than those maintained on placebo (Levin et al. 1999;
Malcolm et al. 1999). These data, combined with the



fact that D, agonists increased laboratory measures of
cocaine craving while D; agonists did not, suggest that
D, agonists may be more useful than D, agonists for
the treatment of cocaine abuse.

In laboratory animals, full D; agonists have been
shown to be self-administered (Weed et al. 1993; 1997,
Weed and Woolverton 1995; Grech et al. 1996) and to
substitute partially for or to enhance cocaine’s dis-
criminative-stimulus effects (Spealman et al. 1991,
1997; Witkin et al. 1991). By contrast, ABT-431 admin-
istration under placebo cocaine conditions did not
increase ratings of “High” or “Good Drug Effect,”
which might have occurred if these doses function as
reinforcers. Further, ABT-431 decreased ratings of
“Alert” and increased ratings of “Tired” under placebo
cocaine conditions, and it did not increase reports of
cocaine “craving”. Thus, under the present conditions,
there was little evidence that ABT-431 had effects that
mimicked cocaine or that were reinforcing.

In terms of the safety of ABT-431 administration,
ABT-431 increased heart rate, while decreasing systolic
and diastolic pressure under placebo cocaine condi-
tions. ABT-431 continued to lower blood pressure and
increase heart rate following active cocaine adminis-
tration. The effect of ABT-431 on heart rate did not
appear to be clinically significant, in that heart
rate exceeded our criteria for cocaine administration
on only 0.6% of the self-administration trials.
Further, the attenuation of blood pressure by ABT-431
may indicate that it would decrease the toxic effects
of cocaine.

In conclusion, the 2 mg and 4 mg doses of ABT-431
decreased many of the subjective effects of the 12 mg
dose of cocaine by up to 50%, but did not affect the
choice to self-administer this dose under controlled
conditions. The 4 mg dose of ABT-431 also attenuated
certain subjective effects of the 50 mg cocaine dose, but
did not affect the choice to self-administer this dose of
cocaine. Despite the absence of an effect on cocaine
self-administration, the robust decrease in the
subjective effects of the low cocaine dose argue that
dopamine D; agonists might decrease cocaine use in
individuals seeking treatment for cocaine abuse. While
the required 1-hour infusion of ABT-431 and its short
half-life precludes its clinical utility, the current data,
combined with the previous negative data with the pre-
sumed D, agonist, pergolide (Haney et al. 1998; Levin
et al. 1999), indicate that future research with D; ago-
nists is warranted.
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