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Abstract

Pramipexole is a D3 dopamine receptor-preferring agonist indicated for the treatment of Parkinson
disease. Studies associate pramipexole with pathological gambling and impulse control disorders
suggesting a role for D3 receptors in reinforcement processes. Clinical studies showed
pramipexole decreased cocaine craving and reversed central deficits in individuals with cocaine
use disorder. Preclinical studies have shown acute administration of pramipexole increases
cocaine’s reinforcing effects whereas other reports suggest chronic pramipexole produces
tolerance to cocaine. In a randomized, double-blind, placebo-controlled study we examined the
impact of pramipexole treatment on the subjective effects produced by cocaine in volunteers with
cocaine use disorder. VVolunteers received pramipexole titrated up to 3.0 mg/d or placebo over 15
days. Participants then received intravenous cocaine (0, 20 and 40 mg) on day 15. Cardiovascular
and subjective effects were obtained with visual analog scales at time points across the session.
Pramipexole alone increased peak heart rate following saline and diastolic blood pressure
following cocaine. Pramipexole produced upwards of two-fold increases in positive subjective
effects ratings following cocaine. These results indicate that chronic D3 receptor activation
increases the subjective effects of cocaine in humans. Caution should be used when prescribing
pramipexole to patients that may also use cocaine.
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1. Introduction

A large body of evidence suggests that the reinforcing effects of cocaine are mediated, in
part, by cocaine’s ability to increase synaptic dopamine (DA) levels within
mesocorticolimbic brain areas (Haile et al., 2012a). Increased DA levels lead to activation of
pre and post-synaptic DA receptor subtypes (D1-D5) that differ in their function and
neuroanatomical distribution. The contribution of specific DA receptor subtypes in
mediating the reinforcing effects of cocaine is not fully understood though data suggest
dopamine D3 receptors may be important.

Pramipexole is a D3 receptor-preferring agonist indicated for the treatment of Parkinson
disease and restless legs syndrome (Sokoloff et al., 1990; Mierau et al., 1995). Reports
associate pramipexole with pathological gambling and impulse control disorders suggesting
the medication may in some way contribute toward aberrant reward processing (Basu et al.,
2011; Kelley et al., 2012). D3 receptor distribution is highly localized within the nucleus
accumbens and prefrontal cortex, structures critical in the expression of the reinforcing
effects of drugs (Sokoloff et al., 1990; Parsons et al., 1996). D3 receptor mRNA and
receptor numbers are significantly increased in the nucleus accumbens (NAc) of cocaine
overdose victims (Staley and Mash, 1996; Segal et al., 1997). and in volunteers dependent
on another stimulant, methamphetamine (Boileau et al., 2012). Taken together, these data
suggest that D3 receptors may be a viable therapeutic target. Indeed, one report described
successful reduction of cocaine craving with 1.5 mg/day of pramipexole (Rosenbaum and
Fredman, 1999), though an 8 week outpatient clinical trial assessing the impact of treatment
with 0.5 mg pramipexole three times per day found no effect on cocaine use (Ciraulo et al.,
2005).

Rodent studies assessing pramipexole on behavior elicited by cocaine are contradictory. For
example, in rodents, acute administration of pramipexole decreases self-administration of a
high dose of cocaine, presumably by shifting the dose response curve leftward (Caine et al.,
1997). Acute pramipexole has also been shown to increases the reinforcing efficacy of
conditioned stimuli previously paired with cocaine (Collins et al., 2012). Yet, the D3-
preferring partial agonist, BP 897, blocked cue-induced cocaine-seeking in a rodent model
of relapse (Pilla et al., 1999)., In contrast to acute administration of pramipexole, Ellinwood
and colleagues reported that chronic treatment with pramipexole produced tolerance to
cocaine-induced locomotor activation without producing stereotypy (Ellinwood et al., 2002).
Based on this finding, we hypothesized that chronic treatment with pramipexole would
produce tolerance to the positive subjective effects of cocaine in volunteers with cocaine use
disorder. Therefore, we conducted the present study to determine if chronic treatment with
pramipexole would attenuate the positive subjective effects produced by cocaine in non-
treatment-seeking volunteers with cocaine-use disorder.

2. Methods

2.1. Participants and setting

Ten non-treatment-seeking volunteers with cocaine-use disorder completed the study which
was conducted at the Baylor College of Medicine (BCM) and the Michael E. DeBakey
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Veteran’s Administration Medical Center (MEDVAMC). Volunteers were recruited using
advertisements and paid $50/day for their participation. Participants also had the opportunity
to earn additional money as part of choice procedures, as described below.

All participants met DSM-IV-TR criteria for cocaine dependence determined using the
MINI neuropsychiatric interview. Additional inclusion criteria included age between 18 and
55 years, a history of cocaine use by smoking or intravenous routes, being in good health as
confirmed by standard evaluations. Females tested negative for pregnancy by urinary human
chorionic gonadotropin. Participants were excluded if they met criteria for dependence on
drugs other than cocaine or nicotine. Additional exclusion criteria included a history of
seizures, head trauma, experiencing an adverse effect associated with cocaine use, or the
presence of current axis | psychiatric disorders other than those noted above. Serious
medical conditions such as symptomatic HIV disease, asthma, heart and neurological
disease were also exclusionary. Use of centrally acting concomitant medications was not
allowed. The BCM/VA institutional review board approved this study and all participants
gave informed consent after being fully informed of potential risks of participating in the
study.

2.2. Medications

Sterile cocaine HCI for human use was provided by a contractor for NIDA’s medication
supply program. Cocaine and saline solutions were prepared by the hospital’s Research
Pharmacy. Pramipexole extended-release (ER) was purchased commercially (Greenpark
Pharmacy, Houston, TX). To ensure that a clinically relevant dose was used, we chose a
maximum dose of pramipexole of 3.0 mg/day, a dose used for the treatment of Parkinson’s
disease (Bennett and Piercey, 1999).

2.3. Study design

We used a randomized, double-blind, placebo-controlled, parallel groups design. Following
screening, those that met inclusion/exclusion criteria were housed on the Research
Commons of the MEDVAMC for the duration of the study. Daily urine drug screens were
employed to ensure that participants did not take any drugs not administered as part of this
study. Pramipexole ER treatment was started at 0.375 mg/d. On the fourth day the dose was
increased to 0.75 mg/d. The dose was then increased every fourth day by 0.75 mg/d until the
final dose of 3.0 mg/d was reached. Participants randomized to placebo received identical
numbers of placebo capsules. Cocaine was administered on day 15 of medication treatment,
corresponding to treatment with 3.0 mg/d pramipexole. Non-contingent doses of cocaine or
placebo saline (0, 20, 40 mg, 1V) were administered at hourly intervals in the morning in
pseudorandom order such that the 40 mg dose always followed the 20 mg dose. A physician
was available during all infusion sessions and participants were monitored for 4 additional
hours after the last infusion to ensure safety. Following completion of all study procedures,
study medication was reduced to 1.5 mg/d for one day and then discontinued. The
participant was then discharged. Participants were contacted during the two weeks following
study completion to inquire about any late-occurring side effects.
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2.4. Outcome measures

Cardiovascular measures including heart rate (HR), systolic (SBP) and diastolic (DBP)
blood pressure, and cardiac rate and rhythm (electrocardiogram, ECG) were assessed at the
beginning and at numerous time points throughout the experimental sessions (-5, 15, 30, 45,
60, 75, 90, 105, 120, 135 min following 1V dosing). Criteria for participants to receive
cocaine included a resting HR < 90 bpm and BP < 150 mmHg systolic and < 90 mmHg
diastolic. Other stopping criteria were in place but were not met during the course of the
study.

Subjective effects ratings were collected prior to and at frequent intervals (=15, 5, 10, 15, 20
and 30 min) following non-contingent cocaine dosing. Participants rated “HIGH”, “GOOD
DRUG EFFECT”, “ANY DRUG EFFECT”, “LIKE DRUG”, “STIMULATED?”, cocaine if
available, “DESIRE” cocaine, “BAD EFFECT”, and “ANXIOUS”,”"DEPRESSED?”,
“LIKELY TO USE” and willing to “PAY” on visual-analog scales (VAS) anchored at 0 (not
at all) and 100 (most ever).

2.5. Data analysis

3. Results

All data were first subjected to Shapiro—Wilk normality test. If data did not pass normality
the appropriate non-parametric statistical analysis was used. Potential differences between
groups on participant distribution, demographic and drug use characteristics were assessed
using Fisher’s Exact Test, independent t-tests or Mann-Whitney Rank Sum test. Peak
cardiovascular measures and subjective ratings at each time point (5, 10, 15, 20 and 30 min)
following cocaine were analyzed using 2 x 3 analysis of variance (ANOVA) with
pramipexole treatment (0 mg and 3 mg) and cocaine dose (0 mg, 20 mg and 40 mg) as
factors. significant main effects were subjected to post-hoc pairwise multiple comparison
procedures using Student-Newman—Keuls Method. Data sets for peak subjective ratings that
did not meet normality assumptions were analyzed using Kruskal-Wallis ANOVA on
Ranks. significant main effects were then further analyzed using Dunn’s Method.
Significance was set at p < 0.05.

3.1. Demographics

Participant distribution, demographics and drug use are presented in Table 1. The majority
of the participants were about 40 years of age, mostly African American males. Most used
alcohol but did not meet criteria for alcohol use disorder. A majority of participants also
smoked cigarettes and met criteria for nicotine use disorder. Demographic measures and
drug use histories did not significantly differ between groups (p’s > 0.05). Participant
enrollment, allocation to study group and data that underwent final analysis is presented in
Fig. 1.

3.2. Cardiovascular effects

Peak HR showed significant main effects for pramipexole (F1 53 = 6.308; p=0.015) and
cocaine dose (F3 53 = 6.338; p=0.004) and no interaction (F, 53 = 1.001; p=0.375). Post-hoc
comparisons following a main effect for cocaine dose revealed both cocaine doses

Psychiatry Res. Author manuscript; available in PMC 2016 November 30.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Newton et al.

Page 5

significantly increased peak HR compared to saline (0 mg vs. 20 mg p < 0.010; 0 mg vs. 40
mg p=0.007) whereas peak HR did not differ between cocaine doses (p=0.807). Compared
to placebo (0 mg), pramipexole (3 mg) treatment was associated with greater peak HR
following saline (0 mg, p=0.028) but not cocaine (p’s > 0.05). Peak SBP showed a
significant main effect for cocaine dose (F2 53 = 4.55; p=0.015) but not for pramipexole
(F1,53 = 2.45; p=0.124) and no interaction (F, 53 = 0.249; p=0.781). Post-hoc analysis
showed peak SBP was significantly higher following cocaine (40 mg) compared to saline
(p=0.015). DBP showed a main effect for pramipexole (F1 53 = 6.26; p=0.016) but not
cocaine dose (F2 53 = 1.79; p=0.178) and no interaction (F, 53 = 0.897; p=0.415). Post-hoc
analysis showed pramipexole (3 mg) was associated with higher peak DBP following the
highest cocaine dose (40 mg) compared to placebo (0 mg, p=0.018) (Fig. 2).

3.3. Subjective effects

Subjective effects ratings following non-contingent 1V cocaine (0 mg, 20 mg and 40 mg) in
participants receiving pramipexole (0 mg and 3 mg) are presented in Fig. 3A-D. “HIGH”
ratings showed significant main effects for pramipexole treatment (F1 53 = 12.687; p <
0.001) and cocaine dose (F3 53 = 19.437; p < 0.001) but no interaction (F» 53 = 2.690;
p=0.078). Post-hoc comparisons revealed significantly greater ratings for “HIGH” by
participants treated with pramipexole (3 mg) compared to placebo (pramipexole 0 mg)
following 20 mg cocaine (p < 0.001; Fig. 3A). For “ANY DRUG EFFECT” (Fig. 3B)
ratings analysis revealed a significant main effect for pramipexole treatment (F1 53 = 4.138;
p=0.047) and cocaine dose (F 29 = 18.15; p=0.002) and no interaction (F, 53 = 0.906;
p=0.411). Post-hoc analysis showed greater ratings for “ANY DRUG EFFECT” by
participants that received pramipexole compared to placebo (p=0.028) following 20 mg
cocaine. Similarly, analysis of “GOOD DRUG EFFECTS” ratings revealed a significant
main effect for pramipexole treatment (F1 53 = 8.295; p=0.006) and cocaine dose (F2 53 =
19.869; p < 0.001) and no interaction (F, 53 = 1.549; p=0.223). Post-hoc comparisons
showed treatment with pramipexole was associated with higher ratings for “GOOD DRUG
EFFECTS” compared to placebo (p=0.004) following 20 mg cocaine (Fig. 3C). For “LIKE
DRUG” ratings ANOVA revealed a significant main effect for pramipexole treatment (F1 53
= 9.310; p=0.004) and cocaine dose (F3 29 = 18.600; p < 0.001) and no interaction (F 53 =
1.156; p=0.323). Post-hoc comparisons revealed that treatment with pramipexole was
associated with higher ratings for “LIKE DRUG” compared to placebo following 20 mg
cocaine only (p=0.005; Fig. 3D). For “STIMULATED” ratings ANOVA revealed a
significant main effect for cocaine dose (F; 53 = 7.968; p=0.001) but not pramipexole
treatment (F1 53 = 3.457; p=0.069) and no interaction (F2 53 = 0.002; p=0.998). Post-hoc
comparisons revealed overall that both doses of cocaine (20 and 40 mg) were associated
with higher ratings for “STIMULATED” compared to saline (0 mg cocaine; p’s < 0.01; data
not shown). No significant main effects were found for “BAD”, “DESIRE”,
“DEPRESSED”, “ANXIOUS”, “LIKELY TO USE” and “WILLING TO PAY” (p’s > 0.05)
ratings.
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4. Discussion

We found that chronic pramipexole treatment enhanced the positive subjective effects
produced by cocaine. Our results are consistent with preclinical studies showing
pramipexole enhances the effects of low doses of cocaine yet discordant with an earlier
finding in rodents demonstrating that chronic pramipexole treatment produced tolerance to
cocaine’s locomotor activating effects (Ellinwood et al., 2002).

We used a target dose of pramipexole 3.0 mg/d in the present study which is a dose
indicated for the treatment of Parkinson disease. Depending on the dose conversion
calculation method, the dose used by Ellinwood and colleagues in their rodent study was 4
mg/d for a 150 g rat which corresponds to between 45 and 60 mg/d (for a 70 kg individual),
a dose too high to administer to humans (West et al., 1997; Reagan-Shaw et al., 2008).
Further, it is unlikely that increasing the pramipexole dose beyond 3.0 mg/d would lead to
attenuation of cocaine’s effects without producing significant side effects.

It is possible that tolerance to the motor effects of cocaine measured by Ellinwood does not
parallel tolerance to positive subjective effects or reinforcing effects. This has been found
with disulfiram. Disulfiram attenuates the reinforcing effects of cocaine in humans and
blocks drug-induced reinstatement of cocaine-seeking in a rodent model of relapse yet
enhances cocaine-induced locomotor activation (Haile et al., 2003; Schroeder et al., 2010;
Haile et al., 2012b). Another explanation is that the dose of pramipexole Ellinwood and
colleagues used may have produced stereotypy that interfered with locomotion, though they
used a scale specifically designed to measure stereotypy (Ellinwood and Balster, 1974).
Other factors including species differences may explain divergent findings.

The mechanism by which pramipexole enhances cocaine’s effects presumably involves
enhanced activation of D3 receptors, which are localized in the nucleus accumbens and pre-
frontal cortex, brain regions known to be important in mediating the reinforcing effects of
cocaine. However, Chernoloz and colleagues have recently shown that chronic pramipexole
treatment also produces desensitization of presynaptic D2/3 and 5-HT1A auto-receptors and
decreased sensitivity of presynaptic NE a2 receptors, leading to enhanced DA, 5-HT and
possibly, NE release (Chernoloz et al., 2009, 2012). Desensitization of presynaptic D2/3 and
NE a2 autoreceptors would likely lead to enhanced DA and NE signaling in response to
cocaine or other reinforcing stimuli as well. Indeed, studies have reported patients with
Parkinson’s disease receiving pramipexole and other D3 receptor-preferring agonists are
prone to develop behaviors such as pathological gambling, that may reflect enhanced reward
sensitivity (Weintraub et al., 2010). Another mechanism that may be involved in
pramipexole’s ability to enhance cocaine’s subjective effects may be due to increases in D3
receptor expression. For example, although counter-intuitive, administration of pramipexole
(1 mg/kg twice daily for 14 days), but not the D2-preferring agonist bro-mocriptine, leads to
increases in D3 receptor mMRNA and protein within the striatum of rodents (Tokunaga et al.,
2012). Evidence suggests that increased D3 receptor numbers or activity may signal
predisposition to developing a substance use disorder. Indeed, post-mortem studies have
shown D3 receptor numbers are increased in the NAc in cocaine overdose victims (Staley
and Mash, 1996). Recent imaging studies in cocaine users confirmed previous studies
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indicating increases in D3 receptor humbers correlate with impulsivity (Payer et al., 2013).
Increases in D3 receptor numbers has also been found in individuals with methamphetamine
use disorder (Boileau et al., 2012).

The present findings have several clinical implications. Given treatment with a D3 receptor-
preferring agonist intensified the effects of cocaine, selective D3 receptor antagonists would
be expected to attenuate the effects of cocaine (Newman et al., 2012; Heidbreder, 2013).
This has been observed with several different D3 receptor antagonists in preclinical studies
(Vorel et al., 2002; Xi et al., 2005; Song et al., 2012) and a metabolite of buspirone has been
identified that appears to have D3 receptor antagonist effects (Newman et al., 2012). It
remains to be seen whether reductions in reinforcing effects produced by D3 antagonists can
be sufficiently dissociated from motor effects, however.

Our results provide evidence against using pramipexole or other D3-preferring agonists as a
replacement therapy for cocaine dependence, as had been suggested earlier (Caine et al.,
1997). In general, D3 receptor-preferring agonists should be avoided for patients with
histories of cocaine use, and possibly for those with other substance use disorders or impulse
control disorders, such as gambling (Kolla et al., 2010). Recent studies have also suggested
pramipexole may be useful as an augmentation therapy for depression in individuals who do
not respond to conventional anti-depressant and antipsychotic medication (Kelleher et al.,
2012; Cusin et al., 2013). Substance use disorders and psychiatric disorders commonly co-
occur presenting a challenge for proper medical management if pramipexole is being
considered as an augmentation therapy for patients with depression. For those at risk who
need treatment with a DA agonist, treatment with a D2 receptor-preferring agonist without
activity at D3 receptors may be preferable, though this has not yet been demonstrated.

The most obvious limitation of this study is the small sample size however the magnitude of
the observed impact of pramipexole treatment on the effects produced by cocaine suggests
that the results are likely to be valid in spite of the small sample size and lack of statistical
power.

In summary, results from this study underscore the role played by D3 receptor stimulation in
mediating the positive subjective effects of cocaine. These observations can inform
subsequent research aimed at developing medication treatments for stimulant-use disorders.
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[ PLACEBO
O PRAMIPEXOLE

Mean (+SEM) subjective effects ratings for “HIGH” (A), “ANY DRUG EFFECT” (B),
“GOOD DRUG EFFECT” (C) and “LIKE DRUG” (D) following 0, 20 and 40 mg cocaine
from participants treated with placebo (pramipexole 0 mg) and pramipexole (3 mg). *p <
0.05, ** <0.01.
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Mean (+SEM) peak VAS ratings obtained within the 30 min test session between placebo
and pramipexole treated groups following different doses of cocaine (0 mg, 20 mg and 40
mg). Asterisks represent significant difference between groups (*p < 0.05, **p < 0.01).
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Table 1
Demographics and drug use histories.
PLACEBO PRAMIPEXOLE p-value

Gender

Male 7 4 1.00

Female 5 2
Age (years) 30.75+1.96 43.83+2.16 0.20
Education (years) 12414041 11.72 £0.60 0.35
Cocaine

Y ear s used 10.70+2.14 16.67 £2.60 0.12

Grams per day 2.27+1.39 6.42 +3.03 0.15

Usein last 30 days®  18.16+2.07 12,60 +2.97 0.14
Preferred route of administration

Smoke 11 6

Intranasal - -

Intravenous 1 -
Nicotine

Y ear s used 1341277 19.67+4.40 0.23

Use per day 9.25+2.93 10.50 + 4.46 0.81

Useinlast 30days  20.04 £3.68 21.33+5.57 0.82
Alcohol

Y ear s used 13.81+2.65 19.83+4.02 0.37

Use per day 1.59 + 0.56 3.00+1.13 0.23

Useinlast 30days  4.54 +£2.07 7.50 £3.29 0.43
Cannabis

Y ear s used 10.83+3.45 11.83+524 0.23

Use per day 2.83+214 0.75+0.75 0.51

Useinlast 30days  3.00 + 1.64 416+4.16 0.76
Weight (kg) 7587 +3.80 88.03 +10.78 0.20

aUse in last 30 days indicates number of days of drug use in the 30 days preceding entry into this study.
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