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Abstract

Pathological gambling is an impulse control disorder reported in association with dopamine 

agonists used to treat Parkinson’s disease. Although impulse control disorders are conceptualized 

as lying within the spectrum of addictions, little neurobiological evidence exists to support this 

belief. Functional imaging studies have consistently demonstrated abnormalities of dopaminergic 

function in patients with drug addictions, but to date no study has specifically evaluated 

dopaminergic function in Parkinson’s disease patients with impulse control disorders. We describe 

results of a [11C] raclopride positron emission tomography (PET) study comparing dopaminergic 

function during gambling in Parkinson’s disease patients, with and without pathological gambling, 

following dopamine agonists. Patients with pathological gambling demonstrated greater decreases 

in binding potential in the ventral striatum during gambling (13.9%) than control patients (8.1%), 

likely reflecting greater dopaminergic release. Ventral striatal bindings at baseline during control 

task were also lower in patients with pathological gambling. Although prior imaging studies 

suggest that abnormality in dopaminergic binding and dopamine release may be markers of 

vulnerability to addiction, this study presents the first evidence of these phenomena in pathological 

gambling. The emergence of pathological gambling in a number of Parkinson’s disease patients 

may provide a model into the pathophysiology of this disorder.
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Introduction

Impulse control disorders (ICDs) are a diverse group of psychiatric disorders characterized 

by a loss of voluntary control over impulses or drives that produce repetitive, self-destructive 

behaviours. The range of disorders that comprise the ICDs is broad and, as currently defined 

by the Diagnostic and Statistical Manual of the American Psychiatric Association (DSM-IV-

TR) (2000), includes diverse conditions such as compulsive eating, hypersexuality, 

trichilomania, kleptomania, intermittent explosive disorder and compulsive gambling.

ICDs have been variously conceptualized as states of imbalance resulting from excessive 

drive, impairment of inhibition or as disorders lying along the spectrum of behaviours 

defined by extremes of purely impulsive to compulsive behaviour (McElroy et al., 1992; 

Hollander and Wong, 1995a, b). Other investigators have highlighted the similarities 

between impulse control disorders and substance addiction, and have proposed that the ICDs 

should be included in a reward-based group that may best align with behavioural addictions 

(Holden, 2001; Grant et al., 2006; Potenza, 2006). On the basis of both its phenomenology 

and neurobiology, pathological gambling may be the ICD that most closely resembles 

chemical addiction (Potenza, 2006).

A number of ICDs have been reported in the setting of Parkinson’s disease treated with 

dopaminergic agents, including hypersexuality, compulsive shopping (Grosset et al., 2006; 

Lu et al., 2006; Voon et al., 2006a; Weintraub et al., 2006), compulsive eating (Nirenberg 

and Waters, 2006) and pathological gambling (Grosset et al., 2006; Lu et al., 2006; Voon et 
al., 2006b; Weintraub et al., 2006). Initial estimates of the prevalence of ICDs in Parkinson’s 

disease have ranged from 5.9% to 6.6%, and for pathological gambling in Parkinson’s 

disease from 3% to 8% (Avanzi et al., 2006; Grosset et al., 2006; Lu et al., 2006; Voon, et 
al., 2006b; Weintraub et al., 2006). This is in contrast to the estimated 1.6% prevalence of 

pathological gambling in the North American population as a whole (Shaffer et al., 1999).

Although ICDs do rarely occur in Parkinson’s disease treated with high doses of L-dopa 

(Klos et al., 2005; Avanzi et al., 2006), mono amine oxidase (MAO) inhibitor monotherapy 

(Shapiro et al., 2006) and deep brain stimulation (Smeding et al., 2007), these adverse 

effects appear to be primarily related to treatment with dopamine agonists with an unclear 

relationship to dosage (Grosset et al., 2006; Lu et al., 2006; Voon, et al., 2006b; Weintraub et 
al., 2006; McKeon et al., 2007; Evans and Butzkueven, 2007; Quickfall and Suchowersky, 

2007; Tippmann-Peikert et al., 2007). The reported 0.7% prevalence of pathological 

gambling in Parkinson’s disease patients treated with levodopa therapy alone versus 13.7% 

of Parkinson’s disease patients on mono therapy with dopamine agonists may provide some 

indications of the relative contribution of dopaminergic agonists to the development of the 

disorder (Voon, et al., 2006a).

ICDs have been frequently conceptualized as lying within the spectrum of addiction, which 

itself is increasingly conceived of as an evolving process which may involve dysfunction of 

a number of behavioural subsystems (Volkow et al., 2007; Goodman, 2008). Over the last 

decade, functional imaging studies have revealed abnormalities of dopaminergic function in 

a number of the behavioural components implicated in addiction, including the modulation 
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of expectation and reward, appetitive urge, craving and salience, behavioural impulsivity and 

gambling (Bergh et al., 1997; Kalivas and Volkow, 2005; Reuter et al., 2005; Riba et al., 
2008; Rowe et al., 2008). In addicted individuals, reduced striatal dopamine activity has 

been associated with disrupted metabolism in prefrontal regions, particularly the 

orbitofrontal and anterior cingulate cortex, brain regions involved in motivation, drive and 

inhibitory control, respectively (Volkow et al., 1993). These observations are consistent with 

more recent studies showing that monetary rewards during gambling activates ventral 

striatum and ventromedial prefrontal cortex and that subjects with pathological gambling 

present a much blunted activation of these areas (Reuters et al., 2006). Similar abnormalities 

have also been observed in patients with Parkinson’s disease. In fact, 18F-FDG positron 

emission tomography (PET) studies have also revealed a significant metabolism impairment 

of orbitofrontal and anterior cingulate cortex in Parkinson’s disease patients during 

gambling task (Thiel et al., 2003). According to a more recent functional magnetic 

resonance imaging (fMRI) study, it seems that Parkinson’s disease patients present an 

impaired ability to adapt the function of the cingulate-striatal reward system from 

representation of actual reward to representation of expected reward (Rowe et al., 2008). 

There is evidence that while cingulate activation associated with reward expectation declined 

with severity of the disease, activation following actual rewards increased it. These 

abnormalities in Parkinson’s disease may facilitate a change in goal-directed behaviours 

from deferred predicted rewards to immediate actual rewards, particularly when on 

dopaminergic treatment. Different reports have described the ability of dopamine and 

dopaminergic agents to prime or increase subsequent dopamine release in the ventral 

striatum. This phenomenon appears associated with an increase in salience or desirability of 

these drugs that manifests as craving (Berke and Hyman, 2000; Robinson and Berridge, 

2000). Evans and colleagues (2006), in a [11C] raclopride PET evaluation of Parkinson’s 

disease patients with dopamine dysregulation syndrome (a condition characterized by 

pathological craving for dopaminergic medications) have demonstrated that in response to a 

single dose of levodopa, patients with dopamine dysregulation released more dopamine in 

the ventral striatal circuits compared to control Parkinson’s disease patients. To date, no 

study has specifically evaluated dopaminergic function in Parkinson’s disease patients with 

pathological gambling. The emergence of pathological gambling in a relatively large number 

of Parkinson’s disease patients exposed to dopamine agonists may provide a model into the 

pathophysiology of this disorder in the general population. Since drugs with dopaminergic 

actions are known to cross-prime for the release of dopamine induced by other drugs within 

the same class and to up-regulate the incentive salience of a variety of stimuli with which 

they have become associated (Engber et al., 1989; Robinson and Berridge, 2000; Nocjar and 

Panksepp, 2002; Robinson and Berridge, 2003), the potential exists that an increase in 

striatal DA release may distinguish patients who develop pathological gambling on 

dopamine agonist therapy from those who do not.

To test this hypothesis, we initiated a [11C] raclopride PET study of pathological gambling 

associated with dopamine agonist use. Here, we describe striatal D2/D3 receptor binding 

and dopamine release in response to an active gambling task for monetary reward in 

Parkinson’s disease patients who developed pathological gambling while on dopamine 
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agonists and compared to a group of Parkinson’s disease patients on agonist therapy who 

remained free of the disorder.

Methods

Subjects and experimental design

Seven Parkinson’s disease patients with pathological gambling and seven Parkinson’s 

disease patients without history of gambling participated in the study. Parkinson’s disease 

patients (Queen’s Square Brain Bank Criteria) were identified at the Movement Disorders 

Centre of the Toronto Western Hospital and matched for amount of dopaminergic 

medication intake, age and disease severity. The demographic characteristics of the two 

groups of patients are presented in Table 1.

All patients with pathological gambling developed this on exposure to dopamine agonists 

(pramipexole n = 5 or ropinirole n = 2) independent of the timing of initiation of levodopa 

therapy. Calculation of a daily L-dopa equivalent daily dose (LEDD) for each patient was 

based on theoretical equivalence to L-dopa (Evans et al., 2004) as follows: L-dopa dose + L-

dopa dose × 1/3 if on entacapone + bromocriptine (mg) × 10 + cabergoline or pramipexole 

(mg) × 67 + ropinirole (mg) × 20 + pergolide (mg) × 100 + apomorphine (mg) × 8. All 

individuals were screened for dementia prior to the experiment using the Montreal Cognitive 

Assessment (Nasreddine et al., 2005).

Subjects were studied after overnight withdrawal (12–18 h) of their anti-parkinsonian 

medications with [11C] raclopride PET to measure changes in striatal dopamine D2/D3 

receptor binding during gambling. Each subject underwent two [11C] raclopride PET 

sessions within 2 weeks (total injected dose: 20 mCi), one during performance of a gambling 

task and one during a control task. The scan order was randomized across subjects, and 

scans were performed on two separate days.

This study was approved by the Research Ethics Committees for the Centre for Addiction 

and Mental Health and the University Health Network of the University of Toronto. All 

subjects provided written informed consent to participate.

Gambling task

During PET acquisition scans, participants performed a gambling task and control task (Fig. 

1) viewed through video eyewear (DV920; Icuiti Corporation, New York, USA).

For the gambling task subjects were asked to select with their right hand one of four cards 

(25% probability) displayed on the video screen. The gambling task included both reward 

and penalty trials in the amounts of +$1, +$3 or +$5 Canadian or −$1, −$3 or −$5 Canadian, 

respectively. On reward trials, a green number with the amount of the reward and a smiling 

face as a positive reinforcement cue was displayed for 1.5 s, and subjects were presented 

with the sound of a cash register door opening. On penalty trials, a red number with the 

amount of the penalty ($1, $3 or $5 Canadian) and a frowning face as a negative 

reinforcement cue was displayed for 1.5 s, along with an unpleasant sound of a horn. After 

each trial, an updated running total of the subjects’ current earnings was displayed. The 
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subjects started from an initial holding of $50 Canadian. The card sequence was determined 

by a computerized random sequence generator providing a relative ratio of 3:1 reward versus 

penalty cards, ensuring a final winning total of $146 Canadian for each subject. Subjects 

were not told that their choices would have no influence on the outcome of the gambling 

task.

In the control task, subjects selected cards as for the gambling task but received neither a 

reward nor penalty. After three blank cards, a card displaying a meaningless symbol (#) was 

shown on the screen, and the subject was presented with a clicking sound. After each trial, 

an updated running total of subjects’ current earnings, set to zero, was displayed. The 

gambling paradigm employed in this study is only partially representative of gambling in 

real life and represents a necessary simplification of gambling in order to control for the 

variable degree of cognitive involvement and skill level that would otherwise vary 

dramatically between control Parkinson’s disease patients and experienced gamblers with 

pathological gambling.

Both tasks included three blocks of 140 trials each, for a total of 420 trials. Subjects were 

given a 5 min rest between each block. Both gambling and control tasks were started 5 min 

before the injection of the radiotracer and continued until all 420 trials were completed (40 

min duration). Response times during each trial were measured to ensure that motor 

disability did not confound results and a two-way ANOVA with two factors (patients and 

tasks) × two levels (patients: with/without pathological gambling, tasks: gambling and 

control) design was performed.

PET

PET scans were obtained with a high-resolution PET CT, Siemens-Biograph HiRez XVI 

(Siemens Molecular Imaging, Knoxville, TN, USA) operating in 3D mode with an in-plane 

resolution of ~4.6 mm full width at half-maximum (FWHM). To minimize head movement, 

subjects were fitted with a custom-made thermoplastic facemask with a head-fixation system 

secured to the scanner platform (Tru-Scan Imaging, Annapolis). Before each emission scan, 

a scout view was obtained to determine accurate positioning of the subject and a low-dose 

(0.2 mSv) CT scan was acquired to correct for attenuation.

Ten mCi of [11C] raclopride was injected into the left antecubital vein over 60 s, and 

emission data were then acquired over 60 min in 28 frames of progressively increasing 

duration (fine 1 min frames, 20 2 min frames, three 5 min frames). Each subject underwent 

two [11C] raclopride PET sessions, one during performance of gambling task and one during 

performance of the control task in random order. High-resolution MRI scans (GE Sigma 1.5 

T, T1-weighted images, 1 mm slice thickness) of each subject’s brain was acquired for co-

registration and transformed into standardized stereotaxic space. After the realignment 

procedure for motion correction among the frames, motion corrected PET frames were 

summed, registered to the corresponding MRI (Woods et al., 1993) and transformed into 

standardized stereotaxic space using the transformation parameters previously determined 

for the MRI.
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Voxelwise [11C] raclopride binding potential was calculated using a simplified reference 

tissue (cerebellum) method (Lammertsma and Hume, 1996; Gunn et al., 1997) to generate 

statistical parametric images of change in binding potential (Aston et al., 2000). This method 

uses the residuals of the least-squares fit of the compartmental model to the data at each 

voxel to estimate the standard deviation of the binding potential estimate, thus greatly 

increasing degrees of freedom. Only peaks falling within the striatum were considered. A 

reduction in [11C] raclopride binding potential indicated an increase in extra-cellular 

dopamine concentration (Dewey et al., 1993; Breirer et al., 1997).

A threshold level of t ≥ 4.1 was considered significant (P<0.05, two-tailed) corrected for 

multiple comparisons (Worsley et al., 1996), assuming a search volume equal to the entire 

striatum, an effective image filter of 6 mm FWHM, and 276 degrees of freedom (Aston et 
al., 2000). In each patient, binding potential values were extracted from a spherical region of 

interest (radius 2 mm) centred at the x, y and z coordinates of the statistical peak revealed by 

the parametric map. This region of interest corresponded to a volume of 56 mm3 (single 

voxel volume = 2.13 mm3). Differences in binding potentials were analysed with a two-way 

ANOVA with two factors (patients and tasks) × two levels (patients: with/without 

pathological gambling, tasks: gambling and control) design.

Striatal anatomical boundaries are based on the functional organization of limbic, associative 

and sensorimotor sub-compartments as proposed by Laruelle and colleagues (Mawlawi et 
al., 2001; Martinez et al., 2003). Coordinates listed below are expressed in Talairach space.

Results

Parkinson’s disease patients with pathological gambling did not differ from control 

Parkinson’s disease patients in age, disease severity, cognitive status or current LEDD of 

medications (Table 1).

Parametric images revealed that patients with pathological gambling presented greater 

release of dopamine in the ventral striatum during performance of the gambling task (Fig. 2, 

bottom figure, Figs 3 and 4). In Parkinson’s disease patients with pathological gambling, 

[11C] raclopride binding potential extracted from a region of interest centered at the 

statistical peak revealed by the parametric map (X = −27, Y = 4, Z = −10; t = 4.9, P<0.05 

corrected for multiple comparisons) was 1.42 ± 0.14 (mean ± SE) during control task and 

1.22 ± 0.12 (mean ± SE) during gambling task (Fig. 4). In Parkinson’s disease patients 

without pathological gambling, [11C] raclopride binding (X = −27, Y = 0, Z = −6; t = 4.4; 

P<0.05 corrected for multiple comparisons) was 2.07 ± 0.25 (mean ± SE) during control 

task and 1.90 ± 0.24 (mean ± SE) during gambling task (Fig. 4). A two-way ANOVA 

analysis from region of interests centred at the statistical peak revealed by the parametric 

map (pathological gambling: X = −27, Y = 4, Z = −10; without pathological gambling: X = 

−27, Y = 0, Z = −6) revealed a significant main effect for patients [F(1, 6) = 6.827, P = 

0.03], tasks [F(1, 6) = 48.737, P<0.0001] and patient/task interaction [F(1, 6) = 7.155, P = 

0.03].
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Thus, patients with pathological gambling presented greater decreases in [11C] raclopride 

binding in the ventral striatum during gambling (13.9%) than did control patients (8.1%) 

(paired t-test, P = 0.01) (Fig. 3). No significant correlation was observed between the 

amount of dopamine release and severity of gambling (G-SAS score) in Parkinson’s disease 

patients with pathological gambling.

Voxel-based analysis showed that while Parkinson’s disease patients with pathological 

gambling released DA bilaterally in the ventral striatum (356 voxels—2848 mm3), patients 

without pathological gambling released DA only unilaterally in the left ventral striatum (152 

voxels—1216 mm3) (Fig. 2, bottom figure).

Another important observation was that at baseline, between group comparison of [11C] 

raclopride binding potentials obtained during the control task demonstrated that patients 

with pathological gambling had lower levels of D2 binding in ventral striatum than did 

control Parkinson’s disease patients (paired t-test, P = 0.02).

In the dorsal striatum (Fig. 2, top figure), comparison of [11C] raclopride binding potential 

between gambling and control task revealed that while binding potentials decreased in both 

groups of patients (with and without pathological gambling), differences between groups in 

this measure were less marked than in the ventral striatum and a two-way ANOVA analysis 

from regions of interest centred at the statistical peak revealed by the parametric map 

(pathological gambling: X = 32, Y = 4, Z = 14; without pathological gambling: X = 32, Y = 

0, Z = 8) revealed no significant main effect for patients, tasks and patient/task interaction 

(Fig. 3). BP was reduced by 10.2% in Parkinson’s disease patients with pathological 

gambling (X = 32, Y = 4, Z = 14; t = 4.4, P<0.05 corrected for multiple comparisons; mean 

± SE, control task: 1.86 ± 0.26; gambling task: 1.64 ± 0.25) and 8.2% in Parkinson’s disease 

patients without pathological gambling (X = 32, Y = 0, Z = 8; t = 4.3 P<0.05 corrected for 

multiple comparisons; mean ± SE, control task: 2.02 ± 0.25; gambling task: 1.80 ± 0.15).

Motor performance during the tasks, as measured by response times, was comparable, 

between the two groups of patients. A two-way ANOVA analysis revealed no significant 

main effects and interaction. In Parkinson’s disease with and without pathological gambling 

during gambling motor performance was 1912.9 ± 1291.92 ms and 2160.08 ± 1259.21 ms, 

respectively; in Parkinson’s disease with and without pathological gambling during control 

tasks was 2186.13 ± 1230.75 ms and 2131.98 ± 1214.41 ms, respectively.

Discussion

This study identified a number of differences in dopaminergic function between Parkinson’s 

disease patients who developed pathological gambling while being treated with dopamine 

agonists and control Parkinson’s disease patients who were matched for age, disease 

severity, cognitive performance and amount of dopaminergic intake. Patients with 

pathological gambling had greater reductions in binding in the ventral striatum during 

gambling than did control patients. [11C] raclopride is sensitive to competition from 

endogenously released dopamine in response to drugs or tasks that induce dopamine release. 

In this study, the observed decreases in binding potential are, therefore, likely secondary to 
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dopamine release in response to the gambling task. Reduction in binding potential was 

observed bilaterally in the striatum of Parkinson’s disease patients with pathological 

gambling; whereas controls exhibited decreased binding only in the left striatum, an 

asymmetry that could reflect differences between groups in the neural processing of the 

gambling. Another interesting observation was that at baseline Parkinson’s disease patients 

with pathological gambling also had, as measured during the control task, lower D2 receptor 

binding in ventral striatum than control Parkinson’s disease patients without pathological 

gambling.

These results are broadly consistent with previous functional imaging evaluations of both 

behavioural and chemical addictions in the general population. In normal subjects, the 

activity and biochemistry of the brain does not appear to differ qualitatively when rewards 

derived from drugs of abuse or from behavioural stimuli. Monetary and sexual stimuli, all 

elicit the same patterns of striatal activation as drugs of abuse (Koepp et al., 1998; Knutson 

et al., 2001; Erk et al., 2002; Childress et al., 2008). However, patients with chemical 

addiction release more dopamine in ventral striatal circuits in response to their drugs of 

abuse (Volkow et al., 2006, 2007). The current study presents the first evidence for this 

phenomenon in pathological gambling and supports the categorization of this disorder 

within the spectrum of behavioural addictions. Some investigators have proposed that the 

increase in dopamine release seen in chemical addiction may reflect a sensitization of 

circuits that occurs when repeated exposure to the addictive stimulus bypasses normal 

mechanisms of habituation (Di Chiara and Bassareo, 2007). In this context, the increased 

release of dopamine we have observed in patients with pathological gambling could be 

interpreted as reflecting either a priming effect of repeated exposure to the gambling 

stimulus itself or to dopamine agonists, or to premorbid hypersensitivity of the ventral 

striatal circuits in the pathological gambling population.

Our finding of lower baseline values of D2/D3 binding in ventral striatum of patients with 

pathological gambling could be interpreted to reflect increased DA release in the basal state 

or, equally, lower baseline levels of D2/D3 receptors. This observation is likewise consistent 

with prior studies showing that low dopamine binding may mediate vulnerability to 

addiction. In non-addicted subjects, below baseline measures of striatal dopaminergic 

receptor availability predicts liking for methylphenidate and low striatal dopaminergic 

receptor availability has likewise been demonstrated in subjects with morbid obesity due to 

overeating (Volkow et al., 2002a, 2008). Results from studies in a number of animal models 

of addiction also support a role for low dopaminergic receptor availability mediating 

vulnerability to addiction (Nader et al., 2002, 2006; Dalley et al., 2007). Some authors have 

proposed the finding of low D2 receptor availability in addictions best fits within the 

framework of the ‘reward deficiency syndrome’, whereby a chronic hypo-dopaminergic state 

is proposed to render individuals vulnerable to addiction by triggering a drive for rewarding 

substances or behaviours to supplement deficient dopamine in reward circuits (Volkow et al., 
2002b).

The major findings we have demonstrated in this study localize to the ventral striatum, 

although we have also observed dopamine release in the dorsal striatum in response to the 

gambling task in both pathological gambling and control groups. This result is consistent 
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with the known importance of ventral striatal dopamine release in both normal reward and 

formation of addictions. A growing body of work, however, has also highlighted the 

importance of the dorsal striatum in the maintenance of established addictions and in the 

phenomenon of craving (Volkow et al., 2006). Increasingly a distinction between dopamine 

release in ventral and dorsal striatal circuits appears to be important in the addiction process, 

with possible implications for ICDs. Phasic release of dopamine from mesolimbic 

projections to the nucleus accumbens is thought to occur in response to errors in the 

predicted value of outcomes. The signal that dopamine encodes likely serves to continuously 

update the importance of any stimulus that predicts a reward and may thus be critical to the 

formation of addictions. But as addictions become progressively more ingrained and 

habitual, the locus of neural control appears to shift dorsally in the striatum, to regions 

conventionally associated with the performance and maintenance of habits (Chambers et al., 
2003; Porrino et al., 2004; Everitt and Robbins, 2005). Thus the shift from the initiation to 

the consolidation of addiction may reflect an equivalent shift from limbic, to associative and 

sensorimotor corticostriatal circuits (Porrino et al., 2004).

One of the most salient observations relating to ICDs associated with dopaminergic 

medications is that they develop only in a subset of patients. This suggests an underlying 

susceptibility within the population that may be quite separate from the co-occurrence of 

additional diseases such as Parkinson’s disease—although a potential interaction between 

susceptibility to ICDs and comorbid conditions cannot be excluded. In this context, the 

emergence of ICDs on exposure to dopaminergic agents could be viewed as a form of 

pharmacological challenge, unmasking behavioural vulnerabilities latent in the general 

population. In support of this view, a number of cognitive and behavioural traits such as 

impulsivity and novelty seeking have been shown to differentiate patients with ICDs, in both 

the general population and in those patients with comorbid Parkinson’s disease 

(Blaszczynski et al., 1997; Jentsch and Taylor, 1999; Evans et al., 2005; Potenza, 2006; 

Voon et al., 2007). Such differences may point to underlying genetic variability conferring 

risk for ICDs, and indeed a number of allelic associations with both pathological gambling 

and drug addictions have been reported (Eisen et al., 1998; Potenza, 2005).

Mechanisms underlying the induction of ICDs by dopaminergic medications could 

potentially operate on multiple levels; by preferentially activating dopamine receptor 

subtypes, sensitizing receptors or by providing excessive dopaminergic stimulation to 

circuits regulating individual components of the addiction process, including motivation, 

reward, habit formation, and impulse control (Lawrence et al., 2003). The potential for 

dopaminergic agents to sensitize striatal circuits may be particularly significant in the 

context of the increased striatal release of dopamine we have observed in our study.

The extensive literature describes the ability of dopamine and dopaminergic agents to prime 

or increase subsequent dopamine release in the ventral striatum. This phenomenon appears 

associated with an increase in salience or desirability of these drugs that manifests as craving 

(Robinson and Berridge, 2000; Berke and Hyman, 2000). Likewise Evans and colleagues 

(2006) in an [11C] raclopride PET evaluation of Parkinson’s disease patients with dopamine 

dysregulation have demonstrated that in response to a single dose of L-dopa, patients with 

dopamine dysregulation release more dopamine in ventral striatal circuits compared to 
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control Parkinson’s disease patients. This hypersensitivity correlated with the self reported 

compulsive ‘wanting’ of the drug but not liking for it. Drugs with dopaminergic actions are 

known to cross-prime for the release of dopamine induced by other drugs within the same 

class, and to upregulate the incentive salience of a variety of stimuli with which they have 

become associated. In rodent models of addiction, for example, repeated exposure to 

psychostimulants, such as amphetamine, increases the salience for other rewards such as 

food and sexual stimuli (Engber et al., 1989; Robinson and Berridge, 2000; Nocjar and 

Panksepp, 2002; Robinson and Berridge, 2003). Likewise in problem gamblers, 

amphetamine has been shown to increase motivation for gambling in a manner that is 

predicted by the severity of the subject’s gambling (Zack and Poulos, 2004).

Parallels between this phenomenon and the development of behavioural addictions in 

patients treated with dopaminergic agents are self evident. A prominent feature of all the 

ICDs relating to use of dopaminergic agents—compulsive gambling, compulsive shopping 

and hypersexuality—is an intense craving for the behaviours consistent with increased 

incentive salience (Robinson and Berridge, 2000). Patients often report being driven to 

perform their behaviours in spite of full awareness of the adverse consequences of doing so. 

In this context, the dopaminergic stimulation provided by dopamine agonists may mimic the 

sensitizing effects of excess dopamine in ventral striatal circuits during performance of 

rewarding behaviours and so triggering a form of behavioural addiction.

Another interesting observation of our study was that changes in binding encompassed 

different areas of the ventral striatum. According to previous imaging reports (Mawlawi et 
al., 2001; Martinez et al., 2003), these areas of the striatum are part of both limbic and 

associative circuits. This is not surprising, if we consider that gambling behaviour, besides 

engaging the reward system, requires also significant cognitive strategies often impaired in 

these patients (Volkow et al., 2004; Baler and Volkow, 2006). In fact gamblers, including 

those in this study, report the tendency to calculate odds on the basis of cards already 

revealed.

In contrast to other functional imaging studies (Evans et al., 2006; Reuter et al., 2006), we 

did not observe any correlation between striatal findings and severity of gambling in 

Parkinson’s disease patients with pathological gambling. It is possible that limitations 

intrinsic to our gambling task—which did not allow us to dissect different behavioural 

aspects (e.g. perseveration) or individual strategies—may have reduced the sensitivity of the 

analysis.

Reduction in binding potential was observed bilaterally in the striatum of Parkinson’s 

disease patients with pathological gambling; whereas controls exhibited decreased binding 

only in the left striatum. While such asymmetry could reflect differences between groups in 

the neural processing of the gambling, it is difficult to speculate whether this observation 

could be related to the underlying disease or be a feature of the reward network or 

combination of both. However, it is worth noting that similar changes in the left ventral 

striatum have also been reported in functional imaging studies performed in healthy subjects 

during performance of reward tasks (Zald et al., 2004; Riba et al., 2008).
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While we acknowledge the fact that due to the blurred anatomical boundaries between 

dorsal and ventral striatal regions some of the radioactivity measured in the ventral striatum 

may result from contamination from counts originating in the adjacent dorsal striatum 

(Mawlawi et al., 2001), we believe that our measures taken to prevent head motion along 

with the applied motion correction have minimized the contribution of this factor. In 

addition, the striking difference in dopamine release observed in our study between dorsal 

and ventral striatum favours and supports the significant functional differences between 

these two dopaminergic regions.

Although the pathogenesis for the changes in dopaminergic function observed in our 

Parkinson’s disease patients with pathological gambling remains to be elucidated, the 

similarities between the findings in these patients and those with chemical addictions 

supports the classification of pathological gambling within the spectrum of behavioural 

addiction. Our findings may point to an underlying vulnerability in the general population 

that may provide insight into the pathophysiology of this and other ICDs and may suggest 

Parkinson’s disease as a potential model of dopaminergic disregulation to elucidate 

behaviour addiction.
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Figure 1. 
Example of the gambling and control task performed during the PET scans by Parkinson’s 

disease patients with and without pathological gambling. The gambling task included both 

reward and penalty trials. Details are reported in the text.
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Figure 2. 
Coronal and axial sections of the statistical parametric map of the change in [11C] raclopride 

binding potential overlaid upon the average MRI in stereotaxic space. The figure displays 

the significant areas of striatal dopamine release during gambling as compared to control 

task in (A) Parkinson’s disease patients with pathological gambling (Y = 4; Z = −10; Z = 14) 

and (B) without pathological gambling (Y = 0; Z = −6; Z = 8) in the ventral striatum (Z = 

−10 and Z = −s6) (bottom figure) and dorsal striatum (Z = 14 and Z = 8) (top figure).
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Figure 3. 
Percent reduction in [11C] raclopride-binding potentials during gambling (as compared to 

control task) in Parkinson’s disease patients without pathological gambling (blue bars) and 

with pathological gambling (red bars). Binding potentials are extracted from a spherical 

region of interest (radius 2 mm) centered at the x, y and z coordinates of the statistical peak 

revealed by the parametric map at the level of ventral (pathological gambling: X = −27, Y = 

4, Z = −10; without pathological gambling: X = −27, Y = 0, Z = −6) and dorsal (pathological 

gambling: X = 32, Y = 4, Z = 14; without pathological gambling: X = 32, Y = 0, Z = 8) 

striatum. *Paired t-test, P = 0.01.
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Figure 4. 
Individual values (top) and mean ± SE (bottom) of [11C] raclopride-binding potential from 

the ventral striatum extracted from the x, y and z coordinates described in Fig. 3 in 

Parkinson’s disease patients with pathological gambling (**t = 4.9) and without pathological 

gambling (*t = 4.4) during control (Ctl) and gambling (Gamb) task.
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Table 1

Demographic characteristics of the Parkinson’s disease patients with and without pathological gambling

Parkinson’s disease patients with 
pathological gambling (n = 7)

Parkinson’s disease patients without 
pathological gambling (n = 7)

P-value

Gender Five males, two females Six males, one female

Age 47–72 years 51–74 years 0.5

H & Y, mean (±SD) 2 (±0.6) 1.9 (±0.7) 0.6

PDRS (III), mean (±SD), off medication 25.2 (±4.5) 20.2 (±5.4) 0.09

Disease duration, mean years (±SD) 7.4 (±3.2) 5.6 (±2.5) 0.15

Current Total LEDD, mean (±SD) 856 (±407) mg 756 (± 400) mg 0.6

Current Dopamine agonist LEDD, mean (±SD) 138 (±172) mg 167 (±113) mg 0.7

MoCA, mean (±SD) 26 (±3.2) 28 (±2.3) 0.2

G-SAS, mean (±SD) 34.8 (±5.6) 4.6 (±6.3) <0.001

H & Y = Hoehn and Yahr; UPDRS III = Unified Parkinson’s Disease Rating Scale, motor score; LEDD = levodopa equivalent daily dose: L-dopa 
dose + L-dopa dose × 1/3 if on entacapone + bromocriptine (mg) × 10 + cabergoline or pramipexole (mg) × 67 + ropinirole (mg) × 20 + pergolide 
(mg) × 100 + apomorphine (mg) × 8 (from Evans et al., 2004); MocA = Montreal Cognitive Assessment; G-SAS = Gambling Symptom 
Assessment Scale.
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