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Abstract: Public conceptions of the relationship between morality and gambling have
changed over time. Emerging technologies involving brain imaging and molecular
genetic approaches are providing insight into human behaviors including moral aspects of
decision-making and behavior. These technologies are also facilitating an improved
understanding of mental health conditions like pathological gambling. Data from these
studies suggest that specific neural circuits are involved in “immoral” decision-making
and disorders characterized by impaired impulse control (e.g., pathological gambling and
substance use disorders). Additional identification and characterization of factors that
contribute to excessive engagement in gambling will allow for improved public health

strategies for pathological gambling.



Introduction

Evidence of gambling can be found across cultures and throughout time. Hebraic,
Egyptian, Greek and Roman civilizations engaged in various forms of gambling (Quinn,
1892), and the Mahabharat, a central book of Hinduism, describes a gambler who wagers
and loses his kingdom and his wife (Mahabharat, 1884). The persistence of gambling
for millennia suggests that the behavior may be particularly rewarding at an individual
level or important in socio-cultural functions. Suggestion of the former can be found in
work from over a century ago in Fyodor Dostoyevsky’s The Gambler (Dostoyevsky,
1966). In this book as well as in his personal letters of the period (Dostoyevsky himself
had a gambling problem), the thrill of gambling is poignantly described as an exciting
and anxious state that his nature desires (Dostoyesvsky, 1998). The incorporation of
gambling in social and cultural institutions (bingo sponsored by churches, lotteries
sponsored by governments) also dates back centuries, with major institutions (e.g.,
Harvard University) originally founded in part with lottery proceeds. Thus, historical
accounts suggest that complex reasons contribute to the societal maintenance of

gambling.

Gambling and Morality

Morality has been defined as a doctrine or system of right, virtuous or ethical
conduct (Miriam-Webster Dictionary, 2007). The term, derived from the Latin word
moralis, initially described a consensus of manners or customs within a social group, and
has been used throughout the past several centuries in efforts to identify universal

principles that should guide the behaviors of humans (Moll et al., 2005a). Gambling has



been described as immoral for millenia. Greek philosophers like Aristotle are reported to
have grouped gamblers with thieves and robbers and denounced gambling as wrong and
immoral (Quinn, 1892). This sentiment was voiced in other cultures throughout time. In
an article on the history of gambling published in England in 1756, gamblers are
described as “cheats” and “felons”, and the author states that society would be better off
without this group of “harpies” (Fielding, 1756). Personal accounts of “degeneration”
related to excessive involvement in gambling were described. In 1882, Mason Long
described his personal struggles with excessive gambling, drinking and tobacco smoking,
culminating in his religious conversion and confession of his sins (Long, 1882). Other
works from the same time period similarly describe gambling as a sin or a vice
(Talmadge, 1888; Conwell, 1892; Quinn, 1892). The relationship between individuals’
emotional states (as described by Dostoyevsky above) and gambling appears to
contribute to gambling being conceptualized as an immoral behavior. For example, when
discussing in 1902 the moral qualities of gambling in The Ethics of Gambling
(MacKenzie, 1902), the uncertainty about a wager “contributes largely to the gambler’s
pleasure, and it is around this that the emotions gather with such unnatural concentration
so as to produce in some a kind of moral or spiritual inflammation which we call the
gambler’s craving or passion.” (p. 40). That is, the seeking of an immediate reward in an
emotional or passionate manner to the extent that it might interfere with family, work or
other areas of functioning seems salient to the consideration of gambling as immoral.
Over the past half century in the United States and elsewhere, individual liberties and the
ability to make personal decisions about recreational and leisure activities have received

high priorities. Within this context, legalized gambling has seen considerable expansion,



with legalized gambling estimated to have grossed approximately $85 billion in the
United States in 2005 (American Gaming Association, 2006). As compared to prior
conceptualizations of gambling (particularly when done in excess) as a sin or a vice, one
current conceptualization of gambling involves a personal choice of a recreational
activity within a public health framework (Korn and Shaffer, 1999; Shaffer and Korn,
2002), and when performed in excess a mental health condition (American Psychiatric
Association 2000). Nonetheless, some of the same elements described over 100 years
ago in relationship to gambling and morality (emotion and craving and their relevance to
decision-making in gambling) are currently being investigated from neurobiological and

medical perspectives.

Medical Model of Excessive Gambling: Pathological Gambling

The majority of adults gamble, with a minority demonstrating problems with
gambling. The Gambling Impact and Behavior Study estimated that approximately two
of every three adults in the United States had gambled within the past year, with less than
1% meeting the criteria for pathological gambling (Gerstein et al., 1999). Pathological
gambling is the formal diagnostic term adopted by the American Psychiatric Association
to define individuals who develop substantial problems related to their gambling. The
disorder was first introduced in 1980 in the 3" edition of the Diagnostic and Statistical
Manual of Mental Disorders (American Psychiatric Association 1980) and is located in
the category of “Impulse Control Disorders Not Elsewhere Classified”. A central
defining feature of the impulse control disorders is the “failure to resist an impulse, drive,

or temptation to perform an act [e.g., gambling in the case of pathological gambling] that



is harmful to the person or others” (American Psychiatric Association 2000; Grant and
Potenza, 2004; Williams and Potenza, in press). Typically “the individual feels an
increasing sense of tension or arousal before committing the act and then experiences
pleasure, gratification, or relief at the time of committing the act” (American Psychiatric
Association, 2000). Guilt or regret may (or may not) be described following the act. In
that the impulse control disorders as a group are characterized by a failure to resist
temptation to engage in behaviors leading to immediate pleasure at the expense of other
areas of life functioning, it is understandable that within a moral framework that they
could be considered immoral.

The diagnostic criteria for pathological gambling share similarities with those for
drug dependence. Both disorders have inclusionary criteria targeting tolerance,
withdrawal, interference in major aspects of life functioning, and repeated unsuccessful
attempts to cut back or quit (American Psychiatric Association, 2000; Potenza, 2006).
Other criteria for pathological gambling appear more specific to gambling. For example,
the criteria targeting “chasing” (returning to a gambling venue in an attempt to win back
money recently lost) or “bail outs” (borrowing money to escape from a desperate
financial situation related to gambling losses), although similar behaviors related to drug
use are often exhibited by drug dependent individuals (Potenza, 2006). As such,
pathological gambling has been conceptualized as a “behavioral addiction” or an
“addiction without the drug” (Holden, 2001; Petry, 2006; Potenza, 2006).

Pathological gambling has also been conceptualized as lying along an impulsive-
compulsive spectrum with disorders like obsessive-compulsive disorder (Hollander and

Wong, 1995; Hollander and Benzaquin, 1996). The relationship between impulsivity and



compulsivity seems more complex than initially conceptualized (Grant and Potenza,
2006; Potenza, 2007a). In impulse control disorders and drug dependence, it is
hypothesized that as use becomes compulsive in nature, brain regions involved in habit
formation become increasingly involved in the psychopathology (Brewer and Potenza, in
press). Impulsivity may predominate at early stages of the disorders and persist over
time. As such, impulsivity, defined as a “predisposition toward rapid, unplanned
reactions to internal or external stimuli [with diminished] regard to the negative
consequences to the impulsive individual or others” is hypothesized to be a central
element of pathological gambling and a broad range of psychiatric disorders that often
co-occur with pathological gambling (Moeller et al., 2001; Petry, 2005; Potenza, 2007b).
This definition highlights the complexity of impulsivity, and preliminary studies suggest
that specific aspects (e.g., rapid reactivity and diminished regard to negative
consequences) are not highly correlated and differentially related to treatment outcome
(Krishnan-Sarin et al., 2007). As such, a more complete understanding of impulsivity
and its core component features as they relate to pathological gambling should not only
help improve our understanding of the disorder but also generate better prevention and
treatment strategies. Investigations of neurobiological aspects of impulsivity and
motivated behaviors in disorders characterized by impaired impulse control are providing
significant insight into neural circuits that might be disrupted in these disorders and might
represent important targets for novel treatments (Chambers et al., 2003; Kreek et al.,

2005; Chambers et al., 2007; Potenza, 2007b).

Brain Biology and Moral Behaviors: The Case of Phineas Gage



Biological underpinnings for gambling were hypothesized over 100 years (France,
1902). Even earlier, a case study suggested the involvement of specific brain regions in
the commission of seemingly immoral behaviors. In 1848, a railroad worker named
Phineas Gage was described by his bosses as “the most efficient and capable” man whom
they employed (p. 4) (Damasio, 1994). He displayed “temperate habits”, had a “well
balanced mind” and was “very energetic and persistent in executing all of his plans of
action” (p. 8) (Damasio, 1994). In other words, Mr. Gage was a successful, hard-
working, industrious young man. However, at 25 years of age, he encountered a horrible
accident in which a steel tamping rod exploded through his left orbit and exited through
the top of his skull. Miraculously, he survived the accident. However, he was no longer
the same man: “Gage was no longer Gage.” John Harlow, the physician caring for him
after the accident, stated that the “equilibrium or balance, so to speak, between his
intellectual faculty and animal propensities” had been damaged (p. 8) (Damasio, 1994).
Gage became “fitful, irreverent” and indulged in “the grossest profanity which was not
previously his custom” (p. 8) (Damasio, 1994). He displayed “little deference” for others
and was “impatient of restraint or advice when it conflicts with his desires, at times
pertinaciously obstinate, yet capricious and vacillating, devising many plans of future
operation, which are no sooner arranged than they are abandoned” (p. 8) (Damasio,
1994). He was described as displaying “strong animal passions” and women were
advised not to be near him due to his foul language and behavior (Damasio, 1994). His
employers needed to let him go, noting that although he had the physical ability to
perform his duties, his “new character” was incompatible with holding his job (Damasio,

1994). After 13 years of having difficulties holding a job, he died poor in 1861.



Biology of Decision-Making: Emotions and the Ventromedial Prefrontal Cortex

The tragic case of Phineas Gage provided a unique opportunity for exploration of
brain regions and circuitry contributing to moral vs. immoral behaviors. That is, if one
were to be able to identify the brain region(s) impacted by the tamping rod in the case of
Phineas Gage, the information could generate insight into the neurobiological
contributions to morality. Fortunately, the physician caring for Gage retrieved his skull
and it is currently housed at the Harvard Medical School. By using the skull size and
regions of skull damage to estimate the route of the tamping rod, three-dimensional
images of the regions damaged in Gage’s accident were generated (Damasio, 1994).
Consistent with accounts of Gage after the accident, brain regions responsible for motor
and language function were spared. However, frontal cortical regions, including the
ventromedial prefrontal cortex, are believed to have been obliterated by the tamping rod.
Antonio Damasio, Hanna Damasio, Antoine Bechara and colleagues pursued this finding
further. As neurologists caring for individuals with strokes, they observed that people
with stroke lesions in the ventromedial prefrontal cortex often did not fare well in real-
life situations despite performing adequately on existing neurocognitive tests (Damasio,
1994). They developed a gambling test (the lowa Gambling Task) to assess risk-reward
decision-making and found that these individuals performed disadvantageously on this
task (Bechara et al., 1994; Bechara et al., 1998). The task consists of selecting 100 cards
from four decks. When performing this task, individuals are instructed to optimize gains
with the understanding that some decks are better than others. Unbeknownst to the

participant, two of the decks are associated with large immediate rewards and very large



intermittent losses resulting in long-term losses and the other two are associated with
small immediate rewards and small intermittent losses resulting in long-term gains. As
compared to healthy control subjects, those with strokes in the ventromedial prefrontal
cortex perform disadvantageously on the task (select more cards from the decks with
large immediate gains and very large intermittent losses that result in long-term loss). In
these studies, individuals without stroke lesions would behaviorally learn the
advantageous card selection strategy prior to being able to consciously report their
strategy (Bechara et al., 1997). Subsequent studies implicated additional brain regions
(e.g., the amygdala) as contributing to performance on the lowa Gambling Task (Bechara
et al., 1999). These findings, in conjunction with information on the role of the prefrontal
cortex and amygdala in emotional processing, led to the somatic marker hypothesis of
decision-making; namely, that emotional processes influence our rational decisions

(Damasio, 1994).

Risk-reward Decision-making: Psychiatric Implications

As risk-reward decision-making enters into multiple aspects of everyday life, it is
not surprising that individuals with impairments in brain regions involved in risk-reward
decision-making would have difficulties in functioning successfully in real-life situations.
Individuals with psychiatric disorders that are often characterized by immoral behaviors
(e.g., substance abuse or dependence, antisocial personality disorder, pathological
gambling) also frequently have problems in major areas of life functioning. Individuals
with these disorders (e.g., cocaine dependence, other substance dependence or

pathological gambling) have been found to perform more disadvantageously than healthy
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control subjects on the [owa Gambling Task (Petry, 2001b; Cavedini et al., 2002;
Bechara, 2003), and amongst subjects with addictions, poor performance was associated
with real-life measures of poor functioning; e.g., inability to hold a job (Bechara, 2003).
Other cognitive tasks have been used to assess risk-reward decision-making. For
example, delay discounting tasks assess the extent to which individuals place value on
smaller, immediate rewards as compared to larger, delayed ones. Based upon behavioral
economic theories, the task assesses the extent to which one prefers specific amounts of
money now or at a later time; e.g., $14 today or $25 in 19 days or $25 today or $30 in 80
days (Bickel et al., 1993; Bickel et al., 1999; Kirby et al., 1999). By using a range of
time delays and amounts, one can generate discounting curves to examine the extent to
which money loses value for individuals over time (“temporal discounting”). Individuals
with pathological gambling, like those with drug dependence, tend to discount rewards
rapidly; that is, immediate rewards have relatively greater saliency than do delayed ones
in individuals with these disorders as compared to those without (Petry and Casarella,
1999; Petry, 2001a,b). Thus, understanding the biological mechanisms underlying
reward processing and the selection of immediate as compared with delayed rewards has

important implications for understanding, preventing and treating pathological gambling.

Biological Aspects of Reward Processing

Brain imaging techniques have been used to identify regions contributing to the
selection of small, immediate rewards as compared to larger, delayed ones. In healthy
volunteers, brain regions including the ventromedial prefrontal cortex and ventral

striatum were found to activate following the selection of small immediate rewards
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(McClure et al., 2004). Prior studies have identified neuronal connections between these
brain regions that work together as components of the limbic system, and this neural
circuit that underlies reward processing has been repeatedly implicated in addictive
processes (Goldstein and Volkow, 2002; Chambers et al., 2003; Everitt and Robbins,
2005). This circuitry also was impacted in Phineas Gage following his accident, as
regions of the ventromedial prefrontal cortex were presumably destroyed by the tamping
rod (Damasio, 1994). In contrast to the brain regions activated following the selection of
small immediate rewards, the selection of larger delayed rewards was associated with
greater activation of prefrontal cortical regions that have been previously implicated in
higher order cognitive executive functioning (McClure et al., 2004).

Independent research has investigated brain regions contributing to specific
phases of the processing of small immediate rewards. Based on work performed in
primates (Schultz, 2000), the monetary incentive delay task was designed to investigate
reward processing in humans (Knutson et al., 2000). The task involves a visual cue that
signifies the condition (e.g., win $1, lose $1, win $5, lose $5, win $0.20, lose $0.20, zero
win/lose). Following the cue, a box appears on screen for a short period of time.
Individuals are instructed to push a button while the box is on screen in order to win or
avoid losing, respectively, the amount of money indicated for the condition. Shortly
thereafter, participants learn of the outcome (whether or not they have won or avoided
losing). In healthy adults, the anticipation of working for monetary reward was
associated with activation of the ventral striatum whereas winning outcomes were
associated with activation of the ventromedial prefrontal cortex (Knutson et al., 2001a,b;

Knutson 2003). Together, these data suggest that the ventral striatum and ventromedial
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prefrontal cortex each contribute to specific aspects of reward processing in healthy

adults.

Neural Correlates of Reward Processing in Addiction

As individuals with pathological gambling and substance use disorders show
behavioral differences in risk-reward decision-making, an understanding of how brain
function in individuals with these disorders as compared to those without has important
implications. Preliminary studies of adults with alcohol dependence as compared to
those without have found relatively diminished activation of the ventral striatum during
the anticipation of working for monetary reward in the monetary incentive delay task
(Hommer, 2004). This finding extends to groups of individuals at high risk for
alcoholism (for example, those with a positive family history of alcoholism (Hommer et
al., 2004)) as well as groups with high rates of risk and addictive behaviors (for example,
adolescents as compared with adults (Bjork et al., 2004)). Studies of cocaine dependent
individuals have found disruptions in orbitofrontal and prefrontal circuits contributing to
reward processing in control comparison subjects (Goldstein et al., 2007). Together,
these findings indicate altered fronto-striatal brain function contributing to differences in
reward processing in drug-addicted as compared with non-addicted individuals, and some
of these functional brain differences extend to groups vulnerable to developing

addictions.

Brain Imaging in Pathological Gambling: Ventromedial Prefrontal Cortex
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Compared to other psychiatric disorders, relatively few brain imaging studies
have been performed in subjects with pathological gambling. However, the studies that
have been performed have implicated some of the same brain regions identified in studies
of reward processing and drug addiction and implicated in the case of Phineas Gage. For
example, in a functional magnetic resonance imaging (fMRI) study of gambling urges,
subjects with pathological gambling as compared to those without showed relatively
diminished activation of the ventromedial prefrontal cortex during the period of viewing
the most robust gambling stimuli. This between-group difference was not observed
during the control comparison conditions (happy or sad stimuli) (Potenza et al., 2003a).
In a separate fMRI study of cognitive control using the Stroop Color-Word Interference
Task, individuals with pathological gambling as compared to those without showed
relatively diminished activation of the ventromedial prefrontal cortex following the
presentation of incongruent stimuli (mismatched color-word pairs) (Potenza et al.,
2003b). A third fMRI study of simulated gambling found that individuals with
pathological gambling as compared to those without showed relatively diminished
activation of the ventromedial prefrontal cortex in winning versus losing contrasts
(Reuter et al., 2005). Amongst the group with pathological gambling, the degree of
activation within the ventromedial prefrontal cortex correlated inversely with the severity
of gambling problems. In other words, the more severe the gambling problem, the less
the ventromedial prefrontal cortex became activated. Taken together, these three studies
suggest an important role for the ventromedial prefrontal cortex in the pathophysiology of

pathological gambling.
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Brain Imaging in Pathological Gambling: Ventral Striatum

As described above, the ventral striatum makes important contributions to
motivated behaviors and reward processing and has been implicated repeatedly in drug
addiction (Knutson et al., 2001a,b; Chambers et al., 2003; Volkow and Li, 2004;
Chambers et al., 2007). Individuals with pathological gambling have been found to show
diminished activation of the ventral striatum during simulated gambling and activation of
this brain region correlated inversely with gambling severity amongst the subjects with
pathological gambling (Reuter et al., 2005). Preliminary data suggest that gambling
urges in individuals with pathological gambling and cocaine cravings in individuals with
cocaine dependence are similarly characterized by relatively diminished activation of the
ventral striatum and orbitofrontal cortex (Potenza, 2007c). Further research is needed to
investigate the extent to which brain activations related to other processes (e.g., reward
processing) might be explained by functional differences in specific brain regions like the

ventral striatum.

Neurochemical Contributions to Pathological Gambling

Although fMRI is a powerful technique for identifying functional contributions of
brain regions to specific cognitive tasks, it does not allow for evaluation of the
involvement of specific neurotransmitters in these processes. Other ligand-based
imaging approaches (e.g., positron emission tomography or PET) permit such
assessments but no ligand-based investigations involving subjects with pathological
gambling have been published in peer-reviewed journals to date. Multiple

neurotransmitter systems have been implicated in pathological gambling (Potenza and
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Hollander, 2002; Brewer and Potenza, in press; Williams and Potenza, in press).
Dopamine has been hypothesized to contribute to rewarding and reinforcing behaviors,
serotonin to behavioral initiation and cessation, norepinephrine to arousal and excitement,
and opioids to pleasure and urges (Potenza and Hollander, 2002). Compared to control
subjects, individuals with pathological gambling have shown differences with respect to
each of these neurotransmitters. These systems will be considered with respect to some

of the brain regions implicated in brain imaging studies of pathological gambling.

Serotonin in Pathological Gambling

A role for the neurotransmitter serotonin in impulse control has been described for
several decades. Low levels of the serotonin metabolite 5-hydroxy-indole-acetic acid
have been found in the cerebrospinal fluid samples from multiple groups of individuals
characterized by impaired impulse control including those with alcoholism, impulsive
fire setting, or pathological gambling (Potenza and Hollander, 2002). Individuals
characterized by impaired impulse control also show different biochemical and
behavioral responses to serotonergic drugs (DeCaria et al., 1998). For example,
individuals displaying impulsive antisocial behaviors or those with alcohol dependence or
pathological gambling have reported a “high” or a “buzz” to the partial serotonin agonist
meta-chlorophenyl piperazine (mCPP) (DeCaria et al., 1998). In contrast, healthy
control subjects do not report a euphorigenic response. Serotonergic drugs like mCPP
and fenfluramine have been examined in conjunction with brain imaging techniques in
individuals characterized by impaired impulse control, including those with alcohol

dependence and impulsive aggression. In response to these drugs, relatively diminished
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activation or response within the ventromedial prefrontal cortex was observed in the
group with impaired impulse control as compared to the control comparison group
(Hommer et al., 1997; Siever et al., 1999; New et al., 2002). No such imaging study to
date has examined the role of serotonin in ventromedial prefrontal cortical functioning in

individuals with pathological gambling.

Dopamine in Pathological Gambling

The ventral striatum is a target region for dopamine neurotransmission within the
mesolimbic pathway, and dopamine function within the ventral striatum contributes to
reward-based learning in addiction (Chambers et al., 2003; Nestler, 2004; Volkow and Li,
2004). Several lines of evidence suggest a role for dopamine in pathological gambling,
although its precise role requires further investigation. For example, decreased levels of
dopamine and increased levels of dopamine metabolites (suggestive of higher dopamine
turnover) were reported in the cerebrospinal fluid samples of individuals with
pathological gambling (Bergh et al., 1997). However, dopaminergic differences did not
persist when correcting for differences in flow rate of the fluid (Nordin and Eklundh,
1998; Nordin and Eklundh, 1999). Amphetamine, a drug with influences on
dopaminergic and other biogenic aminergic systems, was found to cross-prime for
gambling-related phenomena in individuals with pathological gambling, a finding
suggestive of a pro-dopaminergic effect on gambling in the disorder (Zack and Poulos,
2004). A study from the same group found that haloperidol, a drug that blocks dopamine
D2/D3 receptors, enhances the rewarding and priming effects of gambling in individuals

with pathological gambling (Zack and Poulos, 2007). Among individuals with
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Parkinson’s disease (one that involves degeneration of dopamine systems), an association
between dopamine agonist treatment and impulse control behaviors including excessive
gambling has been reported (Voon et al., 2006a,b; Weintraub et al., 2006; Voon et al.,
2007). However, other factors (e.g., early onset of Parkinson’s disease) have also been
associated with the emergence or worsening of impulse control behaviors in this
population, making the precise nature of the involvement of dopamine systems unclear
(Voon et al., 2006a,b; Weintraub and Potenza, 2006; Weintraub et al., 2006; Voon et al.,
2007). As described above, ventral striatal function has been implicated in brain imaging
studies of pathological gambling. However, no investigations to date have directly
examined a possible role for ventral striatal dopamine dysfunction in pathological

gambling.

Opioids in Pathological Gambling

Neurotransmitter systems and brain regions do not work in isolation but rather
function in circuits in a dynamic fashion. Opioid systems influence dopamine function in
the ventral striatum and a proposed mechanism of action for drugs that block opioid
receptors is through indirect modulation of mesolimbic dopamine function (Grant et al.,
2006; Williams and Potenza, in press). The opioid antagonist naltrexone is approved for
the treatment of alcohol dependence and has shown efficacy in a placebo-controlled trial
involving subjects with pathological gambling (Kim et al., 2001). Like in studies of
alcohol use behaviors, the medication appeared particularly helpful for people with strong
gambling urges at treatment onset (Kim et al., 2001). A placebo-controlled, multi-center

trial of the opioid antagonist nalmefene demonstrated superiority of active drug over
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placebo and provided further support for a role for opioid systems in pathological
gambling (Grant et al., 2006). However, preliminary results of a subsequent trial of
nalmefene in pathological gambling did not generate positive findings (Biotie, 2007). A
similar variability has been observed in studies of alcohol dependence (Krystal et al.,
2001). Variability in study outcomes might be related to individual differences amongst
subjects. For example, commonly occurring variants of the gene encoding the mu-opioid
receptor have been associated with differential outcomes during treatment of alcohol
dependence with naltrexone (Oslin et al., 2003). The extent to which the mu-opioid
receptor gene variants or other specific biological factors might be related to treatment

outcome in pathological gambling warrants further investigation.

Genetics of Pathological Gambling

Technological advances have facilitated investigations into genetic factors
contributing to the development of psychiatric disorders. Molecular genetic
investigations have been performed in pathological gambling and have implicated genes
related to multiple neurotransmitter systems including dopamine and serotonin (Ibanez et
al., 2003; Williams and Potenza, in press). However, many of these studies have
significant methodological limitations (Ibanez et al., 2003) and more conclusive studies
await performance and/or publication. Large samples of twins allow for the estimation of
genetic and environmental contributions to mental health disorders like pathological
gambling (Shah et al., 2005). Like with other psychiatric conditions, data indicate that
there exist substantial contributions to pathological gambling (Eisen et al., 1998), with

genetic contributions to the disorder accounting for approximately two-thirds of the
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variance and environmental factors for about one-third (Potenza et al., 2005). Genetic
factors contributing to pathological gambling have been found to overlap with those for
alcohol dependence (Slutske et al., 2000) and those for antisocial behaviors (Slutske et
al., 2001), suggesting that common genetic contributions exist between excessive forms
of gambling and other behaviors that have been described as immoral. These studies also
identified overlaps in the environmental contributions suggesting that both heredity and
life experience factors make significant contributions to these disorders and their co-
occurrences.

Genetic and environmental factors have been shown to interact significantly in the
development of psychiatric disorders. For example, individuals with a specific variant of
the serotonin transporter allele who are exposed to early life stress are significantly more
likely to experience depression than are individuals with the same allele not exposed to
such stressors or individuals with a different variant irrespective of stress exposure (Caspi
et al., 2003). Although stress exposure has been associated with pathological gambling
(particularly among women) (Petry et al., 2005), the interaction with specific genetic
factors has not been reported. Commonly occurring genetic variants also can
substantially influence patterns of brain activation, including within regions related to
stress-responsiveness, emotional regulation and cognition (Egan et al., 2001; Hariri et al.,
2002). The extent to which these and other genetic variants influence moral behaviors in
psychiatric and non-psychiatric groups warrants further examination.

The identification of genetic contributions to disorders or behaviors that can be
characterized as immoral suggests that certain individuals are born with a greater

likelihood than are others for behaving in an immoral fashion. The identification of

20



environmental contributions to these disorders suggests that specific life events can
influence the development of these disorders and enactment of these behaviors, providing

hope for prevention and treatment efforts.

Neurobiology of Ethics and Morality

Technological advances in imaging and genetics have provided exciting
opportunities to investigate not only gambling, but also other behaviors and disorders
with moral or ethical implications (Friedrich 2005). Results from these studies have are
relevant to multiple disciplines including philosophy, sociology, ethics, religion the law
among others, and investigators with expertise in different domains (neuroscience,
psychology, evolutionary biology, anthropology, etc.) are contributing to an emerging
field of cognitive neuroscience of human behaviors (Adolphs, 2003; Moll et al., 2005a).

Moral reasoning and behaviors encompass a broad range of complex behaviors
influenced by cognitive, social, and emotional factors (Greene et al., 2004; Moll et al.,
2005a). Although reasoning and cognitive processing were emphasized for decades,
more recent work has examined intuitive or emotional and social influences on moral
processes (Greene and Haidt, 2002; Greene et al., 2004). Within the emotional domain,
“social” emotions such as guilt, embarrassment, pride and jealousy are particularly
relevant to moral reasoning and behaviors (Adolphs, 2003). Moral judgments have been
categorized in fashions that reflect differential contribution from cognitive, social and
emotional domains. For example, one classification defines personal and impersonal
moral judgments in which the former are guided to a relatively greater extent by social

and emotional contributions and the latter to a relatively greater extent by cognitive
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contributions (Greene et al., 2004). However, this and similar models have been
criticized in that they may not fully account for cultural influences on moral reasoning
and decision-making (Moll et al., 2005a). Nonetheless, existing studies suggest that
moral cognitions and behaviors involve a broad range of brain regions involved in
cognitive and emotion processes in a social-context-dependent fashion, with different
types of moral dilemmas activating preferentially different aspects of these neural
circuits.

Consistent with this hypothesis, existing data differentially implicate specific
brain regions in negotiating different moral processes. Amongst the brain regions most
typically implicated in imaging paradigms probing moral cognition and behavior include
cortical regions (e.g., ventromedial prefrontal cortex, lateral orbitofrontal cortex, anterior
prefrontal cortex, dorsolateral prefrontal cortex, anterior temporal cortex, and superior
temporal sulcus) and subcortical regions (amygdala, ventromedial hypothalamus, septal
area and nuclei, and basal forebrain, particularly the ventral striatum/pallidum and
extended amygdala) (Moll et al., 2005a). These regions include those described above in
the cases of Phineas Gage and pathological gambling, and reflect the complexity of the
networks underlying moral reasoning and behaviors. Moral reasoning and behaviors
seem differentially determined in part through developmental influences on these brain
regions. For example, while damage to the ventromedial prefrontal cortex in adulthood
has been associated with deficits in moral behaviors but not moral reasoning (Elsinger
and Damasio, 1993), damage at an early age has been associated with impairments in
both areas (Anderson et al., 1999). Individuals with damage to this brain region also

show deficiencies in pride, embarrassment and regret (Beer et al., 2003; Camille et al.,
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2004). Ventromedial prefrontal and orbitofrontal cortex and amygdala are considered
important contributors to social response reversal theory (commission of immoral
behaviors related to difficulties in learning following negative outcomes), violent
inhibition mechanism (deficiency in controlling aggressive behaviors) and somatic
marker hypothesis (integration of emotional and cognitive processing in decision-
making) models of moral behaviors (Moll et al., 2005a). However, these models do not
necessarily account for specific prefrontal cortical regions in moral reasoning and
behaviors (Moll et al., 2005a). Brain regions important for conflict monitoring and
cognitive control (for example, the lateral prefrontal cortex and dorsal anterior cingulate
cortex (Botvinick et al., 1999; Botvinick et al., 2001)) also contribute to moral
processing, with hypotheses positing that these cortically regions exhibit control over
emotional ones in circumstances of utilitarian or impersonal moral dilemmas and vice-
versa in the case of personal moral dilemmas (Moll et al., 2005a).

In contrast to theories that hypothesize a hierarchical relationship between
emotions and cognition, several recent theories hypothesize an integrated model across
these and other domains. For example, the event-feature-emotion complex framework
posits that social, motivational, emotional, and contextual information is bound together
(Moll et al., 2005a). This model hypothesizes that information from these domains are
processed and integrated with key brain regions more centrally involved in specific
aspects. Specifically, structured event knowledge is supplied by prefrontal cortical
subregions, social perceptual or functional features in temporal cortex, and motivational
and basic emotional states in limbic and paralimbic regions (Moll et al., 2005a).

Consistent with this model, moral emotional states like compassion (Moll et al., 2005a),
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embarrassment (Takahashi et al., 2004), indignation (Moll et al., 2005b) and guilt (Shin
et al., 2000; Takahashi et al., 2004) have been associated with activations of these
regions. However, this and competing models require further evaluation as to how they
relate to moral judgment and behaviors in clinical and community samples.

Clinical samples may provide insight into aspects of social cognition and moral
processing. For example, clinical groups characterized by antisocial behavior (e.g.,
sociopathy (Blair, 2003)) or excessive prosocial engagement (e.g., Williams Syndrome
(St. George and Bellugi, 2000)) show abnormalities in the amygdala. Violent behaviors
have been associated with orbitofrontal cortical abnormalities in antisocial personality
disorder, although other brain regions (e.g., sensorimotor cortex) have also been
implicated in this and other patient groups (Narayan et al., 2007). Damage to the bilateral
temporal cortices or amygdala has been associated with social and appetitive disturbances
(hypersexuality, placidity, and hyperorality and pica) (Hayman et al., 1998). The extent
to which social and moral processing differs in individuals with pathological gambling as
compared to those without warrants further investigation. Given that moral perceptions
influence brain activations within reward processing regions (including striatum) in
healthy subjects, it will be important to evaluate these processes as related to gambling

behaviors.

Conclusions and Future Directions
Technical advances in genetics and brain imaging are providing important insight
into brain processes related to moral reasoning and behavior. These advances in

neuroscience research methodologies are also generating a better understanding of brain
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function underlying mental health and illness. Future research should examine more
closely the relationships between these domains. The acquisition of knowledge about
individual brain function with respect to moral and medical states raises questions about
privacy and ethics (Friedrich, 2005). Although how best to use this information in
various settings (e.g., legal, medical, and ethical venues) is currently a topic of discourse
(Leshner, 2003; Friedrich, 2005; Buller, 2006; Eastman and Campbell, 2006), the
knowledge should help further discussion about the roots of moral and immoral thoughts
and behaviors. As applied to human health and disease, these advances offer hope to
advance prevention and treatment strategies, diminish individual suffering, and promote

societal well-being.

25



References

Adolphs, R. (2003). "Cognitive neuroscience of human social behavior." Nature Rev
Neurosci 4: 165-178.

Anderson, S., Bechara A, Damasio H, Tranel D, Damasio AR (1999). "Impairment of
social and moral behavior related to early damage in human prefrontal cortex."
Nature Neurosceince 2: 1032-1037.

American Gaming Association (2006). "Gambling Revenue: Current Year." Christensen
Capital Advisors LLC
http://www.americangaming.org/Industry/factsheets/statistics detail.cfv?id=
7: accessed October 1, 2007.

American Psychiatric Association (1980). Diagnostic and Statistical Manual of Mental
Disorders. Washington, DC.

American Psychiatric Association (2000). Diagnostic and Statistical Manual of Mental
Disorders. Fourth Edition-Test Revision. Washington, DC, American Psychiatric
Association.

Bechara, A. (2003). "Risky business: Emotion, decision-making, and addiction." J
Gambling Stud 19: 23-51.

Bechara, A., H. Damasio, et al. (1999). "Different contributions of the human amygdala
and ventromedial prefrontal cortex to decision-making." Journal of Neuroscience
19: 5473-5481.

Bechara, A., H. Damasio, et al. (1998). "Dissociation of working memory from decision
making within the human prefrontal cortex." Journal of Neuroscience 18(1): 428-
37.

Bechara, A., H. Damasio, et al. (1997). "Deciding advantageously before knowing the
advantageous strategy [see comments]." Science 275(5304): 1293-5.

Bechara, A., Damasio, AR, Damasio, H, Anderson, SW (1994). "Insensitivity to future
consequences following damage to human prefrontal cortex." Cognition 50: 7-15.

Beer, J. S., E. A. Heerey, et al. (2003). "The regulatory function of self-conscious
emotions: insights from patients with orbitofrontal damage." J Pers Soc Psychol
85: 594-604.

Bergh, C., T. Eklund, et al. (1997). "Altered dopamine function in pathological
gambling." Psychological Medicine 27(2): 473-475.

Bickel, W. K., R. J. DeGrandpre, et al. (1993). "Behavioral economics: a novel
experimental approach to the study of drug dependence." Drug Alcohol Depend
33(2): 173-92.

Bickel, W. K., A. L. Odum, et al. (1999). "Impulsivity and cigarette smoking: delay
discounting in current, never, and ex-smokers." Psychopharmacology (Berl)
146(4): 447-54.

Biotie (2007). "Financial Report." http://www.biotie.com/annualreports/2006/uk/
Accessed October 2, 2007.

Bjork, J., Knutson B, Fong GW, Caggiano DM, Bennett SM, Hommer DW (2004).
"Incentive-elicited brain activation in adolescents: Similarities and differences
from young adults." J Neurosci 24: 1793-1802.

Blair, J. R. (2003). "Neurobiological basis of psychopathy." Br J Psychiatry 182: 5-7.

26



Botvinick, M., Braver TS, Barch DM, Carter CS, Cohen JD (2001). "Conflict monitoring
and cognitive control." Psycholog Rev 108: 624-652.

Botvinick, M., Nystrom, LE, Fissell, K, Carter, CS, Cohen, JD (1999). "Conflict
monitoring versus selection-for-action in anterior cingulate cortex." Nature 402:
179-181.

Brewer, J. A. and M. N. Potenza (in press). "The neurobiology and genetics of impulse
control disorders: relationships to drug addictions." Biochem Pharmacology.

Buller, T. (2006). "What can neuroscience contribute to ethics?" J Med Ethics 32: 63-64.

Camille, N., G. Coricelli, et al. (2004). "The involvement of the orbitofrontal cortex in
the experience of regret." Science 304: 1167-1170.

Caspi, A., K. Sugden, et al. (2003). "Influence of life stress on depression: moderation by
a polymorphism in the 5-HTT gene." Science 301: 386-389.

Cavedini, P., G. Riboldi, et al. (2002). "Frontal lobe dysfunction in pathological
gambling." Biol Psychiatry 51: 334-341.

Chambers, R. A., Bickel WK, Potenza MN (2007). "A scale-free systems theory of
motivation and addiction." Neurosci Biobehav Rev 31: 1017-1045.

Chambers, R. A., J. R. Taylor, et al. (2003). "Developmental neurocircuitry of motivation
in adolescence: A critical period of addiction vulnerability." Am J Psychiatry 160:
1041-1052.

Conwell, R. E. (1892). Social Abominations. Harrisburg, PA, Whitman and Co.

Damasio, A. R. (1994). Descartes' Error: Emotion, Reason and the Human Brain. New
York, NY, Crosset/Putnam.

DeCaria, C. M., T. Begaz, et al. (1998). "Serotonergic and noradrenergic function in
pathological gambling." CNS Spectrums 3(6): 38-47.

Dostoyesvsky, F. (1998). Complete Letters. New York, NY, Ardis.

Dostoyevsky, F. (1966). The Gambler/Bobok/A Nasty Story. London, England, Penguin
Books.

Eastman, N. and C. Campbell (2006). "Neuroscience and legal determination of criminal
responsibility." Nature Rev Neurosci 7: 311-318.

Egan, M. F., T. E. Goldberg, et al. (2001). "Effect of COMT val'®"** met genotype on
frontal lobe function and risk for schizophrenia." Proceedings of the National
Academy of Sciences 98(12): 6917-6922.

Eisen, S. A., N. Lin, et al. (1998). "Familial influences on gambling behavior: an analysis
of 3359 twin pairs." Addiction 93: 1375-1384.

Elsinger, P. J. and A. R. Damasio (1993). "Severe disturbance of higher level cognition
after bilateral frontal lobe ablation: patient AVR." Neurology 35: 1731-1741.

Everitt, B. and T. W. Robbins (2005). "Neural systems of reinforcement for drug
addiction: From actions to habits to compulsion " Nat Neurosci 8: 1481-1489.

Fielding, J. (1756). The History of Gambling. The Gentleman's Magazine. December:
564-567.

France, C. J. (1902). "The gambling impulse." Am J Psychology 13: 364-407.

Friedrich, M. J. (2005). "Neuroscience becomes image conscious as brain scans raise
ethical issues." JAMA 294: 781-783.

Gerstein, D., J. Hoffmann, et al. (1999). "Gambling impact and behavior study."
Retrieved March 27, 1999., 1999.

27



Goldstein, R. Z., Volkow ND (2002). "Drug addiction and its underlying neurobiological
basis: Neuroimaging evidence for the involvement of the frontal cortex." Am J
Psychiatry 159: 1642-1652.

Goldstein, R. Z., N. Alia-Klein, et al. (2007). "Is Decreased Prefrontal Cortical
Sensitivity to Monetary Reward Associated With Impaired Motivation and Self-
Control in Cocaine Addiction?" Am J Psychiatry 164: 43-51.

Grant, J. E. and M. N. Potenza (2004). "Impulse control disorders: clinical charactaristics
and pharmacological management." Ann Clin Psychiatry 16: 27-34.

Grant, J. E. and M. N. Potenza (2006). "Compulsive aspects of impulse control
disorders." Psychiatr Clin N Am 29: 539-551.

Grant, J. E., J. A. Brewer, M. N. Potenza (2006). "The neurobiology of substance and
behavioral addictions " CNS Spectrums 11: 924-930.

Grant, J. E., M. N. Potenza, et al. (2006). "Multicenter investigation of the opioid
antagonist nalmefene in the treatment of pathological gambling." Am J Psychiatry
163: 303-312.

Greene, J. D. and J. Haidt (2002). "How (and where) does moral judgment work?"
Trends Cog Sci 6: 517-523.

Greene, J. D., L. E. Nystrom, et al. (2004). "The neural bases of cognitive conflict and
control in moral judgment." Neuron 44: 389-400.

Hariri, A. R., V. S. Mattay, et al. (2002). "Serotonin transporter genetic variation and the
response of the human amygdala." Science 297(5580): 400-3.

Hayman, L. A., J. L. Rexer, et al. (1998). "Kliiver-Bucy Syndrome After Bilateral
Selective Damage of Amygdala and Its Cortical Connections." J Neuropsychiatry
Clin Neurosci 10: 354-358.

Holden, C. (2001). ""Behavioral' addictions: Do they exist?" Science 294: 980-982.

Hollander, E., Benzaquin, S. D. (1996). "Is there a distinct OCD spectrum?" CNS
Spectrums 1(1): 17-26.

Hollander, E., Wong, C. M. (1995). "Obsessive-compulsive spectrum disorders." J Clin
Psychiatry 56s4: 3-6.

Hommer, D. (2004). Motivation in alcoholism. International Conference on Applications
of Neuroimaging to Alcoholism, New Haven, CT.

Hommer, D., P. Andreasen, et al. (1997). "Effects of m-chlorophenylpiperazine on
regional brain glucose utilization: A positron emission tomographic comparison
of alcoholic and control subjects." J Neurosci 17: 2796-2806.

Hommer, D. W., J. M. Bjork, et al. (2004). "Motivation in children of alcoholics." Alc
Clin Exper Res 28(5): 22A.

Ibanez, A., C. Blanco, et al. (2003). "Genetics of pathological gambling." J] Gambling
Stud 19: 11-22.

Kim, S. W., J. E. Grant , et al. (2001). "Double-blind naltrexone and placebo comparison
study in the treatment of pathological gambling." Biol Psychiatry 49: 914-921.

Kirby, K., Petry NM, Bickel WK (1999). "Heroin addicts have higher discount rates for
delayed rewards than non-drug-using controls." J Exp Psychology 128: 78-87.

Knutson, B., Adams CM, Fong GW, Hommer D (2001a). "Anticipation of increasing
monetary reward selectively recruits nucleus accumbens." J Neurosci 21: RC159

(1-5).

28



Knutson, B., Fong GW, Adams CM, Varner JL, Hommer D (2001b). "Dissociation of
reward anticipation and outcome with event-related fMRI." Neuroreport 12:
3683-3687.

Knutson, B., Fong GW, Bennett SM, Adams CM, Hommer D (2003). "A region of mesial
prefrontal cortex tracks monetarily rewarding outcomes: characterization with
rapid event-related fMRI." Neuroimage 18: 263-272.

Knutson, B., Westdorp A, Kaiser E, Hommer D (2000). "FMRI visualization of brain
activity during a monetary incentive delay task." Neuroimage 12: 20-27.

Korn, D., Shaffer H. J. (1999). "Gambling and the health of the public: Adopting a public
health perspective." J Gambling Stud 15: 289-365.

Kreek, M. J., D. A. Nielsen, et al. (2005). "Genetic influences on impulsivity, risk-taking,
stress responsivity and vulnerability to drug abuse and addiction." Nature
Neurosci 8: 1450-1457.

Krishnan-Sarin, S., B. Reynolds, et al. (2007). "Behavioral Impulsivity Predicts
Treatment Outcome in a Smoking Cessation Program for Adolescent Smokers "
Drug Alc Dep 88: 79-82.

Krystal, J., J. Cramer, et al. (2001). "Naltrexone in the treatment of alcohol dependence."
New England Journal of Medicine 345(2): 1734-9.

Leshner, A. 1. (2003). "Don't let ideology trump science." Science 302: 1479.

Long, M. (1882). The Life of Mason Long, Converted Gambler. Fort Wayne, IN, Mason
Long.

MacKenzie, W. D. (1902). The Ethics of Gambling. London, UK, The Sunday School
Union.

Mahabharat (1884). Mahabharata. Adiparva. Calcutta and Evanston, Bharata Press and
American Theological Library.

McClure, S., Laibson DI, Loewenstein G, Cohen JD (2004). "Separate neural systems
value immediate and delayed monetary rewards." Science 306: 503-507.

Miriam-Webster Dictionary (2007). http://www.m-w.com/dictionary/morality and
http://www.m-w.com/dictionary/moral. Merriam-Webster Online Dictionary
Accessed 10/2/07.

Moeller, F. G,., Barratt ES, Dougherty DM, Schmitz JM, Swann AC (2001). "Psychiatric
aspects of impulsivity." Am J Psychiatry 158: 1783-1793.

Moll, J., R. de Oliveira-Souza, et al. (2005). "The Moral Affiliations of Disgust: A
Functional MRI Study." Cogn Behav Neuro 18: 68-78.

Moll, J., R. Zahn, et al. (2005). "The neural basis of human moral cognition." Nature Rev
Neurosci 6: 799-809.

Narayan, V. M., K. L. Narr, et al. (2007). "Regional Cortical Thinning in Subjects With
Violent Antisocial Personality Disorder or Schizophrenia." Am J Psychiatry 164:
1418-1427.

Nestler, E. J. (2004). "Molecular mechanisms of drug addiction." Neuropharmacology
47(1): 24-32.

New, A. S., E. A. Hazlett, et al. (2002). "Blunted prefrontal cortical 18-
fluorodeoxyglucose positron emission tomography response to meta-
chlorophenylpiperazine in impulsive aggression." Arch Gen Psychiatry 59: 621-
629.

Nordin, C. and T. Eklundh (1999). "Altered CSF 5-HIAA disposition in pathologic male
gamblers." CNS Spectrums 4(12): 25-33.

29



Nordin, C., Eklundh, T (1998). "Tapping-time is longer in pathological male gamblers
than in healthy male controls." J Psychiatr Res 32: 421-422.

Oslin, D. W., W. Berrettini, et al. (2003). "A functional polymorphism of the mu-opioid
receptor gene is associated with naltrexone response in alcohol-dependent
patients." Neuropsychophamacology 28: 1546-1552.

Petry, N. M. (2001a). "Pathological gamblers, with and without substance use disorders,
discount delayed rewards at high rates." J Abnorm Psychology 110: 482-487.

Petry, N., Casarella, T (1999). "Excessive discounting of delayed rewards in substance
abusers with gambling problems." Drug and Alcohol Dependence 56: 25-32.

Petry, N. M. (2001b). "Substance abuse, pathological gambling, and impulsiveness."
Drug and Alcohol Dependence 63: 29-38.

Petry, N. M. (2005). Pathological gambling: Etiology, comorbidity and treatment.
Washington, DC, American Psychological Association.

Petry, N. M. (2006). "Should the scope of addictive behaviors be broadened to include
pathological gambling? ." Addiction 101(s1): 152-160.

Petry, N. M., K. L. Steinberg, et al. (2005). "Childhood maltreatment in male and female
treatment-seeking pathological gamblers." Psychology Addict Behav 19: 226-229.

Potenza, M. N. (2007a). "To do or not to do? The complexities of addiction, motivations,
self-control and impulsivity " Am J Psychiatry 164: 4-6.

Potenza, M. N. (2006). "Should addictive disorders include non-substance-related
conditions?" Addiction 101(s1): 142-151.

Potenza, M. N. (2007b). "Impulse control disorders and co-occurring disorders: dual
diagnosis considerations." J Dual Diagnosis 3: 47-57.

Potenza, M. N. (2007). "Impulsivity and Compulsivity in Pathological Gambling and
Obsessive-Compulsive Disorder." Revista Brasileira Psiquiatria 29: 105-106.

Potenza, M. N. (2007c). Should addictions include non-substance-related disorders?
European Association of Addiction Therapies, Vienna, Austria.

Potenza, M. N. and E. Hollander (2002). Pathological Gambling and Impulse Control
Disorders. Neuropsychopharmacology: The 5th Generation of Progress. J. C. C
Nemeroff, D Charney, K Davis. Baltimore, MD, Lippincott Williams and
Wilkens: 1725-1742.

Potenza, M. N., H.-C. Leung, et al. (2003). "An fMRI stroop study of ventromedial
prefrontal cortical function in pathological gamblers." Am J Psychiatry 160:
1990-1994.

Potenza, M. N., M. A. Steinberg, et al. (2003). "Gambling urges in pathological
gamblers: An fMRI study." Arch Gen Psychiatry 60: 828-836.

Potenza, M. N., H. Xian, et al. (2005). "Shared genetic contributions to pathological
gambling and major depression in men." Arch Gen Psychiatry 62: 1015-1021.

Quinn, J. P. (1892). Fools of Fortune. Chicago, IL, The Anti-Gambling Association.

Reuter, J., T. Raedler, et al. (2005). "Pathological gambling is linked to reduced
activation of the mesolimbic reward system." Nature Neuroscience 8: 147-148.

Schultz, W., Tremblay L, Hollerman JR (2000). "Reward processing in primate
orbitofrontal cortex and basal ganglia." Cerebral Cortex 10: 272-284.

Shaffer, H. J., Korn, D. A. (2002). "Gambling and related mental disorders: A public
health analysis." Annu Rev Public Health 23: 171-212.

30



Shah, K. R., S. A. Eisen, et al. (2005). "Genetic studies of pathological gambling: A
review of methodology and analyses of data from the Vietnam Era Twin (VET)
Registry." J Gambling Stud 21: 177-201.

Shin, L., Dougherty DD, Orr SP, Pitman RK, Lasko M, Macklin ML, Alpert NM,
Fischman AJ, Rauch SL (2000). "Activation of anterior paralimbic structures
during guilt-related script-driven imagery." Biol Psychiatry 48: 43-50.

Siever, L. J., M. S. Buchsbaum, et al. (1999). "d,l-fenfluaramine response in impulsive
personality disorder assessed with [18F]fluorodexyglucose positron emission
tomography." Neuropsychopharmacology 20: 413-423.

Slutske, W. S., S. Eisen, et al. (2000). "Common genetic vulnerability for pathological
gambling and alcohol dependence in men." Arch Gen Psychiatry 57: 666-674.

Slutske, W. S., S. Eisen, et al. (2001). "A twin study of the association between
pathological gambling and antisocial personality disorder." J Abnorm Psychology
110: 297-308.

St. George, M. and U. Bellugi (2000). "Linking cognitive neuroscience and molecular
genetics: new perspectives from Williams syndrome." J Cogn Neurosci 12: s1-s6.

Takahashi, H., N. Yahata, et al. (2004). "Brain activation associated with evaluative
processes of guilt and embarassment: an fMRI study." Neuroimage 23: 967-974.

Talmadge, T. (1888). Gambling. Social dynamite (or the wickedness of modern society).
Chicago, IL, Standard: 144-160.

Volkow, N. D. and T. Li (2004). "Drug addiction: the neurobiology of behaviour gone
awry." Nature Reviews Neuroscience 5(12): 963-970.

Voon, V., K. Hassan, et al. (2006a). "Prevalence of repetitive and reward-seeking
behaviors in Parkinson's disease " Neurology 67: 1254-1257.

Voon, V., K. Hassan, et al. (2006b). "Prospective prevalence of pathological gambling
and medication association in Parkinson's disease." Neurology 66: 1750-1752.

Voon, V., T. Thomsen, et al. (2007). "Factors associated with dopaminergic drug-related
pathological gambling in Parkinson's disease." Arch Neurol 64: 212-216.

Weintraub, D. and M. N. Potenza (2006). "Impulse control disorders in Parkinson's
disease." Curr Neurol Neurosci Rep 6: 302-306.

Weintraub, D., A. Siderow, et al. (2006). "Dopamine agonist use is associated with
impulse control disorders in Parkinson's Disease." Arch Neurology 63: 969-973.

Williams, W. A. and M. N. Potenza (in press). "The neurobiology of impulse control
disorders." Revista Brasileira Psiquiatria.

Zack, M., Poulos CX (2004). "Amphetamine primes motivation to gamble and gambling-
related semantic networks in problem gamblers." Neuropsyhcopharmacology 29:
195-207.

Zack, M. and C. X. Poulos (2007). "A D2 antagonist enhances the rewarding and priming
effects of a gambling episode in pathological gamblers."
Neuropsychopharmacology 32: 1678-1686.

31



