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Abstract
The purpose of the current studies was to examine associations with genetic variation,
impulsive sensation seeking (ImpSS) and responsiveness to substance-related stimuli
among four hundred individuals (100 alcoholics, 100 heroin abusers, 100 smokers and
100 controls), who each completed questionnaires measuring demographics:
substance history; ImpSS levels; addiction severity and mood status. Participants

provided a sample of their DNA, genotyped using PCR, and completed a modified
Stroop task. Heroin users were found to be significantly higher impulsive sensation
seekers than all other groups and all substance-using groups were found to be

significantly higher sensation seekers than controls. The pleasure/reward seeking
characteristics of high ImpSS are thought to be governed by the mesolimbic dopamine
reward pathway, this system appears unregulated in substance abusers, encouraging
them to seek out substances to satisfy their neurochemical urge for pleasure. The
dopamine reward pathway is where D4 receptors are most densely populated and
having the long variant at the DRD4 gene was found to predispose individuals to a
high ImpSS personality type. Moreover, genotype alone predicted ImpSS behaviour
amongst the heroin group, shedding light onto the controversy surrounding the
influence of DRD4 on ImpSS behaviour and illustrates the importance of other factors
(e.g. age, sex and mood status) on this association. ImpSS could mediate the genetic
influence on addiction; the DRD4 gene variant predisposed individuals to heroin and
nicotine dependence, but not alcohol dependence. Therefore, the dopaminergic
polymorphisms contribute to individual differences in addiction and ImpSS
behaviour. High impulsive sensation seekers were significantly faster to respond to
stimuli on the emotional Stroop task and both heroin and smoking groups were
distracted by stimuli that were associated with their drug of choice. Individuals with
the long variant at the DRD4 gene spent longer responding to words related to heroin
and cigarettes. Therefore, the DRD4 gene polymorphism represents a genetic
mechanism that could be associated with substance-specific cue-associated
responding to drug-related environmental stimuli, whilst demonstrating individual
differences in susceptibility to sensitisation. Ultimately. the thesis demonstrates the
importance of genetic variation in substance dependence: 1t advances our
understanding of the personalities of substance abusers and increases our knowledge
of neurobehavioural influences on addiction, thus offering a multidisciplinary

approach to studying vulnerability factors to substance dependence.
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Chapter one

Vulnerability to Substance Dependence

A General Introduction

Epidemiological reports show that around one third of people under 30 years old
experiment with at leaét one illicit substance (European Monitoring Centre for Drug
and Drug Addiction EMCDDA Annual Report, 2002), not all of these (around 6%)
continue their use to form a dependency on the substance. Addiction does not occur
simply due to the reinforcing properties of the substance that make people want to

continue taking it after initial use. Some people are more prone to become addicted to
a substance than others are, due to several factors including, differences in genes,
personality types and neul:obehavioural adaptions. Therefore, this thesis argues that
some people are more vulnerable to the effects of a substance than others and that
genes, personality traits and brain reward circuitry influence ones vulnerability to
substance dependence. These factors will be reviewed in light of the diathesis-stress
model and the incentive sensitisation theory of addiction. However, to illustrate the
magnitude of the problem, a description of addiction will be given first, with a briet
epidemiological account of some social and health-related problems generated by

substance use 1n the United kingdom.

A description of addiction

Diagnosis is not a simple step in identifying addictions. The problem with diagnosing
substance use disorders is that one needs to distinguish between use, abuse and
dependence, however difficulty in maintaining consistency is apparent when the terms
are frequently used interchangeably. Abuse and dependence warrant a diagnosis under
the DSM-IV criteria (American Psychiatric Association (APA), 1994). Dependence

-can be seen as the state of needing a drug to operate within normal limits, whereas

abuse is the use of a drug, which leads to problems for the user (Altman, Everitt,
Glautier; Markou, Nutt, Oretti, Phillips and Robbins, 1996). Diagnosing addiction 1s
fraught with problems. For example, dependence is difficult to diagnose because it 1s
not an all-or-none condition but instead relates to many factors: from frequency and
route of use, persistence of use despite damage and disruption to everyday life and
withdrawal and tolerance. Therefore, substance users must be defined in terms of their

degree of dependence as opposed to whether they are dependent or not. However, by



using the DSM-IV criteria it is possible for clinicians to have a common ground in
which to work under so that communication about cases can be made more simple

and structured. The DSM-IV criteria are comparable to the ICD-10 criteria developed
in the UK (World Health Organisation (WHO), 1992) and these are detailed below:

DSM-1V Criteria for Substance Dependence (APA, 1994)

The DSM-1V criteria for substance dependence follow that a person must have a
maladaptive pattern of substance use, leading to clinically significant impairment or

distress, as manifested by three or more of the following criteria, occurring at any

time in the last 12-month period:

1) Tolerance, as defined by either of the following:

(a) A need for markedly increased amounts of the substance to achieve

intoxication or desired effect

(b) Markedly diminished effect with the continued use of the same amount of the

substance

2) Withdrawal, as manifested by either of the following:
(a) The characteristic withdrawal syndrome for the substance
(b) The same (or closely related substances) 1s taken to relieve or avoid symptoms
3) The substance is often taken in larger amounts or over a longer period of time than
was intended

4) There is persistent desire or unsuccessful efforts to cut down or control substance

UusScC

5) A great deal of time is spent in activities necessary to obtain the substance, use the

substance, or recover from it's effects

6) Important social, occupational or recreational activities are given up or reduced

because of substance abuse
7) The substance use is continued despite knowledge of having a persistent or

recurrent physical or psychological problem that 1s likely to have been

exacerbated by the substance.



ICD-10 F1x.2 Dependence syndrome (WHO, 1992)

Three or more of the following manifestations should have occurred together for at
least 1 month or, if persisting for periods of less than 1 month should have occurred
together repeatedly within a 12-month period:

(1) A strong desire or sense of compulsion to take the substance:

(2) Iﬁpaired capacity to control substance-taking behaviour in terms of its onset,
termination or levels of use, as evidenced by: the substance being taken in
larger amounts or over longer period than intended; or by a persistent desire or
unsuccessful efforts to reduce or control the substance use;

(3) A physiological withdrawal state when substance use is reduced or ceased, as
evidenced by the characteristic withdrawal syndrome for the substance, or by
use of the same (or closely related) substance with the intention or relieving or
avoiding withdrawal symptoms;

(4) Evidence of tolerance to the effects of the substance, such that there is a need
for significantly increased amounts of the substance to achieve intoxication or
the desired effect, or a markedly diminished effect with continued use of the
same amount of the substance;

(5) Preoccupation with substance use, as manifested by important alternative
pleasures or interests being given up or reduced because of substance use; or a
great deal of time being spent in activities necessary to obtain, take or recover
from the effects of the substance;

(6) Persistent substance use despite clear evidence of harmful consequences as
evidenced by continued use when the individual is actually aware, or may be

expected to be aware, of the nature and extent of harm.

An original description of the alcohol dependence syndrome (Edwards and Gross,
1976) emphasised that the observable phenomena of the syndrome were often
clustered together, without implying any particular underlying cause. Although the
original description referred specifically to alcohol dependence, this has since been
expanded to include other drugs. Seven elements of the syndrome were identified,

which are influenced by personality and cultural factors:



The Dependence Syndrome (Edwards & Gross, 1976)

1) Increased tolerance to the drug: refers to the observation that with repeated doses
of the drug, less effect is produced. Or, increased quantities of the drug are

required to produce the same effect.
2) Repeated withdrawal symptoms. the onset of withdrawal occurs following a

period of abstinence from the drug. The timing, severity and onset are variable

depending on the substance used.

3) Subjective awareness of compulsion to take the drug: is often associated with
withdrawal and refers to the psychological state 'craving' for the drug.

4) Salience of drug-seeking behaviour: as dependence develops, obtaining the drug
has inéreasing importance over the individual's life.

5) Relief or avoidance of withdrawal symptoms: where a person will continue using
a drug to prevent the unpleasant effects of withdrawal. For example, a dependent
drinker may leave a drink by the bedside at night so that withdrawal is avoided the
following morning.

6) Narrowing of the repertoire of drug taking: the pattern of drinking or drug taking
becomes more and more stereotypic as an increasingly strict daily routine
develops.

7) Reinstatement following a period of abstinence: after a period of abstinence, the

person will quickly escalate to a pre-abstinence level of consumption.

The concept of dependence includes specific psychological and physiological
consequences of substance use, namely the elements of the dependence syndrome
(withdrawal and tolerance), whereas substance abuse is a rather more psychological
diagnosis. One or more of the following criteria, occurring at any time in the last 12-

month period warrants a diagnosis of substance abuse:

DSM- 1V Criteria for Substance Abuse (APA, 1994)
A) A maladaptive pattern of substance use leading to clinically significant

impairment or distress, as manifested by one or more of the following, occurring

within a 12-month period:

(1) Recurrent substance use resulting in a failure to fulfil major role obligations at

work, school or home

(2) Recurrent substance use in situations in which it is physically hazardous -



(3) Recurrent substance-related legal problems
(4) Continued substance use despite having persistent or recurrent social or
interpersonal problems caused or exacerbated by the effects of the substance
B) The symptoms have never met the criteria for substance dependence for this class

of substance.

Epidemiology
Data concerning the situation of substance use, abuse and dependence in the United

Kingdom has been selected from the national and regional research centres and

official government statistics (General Household Survey, GHS, 2002; EMCDDA,
2002; Home Office, 2004). Both general public and problem substance-use will be

reported here to illustrate the extent of use and the nature of its misuse.

Expierimentation with illegal substances is still spreading among the UK population,
particularly among those under 25 years of age. The homeless, those attending raves
and dance clubs and those living in London are most likely to have used an illegal
substaﬁce. Within the UK adult population, 34% have used an illegal substance at
some point in their life. With 12% using within the last year and 8% in the last month
(EMCDDA, 2002) and the number using a substance is still increasing in the UK. The
under 30 year-old age group have the highest adult rates of substance use in the UK,
with half having used an addictive substance in the past year. It is estimated that one
quarter of the under thirties are using illicit drugs on a regular basis (within the last
month). Male drug users outweigh female users two to one and there are three times
as many men than women reporting to drug treatment services. The highest
prevalence of substance use is found among the unemployed, with 40% reporting use

within the last year.

Problematic substance users are more likely to be long-term unemployed and living

with their parents or partners. It is estimated that nine out of ten young people living

on the streets are using a substance. For those seeking treatment for substance abuse
in the UK, 56% enter treatment for heroin abuse, followed by Methadone use at 1 1%.
Heroin continued to be the drug most commonly associated with drug-related deaths.

In London, 3.9% of male and 1.5% of female IV drug users are HIV positive and one

10



in five IV drug users are infected with Hepatitis C. The social and economic costs of

illicit drug use in 2000 were estimated at around £19 billion.

The GHS (2002) statistics show that for legal drugs, around 12 million people aged 16
years and over in the UK are cigarette smokers and a further 1.3 million smoke pipes

or cigars. Moreover, about 9.6 million adults 1n the UK are ex-smokers and an

estimated 22% of secondary school children are regular smokers (GHS, 2002). In the
UK, 364 thousand smokers are admitted to NHS hospitals each year due to smoking-

related diseases and world wide, around five million people die prematurely each year

as a result of smoking (WHO, 2003). Additionally in the UK, nearly six and a half
million people drink at harmful levels (up to 35 units a week for women and 50 units
for men) and a further 1.8 million people drink over this amount, with an estimated
2.9 million people in Britain dependent on alcohol. About 150,000 hospital
admissions per year are associated with excess drinking and alcohol-related problems

are estimated to cost the NHS up to £1.7 billion per year (Alcohol Concern, 2003).

Substance abuse and dependence ére the most prevalent of the psychiatric disorders in
the United Kingdom (EMCDDA, 2002). Despite the psychological, social and
behavioural problems caused to the individual abusing a substance, drugs and alcohol
have a widespread effect not only on the users themselves but also on others, e.g.
victims of domestic violence, theft, motor vehicle accidents, and the disruption to
everyday family life. Understanding the biological, psychological and social factors
that underlie the addiction process 1s necessary for effective reduction in substance

abuse and treatment for abusers.

Summary of literature from a diathesis-stress perspective

The diathesis-stress model is well established and has been applied to the aetiology of
many psychiatric disorders including schizophrenia (Read, Perry, Moskowitz &
Connolly, 2001) and depression (Conley, Haines, Hilt & Metalsky, 2001). The theory
claims that a genetic predisposition towards aﬁdisorder creates an over sensitivity to
stress. Genetic susceptibility is the diathesis and the stress is psychosocial events,

such as responses to stress in the environment.
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Diathesis

The concept of diathesis suggests a genetic vulnerability factor that makes some
people more susceptible to particular degrees of environmental stresses than others
(Meehl, 1962; Gottesman and Shields, 1967). Substance dependence can be provoked
In a vulnerable person by relatively minor stresses or difficulties, whereas only
catastrophic events may induce a similar reaction in a non-vulnerable person. In a
non-vulnerable person, substance abuse is short lasting and does not last beyond the
stress situation itself. For example an individual may drink alcohol when under

pressure from peers for acceptance into a social circle or because of stress at work.

However, when that person is not in that social situation, the individual does not feel
the need to drink alcohol. Alternatively, a genetically vulnerable person, who may be
more susceptible to particular degrees of stress than others, would turn to alcohol at

the first sight of daily life stress and consequently form a dependency upon the

substance.

Behaviour genetics and substance dependence

Classic gene studies aim to determine the role of genes, biology and environmental
factors to explain variations in human behaviour (Plomin, Owen, & McGutfin, 1994).
In animal research, selective breeding, cross breeding and inbreeding methods are
used to determine genetic control over behaviour and have proved beneficial to our
understanding of vulnerability to addiction. Behavioural genetics has profited from
selective breeding methods, whereby individual rodents are mated, based on their
physiological and behavioural traits, to produce lines of rodents that differ genetically.
The most common trait selected for study is the tendency to drink ethanol solutions
(Crabbe, 2003). During the experimental procedure, animals are given the choice over
a period of weeks to drink either tap water or water containing ethénol. Findings show
that genetically different rodents vary in their preference for ethanol (reviewed 1n
Browman, Crabbe & Li, 2000). This is supported by research that has used inbred
strains of mice and rats. Inbred rodents have genetically identical genes so can be
compared in an environment where other factors can be controlled. One specific strain
of mice (C57BL/6) have been found consistently to prefer alcohol, when compared to
DBA/2 strain mice, who abstained from alcohol (e.g. McClearn & Rodgers, 1959 and
Tarantino, McClearn, Rodriguez & Plomin, 1998). Ultimately, animal research has

demonstrated that genetically different strains differ in their sensitivity to the effects

12
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of various drugs, physiological dependence and metabolism of drugs (Crabbe &

Harris, 1991), however, the specific genes responsible for influencing these individual

differences in drug response cannot be recognised by this type of research.

One way in which specific genes related to addiction can be identified in animal
research, is to use transgenic and knockout mice, whereby foreign DNA are inserted
into the genome (transgenic) or the gene of interest is deleted (knockout), to form
mutations. This ability to manipulate single genes provides a powerful tool in which
to identify specific gene functions and the role of different variants of gene
expression. For example, D4 knockout mice have been found to be more sensitive to
the stimulant effects of alcohol (Rubenstein, Phillips, Bunzow, Falzone,
Dziewczapolski & Zhange, 1997). Furthermore, deleting a specific sequence (exon 6)
of the Dopamine D2 receptor gene signifies that the mouse under observation will
only have the short form of the receptor (D2 receptors naturally occur in two
alternative variants, long and short). This approach allows the function of the variant
to be identified. It has been reported that the D2 short form contributes to the release
of dopamine during high synaptic concentrations, such as that achieved during drug
treatments (Rouge-Pont, Usiello, Benoit-Marand, Gonon, Piazza & Borrelli, 2002).
Deregulation of dopamine D2 receptor functioning could play a role in mediating the
vulnerability to substance dependence because firstly, animals who are vulnerable to
self-administer drugs are characterised by enhanced release of dopamine in response
to addictive drugs (Rouge-Pont, Piazza, Kharouby, Le Moal & Simon, 1993).
Secondly, these animals show a Jower number of D2 receptor binding sites and

reduced receptor sensitivity (Marinelli & White, 2000).

Despite the obvious benefits that this animal research has in advancing our
understanding of genetic vulnerability to addiction, these studies should be interpreted
with caution because like with all research designs, there are limitations attached.
These 1nclude growing constraints on the number of strains that can be accommodated
iﬁ laboratories (Knight & Abbott, 2002). Crawley (2000), however, hi ghlights that
when animals are available for research there can be problems with interpretation. For
. example, with transgenic mice, other genes can be disrupted when foreign DNA i1s

inserted at random locations on the gene. Additionally, the number of copies of the

gene that have been inserted is unknown and this can influence the level of expression

13



of the protein encoded by the gene. The very procedure of manipulating genes may
induce changes that could be the cause of the behaviour being measured. Moreover,
consequences can occur during development because neurotransmitters are involved
in determining neuronal connectivity during development as well as neuronal

communication in adults. With knockout mice, if one gene is deleted then another

gene, which serves a similar function, could take the role of the deleted gene, to
compensate. The ultimate criticism, however, 1s that one cannot directly extrapolate
findings from animal to human behaviour. Nevertheless, this animal research has
offered insights that have contributed significantly to our understanding of addictive

behaviour.

Turning to behaviour genetics research that has used human participants, in the past
researchers relied upon experiments of nature to study genetic control over behaviour.
These make up classic family, twin and adoption studies. Studies of this nature are
beneficial because identical twins share all of their genes, whereas fraternal twins
only have half of their genes in common, like normal siblings. As both twins share the
same family environment and are the same age, these shared environmental factors
can be controlled with differences between i1dentical and fraternal twins being due to
heredity. Adoption studies are more beneficial, especially those using twins reared
apart (Reviewed in Pickens & Svikis, 1991; and more recently in Ball & Collier,
2002). They are useful in estimating the relative inﬂuences of heredity and shared
environment. If substance dependence does run in families and shows the expected

genetic relationship, depending on the degree of biological relatedness, there 1s some

evidence of a possible genetic diathesis.

Genetic and environmental factors have been examined to a greater extent in alcoholic
dependence than in drug dependence. This is for several reasons, including the fact
that there is a higher rate of alcohol misuse (compared to drug misuse), due to its -
availability and accessibility and because large numbers of alcoholics seek treatment
(Ball & Collier, 2002), thus the pool of participants is greater. The research has
demonstrated that alcoholism tends to run in families. Early work (that included 39
family studies) reviewed by Cotton in 1979 reported that alcoholics are six times
more likely than non-alcoholics to report parental alcoholism (Ball & Collier, 2002).

In recent times, further studies have reported evidence for a genetic predisposition to

14




alcohol dependence. Schukitt (1994) found that one half of alcoholics seeking
treatment have at least one alcoholic close relative. Another study showed that the risk
of becoming alcohol dependent was increased by 167 percent if both a first and
second-degree relative were affected (Dawson, Harford & Grant, 1992). Together,
these studies provide convincing evidence for a genetié diathesis in alcohol addiction,
in relation, family studies examining drug addiction are sparse, however, the evidence
that is available suggests that drug dependence also runs in families. Kendler, Davis

& Kesslér (1997) conﬁrmedi early findings (Vaillant, 1966) that having a family

history of drug addiction put individuals at risk of addiction themselves.

Adoption studies demonstrate a similar picture, a Danish study found that of their
sample, 18% of alcoholics had an alcoholic biological father, compared to 5% of
alcoholics whose biological father was not alcoholic (Goodwin, Schulsinger, Molley,
Hermansen, Winokur, & Guze, 1974). The adoptees never knew their biological
fathers so this large difference represents a purely genetic effect. This Danish
adoption study was groundbreaking because it was the first to clearly reveal an
increased risk of alcoholism in adopted away sons of alcoholic biological parents. A
Swedish study, the Stockholm Adoption Study, supported these findings of increased
rates of alcoholism in adopted away offspring of biological parents who were
diagnosed és alcohol abusers (Cloninger, Bohman & Sigvardsson, 1981; Cloninger,
Bohman, Sigvardsson & Van Knorring, 1985; Sigvardsson, Bohman and Cloninger,
1996). Finally, American studies have shown that if a biological first degree relative
was alcoholic then 62% of their male and 33% of their female adopted away children
became alcoholic. This was compared to 24% of male and 5% of female children
whose biological first-degree relative was not alcoholic (Cadoret, Troughton,

O’Gorman and Heywood, 1985; Cadoret, Troughton and O'Gorman, 1987).

Adoption studies that have looked at genetic influences in drug dependence

demonstrate that drug addiction 1s more prominent in adoptees whose biological
parents are substance dependent. Evidence for a significant genetic effect has been
found in illicit drug dependence (Kendler, Bulik, Silberg, Hettema, Myers & Prescott,
2000) and in smoking and nicotine dependence (Heath & Madden, 1997; True, Xian,

Scherrer, Madden, Bucholz & Heath, Eisen, Lyons, Goldberg & Tsuang, 1999).

Although environmental factors, and also having a biological parent with antisocial
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personality disorder, have been shown to increase this risk of drug dependence 1n

adoptees (Cadoret, Troughton, O’Gorman and Heywood, 1986).

Twin studies offer additional evidence for a genetic risk in substance dependence by
estimating heritability. The heritability estimate is the proportion of observed variance
in scores that can be attributed to genetic factors. The variance not accounted for by
genetic factors is explained by environmental (shared and non-shared) factors and
measurement error. Heritability is a method of giving the relative importance of genes
in accounting for variation in the behaviour being measured and this population
statistic can vary depending on the behaviour being investigated, how it is being

measured and other population characteristics such as the age and sex of the cohort.

Early onset of problem drinking before 25 years of age shows a very high heritability

of 73 percent, whereas late onset alcoholism has a weak heritability rate of 30%.
Shared and non-shared environmental factors are important in late onset and non-
dependent alcohol abusers (Pickens, Svikis, McGue, Leykken, Heston, and Clayton,
1991). A twin study using a sample of drug abusers found heritability rates of 63% for

identical twins and 44% for fraternal twins. These differences between the two groups

of twins only reached significance in men (Pickens & Svikis, 1991).

The role of genetics in drug abuse is also more apparent in men than in women.
Generally, drug abuse is influenced more by environmental than genetic factors. To
illustrate tiuis, a large twin study showed that drug dependence could be accounted for
by 34% genetic influences, 28% shared environmental factors and 38% non-shared
environmental factors (Tsuang, Lyons, Eisen, Goldberg, True, Lin, Meyer, Toomey,
Faraone, and Eaven, 1996). This study reported part of a population-based twin study
that examined genetic influences on drug abuse and dependence using the Vietnam
Era Twin (VET) registry, which includeci 3, 372 twin pairs. Findings have further
support from another large-scale research project, which incorporated 3, 132 twin
pairs, born between 1940 and 1974, sampled from the Virginia Twin Register (VIR).
These studies have shown heritability estimates for drug addiction at between 50% ‘.

and 80% and a summary and review of these studies advocated strong evidence for a

- substantial, genetic contribution to the development of substance use, abuse and

16



dependence, with environmental factors having major importance (Ball & Collier,

2002).

Together, family, twin and adoption studies provide clear affirmation that alcohol
dependence and drug dependence are genetically influenced. These studies also

provide evidence that environmental factors play a key role in the initiation,
development and maintenance of substance dependence because solely genes cannot

account for all of the variance 1n addiction. However, they do not tell us which genes

may contribute to this genetic vulnerability.

Molecular genetics and substance dependence

Recently, it has been possible for psychological research to use molecular genetics to
determine associations with genes and behaviour. DNA can be used to 1dentify
specific genes that contribute to genetic variance in substance dependence. It is now

possible to identify genes that influence individual differences in addictive behaviour.

Genes are grouped together on chromosomes, they are the smallest chemical unit of
hereditary information located inside the body’s billions of tiny cells and are made up
of DNA (deoxyribonucleic acid). Each cell contains a complete set of génetic
material, which is composed of many genes and each DNA molecule consists of two
strands that are held together weakly by pairs of four bases (base pairs): adenine (A),
thymine (T), guamne (G) and cytosine (C). Due to their particular properties (shape
and structure), A always pairs with T and G with C, which coil around each other to
form a helix of DNA, which are positioned in any order along a sugar and phosphate
spine. Due to this specific pairing of bases, DNA is able to replicate itself and to

synthesise proteins. DNA is packaged into chromosomes. Humans receive 23
chromosomes from each parent (22 autosomes and a sex chromosome). At

conception, both parents contribute one complete set of chromosomes to the first

whole cell (zygote). Therefore, each person receives two of each of the autosomes,

which form a matched pair, along with a pair of sex chromosomes, which will be

either XX (female) or XY (male). The DNA contains all the information (in the form

of genes) that is required for a zygote to develop into an adult human.
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The entire human genome (the sum total of DNA molecules within every cell)
consists of about 70, 000 genes distributed within a total DNA sequence of about
three billion base pairs of DNA. Of these DNA sequences, 99.9% are the same for all
people. Identifying the 0.1% of the DNA sequence that differs is a goal for the human

genome project because three million DNA sequences are responsible for the genetic

differences among humans (Plomin & Crabbe, 2000; Craig & McClay, 2003). The
goal here is not to find a single gene responsible for a particular behaviour, as
multiple genetic and environmental factors probably influence addiction behaviour,

but rather to detect a gene that may contribute (to varying effects) to the variance

within a behaviour or trait. This 1s because DNA controls the production and
regulation of proteins, genes that regulate the proteins involved in the function of the
central nervous system must be important in the behavioural and cognitive functions
that emerge from it. One strategy 1s allelic association, which examines the
association between a particular allele and behaviour. Allelic association studies are
used to detect small amounts of genetic contribution to complex behaviours. This
method is appropriate for studying associations between alleles of a DNA marker
among unrelated individuals and power can be increased by the size of the sample

(Plomin & Caspi, 1998), thus enabling the study of gene-environment interaction

using measured genotypes.

When examining genetic differences among humans, specific genes, or potential
candidates for a particular disorder, can be investigated. In substance use disorders,
several genes could theoretically influence ones susceptibility and an increasing
number of genes are now béing identified for their associations with addictive
behaviours. For example, dopaminergic system genes such as dopamine D2 and D4
receptor genes (DRD2 & DRD4) and the dopamine transporter gene (DAT1) and
genes involved in metabolism, including the aldehyde dehydrogenase gene (ALDH2),
are among others that have been identified (see Kreek, Nielsen & LaForge, 2004, for

an overview).

Dopaminergic system genes are of particular interest in the study of addiction because
the system is “centrally involved in the rewarding effects of drugs of abuse. Alcohol,
cocaine, and heroin raise dopamine levels in certain reward areas of the brain, such

as the nucleus accumbens but also the caudate putamen.” [Kreek, et al., 2004, pp. 90-
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91]. More specifically, dopamine receptor genes are interesting candidates in
addiction research because dopamine plays a major role in the mesolimbic system of
the brain and this reward pathway is critical in drug reinforcement and pleasure-
seeking behaviours (Reviewed in Robinson & Berridge, 2000). The mesolimbic
system is the key primary reward system, which connects brain structures including

the orbitofrontal cortex with the amygdala and the nucleus accumbens, although the

main source of dopaminergic input into these areas is the ventral tegmental area
(Grilly, 2002). The mesolimbic reward system was first identified in the 1950s, when
it was discovered that rodents would engage in various behaviours when electric

currents were passed through these particular areas of the brain (Olds & Milner,
1954). Wise, Bauco, Carlezon & Trojinar (1992) provided further evidence for this
pioneering work by demonstrating how addictive drugs, such as opiates and ethanol
can enhance brain stimulation reward in the mesolimbic system of rodents. Findings
like these have been reviewed (Wise, 1998) and provide convincing evidence that the
mesolimbic system 1s associated with appetitive behaviours, such as sex, eating and

drug taking.

As dopamine 1s involved 1n pleasure and reward, differences in the expression of this
process may be due to genes. The function of dopamine in the brain is mediated by
receptors that transfer a signal across the cell membrane to alter neuronal function.

Therefore, differences between the expression, structure and allelic composition of
dopamine receptors can affect neurotransmitter functioning and potentially be
implicated 1n disorders for which the system plays a role (Oak, Oldenhof & Van Tol,
2000). Identifying genes that code for dopamine receptors, reveals potential genetic
differences in receptor proteins, linked to individual differences in behaviour and
variations in neurotransmitter activity levels, allowing for varying degrees of

diathests.

One gene implicated 1n addictive behaviour is the ALDH2 gene (Kreek, et al., 2004).
Absence of a protective mechanism, as well as the presence of genetic traits could
make alcohol more or less attractive to some people. For example, those who become
immediately 1l after only one or two alcoholic drinks are unlikely to drink very oftén,
or to become addicted because of the aversive conditioning that they have

experienced, making the alcohol unattractive to that person. Alcohol causes a flushing
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reaction in individuals who carry a particular genetic variant, by elevating blood

aldehyde concentrations after ingestion of alcohol, causing alcohol avoidance due to
the negative response it produces. The gene that causes this response is the alcohol

metabolising liver enzyme aldehyde dehydrogenase (ALDH2) gene. The allelic
variant (ALDH2*2) results in deficient ALDH activity, producing sickness when the

effected individual takes a drink, thus acting as a protective factor against alcohol

dependence (Wall, Peterson, Peterson, Johnson, Thomasson, Cole & Ehlers, 1997).

Another gene that may be associated with substance dependence is the DRD4 gene

because of its expression primarily in the limbic system of the brain, an area
responsible for pleasure and reward seeking. Genetic processes related to dopamine
are shared across behaviours involved in attention, pleasure and reward. As dopamine
1s involved in central reward processes, differences in the éxpression of these
processes may be due to genes. Many genes are probably involved in substance abuse,
but association studies have attempted to find major genes that may be associated
with the disorder (McGue, 1993). Association studies have been used to compare
gene marker frequencies in unrelated individuals with a disorder (substance use) to
those in control individuals, without a disorder. Adamson, Kennedy, Petronis
Virkkunen, Linnoila & Goldman (1995) argue the necessity to examine the DRD4
gene in association with substance abuse due to its unique structure among
neurotransmitter receptors. Although the DRD4 gene is similar to other dopamine
receptor genes, in that they all belong to a family of G-coupled receptors, the DRD4
gene is highly polymorphic, which can produce altered receptor functioning (Oak, et
al., 2000). The coding region (exon 3) causes allelic variants and the number of
repeats alters the structure, length and efficiency of the receptor (Asghari, Sanyal,

Buchwaldt, Paterson, Jovanovic & Van Tol, 1995).

The DRD4 gene is located on the short-arm of chromosome 11 and contains a number
of polymorphisms (differences in DNA between individuals) in it’s coding sequence
(Asghari, et al., 1995). The most extensive polymorphism is located in the third
coding region (exon 3) a region that encodes the putative third cytoplasmic loop of ;he
receptor (Van Tol, Wu, Guan, O’Hara, Bunzow, Civelli, Kennedy, Seeman, Niznik &
Jovanovic, 1992). This polymorphism has a variable number of tandem repeats

(VNTR), 1n which a 48 base pair (bp) sequence exists. The DRD4 marker consists of
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alleles involving 2-10 repeats and the number of repeats changes the length of the
third cytoplasmic loop of the receptor. Variants located at this site can be grouped into

long and short alleles on the gene and in the Caucasian population, about 70% of

alleles are short and 30% long (Plomin & Caspi, 1998).

There is evidence that differences between the long and short forms of this
polymorphism have a moderate functional significance, for example, the short alleles
(2-5 repeats) code for the receptor that 1s more efficient in binding dopamine
(Asghari, et al., 1995). Alleles are given out two at a time as genotypes. Inheriting one

allele from the mother and one from the father forms the individual's genotype.
Individuals can therefore have three genotype combinations if alleles are grouped into
long (L) and short (S) forms. Individuals who are homozygous could have either a LL
or SS genotype, whereas heterozygotes have the LS genotype. In the Caucasian
population, the most common DRD4 allele is 4, and the most common genotype is 4-
4. The long alleles (6-10 repeats) have been associated with a range of behavioural
dimensions, which include both substance dependence and the human personality trait
sensation seei{ing (SS) (see Lusher, Chandler & Ball, 2001, for a review).
Hypothetically, individuals who have the long variant at the DRD4 gene are
dopamine deficient so therefore seek sensations (e.g. drug seeking behaviour) to
increase dopamine release in the brain. As the DRD4 gene has been associated with
sensation seeking and addiction, it seems that a genetic process related to dopamine is

shared across diverse behaviours that are involved in attention, pleasure and reward.

One example of how dopaminergic system genes can influence addictive behaviour is
illustrated with the examination of the A1 form of the dopamine D2 receptor gene
(DRD?2), which has been linked to alcoholism in some studies, but not in others
(Noble, 1996; Uhl, Perisco, and Smith, 1992). Individuals with the A1 allele have
fewer D2 receptors. Noble suggested that those with fewer D2 receptors attempt to

compensate for this deficiency by stimulating their dopamine release in the reward

circuit of the mesolimbic dopamine systeﬁl of the brain by using alcohol and other

drugs (Noble, 1996).
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DRD4 and Substance dependence

The DRD4 gene has been found to occur significantly more in substance abusers than
in controls (Reviewed in Ebstein and Belmaker, 1997 and Lusher, et al., 2001). In one

study the effect of the DRD4 allele was found only in alcoholics with the ALDH2

gene variant, suggesting a polygenetic effect of genes on alcoholism (Muramatsu,
Higuchi, Muraymama & Matsushita, 1996). Since the DRD4 gene is also found to be
assocliated with other types of substance abuse this could represent a broad
vulnerability factor for addiction (Smith, O'Hara, Persico, Gofelick; Newlin, Vlahov,
Solomon, Pickens & Uhl, 1992). A further association was found between the DRD4
gene and alcohol abuse (George, Cheng, Nguyen, Isreal & O'Dowd, 1993), however,

these authors borrowed their control group from published genotype frequencies,

rather than properly matching participants in their sample.

Studies that have found significant associations between the long alleles at DRD4 and
substance abuse have used samples of opiate abusers. Li, Xu, Deng, Cai, Liu, Wang,
Xiang, Zhao, Murray, Sham & Collier (1997) found a higher frequency of long alleles
at DRD4 amongst a sample of 121, Chinese, heroin abusers, when compared to 154
matched controls. These findings were supported in two similar studies with Israel
opiate abusers (Kotler, Cohen, Segman, Gritsenko, Nemanov, Lerer, Kramer, Zer
Zion, Kletz & Ebstein 1997; Mel, Kramer, Gritensko, Kotler & Ebstein 1997). These
findings suggest that possession of particular variants at DRD4 receptor gene

predispose individuals to opiate abuse, but not alcohol abuse.

A recent study which included severity of dependence in the association analysis
found that having long alleles at DRD4 did not increase an individual’s susceptibility
to heroin dependence per se, but having this genotype partially determined severity of
dependence (Lusher, Ebersole & Ball, 2000). This finding has not previously been
examined, but it is possible that severity of dependence is a variable pertinent to this
association. Comings, Gonzalez, Wu, Gade, Muhleman, Saucier, Johnson, Verde,
Rosenthal, Lesieur, Rugle, Miller & MacMurray (1999) provide support for this view
because they found higher drug use severity scores reported by individuals with the
DRD4 long variant and the lowest drug use severity score was observed for the SS

genotype. Future work would therefore benefit by examining associations with the

DRD4 gene across different substances of abuse, clearly defining severity of
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dependence in an attempt to comprehend the way in which the DRD4 gene

predisposes individuals to addictive behaviour.

To summarise, data from both behavioural and molecular genetics research suggests
that substance dependence is in part heritable. However, it is possible that there are no
specific genes that predispose people to substance dependence, but only genes that
predispose personality traits, such as impulsive and sensation seeking types, which
intercede drug taking. Behaviour genetics research has been less successful in
addressing factors that may act as mediators between genes and behaviour, but could

ultimately answer the question about how these genetic effects arise (Heath, Madden,
Bucholz, Nelson, Todorov, Price, Whitfield & Martin, 2003). A prime mediator could
be a personality factor such as Sensation Seeking (SS), because this trait, as with

substance dependence, is linked to brain reward mechanisms where dopamine D4

receptors are most dense.

Personality

Personality is the organisation of traits that characterise the individual. Traits are
dispositions for individuals to act in relatively consistent ways in certain kinds of
situations. Traits are rather stable overtime, however much of personality emerges in
person-situation interactions. The diathesis-stress model is the embodiment of person-
situation interactions. Personality develops from interactions of genetics and
experiences during the early years of life. It stabilises and becomes quite reliable by
early adulthood (Zuckerman, 1999). Personality functions as a moderator of response
to stress and may explain why two people, who are exposed to the same amount of
stress, may behave in two totally different ways. Personality cannot be explained as
the diathesis, as 1t 1s a function itself, and is made up of its own genotypes and life
experiences. However, personality could act as a mediator for substance abuse, for

example a person may have a genetic predisposition to addiction, which is mediated

by their sensation seeking personality type.

High sensation seekers have a general need for thrill and excitement, they like taking
risks and become bored easily (Zuckerman, 1979). Sensation seeking (SS) is

measured using four sub-scales: thrill and adventure seeking; experience seeking;
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disinhibition and boredom susceptibility. However, more recently, a new form was
developed based on factor analyses of several scales and items within those scales
(Zuckerman, 1993) and a major factor that emerged from this analyses combined
impulsivity and sensation seeking. For this reason, Zuckerman and colleagues
developed a new scale to measure Impulsive Sensation Seeking (ImpSS) (Zuckerman,
Kuhlman, Joireman, Teta & Kraft, 1993). Impulsive sensation seekers have a drive to
seek out stimuli that are novel or exciting 1in attempts to maintain an optimal level of
cortical arousal and a tendency to act impulsively without thinking or planning ahead
(Zuckerman, et al., 1993). ImpSS correlates significantly with Eysenck’s

psychoticism factor and the openness to experience factor of the five-factor model
(Zuckerman, et al., 1993). ImpSS is also considered as a close equivalent to
Cloninger’s Novelty Seeking (NS) (Zuckerman & Cloninger, 1996) and are both
related to the same behaviours, which are characterised by the need for complex and
novel sensations, which are obtained by taking physical and social risks, such as drug
taking behaviour. For instance, opiate abusers have been found to demonstrate high
levels of boredom, therefore, may require novel sensations to relieve excess amounts
of boredom (O'Connor, Berry, Morrison & Brown, 1995). Moreover, similar

biological and genetic bases have been postulated for both ImpSS and NS
(Zuckerman, & Cloninger, 1996). *

Behaviour genetics and personality

Animal studies have demonstrated that a genetic basis for NS/SS exists. For example,
early work revealed that the C57BL strain of mice (compared to the BALB strain) are
most active in the open-field test, in that they demonstrate exploratory behaviour and
also show reactivity to novelty in other types of situations (McClearn & Rodgers,

1959). More recently, Bardo, Donohew & Harrington (1996), demonstrated that the
tendency for rats to enter a novel section of a maze, rather than remaining in a
familiar section, was related to the rats willingness to consume addictive substances.

These findings from selective breeding studies convey a genetic basis for personality.

Evidence from human behaviour genetics has also established that a strong genetic
contribution to personality exists. Family, twin and adoption studies have

demonstrated a genetic basis for all major personality factors (Bouchard, Lykken,
McGue, Segal & Tellegan, 1990; Markon, Krueger, Bouchard & Gottesman, 2002).
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An estimate of the overall heritability of personality is about 40-50%, although
heritabilities vary depending on the different personality traits being measured
(Riemann, Angleitner & Strelau, 1997). Since the early work of Shields (1962), the
largest and the most prominent study of twins reared apart (TRA) has been the
Minnesota study of twins reared apart (MISTRA), pioneered by Bouchard and
colleagues (1990). Findings from the MISTRA studies have been published in
numerous books and articles and have been summarised most recently by Bouchard &
Loehlin (2001), showing a strong genetic diathesis for personality. Extensive research
on the genetics of personality has been conducted using Eysenck’s super factors

(extraversion, neuroticism and psychoticism) and taken together, results have
consistently shown that these factors are indeed heritable (reviewed in Zuckerman,
1991). Using the big five factors (neuroticism, extraversion, openness to experience,
agreeableness and conscientiousness), extraversion and openness to experience have
been found to be the most heritable and these factors, as with Eysenck’s psychoticism

factor, correlate strongly with sensation seeking (Zuckernian, 1994).

The first, hurna.l; behaviour genetics study to demonstrate a genetic basis for sensation
seeking was conducted in London and used information from 422 patrs of twins.
Findings revealed that 58% of the variance in SS could be attributed to genes
(Fulkner, Eysenck & Zuckerman, 1980). This finding was supported by a further,
more recent, examination of the genetic and environmental variance in sensation
seeking (Hur & Bouchard, 1997), in which 106 twins reared apart were compared on
all four ‘sub-scales of the S8 scale. Results showed the thrill and adventure seeking
and experience seeking sub-scales to be the most heritable (54% and 57% '
respectively). Despite convincing evidence for a genetic influence in personality,
behaviour genetics research 1s unable to recognise the extent to which specific genes

contribute to variation in personality, however this point is less notable since the

advent of molecular genetics research.

Molecular genetics and personality

Tentatively, it can be argued that various specific genes influence different personality

characteristics and that chiefly, dopamine receptor genes (DRD1-5) are related to
impulsive and compulsive personality types. This can be illustrated by evidence that

has shown associations with the DRD2 gene and pathological gambling, substance
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~abuse and attention deficit hyperactivity disorder (ADHD) (Comings, et al., 1999). In
view of the findings, logical speculations can be made that dopaminergic genes will
be associated with impulsive, aggressive and sensation seeking personality traits
because these traits are characteristic of such disorders. This speculation has been
supported by research that has examined narrower traits, such as impulsivity, NS and

SS, as well as lending support for associations with broader personality factors, such

as psychoticism.

Comings and his colleagues have conducted a large number of ongoing studies, to

examine the role of a number of genes in substance dependence and other psychiatric
disorders. These studies also looked at genes in relation to several personality traits
and were based on a population of 204, non-Hispanic Caucasian university students
and participants from an addiction treatment unit in the United States. Conclusions
that have been drawn from these studies are that each gene accounts for only a small
percentage of the variance in personality and that different traits have several genes in
common. To illustrate this, the dopaminergic genes (DRD1-5 and DAT1) made
significant contributions to both neuroticism and extraversion factors of the big five.
However, the DRD1, DRD2, DRD4 and DAT1 (dopamine transporter gene) genes
also contributed to 5.25% of the variance of the NS factor. These dopamine genes
seem to play a greater role in NS, than in Cloninger’s other traits (reward dependence
and harm avoidance) (Comings, et al., 1999; Comings, Gade-Andavolu, Gonzalez,

Wu, Muhleman, Blake, Mann, Dietz, Saucier & MacMurray, 2001 and Burt, McGue,
lacono, Comings, & MacMurray, 2002). |

DRD4 and Sensation Seeking

The dopamine receptor gene that has gained the most attention for its influence on the
trait novelty seeking is the DRD4 gene. Like with substance abuse, variants at the
DRD4 gene have been associated with novelty seeking. As NS scores correlate very
highly with ImpSS scores (r = 0.68, Zuckeﬁnan, et al., 1993), it is likely that a similar
association with DRD4 and sensation seeking would exist. Associations have been
examined amongst healthy individuals who do not abuse drugs or alcohol. Roughly
half of the studies have found a significant association with high SS/NS levels and

long alleles at DRD4. However, results have been controversial due to
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methodological differences making findings difficult to compare (Ebstein &
Belmaker, 1997 and Lusher, et al., 2001).

The first studies to examine associations with NS and DRD4 gene variants, in the
early to mid 1990s, did not yield any significant results (George, et al., 1993 and
Adamson, et al., 1995). However, soon after there were two reports of associations
between significantly high NS scores and long DRD4 alleles amongst healthy
populations in both Israel and the United States (Ebstein, Novick, Umansky, Priel,
Osher, Blaine, Bennett, Nemanov, Katz, & Belmaker 1996 and Benjamin, Li,

Patterson, Greenberg, Murphy, & Hamer, 1996). More reports followed and by the
turn of the century, the number of studies to examine the long variant at the DRD4
gene in association with the personality trait novelty seeking, almost reached thirty

(reviewed in Prolo & Licinio, 2002), and this figure is continuously growing.

However, the controversy that surrounds these studies has produced heightened
debate in the literature because of the many design variations between studies and the
mixed results they have produced. For instance, significant results have accumulated
among studies that have recruited younger participants (e.g. Ono, Manki, Yoshimufa,
Muramatsu, Misushimi, Higuchi, Yagi, & Kanba-Asai, 1997; Noble, Ozkaragoz,
Ritchie, Zhang, Bel.in & Sparkes, 1998; Strobel, Wehr, Michel & Brocke, 1999 and
Okuyama, Ishiguro, Nankai, Shibuya, Watanabe & Arinami, 2000). This is likely to
be a result of the fact that NS diminishes with age. Alternatively, disparity between
findings could be a result of the various ethnic groups that have been used in the
studies. Amongst others, studies have included, Caucasian (Noble, et al., 1998);

Japanese (Okuyama, et al., 2000); Israeli (Benjamin, Osher, Kotler, Gritsenko,
Nemanov, Belmaker & Ebstein, 2000) and German (Strobel, et al., 1999) populations.

However, genetic variants vary across different ethnic groups, so the association
between the long alleles at the DRD4 gene and elevated NS scores may be genuine in
some, but not all populations considered. Additionally, the gender of participants can
- 1nfluence the results obtained from these studies. For example, Ono, et al., (1997)
only included women 1n their study and yielded a significant finding, whereas

Malhotra, Virkkunen, Rooney, Eggert, Linnoila & Goldman (1996) restricted their
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sample to men and failed to obtain any significant association between the long alleles

at DRD4 and NS. Several other methodological factors can complicate the
Interpretation of association studies, including the sample size and the NS measure

employed 1n the study, factors that have been devoted to chapter four.

As associations between DRD4 variants and novelty seeking and DRD4 variants and

substance abuse, have been reported, there may be a biological link between NS or
ImpSS and drug abuse. This link could be due to individual ditferences in the
sensitivity of the mesolimbic dopamine reward system because sensation seekers are

characterised by their investigatory behaviours, which activate the dopamine reward
pathway, thereby producing reinforcement of the behaviour (Bardo, et al., 1996).
More specifically, drugs have the ability to reduce control that receptors have over
dopaminergic neurons in the ventral tegmental area. This in turn will increase the
release of dopamine in the nucleus accumbens, a structure within the dopamine
reward pathway that controls feelings of pleasure, thus increasing the feeling of
pleasure (Grilly, 2002). As posseséion of long alleles at DRD4 has been associated
with behavioural dimensions, including sensation seeking, it would appear that
individuals with the long genotype have fewer dopamine receptors, so therefore seek
novel sensations (drug-taking behaviour) to increase dopamine in the nucleus
accumbens (Plomin, 1998). However, to date, there has been a lack-of research that
has looked at DRD4 in association with both substance abuse and sensation seeking
together, especially in the UK. However, early assessment of sensation seeking scores
amongst individuals genetically susceptible to drug taking behaviour could provide a

tool for directing therapeutic strategies (O'Connor et al., 1993).

Stress

Returning to the diathesis-stress model, the stress element here refers to
environmental factors in addiction. Stress can be social, psychological or physical
pressures that can influence the substance-using individual and is a term usually used
to describe a situation affecting the person, their internal reactions to the situation 1n
terms of physiological arousal and subjective emotional responses and their
behavioural reactions. It is questionable as to whether stress alone can produce a

substance dependence in the absence of a diathesis. However only a minority of
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people exposed to catastrOphié events, such as war or rape, will develop a substance
dependency (Zuckerman, 1999). The fact that stress alone is usually not sufficient to
explain substance dependence argues the necessity to include other factors such as
personality into the equation. However, alcoholics tend to drink to reduce stress, but
they also drink when they are not stressed. The question is whether trauma and stress
provoke severe drinking, although it 1s difficult to determine the cause-effect
relationship because much of the stress can be produced by consequences of the
individual's alcohol use. Alcoholism is co-morbid with some anxiety and depressive
disorders; such as Anti-Social Personality Disorder (ASPD), however it could be
argued that ASPD could also be a result of alcoholism. Moreover, alcohol represents
one way of coping with chronic stress like post-traumatic stress or loss of a job or
death of a spouse. Unless there has been some sign of previous history of substance
dependence, a life stress, such as death of a loved one, is unlikely to trigger alcohol
dependence in the majority of people. Family and social risk factors of alcohol
dependence include a family history of substance abuse, family conflict, rejection and
criminal behaviour, and parental antagonism and having an alcoholic father in the
family are high predictors of alcoholism in boys (Zuckerman, 1999).

Like alcohol abuse, stress could be a contributing cause of drug abuse (including
cigarette smoking), a result of abuse, or both. Differences between treatment seeking
and non-treatment seeking drug abusers include consequences and problems in life,
being married and having a job. Therefore, if drug abusers have work and family ties
and commitments, they are more likely to seek help for their.drug abuse (Zuckerman,
1999). Availability of drugs, price and prevention of use are strong determinants of
use (Hesselbrock, Hesselbrock & Epstein, 1999), éo to a degree these factors can
determine the likelihood of drug use in a person who is vulnerable due to genetic and
personality factors. Concordance in drug use amongst friends is high, however this
may be due to choosing like-minded friends rather than peer pressure (Wills, Vaccaro
& McNamara, 1992). Drug abuse can lead to decreased school performance,
emotional distress and less conformity, which is a vicious circle leading to social
alienation, reduced self-esteem and more drug abuse (O’Connell, 1989; Segal &
Stewart, 1996). Employment possibilities may therefore become limited to low-paid

and unskilled jobs (Ogden, 2004), which can be rather frustrating and unsatisfying tor

high sensation seeking drug abusers.



It is viewed here that the probability of substance dependence increases as both stress
level and diathesis strength increase beyond a minimal level. Certain kinds of stress

such as the death of a loved one may be unrelated to the diathesis. However, other
types of stress, such as consequences of substance dependence may have a direct

relationship with the diathesis. For example, anti-social tendencies in an alcoholic
may cause the family and society generally to reject them because of the socially
deviant behaviours attached to the disorder. This may produce stress in the individual
that interacts with the diathesis itself. Another way in which the diathesis can interact

with stress relates to biological stress rather than to social stress. That is to say,
genetic predispositions not only motivate the initiation of drug use, during
experimentation with the drug, but also can influence the addiction process at both the
maintenance and relapse stages. The extent to which an individual finds a drug
physiologically reinforcing and the extent to which an individual becomes
conditioned to the drug and the environmental context in which the drug is taken can
be predisposed by genetic factors. Individual differences in the susceptibility to
sensitisation of the drugs effects and drug-related cues in the environment can

influence these neurobehavioural elements of addiction. A theory that supports this

view is the incentive sensitisation theory of addiction (Robinson & Berridge, 1993).

The incentive sensitisation theory

The theory states that addictive drugs produce long lasting neuroadaptions in the brain
system that is involved in incentive motivation and reward. The brain system under
debate is the mesolimbic dopamine pathway, where dopamine is projected to the

nucleus accumbens. The critical neuroadaptions for addiction leave this brain reward

system sensitised to drugs and drug-related stimuli. Sensitisation occurs when the
magnitude of a response grows when a drug is repeatedly administered at the same
dose, or when a response from a drug remains the same when the dose is decreased.

This can be seen as the opposite to tolerance or an increase in the drug effect.

According to the theory, the sensitised brain system does not mediate the pleasurable
effects of drugs (“liking” the drug), but mediates the incentive salience of drugs
(“wanting” the drug), an element of reward. When sensitised, the incentive salience

procedure generates compulsive drug-seeking behaviour (Robinson & Berridge,

1993). The drug'user becomes sensitised to the drug effect and related stimuli through
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associative learning. That is, when the user is repeatedly exposed to the drug, the

interaction of neural sensitisation with associative learning makes objects and stimuli

associated with drug taking powerful incentives (Robinson & Berridge, 2000).

Evidence for this theory can be seen in animal studies, which have shown that when

an addictive drug is repeatedly administered to rats, an increase in the drug effect

(sensitisation) can be seen. This is measured by displays of the drugs psychomotor
effects seen in rats and mice, for example via the assessment of locomotor activity
and rotational behaviour (Stewart & Badiani, 1993; Anagnostraras & Robinson,

1996). Psychomotor sensitisation has also been shown to occur in studies that have
exposed rats to repeated alcohol administration (e.g. Hunt & Lands, 1992; Lessov &
Phillips, 1998) and consistently, these studies point towards a relationship between

sensitisation and dopamine-related brain circuitry (reviewed in Robinson & Berridge,

2000).

Research examining sensitisation in humans was sparse until quite recently when
several reports were published by one research group (Strakowski, Sax, Setters &
Keck, 1996; Strakowski & Sax, 1998, Strakowski, Rosenberg, Del-bello & Sax,
1999). These reports 1illustrated how repeated amphetamine administration elicited a
greater increase than 1nitial doses, in activity, mood, eye blink rate and other
behavioural measures. As well as providing evidence of sensitisation in humans,
Strakowski & Sax (1998) also substantiated the hypothesis that sensitisation applies to
the wanting and not the liking of drugs, made by Robinson & Berridge (1993)-
because the participants’ reports of drug liking did not increase with successive drug
doses. Further evidence using human participants has been assembled from imaging
studies. Childress, Mozley, McElgin, Fitzgerald, Reivich & O’Brien (1999) showed
substance abusers video tapes of drug-taking scenarios and found that whilst watching
these videos, drug abusers experienced changes in their cerebral blood flow in limbic

regions of the brain (amygdala and caudate putamen). In the same year, heroin and

heroin-related stimuli were found to activate those brain structures as well as the
ventral tegmental area, the region that projects dopamine to the nucleus accumbens

(Sell, Morris, Bearn, Frackowiak, Friston & Dolan, 1999).
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Those dopamine systems found to be associated with sensitisation are, according to
Robinson & Berridge, crucial for the wanting of incentive motivation rather than the
liking of the drugs pleasurable effects (Robinson & Berridge, 1993; Berridge, 1996;
Berridge & Robinson, 1998). Therefore, the incentive sensitisation theory opposes the

popular view, stated initially by Wise in 1982, that enhanced dopamine levels leads to

enhanced pleasure and Berridge & Robinson (1998) have supplied convincing suppoft
for their opposing claim. To illustrate, dopamine systems have been found to become
activated not only by positive (pleasurable) stimuli, but also negative stimuli and
stressful events (Salamone, Cousins & Snyder, 1997). Observations that substance
abusers can dislike the smell and taste of the drug, but still want to use it, provides
further support and Robinson & Berridge themselves describe: “The neural systems
that mediate the subjective pleasurable (hedonic) effects of drugs do not appear to
sensitize. This may be why addiction is characterized by an increasing dissociation
between the incentive value of drugs (how much they are wanted) and their subjective
pleasurable effects (how much they are liked). With the development of an addiction

drugs become pathologically wanted (“craved”) and this can occur even if drugs are

liked less and less. [Robinson & Berridge, 2000, pp. 1035].

Another issue, central to the incentive sensitisation theory, if drug induced
neuroadaptions underlying sensitisation do play a role in the development of
addiction, then there should be individual differences between how sensitised people
become to stimuli associated with the drug. For the reason that it is through
associative learning that enhanced incentive value becomes focused specifically on

" drug-related stimuli. The fact that individual differences in susceptibility to
sensitisation are related to the disposition to addiction is a source of debate that has
previously received some attention (Robinson, 1988; Robinson & Berridge, 2000),
however, there is a shortage of evidence to support individual variability in
sensitisation among humans. Of the evidence that is available, the dopamine D4

receptor gene emerges as a prime candidate for individual differences in sensitisation.

DRD4 and sensitisation
The DRD4 gene is of interest because it is expressed in specific areas (limbic
regions), which strongly suggests that this receptor has privileged functioning (Oak, et

al., 2000). This gene is thought to be critical to sensitisation because D4 antagonists
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block the sensitisation of the limbic pathways (Van Tol, Bunzow, Guan, Sunahara,

Seeman, Niznik & Civelli, 1991; Feldpausch, Needham, Stone, Althaus, Yamamoto,
Svensson & Merchant, 1998). In addition, activation of dopamine receptors has been

associated with craving (Robinson & Berridge, 2000) and so a plausible gene
involved in craving would be the DRD4 gene because it expresses functional

differences in dopamine receptors (Hutchison, LaChance, Niaura, Bryan & Smolen,

2002).

Hutchison, et al., (2002) examined whether the DRD4 gene moderated the effects of
smoking cues on craving by examining associations with the polymorphism and cue-
elicited craving for nicotine. They hypothesised that participants carrying the DRD4
long alleles would show an increased craving response after exposure to smoking cues
when compared to participants carrying the short alleles. This hypothesis is based on a
report that, as opposed to the short variants, long variants at the DRD4 gene dampen
the intracellular response to dopamine agonists (receptor activators), making
dopamine less effective at inhibiting adenylyl cyclase, cyclic AMP (cAMP) formation
and the cAMP-dependent protein kinase (PKA). So it is likely that individuals with
the long allele at the DRD4 gene have chronically elevated cAMP and PKA levels
and elevated cAMP levels enhance dopaminergic signalling (Asghari, et al., 1995).
Therefore, individuals with the DRD4 long allele could be more sensitive to the

effects of dopamine receptor stimulation, which is triggered by the exposure of drug-

related stimuli (Hutchison, et al., 2002).

Despite using a relatively small sample size of 68 participants (88% Caucasian) in
therr study, Hutchison, et al., (2002) showed that participants with the long alleles
showed significantly greater craving, more arousal, more negative affect and more
attention to smoking cues than did participants with only short alleles. This is

~ consistent with the incentive sensitisation theory because possession of the DRD4
long allele enhances dopaminergic signals, so individuals with this variant may be
more sensitised to the effects of dopamine stimulation that is triggered by exposure to
drug-related stimuli. Furthermore, reduced baseline levels of stimulation among
individuals with the long alleles would be more likely to take drugs to stimulate
dopamine release (Lerman, Caporaso, Audrain, Boyd, Bowman & Shields, 1998).

This 1s in line with the theory because the incentive sensitisation theory asserts that



mesolimbic dopamine activation influences the motivational and appetitive properties
of drugs by controlling the incentive salience of drug-related stimuli (Wise, 1988;
Robinson & Berridge, 1993; Berridge & Robinson, 1998; Robinson & Berridge,
2000). Therefore, repeated drug use and the associated release of dopamine produces
craving (incentive salience) in the sensitised neural system. After the mesolimbic
pathway has become sensitised, expression of incentive salience for drugs can be
activated in response to drug-related cues (de Wit, 1996). Empirical support for the
role that the DRD4 gene plays in reactivity to drug-related cues and the connection

this has with incentive sensitisation is presently limited and more work is needed to

further elucidate the connection, although cue reactivity studies in addiction research

have recently incorporated the incentive motivation view.

Essentially, cue exposure is a general process of classical conditioning, although it is
not restricted to these basic principles. Fundamentally, a stimulus or a cue is presented
and the response 1s dependent on the participants’ previous exposure with the
stimulus. For example, heroin produces feelings of pleasure and euphoria, which
become paired with a neutral stimulus such as a syringe. After repeated pairings, the
syringe becomes associated with the pleasurable effects of the drug so what results is
that the syringe alone can produce a conditioned response of pleasure. Cues can be of
any kind, for example, those related to the drug before it is taken (e.g. alcohol
advertisements, sight of the drug), or stimuli related to drug ingestion (i.e., drugs
effect on neuroreceptors). Also, stimuli related to mood, emotion, cognition (e.g.
beliets about the drug) and withdrawal-related stimuli, such as the unpleasant
physiological withdrawal syndrome (Drummond, Tiffany, Glautier and Remington,
1995). The potential for exposure to various different cues is highly variable and the

extent to which an individual becomes conditioned to different cues must also be

partly due to individual differences.

Identifying individual differences in cue reactivity could benefit research by
explaining some of the discrepancies in previous research. For example, as discussed
earlier, substance dependence has been shown to be influenced by genetic and
personality factors. Although there is a lack of evidence to suggest that genes and

personality are associated with enhanced drug cue association, these factors could



play a role and this argument has received several sources of support (see Rees &

Heather, 19935, for an overview).

Firstly, Gray (1987) proposed that the personality trait impulsivity is associated with
variation in .sensitivity to conditioned cues. He argued that when conditioned cues are
encountered, impulsive people are more likely to show an increase in positive mood,
an increase in reward-seeking and increased sensitivity to other environmental cues,
which in 1991, Gray explained as a result of an overactive Behavioural Activating
System (BAS). Various studies have supported Gray’s BAS theory, including
extensive studies carried out by Powell and her colleagues. Powell, Dawkins & Davis
(2002) used the Card Arranging Reward Responsivity Objective Test (CARROT), a
simple card sorting task, to measure cue reactivity in 26 smokers after smoking and
also after abstaining from nicotine and compared these findings with 26 non-smokers.
The authors found that abstinent smokers showed lower responsiveness to financial
incentive than non-smokers. Therefore, these results provide indirect evidence for a

link between reward responsiveness, positive affect and dopaminergic activity,
postulated by Gray (1987).

Kambouropoulos & Staiger (2001) provide additional support that Gray’s BAS theory

of personality assists in explaining individual differences in cue reactivity. They used

the CARROT to assess the role of sensitisation to reward in mediating drinkers’
reactivity to alcohol-related cues. During an experimental session, two groups of
heavy and light drinkers were administered the CARROT after exposure to the sight,
smell and taste of a neutral stimulus and an alcohol-related stimulus. Findings
revealed that drinkers displayed a significant increase in responsiveness to reward
(measured using the BAS scales), positive affect and urge to drink after exposure to
the alcohol-related stimulus. These findings are consistent with other cue reactivity
studies that have demonstrated increased craving for alcohol after exposure to

alcohol-related cues (e.g. Greeley, Swift, Prescott & Heather, 1993), but they also
advocate that a BAS type mechanism may mediate responses to alcohol-related cues

(Kambouropoulus & Staiger, 2002).

A second source of support that individual differences in personality can influence

cue reactivity refers to Eysenck’s (1967) theory that introverts are more easily



conditioned to cues than extraverts because they have a higher level of cortical

arousal that results in enhanced formation of arousal-related connections. McCusker
& Brown (1991) lend support to this theory as they found that introverted alcoholics

experienced significantly greater cue-elicited reactivity than did extraverts.

Another potentially important factor that could influence the extent to which an |

individual can become conditioned to substance-related cues in the environment is
mood status. Stewart, de Wit & Eikelboom (1984) used an appetitive motivational
model of substance dependence to explain how negative mood states increased the

Incentive salience of drugs and drug-related stimuli. Based on their findings,
vulnerability to cue reactivity was apparent among individuals with a negative mood
state at the time of exposure, with the highest level of attentional bias to drug-related
cues found among those with a depressed mood. This demonstrates that negative
mood can elicit craving during withdrawal because of an increased incentive for the

drug.

Finally, individual differences in severity of dependence could influence cue
reactivity because severity of dependence is closely related to physiological
dependence and physiological dependence is closely associated with cue reactivity
(Heather & Greely, 1990; McCusker & Brown, 1991). Research in this area is
currently somewhat limited and the evidence available is contradictory and therefore
inconclusive. McCusker & Brown (1991) found that the number of years of drinking
alcohol was not associated with the desire to drink or salivation responses to alcohol-
related cues. However, Monti, Rohsenow, Rubonis, Niaura, Sirota, Colby & Abrams

(1993) found that more severely dependent drinkers showed a greater urge to drink

and showed an attentional bias to alcohol-related cues than they did to neutral cues.

Other factors to be borne in mind when investigating cue exposure, is the way 1n
which cue reactivity is measured because this may influence the degree of reactivity
observed. Laboratory controlled, experimental methods rely on the participants’ past
drug use histories, whereby cues associated with the drug are used to elicit
conditioned responses, which are measured and differences in responses between
cases and controls are assessed (Rees & Heather, 1995). Studies of this nature have

shown that exposure to smoking related cues elicits greater reactivity than does



exposure to neutral cues. Sayette & Hufford (1994) found this to be the case using a
cigarette as a smoking-related cue, and Suraway, Stepney & Cox (1985) used a video

tape and a live viewing of others smoking to elicit smoking urges in participants. With

heroin users, studies have used drug-related video presentations and real life scenarios

whereby heroin paraphernalia (e.g. syringes, powder) are used as cues to measure

induced withdrawal and craving among heroin users (Powell, Bradley & Gray, 1992).
Another method of studying cue reactivity 1s to use a modification of the Stroop
paradigm (Stroop, 1935). This method 1s especially useful in measuring cue reactivity
to test whether stimuli capture participant's attention. Stroop tasks can be used to

determine the level of activation of a word component of the stimulus, whereby its

increased activation makes the suppression of its meaning more difficult.

The Stroop effect is becoming more commonly used in addiction research, although
smoking behaviour was the biggest focus of this research until quite recently. Gross,
Jarvis & Rosenblatt (1993) measured the reaction times of smokers to smoking-
related and neutral words. Successful performance of the Stroop task requires
suppression of the meaning of the stimulus word in favour of activation of the colour
name. Results were as predicted, Gross, et al., found that abstinent smokers were
slower at colour naming smoking-related than non-smoking-related words. This
processing bias makes the suppression of meaning of smoking-related words more
difficult and leads to greater interference during the task. Successful colour naming
requires the attention of participants, so Stroop interference arises when the meaning
of the words to be colour named captures the attention of the participant at the

expense of the task.,

However, findings have not been consistently replicated and contrédictory findings
could be a result of methodological differences between studies (Powell, Tait &
Lessiter, 2002). For example, some studies have used a computerised Stroop task (e.g.
Gross et al., 1993), whereas others have used a standard card format (e.g. Powell, et
al., 2002). There are several other design issues that need to be addressed when

interpreting findings from Stroop tasks and these include time pressure (Sharma &

McKenna, 2001). Whether a blocked or unblocked format 1s used and on what basis

the drug-related stimuli are decided upon and how these words are matched to the



neutral stimuli (Cox, Pothos, Johnsen & Laberg, 2001). These issues are addressed 1n

chapter six and have also been summarised in Lusher, Chandler & Ball (2004).

Despite these methodological issues attached to the Stroop task, it can be argued that
from the view of the incentive sensitisation theory, exposure to smoking-related

words in smokers mediates the maintenance of their addiction by producing craving.
That 1s, 1t makes the smoker want to smoke by being shown stimuli that capture their
attention and remind the smoker of smoking. This, being an important factor in
understanding the basis of relapse as craving or wanting, has a triggering effect on

relapse and demonstrates a powerful environmental factor that can influence

substance use behaviour (Robinson & Berridge, 1993).

To summarise, the interactive model of diathesis-stress (Monroe & Simons, 1991)
 lllustrates how substance dependence can be a result of both genetic and
neurobehavioural vulnerability, personality and stress. This model allows for
substance dependence to emerge in some cases in which there is no diathests, but also
In some cases, the diathesis may play a causal role in the symptoms. The diathesis for
substance dependence is defined as the genetic predisposition and the biological traits
produced by the genetic programming, biological stressors or both. The diathesis
produces the vulnerability to stress. Personality predispositions may be a function of
the diathesis or may have their own genetic and environmental origins. The
Interactive diathesis-stress model postulates that the diathesis is a necessary but not
sufficient condition of substance dependence. Stress may produce addiction in a
person with a weak or no diathesis, but it takes much more stress than it would 1n a
vulnerable person with a strong diathesis. In light of the diathesis-stress model and the

Incentive sensitisation theory of addiction, genes, personality and neurobehavioural

factors that influence vulnerability to addiction behaviour are explored.

This research demonstrates an original contribution to the field of psychology of
addictive behaviour. It offers a multidisciplinary approach to a multifaceted
behaviour, by incorporating neuroscience, personality theory and molecular genetic |
techniques. There has been a lack of research looking at the associations with the
DRD4 gene and substance abuse and personality. No siﬁgle, published study in the

United Kingdom had examined the DRD4 gene across different substances of abuse
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or severities of dependence and personality within the same population. In addition,
previous research has used different ethnic groups and employed varied scales to

measure personality, thus making research findings difficult to compare. The Stroop
task has not been used extensively in addiction research, nor has previous research of

this kind accounted for differing levels of dependence severity, anxiety and

depression, which could affect Stroop performance. Finally, there is a lack of research
examining the incentive sensitisation theory using human participants. This research

attempts to overcome previous shortfalls and to fill some of the gaps in research
within this field. This thesis attempts to explain factors that influence vulnerability to

substance dependence.

The following chapter describes the methodology employed throughout the thesis.
The overall design used for this research remains the same, as all participants
completed all levels of each study. Chapter three introduces study one and explores
addiction and personality trait influences. Chapter four examines genetic influences
on personality in study two and study three is detailed in chapter five investigating
genetic influences on addiction. Chapter six discusses susceptibility to sensitisation
and explores how substance abusers respond to substance-related cues in study four.

This thesis will be brought together in study 5 (chapter seven), which investigates

causal pathways to substance dependence, with a concluding discussion,
reintroducing the diathesis-stress model, with an overview of the findings and

implications for substance abuse treatment and future work.




Chapter two

Methodology
A series of standardised questionnaires were administered to participants using a
semi-structured interview technique. At the same time, cheek swab kits were given to
participants to collect DNA samples. Finally, participants completed a reaction time

task on a laptop computér.

Participants

A total of four hundred, unrelated individuals consented to participate in the study
(100 opiate dependent, 100 alcohol dependent, 100 cigarette smoking comparison
group and 100 non—dependelit comparison group). For the purposes of multiple
regression analyses and for a minimum R? of 0.4 that can be found statistically
significant with a power of 0.80 for up to nine independent variables a sample size of
400 would be sufficient (Hair, Anderson, Tatham & Black, 1998). For the purposes of
ANOVA a power analysis using Gpower (Faul & Erdfelder, 1992) was carried out to
determine the appropriate sample size that would enable any effects to be identified.
A minimum effect of 0.25 and a power of 0.80 was decided and the power analysis
revealed that a combined sample size of 200 (40 per group) or more would be large
enough to detect such effects. Therefore, a sample size of 400 was concluded as being

large enough to confidently detect any significant effects.

National Health Service (NHS) clients (n=200) were selected from treatment centres
in east and south London, on the basis that they were attending an outpatient
programme at the treatment centre during the period of the study. Inclusion criteria
were met 1f firstly participants were dependent on opiates or alcohol. Dependence was

measured using the Severity of Dependence Scale (SDS) and the Severity of Alcohol
Dependence Scale (SADQ) for the alcohol group and the SDS alone for the heroin

group. Cigarette smoking urges were measured using the Smoking Urges
Questionnaire (QSU). Secondly the inclusion criteria were met if participants were
aged between eighteen and fifty-five years. This criteria was used to satisfy ethical
requirements of using consenting adults and the cut-off point of fifty-five years was
necessary to ensure a relatively young sample for an accurate recording of Impulsive

Sensation Seeking as this personality trait diminishes with age in normal, healthy
individuals, Zuckerman (1979).
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Ethnicity was an important factor in this study for genetic reasons. Ethnic differences

in genes for complex disorders are to be expected since the allele frequencies vary
widely (Van Tol, et al., 1992). Due to these differences between ethnic groups, the
final inclusion criteria were met if participants' were western European. This criterion

was used to minimise confounding of genetic test results.

The comparison group (n=200) consisted of two random samples of the general
population from General Practitioner surgeries in south and east London. The

comparison group consisted of 100 smokers and 100 non-smokers who did not abuse

llicit drugs or alcohol.

The entire sample was approached individually and the purpose of the study was
explained. Participants were invited to read an information sheet. Written consent was
obtained before participation in the study. All participants completed a demographic
questionnaire, a personality scale, a mood scale and were administered a cheek-cell

sample kit. Finally, participants completed a computer-based Stroop task.

Summary of descriptive data on study sample

Of the total 400 individuals who participated in the study, 100% completed the
questionnaire and provided a sample of their DNA (31.25% female, mean age 35.69,
08.25% Caucasian)'. Finally, 88.25% of the entire sample completed the Stroop task.

The sample comprised 100 opiate abusers (17% female, mean age 35.40) 100 alcohol
abusers (16% female, mean age 40.57) 100 smokers (45% female, mean age 31.60)
and 100 c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>