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Abstract
Different theories have been proposed to explardévelopment of nicotine
dependence. Some theories suggest that nicotindirieas reinforcing properties,
either positive or negative. That is, nicotineef-administered because it produces
pleasure or positive affect or because it allegiateersive symptoms associated with
withdrawal and/or other nondrug aversive stateg,(depression). Another possibility
is that nicotine has indirect reinforcing propestithat is, nicotine can act as an
enhancer of other reinforcers and, as such, ibffact responsivity to reward. This
possibility was investigated in the present resed8pecifically, it was hypothesised
that reward responsivity would decrease in with@ddawhe difference between
responsivity in withdrawal and satiation (smokimatss) would increase with higher
levels of dependency. The effects of smoking stand dependence on affect were
also examined. Five experiments tested these hgpeshusing a behavioural and a
subjective measure of reward responsivity and gstibe measure of affect. There
was no evidence for an effect of status on rewasgansivity. The behavioural data
indicated that withdrawal impacted task performandependently of responsivity to
task-contingent reward. Some aspects of pleaswa/de(measured subjectively)
were reduced, however, in high dependence smdkeasldition, withdrawn smokers
showed reduced positive affect, and high dependemoders showed increased
negative affect, providing support for nicotineigedt reinforcing properties. Strong
support for the indirect reinforcing propertiesnafotine, measured behaviourally and

subjectively, in humans was not found.



CHAPTER 1
NICOTINE REINFORCEMENT AND THE DEVELRMENT OF NICOTINE
DEPENDENCE
OVERVIEW

This chapter outlines key theories and relevargigoal evidence in the
area of nicotine reinforcement and nicotine depeoee Initially, the chapter
presents some background information on tobaccerakmce, including formal
diagnostic criteria. Next, there is an examinatmh positive and negative
reinforcement theories that have been put forwaréxplain the aetiology of
dependence; empirical evidence in support of thieseries is presented. The
final section focuses on empirical evidence hiditliygg the importance of
indirect mechanisms of nicotine reinforcement ahdirt contribution to the
development of dependence. This sets the backgranthgurpose of Study 1.

Throughout this document, the terms addiction aykddence are used
interchangeably because both are experienced swjgasloss of contral
That is, behaviour continues despite volitionaémipts to abstain or moderate
drug use. Similarly, the termnesponsivenesandresponsivityare used
interchangeably, both meaning reaction/responsestonulus.

1.1Background

Tobacco smoking is a worldwide public health prahl®espite
widespread knowledge of the harmful effects of simgkit remains a huge
problem in society. This highlights the powerful tmational drive for drug
reward. A report on nicotine addiction concludeat ttigarette smoking is a
manifestation of nicotine addiction that is compéeavith addiction to “hard”

drugs like heroin and cocaine (Royal College ofgitigins, 2002). Nicotine



produces the acute central pharmacological eft#ctsoking that lead to
addiction (Stolerman & Jarvis, 1995). Nicotine lisosharmful directly; it is a
potent neurotoxin and was widely used as an ingdetin the past. Tobacco
smoke inhalation is the most highly optimised véhfor nicotine
administration. Nicotine reaches the brain in abbséconds after the first puff,
akin to the effects achieved via intravenous imggGtand it reaches a peak at
around the time the cigarette is extinguished (&si& Stepney, 1982).
Overnight, nicotine concentrations fall to the lev&en in nonsmokers. Hence,
the regular smoker will typically smoke a cigarett®n after waking, and
he/she will continue to smoke at regular intergalgery hour or less)
throughout the day in order to maintain a rougldgstant blood plasma level of
nicotine.

Thirty percent of boys and 36% of girls are regslawokers by the age
of 15 (Royal College of Physicians, 2002). Neahiee quarters of adult daily
smokers in the United States became daily smolefmsdothe age of 20 (United
States Department of Health and Human Servicegla)9%9obacco abuse is a
disorder with a paediatric age of onset and a gyergk transition from
recreational to compulsive drug use (Kessler etl8B7). Once dependence is
established, the majority of smokers will then amn to smoke for nearly 40
years (Royal College of Physicians, 2002). Cidgaremoking curtails the
expected lifespan by 7 years among men and 6 gearag women (Royal
College of Physicians, 2002). It costs the NHS @245 billion per year
(Parrott, Godfrey, Raw, West, & McNeill, 1998). Wther single avoidable
cause of disease accounts for such large propartideaths and hospital

admissions.



As a result of the foregoing, a great deal of redehas been geared
towards understanding smoking behaviour. One kegeput that has emerged is
that of nicotine dependence. Nicotine dependentteisgh to develop through
the actions of nicotine on reward mechanisms. &xt sections review the
concept of nicotine dependence and outline the waydich nicotine is
thought to produce dependence.

1.2 Nicotine Dependence
1.2.1 Formal Diagnostic Systems and Criteria ofdtiite Dependence

Formal diagnostic systems provide the “gold stagitfar identifying
and classifying disorders. They are primarily ukagiclinical tools. The most
recent set of diagnostic guidelines published leyAmerican Psychiatric
Association and the World Health Organisation & Ehagnostic and Statistical
Manual, Fourth Edition, Text Revision (DSM-IV-TR#erican Psychiatric
Association, 2000). This system relies on a symaidi.e., cluster of
symptoms) approach to diagnosing substance-useddisogenerally and
nicotine-use disorders specifically. In DSM-IV-TRatures of nicotine
dependence manifest in three or more symptomsfautatal of seven, with at
least three symptoms having been experienced witleisame 12-month
period. The symptoms, detailed below, encompass$ aidse salient
physiological, psychological, and behavioural feaswof nicotine dependence.

Tolerancecan manifest in one of two ways: (1) by the abseasfc
nausea, dizziness, and other characteristic syngpti@spite using “substantial
amounts” of nicotine, or (2) by a markedly dimiresheffect observed with
continued use of the same amount of nicotine, @uirang more nicotine to

produce an effect previously observed at a lowsedo



Withdrawalcan also be manifested in one of two ways: (1s&®ssn of
nicotine use produces a well-defined withdrawaldsgme (described below),
or (2) nicotine is used (delivered by smoking drestmeans) to reduce, relieve,
or avoid withdrawal symptoms. Nicotine withdrawslprecipitated by the
abrupt cessation or reduction of use of nicotinterat prolonged period (at least
several weeks) of daily use. It is characterisgtblor or more of the following:
dysphoria or depressed mood, insomnia, irritabifitystration or anger,
anxiety, difficulty concentrating, restlessnessrdased heart rate, and
increased appetite.

Impaired controlis evident when individuals use nicotine in larger
amounts, or over a longer period, than was intendR=bple may find that they
have used up their cigarettes faster than originatended.

Unsuccessful quit attempt& persistent desire and/or repeated
unsuccessful efforts to quit smoking. For exampéss than 20% of those who
embarked on a course of treatment succeeded iaimibgft for as long as 1 year
(Hughes et al., 1992); only around 3% succeedegitting using will power
alone (Parrott et al., 1998).

Time spent using/procuring\ great deal of time is spent in (1) activities
necessary to obtain cigarettes or other nicotimgasning products or (2)
smoking or using other nicotine-containing produd@hain-smoking may be
one example of spending a great deal of time ingugie substance.

Neglect activitiesSocial, occupational, or recreational activiées
given up or reduced because such activities occplaices or with people who

restrict or prohibit smoking.



Use despite negative physical consequernCeatinue smoking or other
nicotine use despite knowledge of having a persigierecurrent physical
problem that is likely to have been caused or exated by smoking or other
nicotine use. For example, around 50% of lung capaents resumed smoking
after undergoing surgery (Stolerman & Jarvis, 1995)

1.2.2 Onset and Prevalence of Nicotine Dependence

Scientists assumed that nicotine dependence Haw @sset and occurs
only after prolonged daily use of tobacco. Howetteey never established that
daily use of nicotine is necessary for dependead®gin. The first symptoms
of nicotine dependence can appear within days tksvef the onset of
occasional use, often before the onset of dailyksngo(e.g., Baker, 1994;
DiFranza et al., 2000). Stanton (1995) reportethenl-year prevalence of
nicotine dependence in a sample of 18-year-oldsh©fotal sampleN = 937),
321 (34.3%) reported having smoked daily for asidamonth during the prior
year. Over half of the daily smokers (56.4%) nméeda for dependence (1-
year prevalence). Thus, more than half of adolgsamokers showed
significant signs of nicotine dependence (Colbytahy, Shiffman, & Niaura,
2000). Kandel, Chen, Warner, Kessler, and Grari{)LStudied nicotine
dependence in a sample of 87,915 adults. Theyetivide sample in four age
groups: 18- to 25-year-olds, 26- to 34-year-olds,t8 49-year-olds, and equal
or more than 50-year-olds and found that dependere&lence increased with
each successive age category.

The evidence so far indicates the persistent antpatsive nature of
nicotine dependence. The different theories thatheen proposed to explain

the aetiology of dependence will be discussed next.



1.3 Theories of Addiction

The DSM-IV-TR provides the gold standard for idgntig and
classifying dependence. However, it is essentadgiycriptive, and it does not
give an account of why dependence develops.

Variaties of approach to the development and meatibn of addictive
behaviours have been described, including thosgedury moral and medical
frameworks (Marlatt, Baer, Donovan, & Kivlahan, 898 From the perspective
of the moral model, addiction is a sign of weakralkter. Addicts are
responsible for both acquiring and solving theuiation problems, and they are
urged to exercise greater will power to overconsrtbins. The moral model
has little support in the contemporary addictioerature, but it was
predominant during the period of Prohibition in theited States, that is,
between 1919 and 1933 (Strug, Priadarsini, & Hym&a86). The
medical/disease model of addiction was developethasdternative to the
victim-blaming orientation of the moral model. Adates of the disease model
hypothesised an underlying progressive diseasegsaesulting in physical
dependency. Disease models of addiction suggassinttividuals are not
responsible either for the aetiology of, or theusoh to, their addiction. Thus,
disease models stop short of explaining how and mwagy people overcome
their addiction without treatment or professiorediatance (Perry, 1985). Other
approaches, and the one taken in this thesis, fmtasidiction as a
motivational/behavioural problem (Di Chiara, 19¥shuster & Johanson,
1973). As such, addiction develops as the reswdtrofladaptive interaction
between nicotine and the motivational and behaaicgystems that form the

basis for normal behaviours.



Within this conceptual framework, drug-seeking bebar is viewed as
operant behaviour in the sense that it is behawontrolled by the reinforcing
consequences of drug self-administration. Reimficr¢e.g., drugs) are salient
stimuli, events, or consequences that strengthleavieur (e.g., drug seeking
and drug taking). They can be primary (unconditdrreinforcers, that is,
reinforcers that require no training to be effegetior secondary (conditioned)
reinforcers, that is, stimuli that acquire theinfercing properties through
learning (i.e., by pairing a stimulus with a primaeinforcer).

An important premise of behavioural theories ofietioh is that initially
neutral environmental stimuli, through repeatedipgs with incentive stimuli
(associative learning or classical conditioningyudre the properties of these
incentive stimuli. As a result, they become secondainforcers or conditioned
reinforcers that acquire conditioned responsetglgiproperties. Moreover,
conditioned reinforcers can carry over motivatigo@perties and elicit
conditioned motivational states, further enhant¢hegincentive value of stimuli.
Thus, if smoking produces pleasure (unconditiom@aforcement) and
cigarettes become conditioned stimuli that preglieasure, then the sight of the
cigarette alone should make the individual engaggal-directed behaviour
(drug seeking and drug taking) in order to expemepleasure. Thus, smoking is
an operant behaviour in that it is controlled Isydbnsequences, that is, the
rewarding effects of smoking.

The hypothesis that dependence is a behaviourhlgmmomediated by
conditioning has gained gradual acceptance. Sstsriielieve that reinforcers
strengthen behaviour (e.g., drug seeking and dkigd) either because of the

state they induce (positive reinforcement) or beeanf the state they alleviate



(negative reinforcement). Nicotine, for exampken act as a positive reinforcer
because it induces pleasure or positive affect. él@w it can also act as a
negative reinforcer because it alleviates withditaWae majority of researchers
that view drugs as reinforcers utilized infrahunsabjects (e.g. Goldberg,
Spealman, & Goldberg, 1981; Corrigal & Coen, 198Rgcently, there have
been attempts to view human dependence withindheaptual framework of
behavioural theories. Some authors stress thertanpee of positive
reinforcement in the development and maintenaneeldiction (Stewart, De-
Wit, & Eikelboom, 1984; Wise & Bozarth, 1987; Robom & Berridge, 1993),
whereas others stress the importance of negativ®reement (Eissenberg,
2004; Poulos, Hinson, & Siegel, 1981, Siegel, 1983)

1.3.1 Positive Reinforcement
1.3.1.1 Drugs are Self-Administered because oSta& they Induce

According to positive reinforcement theories, drags self-administered
because of the state they induce, that is, pleasyesitive affect.

Stewart et al. (1984) argued that the reinforcirapprties of drugs
(incentive) generate appetitive motivational stét@s maintain compulsive
drug use. Appetitive motivational states are tbgire to experience the
effect(s) of a previously experienced psychoaciiviestance. This is the 1992
UNDCP/WHO Expert Committee definition of cravingesearchers showed
that craving contributes significantly to continuwsdig use (Tiffany, 1992;
Tiffany & Drobes, 1991; Tiffany & Carter, 1998). i¥¢ and Bozarth (1987)
suggested that the shared ability of rewarding sltogactivate psychomotor
stimulation and produce approach behaviour is wiates them addictive.

They implicated the mesolimbic dopamine (DA) systesrthe neurological



substrate underpinning incentive motivational dsegking and drug-taking
behaviour. However, unlike natural incentives, sasliood, drugs have no
naturally occurring primary incentive propertieattklicit drug-specific
approach and consummatory behaviour. Thus, aandsss, we cannot
manipulate the reinforcing properties of drugs tigio the induction of some
deprivation state in nondependent organisms.
1.3.1.2 Positive Reinforcement and the Role of Learning

Stewart et al. (1984) and Wise and Bozarth (198ithér argued that
initially neutral environmental stimuli, throughpeated pairings with the drug
(associative learning or classical conditioningyudre the motivational
properties of the drug. Thus, they elicit a positaffective motivational state
that resembles the state produced by the drud. ilselirn, these conditioned
incentive stimuli (secondary reinforcers) are cdgalb evoking “drug-like”
positive, hedonic effects that directly stimulat@eewed responding. Thus,
positive reinforcement produces conditioned appetinotivational states (i.e.,
craving) that sustain drug use.
1.3.1.3. Nicotine and Positive Reinforcement

According to positive reinforcement theories, agisicapacity to elicit
hedonically positive effects determines its abueglity. Although nicotine is
an important drug of abuse, in a review of the enak for its positive hedonic
effects Gilbert (1995) concluded that “with few eptions, nicotine has
consistently failed to increase pleasantness apdagia in experimental
studies” (p. 114). In a recent review, Kalman andtB (2005) found only weak

evidence for mood effects of nicotine, which apgeare relatively small and
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subtle. They concluded that the evidence thatubgestive effects of nicotine
directly mediate its reinforcing effects is quitedest.

Few studies have indicated that nicotine can pregwsitive subjective
effects, depending on route of administration al agenicotine dose.
Pomerleau and Pomerleau (1992, 1994) found elensatioratings of “high”,
“buzz”, and “rush” from high nicotine yielding ciggttes versus ultra low
nicotine cigarettes. In a recent study, however, Raplan, Shaham, and Frenk
(2007) challenged the results of Pomerleau and Reawe Dar et al. argued that
the results of Pomerleau and Pomerleau were bdisetb the experimental
instructions (e.g., define buzz as pleasurablesrdttan unpleasurable).
Therefore, they cannot be taken as evidence thaltetnicotine is euphoriant
to smokers. But other studies, more sound methgay, showed that acute
nicotine administered through smoking produced dekded increases in drug
liking in smokers (Soria et al., 1996) as well apleoria and elation in smoking
participants (Barrett, Boileau, Okker, Pihl, & D&gh2004). Furthermore,
intravenous nicotine administration in 16 activgacette smokers increased
self-reported feelings of high, rush, and drugig{Stein et al., 1998).
However, using a slower administration route (stéeeous injection),
researchers documented an absence of mood effiesitsokers (Foulds et al.,
1997). Finally, although some researchers repaiggdficant positive mood
effects with intravenous nicotine (Chausmer, Snii#l)y, & Griffiths, 2003;
Harvey et al., 2004; Jones & Griffiths, 2003), #meokers in those studies were
past or current users of other drugs. This precggmeralisation to the general
population of smokers because injections of salarebe reinforcing in such

participants (Powell, 1995).
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With the exception of the studies mentioned abowey researchers
assessing the positive effects of smoking on maedl smokers deprived of
nicotine. Since withdrawal occurs rapidly aftessation of smoking and is
associated with deficits in mood, it is difficuit ietermine to what extent any
effects of nicotine simply reflect withdrawal rdl@vest, 1993).

Results from studies with smokers as well as nokenschave not
indicated positive effects of smoking on mood. &xample, smoking a high
nicotine cigarette produced more unpleasant feglihgn a nicotine-free
cigarette did. There was no increase in pleasafinfgs following either the
smokers’ usual brand or a high-nicotine cigareBgbgert, Meliska, Williams, &
Jensen, 1992). Furthermore, although both cigaratid nasal nicotine spray
produced increased dizziness, neither producedased mood, that is,
relaxation (Perkins et al., 1994). Nicotine gum @3mid not produce any mood
improvement in nonsmokers (Heishman, Snyder, & liegfield, 1993).

Intravenous nicotine increased anxiety over plaselmnsmoking
Alzheimer’s patients, and a moderate dose of meaticreased ratings of
tension, depression, and confusion over a lowee dokealthy nonsmoking
volunteers (Newhouse et al., 1990). In additionptine produced decreases in
the Profile of Mood States Questionnaire and subeeffects that could be
described as aversive, such as increased tensibcoafusion (Perkins et al.,
1993, 1994). Finally, nicotine worsened mood insrookers and caused
unpleasant symptoms, such as dizziness, dysplamgsarm pain (Foulds et al.,
1997). Acute nicotine administered through smokingduced disorientation in

nonsmokers (Soria et al., 1996).
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Thus, the evidence suggests that, in its usual idogge, nicotine use
does not cause intoxication or intense euphorat,iff) it does not act as a
positive reinforcer. The fact that nicotine does intoxicate does not make it
less addicting, but it may explain why medical lesdand governments have not
generally recognised tobacco use as a form of addlgction.
1.3.1.4Incentive-Sensitization and Addiction

Stewart et al. (1984) and Wise and Bozarth (19&intained that it is
the subjective pleasurable or hedonic effectsrtanhtain compulsive drug use.
However, this notion has come under scrutiny. Redinand Berridge (1993) in
particular, argued against a pleasure-seekingprdgtation and advanced an
incentive-sensitisation theory of addiction. Adatiag to this theory, addictive
drugs (and other incentive stimuli) share the gbib enhance
mesotelencephalic DA neurotransmission. One psggital function of this
neural system is to attribute “incentive salientethe perception and mental
representation of events associated with the divaf this system. Incentive
salience is a psychological process that transfonegerception of stimuli
imbuing them with salience, making them attractivegnted”, incentive stimuli
that can ultimately guide behaviour. The authoggested that repeated drug
use produces incremental neuroadaptations of theyBfem rendering it
increasingly hypersensitive or “sensitized” to dr@nd drug-associated stimuli;
thus, causing excessive incentive salience totbhbwted to the act of drug
taking and to stimuli associated with drug takig a result, with repeated
drug use, drug taking and drug-associated stinedobe more and more
attractive. As drug-associated stimuli become naoice more able to control

behaviour, the neural system that mediates wah@eogmes progressively
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sensitized. Wanting evolves into craving, whichifests behaviourally as
compulsive drug seeking and drug taking. The atymint here, and the
disagreement of Robinson and Berridge with Steetaat. and Wise and
Bozarth, is that it is not the pleasure or “likirggsociated with drug taking that
motivates continued drug use but sensitizationgediexcessive wanting that is
independent of liking.

In criticism of the incentive-sensitization theoBj, Chiara (1995)
argued that if rewards act on a common dopaminengichanism and
sensitization of the DA system produces a genacaéase in the incentive
salience of rewarding stimuli, then one would exelkeightened attribution of
incentive salience not only to drug-related stintwit also to all rewarding
stimuli. This is incompatible with the addictiviate whereby drug-related
stimuli increase incentively motivated behavioutha expense of natural
rewards (e.g. food).

In sum, although according to positive reinforcetrtbrories of
addiction (Stewart et al., 1984; Wise & Bozarth@Zpdrugs are self-
administered because they induce pleasure, wittef@gptions (e.g., Barrett et
al., 2004; Soria et al., 1996; Stein et al., 19883, not clear that benefits
attributed to nicotine use, such as improved macglyeal. Many perceived
benefits are actually attributable to the negagivelnforcing properties of
nicotine, that is, the relief of nicotine withdravegmptoms and/or the
alleviation of other nondrug aversive states, f@maple, anxiety and/or

depression. Negative reinforcement will be discdssext.
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1.3.2 Negative Reinforcement

1.3.2.1 Drugs are Self-Administered because oSthee they Alleviate

Wikler (1948), who conducted research on opiates, among the first
to emphasise the negative reinforcing propertiesdoictive drugs. According
to Wikler, addictive drugs sustain drug-seeking dndy-taking behaviour
because they alleviate aversive symptoms of withdkarather than because
they produce a pleasurable state. Negative reiafoent theories of addiction
emphasise that the aversive state associated wthtrawal is a principal
motivation for the addict to use a drug. The bebawis reinforced negatively
because drug self-administration produces ternanadf withdrawal.
According to negative reinforcement theories, smekgiickly acquire tolerance
to the initial, appetitive motivational effectstbie drug; eventually, as
dependence develops, they take it merely to avoescape the agony of
withdrawal (Siegel, 1983).
1.3.2.2 Negative Reinforcement and the Role of Learning

Previously neutral environmental stimuli associatéth drug
withdrawal can themselves become conditioned sti(@8) capable of eliciting
conditioned withdrawal reactions (Wikler, 1948)heFefore, if during
abstinence the addict encounters stimuli previopalyed with the experience
of withdrawal, then conditioned withdrawal symptoaml craving will result.
This in turn may increase the likelihood of relapgdere recently, scientists
proposed that the presence of cues associatedimighadministration, not drug
withdrawal, elicits withdrawal-like reactions (Poslet al., 1981; Siegel, 1983).
According to this interpretation, stimuli pairedtivdrug administration (CS)

elicit conditioned compensatorgsponses, that is, effects that are opposite to, o
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compensate for, the direct or unconditioned effe€the drug. For instance, if
the direct, unconditioned effect of the drug isncrease heart rate, then the
conditioned compensatory response is a decreds=amrate. Similarly, if the
direct effect of the drug is to induce positive rdpthen the conditioned
compensatory response is an induction of negatwedmn These conditioned
responses may account for conditioned tolerancenheeaddict is taking the
drug and conditioned withdrawal responses whermadlikct encounters a CS
when abstinent. The compensatory responses thesssaly manifest as
withdrawal-like responses because withdrawal symptare often opposite to
the drug effect.
1.3.2.3 Negative Reinforcement and Dependence

Under withdrawal-based models, avoidance or supjme®f aversive
withdrawal symptoms by drug administration increatbe probability of
continued and compulsive drug use. Therefore, wadthel defines an
underlying level of physical dependence (Martin i&&h, 1977) or
neuroadaptation (Edwards, 1990) that results frororac drug administration.
Over the course of continued nicotine use, smo&gpgrience increasingly
aversive states when they refrain from using theg dEventually, avoidance of
such aversive states comes to motivate continuggluse. Physical dependence
reflects drug-induced changes in neurobiology tesitilt from the chronic
receptor exposure to drug molecules (Jaffe, 198%grefore, according to
negative reinforcement models, chronic nicotine iagstration is a core feature
of tobacco dependence. However, the conventiaeal that the motivating
influence of withdrawal relief is restricted to ohic and heavy smokers does

not depict accurately contemporary negative reggorent models of
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dependence. The neurobiological processes thatipeadithdrawal (and
dependence) are activated at the first exposunetdine (Baker, Piper,
McCarthy, Majeskie, & Fiore, 2004; Eissenberg, 2004

Initial drug-use episodes, frequently characterisgtbw doses and
irregular dosing intervals, may be insufficienstgpport dependence. However,
they set off the neurobiological processes resptaor withdrawal (and hence
dependence). Individuals who begin their tobaceaaseer with occasional
cigarettes (e.g., smoking at weekends) may notssacky experience
withdrawal. Dependence and a concomitant abstingrteeed withdrawal
syndrome become more likely as tobacco-use epidmetane more frequent.
Thus, initial drug-use episodes may not supporabeurally motivating
withdrawal. In other words, withdrawal may not niagely reinforce subsequent
drug use. At this stage, dependence may not haxetapeed. Instead, the direct,
positive actions of the drug and/or socio-cultueatards, rather than
withdrawal escape, motivate these early-use epssodibe onset of dependence
occurs when escape or avoidance of withdrawal fiegins to motivate drug
use, and self-administration becomes driven by thegeeinforcement.

The transition from behaviour motivated by otheatdas (e.g., positive
reinforcement and socio-cultural rewards) to betvavimotivated by negative
reinforcement may be a critical period in an indual’s drug-use career. Drug-
use episodes before this transition phase markepmmtient drug use, whereas
drug-use episodes after this transition phase tharkearly stages of dependent
drug use. It follows that withdrawal builds incremedly over repeated exposure
to nicotine (Eissenberg, 2004), that is, it is atcmous phenomenon. For

example, in a US survey of 12- to 18-year-olds likedihood of reporting
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symptoms of nicotine withdrawal increased in relatio frequency and
intensity of cigarette smoking. Cessation ratesndimect measure of
withdrawal severity, in 12- to 18-year-old adolegcemokers in the US were:
46% among occasional smokers, 12% among daily srmaid. to 9 cigarettes,
and 7% among those smoking 10 or more cigarettedgye(US Department of
Health and Human Services, 1994b). The basic digrere mechanisms may
be operative to some degree in all smokers, or ey be present primarily at
one or more phases of the dependence trajectorth ddhtinued tobacco use,
the smoker learns that smoking reduces or prewdgtitdrawal-based aversive
states. This learning strengthens with tobaccorexpee. Therefore,
dependence is an emergent rather than an all-a-plo@nomenon.
Furthermore, learning to escape aversive condifppesedes learning to avoid
these conditions (Wada, Matsuda, Jung, & Hamm, 19#us, the first stages
of dependence are best characterised by the gradgaisition of tobacco-use
behaviour that is motivated by escape from thedvétval state. In later stages
of dependence, however, smoking is controlled predantly by avoidance of
withdrawal (Eissenberg, 2004).
1.3.2.4 Nicotine and Negative Reinforcement

Negative reinforcement theories propose that dfegs, nicotine) act as
negative reinforcers; that is, their reinforcingperties are based upon relief or
avoidance of aversive states. There are two brizades of negative
reinforcenment: (a) negative reinforcement basexhuwndrug aversive states,
such as decrements in attentional processing, migcbassociated with
stress/anxiety, and depression and (b) negatinéoreement based on drug

withdrawal. These will be discussed separately.
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1.3.2.5 Nicotine and Nondrug Aversive States

Nicotine can act as a negative reinforcer becaysevents decrements
in attentional processing and alleviates the negatifective states, or
discomfort, associated with stress/anxiety andetspon. The relevant evidence
and possible mechanisms through which nicotine exayt its effects on
attention, stress, and depression will be presemzd

1.3.2.5.1 Decrements in attention.

Self-report data suggest that most smokers atéritingir smoking, in
part, to its ability to help them concentrate amdk more clearly (Tate &
Stanton, 1990). This improvement in performancgiireng attentional
processing serves a reinforcing function and heimain one aspect of
smoking’s attractiveness. A review of the avagatbhta suggests that nicotine
enhances sustained, divided, and selective attentio

Sustained attention (vigilance) is required in ortdedetect and respond
to changes in the environment. It is measured thighCritical Flicker Fusion
Threshold, the Rapid Visual Information Processesy, and stimulated driving
tasks.

The Critical Flicker Fusion (CFF) threshold is aasere of CNS
functioning. An increase in threshold frequencyi¢ates increased cortical and
behavioural arousal (Smith & Misiak, 1976). Incearousal enhances
performance by narrowing attention (Wachtel, 198he task requires
participants to discriminate flicker from fusionngle light) in an intermittent
light source. The threshold (in Hertz) at whickstbccurs is defined as the
highest number of discrete “bits” of informatiorattihe retino-cortical system

can process in a unit of time. Therefore, it isratex of the functional state of
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the CNS (Simonson & Enzer, 1941). Stimulant dragserthe CFF threshold
(an increase in the rate at which the light flickbefore it is perceived as
steady) indicating better sensory processing, vésesedative drugs reduce
thresholds. Administration of nicotine throughanigttes or nicotine gum to
deprived smokers produced significant increas€3HR thresholds compared to
nicotine deprivation (Sherwood, Kerr, & Hindmarad®92; Waller & Levander,
1980). When nicotine was administered (through giansated smokers and
nonsmokers, the CFF threshold was not affecteddidarch, Kerr, &
Sherwood, 1990; Kerr, Sherwood, & Hindmarch, 1991).

In the Rapid Visual Information Processing (RIVEStt a series of digits
generated by a computer is presented on a vissiallagi unit at the rate of 100
digits/min. Participants are instructed to presssponse button as quickly as
possible when they detect sequences of three aaingeodd or three
consecutive even digits (i.e., one hit). Speedanudiracy of information
processing provide the measure of the performakdministration of nicotine
to deprived smokers increased speed and accuratyedrVIP task compared
to saline and placebo (Foulds et al., 1996; MancAadres, Ansseau, & Tirelli,
1999; Warburton & Mancuso, 1998). Moreover, adntiatgon of nicotine
increased performance after abstinence but natadteabstinence (Hasenfratz
& Battig, 1993; Herbert, Foulds, & Fife-Schaw, 2D0Among sated smokers
and nonsmokers, the evidence for an effect of meain vigilance is mixed.
Administration of nicotine to sated smokers andsmokers enhanced
performance on the RIVP task (Foulds et al., 199&rburton & Arnall, 1994),
and it improved performance in a simulated driviagk (Sherwood, 1995).

However, nicotine had no effect on vigilance, agssoeed by stimulated driving
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task performance, in sated smokers and nonsmoBpitich, June, & Renner,
1992).

Thus, the evidence suggests that nicotine canse\atentional deficits
associated with withdrawal, but it cannot reliabhhance vigilance in satiated
smokers and nonsmokers. Given that capacity limartatplay a significant role
in sustained attention, one explanation of thesdirigs is that nicotine prevents
reductions in processing capacity over time (Kask@d7).

Divided attention is the extent to which individsi@in simultaneously
attend to more than one sources of informationseBechers assessed the effect
of nicotine gum on a dual task in which particigaboth tracked a target with a
cursor and responded to peripheral visual stimalkey press (Hindmarch et
al., 1990; Sherwood et al., 1992). Results showatrticotine helped reduce
error tracking but had no effect on reaction toghapheral visual stimuli.

In selective attention studies, researchers asisestegree to which
individuals attend to a target stimulus while sitankously ignoring irrelevant
or distracting stimuli. A number of different meass, including the Stroop
task, the Prepulse Inhibition (PPI) task, and thgative priming task, are used
to assess nicotine’s effects on selective attention

The Stroop test compares the time required forgyaaints to name the
ink colour of colour words that are incongrueng(ethe word red printed in
blue) versus the ink colour of neutral stimuli, ls@&s noncolour words or
coloured squares. Typically, the incongruent takle$ more time than the
neutral task because the tendency to read theroatana interferes with naming
its ink colour. The difference in time between the tasks is a measure of

selective attention or distractibility (Stroop, H)3In letter-search/cancellation
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tasks, the time to search for target letters iaraay of letters as well as the
accuracy of identifying the target letters is a muga of selective attention.
Nicotine administration to deprived (for 10 to 1&uins) smokers produced faster
response time on the Stroop (Hasenfratz & Bat®§31 Landers, Crews,
Boutcher, Skinner, & Gustafsen, 1992) and betteiop@ance on letter-search
tasks (Snyder & Henningfield, 1989; Parrot & Robgelt991). Thus, nicotine
can reverse withdrawal-induced deficits in perfongeon tasks requiring
selective attention. In studies with nonsmokersptime administration had no
effect on the Stroop task (Wesnes & Revell, 1984oletter-cancellation tasks
(Heishman et al., 1993) compared to placebo. Silpjlaicotine had no effect
on performance in a visual single-target seardkitasated smokers and
nonsmokers (Spilich et al., 1992).

The Prepulse Inhibition (PPI) effect is the phennarewhereby a startle
reflex is suppressed when preceded by a weakeulssmThe PPI effect is a
protective mechanism that serves to screen ouegukst stimuli during the
brief time required for the effective analysis loé tinitial stimulus. Cigarette
smoking in a group of healthy male smokers deprofetigarettes overnight
increased PPI compared to the smoking-deprivaoowlition (Kumatri,
Checkley, & Gray, 1996). Others (Della Casa, Hoféejiner, & Feldon, 1998;
Kumari, Cotter, Checkley, & Gray, 1997) reporteahigar results. Thus, the
evidence suggests that nicotine can reverse witladfimduced deficits in
selective attention.

The negative priming effect is the finding thattpapants respond more
slowly to target stimuli, if they ignored them omeceding trial (Tipper, 1985).

He proposed that, when participants select thetatimulus in the first trial,
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interference from the distracter stimulus is reduog suppressing the
representation of the distracter. Thus, when thgatiter becomes the target in
the second trial, its representation is less ablk&laausing participants to
respond slower to targets that were previouslyatisers. The suppression of an
interfering stimulus, as indexed by the level ofakeve priming, is an adaptive
process implemented to overcome interference aceé memory. As such,
the efficiency with which distracting sources diomnmation are inhibited
provides a measure of selective attention (Tipp@85). Rodway, Dienes, and
Schepman (2000) used the negative priming paratbgest whether smoking
enhanced the inhibition of distracting informatidinirty-six minimally

deprived smokers (1-hour abstinence) were testalf.sikhoked and half sham
smoked. Smoking resulted in a significant negapineing effect in contrast to
an absence of negative priming in the sham-smalgiagp. That is, smoking
increased the suppression of distracting infornmatiompared to sham smoking.
Thus, smoking reversed withdrawal-induced deficitselective attention.
However, there was no information whether this iovement was above
nonabstinent levels.

In sum, nicotine can reverse attentional deficstsoaiated with tobacco
withdrawal and thus facilitate attention (a) byrgesing or preventing
reductions in processing capacity, (b) by enhanattention to relevant stimuli,
and (c) by decreasing susceptibility to irrelev@mtracting) stimuli. In support
of these assumptions, nicotine treatment redu¢estetnal deficits, compared
to placebo, in Alzheimer’s patients (White & Levik§99), in schizophrenics

(McEvoy & Lindgren, 1996), and in people with atien deficit/hyperactivity
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disorder (Levin, Conners, Silva, Canu, & March, 200'hus, the evidence
supports claims that smoking behaviour is reinfdncegatively.

1.3.2.5.2 Stress and anxiety.

Smokers consistently attribute their smoking tality to reduce
subjective distress, anxiety, and the associatgdtive affect (Brandon &
Baker, 1991; Shiffman, 1993). In experimental sftsdsmoking and nicotine
reduced stress and anxiety induced by a numbadaffefeht procedures. Thus,
smoking reduced anxiety induced by social intecagtivhere participants
debated an issue on which they disagreed stroilydrt & Spielberger,
1987). Smoking, compared to sham smoking, attedysggformance anxiety or
failure stress in anticipation of a mental arithimé&isk (Pomerleau &
Pomerleau, 1984). Similarly, in minimally depriveahokers, smoking reduced
subjective distress induced by a computer task{erGrobe, Fonte, & Breus,
1992). Finally, in nonsmoking students, nicotinenadstered by inhalator
blocked increases in ratings of anxiety (File, klu& Leahy, 2001).

There are some suggestions regarding the mechathainsnderlie the
stress-smoking interaction. First, the smoker mggrpret withdrawal
symptoms as psychological stress. Thus, any efeéasoking on stress may
be due to withdrawal alleviation rather than teedireffects of nicotine (Baker
et al., 2004; Parrott, 1999). For example, nicotitadrawal manifests by
increases in anger, anxiety, tension, irritabilggd dysphoria (Hughes &
Hatsukami, 1986). Administration of nicotine re\egshese adverse effects
(Hatsukami, Hughes, & Pickens, 1985). Thus, smo#tersve a reduction in
negative affect, stress, and anxiety only througbhtme’s ability to relieve

withdrawal symptomatology, not through some inhesadxility to transform
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affective states (Parrott, 1999). Furthermore, olrercourse of the development
of addiction, through repeated pairings of withdabmduced affective distress
and smoking-induced alleviation of distress, smek&me to view various
affective states, such as stress, as discriminatirauli signalling that smoking
will be reinforcing (Pomerleau & Pomerleau, 1984)other words, negative
affect may become a cue for smoking, even wheodtis independently of
nicotine withdrawal. Nicotine has stress-reducifigats in nonsmokers too
(File et al., 2001). Thus, nicotine’s stress-redgaffects may also operate
through some mechanism other than relief of withvditanduced stress.

Nicotine’s effects on anxiety may be mediated tigtoiis effects on
attention allocation (Kassel & Shiffman, 1997). Ylexposed smokers to a
stressor, that is, they asked them to prepareempally embarrassing, self-
disclosing speech. At the same time, they presgraddtipants with a benign
distracter task (viewing art slides). Smoking imd attentional focus on the
distracter task. The authors suggested that, cadgarsmokers who did not
smoke, smokers were less distracted by currenhiatand external stimuli that
might promote anxiety. Consequently, they experdre reduction in anxiety
relative to smokers who did not smoke. This aitera-mediation effect on
anxiety may be more important than any direct ¢fdecmood because smoking
in the absence of a distracter task did not redngeety (Kassel & Shiffman,
1997). Thus, according to the authors, smokingtamherently anxiolytic.
Rather, it serves to divert the smoker’s attenfrom worries that might
otherwise produce or increase anxiety.

A third suggestion regarding the mechanisms thdetie the stress-

smoking interaction is that physical and psychalabstressors facilitate the
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acquisition of drug self-administration becausey tinerease the reinforcing
efficacy of drugs of abuse (Piazza & Le Moal, 198998). In adult animals,
artificial and physical stressors, such as repeiéginch, facilitated the
acquisition of the self-administration of psychogtlants, such as cocaine and
amphetamine (Piazza, Deminiere, Le Moal, & Sim@&8Qd). Exposure to a
stressor reinstated responding for nicotine follayits extinction (Buczek, Le,
Wang, Stewart, & Shaham, 1999). Furthermore, exgasustressful stimuli
enhanced nicotine craving (Coffey & Lombardo, 19%&rticipants who
smoked after exposure to stress (social interacteported greater pleasure and
arousal derived from smoking compared to partidipaot exposed to stress
(Zinser, Baker, Sherman, & Cannon, 1992). One @ftlost likely explanations
is that stress modifies, at the neurobiologicaélethe motivational and/or
reinforcing properties of drugs of abuse (Piazzae8Moal, 1998). One of the
effects of stress is to increase glucocorticoidetean, which is one of the
principal hormonal responses to stress. That,rm nhances the release of DA
that functions to counteract adverse effects efssful environmental stimuli on
behaviour (Piazza & Le Moal, 1997, 199&)A serves also as a substrate for
drug-induced reinforcement (Robinson & Berridge93p By changing its
activity, stressors could enhance the responsigeioedrugs of abuse; thus,
increase drug self-administration. Why stressocsei@ise the activity of the
biological substrate of reward remains an opentegaresHowever, this could
constitute a compensatory attempt to counterachvikResive effects of stress

(Piazza & Le Moal, 1998).
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It is possible that the different mechanisms uryiiegl the stress-
reducing effects of nicotine operate simultaneoaslg contribute to the
reinforcing nature of smoking behaviour.

1.3.2.5.3. Depression.

An intriguing association between depression agdreitte smoking is
evident in the literature (e.g., Fergusson, Good®&iklorwood, 2003; Lam et
al., 2004; Murray & Lopez, 1997). Results provid@ort for a depression-to-
cigarette-use pathway. In a longitudinal studyaddlascents (age 12 to 15
years), depression increased the risk of smokiagdR et al., 1996). In a
prospective study of 15- to 16-year-olds, deprassignificantly predicted
smoking onset in the subsequent 3 years (Pattal, 998). Similarly, in a 4-
year longitudinal study of smoking adolescentshardevels of depressive
symptoms (assessed by CES-D) at baseline proselsgtiredicted smoking
onset (Killen et al., 1997). Finally, depressivenpyoms predicted later cigarette
use in a longitudinal study over 8 years, duringlescence to young adulthood
(Repetto, Caldwell, & Zimmerman, 2005).

One hypothesis regarding the association betwegresieon and
smoking suggests that cigarette use helps to fsetficate” feelings of negative
mood. Therefore, levels of depression casually@erfte subsequent levels of
cigarette use (Lerman et al., 1996). The self-nadin model has been
supported by studies that have linked depressiselfereport of smoking in an
attempt to increase arousal and reduce negatigetg®innunen, Doherty,
Militello, & Garvey, 1996; Costello, Erkanli, Fedean, & Angold, 1999; Killen

et al., 1997).
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Consistent with the self-medication hypothesifhiesguggestion that
nicotine use alters neurochemical systems (e.grotransmitters such as
acetylcholine, DA, serotonin, and norepinephrima) imay affect, in turn,
neural circuits in the brain, for example, rewarelclmanisms associated with
mood regulation (Pontieri, Tanda, Orzi, & Di Chiare996). In support of this,
the brains of living smokers showed a 40% decraate level of monoamine
oxidase B (MAO B) relative to nonsmokers and tarfer smokers (Fowler et
al., 1996). MAO B is involved in the breakdown oADThus, MAO B
inhibition is associated with enhanced activityp#, a neurotransmitter
implicated in reinforcing and motivating behaviauepression itself may
reduce the performance of behaviours that prodeiogéorcement. Therefore,
depressed smokers will use nicotine because, thrivsigndirect effects on DA,
nicotine and smoking may increase the chancestafrobg environmental
reinforcement (Hall, Munoz, Reus, & Sees, 1993).

In sum, depression may constitute a risk factosfooking initiation,
maintenance, and relapse because nicotine cantseslleviate the negative
affective state associated with depression.

Overall, the evidence suggests that some of the weayhich nicotine
provides negative reinforcement include improveniemerformance requiring
attentional processing and alleviation of stresséy and depression. However,
nicotine also serves to alleviate aversive stdtasare associated with
discontinuation of nicotine administration. Negatreinforcement based on

nicotine withdrawal will be discussed next.
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1.3.2.6 Nicotine and Withdrawal

The presence of a withdrawal syndrome followingugbr
discontinuation of nicotine was studied extensiatyong adolescent and adult
smokers.

Adolescent tobacco users cited withdrawal avoidasca motivating
factor for their continued tobacco use (United &ddepartment of Health and
Human Services, 1994b). Adult tobacco users alsednwithdrawal as a
motivating factor (United States Department of Heahd Human Services,
1988). More than 50% of adolescents experiencéuivawal symptoms when
they attempted to quit smoking. That compares afproximately 85% of
adults who experienced withdrawal symptoms upoatime abstinence
(Erschler, Leventhal, Fleming, & Glynn, 1989).

1.3.2.6.1 Studies with adolescents.

In a school-based study, adolescent smokers whpieatbusly made
an unsuccessful attempt to quit were identifiedjgRoKillen, Haydel, &
Robinson, 1998). Participants completed withdraagslessments based on
retrospective self-reports in reference to the ipres/quit attempt. Assessments
were based on DSM criteria, often with additionah+DSM features queried
(e.g., craving). Out of 485 adolescent smoketsénld' grade, 259 reported a
previous attempt to quit smoking. Most adolescesported at least one
withdrawal symptom. About a third of adolescentsoréed three or more
symptoms. The prevalence of individual withdragshptoms ranged from
25% (hunger) to 49% (craving). In a similar styicNeill, West, Jarvis,
Jackson, & Bryant, 1986), female adolescent dailglers were significantly

more likely to report a withdrawal symptom (74%uhoccasional smokers
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(47%) were. Responses to the withdrawal symptomsteere very similar to
those reported by Rojas et al. (1998) with craviregmost commonly endorsed
symptom.

The 1-year prevalence of withdrawal symptoms ireav¥ealand birth
cohort sample was examined (Stanton, 1995). Wittaraymptoms were
assessed for all smokers in the sample eitherltadytried to quit in the past or
not. This is important because withdrawal symptoars be experienced in the
absence of attempts to quit smoking (e.g., wherksrgas restricted).
Withdrawal symptoms in Stanton’s more inclusive geamwere more prevalent
than were those reported in the two studies of ecessful quitters (Rojas et al.,
1998; McNeill et al., 1986). Craving was most coomhy reported (61%)
followed by restlessness (46%), appetite increasee@ht gain (45%), and
irritability or anger (42.7%). These findings shtvat smokers may frequently
experience withdrawal symptoms outside of a forguatl attempt.

1.3.2.6.2 Studies with adults.

Fifty male smokers (mean age 38 years) were randassigned to
receive placebo gum during a double-blind studthefeffect of nicotine gum
on the signs and symptoms of tobacco withdrawagtés & Hatsukami, 1986).
Participants provided baseline measurements fary2 df ad-lib smoking. After
that, they were asked to abstain from smokingHerrtext 4 days. They were
instructed to use a gum when they had a craving fgarette. Data on the
Profile of Mood States (POMS) questionnaire wer&ected during baseline
and during the 4 days of abstinence. Observer artttipant reports of
withdrawal symptoms were also collected during i@send during the 4 days

of abstinence. The symptoms that participantsrtedoncluded: anxiety
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(43%), irritability (40%), impatience (38%), diffity concentrating (36%),
restlessness (35%), craving (31%), sleep distudm(81%), hunger (26%),
somatic complaints (24%), fatigue (20%), gastratital tract problems (16%),
headaches (12%), and drowsiness (4%). Observersad self-reported
symptoms and based their ratings on observed chandiee participants’
behaviour. Observers reported most self-repotidvagwal symptoms. More
important, the mean scores on the POMS indicatet] during abstinence,
participants were as distressed as the averagéipfiyc outpatient was.

Adult smokers frequently report symptoms reflectwwenood and
anxiety disorders, such as irritability, low mooeéstlessness, and difficulty
concentrating (Breslau, Kilbey, & Andreski, 1992adtlen et al., 1997).
Madden et al. identified three major classes ohdrwal severity among their
participants; these were labelled the “mild”, “moate”, and “severe” groups.
The symptoms that participants experienced follgwiitotine deprivation were
overall very similar to those reported by Hughed Hiatsukami (1986).
However, compared to smokers with mild nicotinenrawal, individuals
having either moderate or severe withdrawal hadifstgntly elevated lifetime
rates for the indicators of nicotine dependencar(easured by the Fagerstrom
Test for Nicotine Dependence: Heatherton, Kozlowskecker, & Fagerstrom,
1991).

The similar prevalence rates across the previaugest (both among
adolescent and adult smokers) hold despite thefudiéferent measures and the
different sample characteristics in terms of gendge, and nationality. With
the exception of the study by Hughes and Hatsuka@86), where observer

reports of the participants’ withdrawal symptomgeavebtained, all of the other
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studies are possibly limited by their reliance eli-seeported withdrawal
symptoms. However, objective changes that parsdlélreported withdrawal
symptoms were documented in laboratory experim@tdassukami et al., 1985).
Furthermore, results from prospective studies (#earrow, & Miser, 1995;
Smith et al., 1996) provided support for most sefferted withdrawal
symptoms. Finally, the general comparability ofifitgs across the previous
studies supports the validity of the self-reponteiiospective accounts of
withdrawal.

Withdrawal symptoms are attributed to nicotineheathan to
behavioural aspects of tobacco use, because withtisymptoms can be
alleviated by nicotine replacement (Jarvis, Rawsdeil, & Feyer-Abend, 1992:
Smith et al., 1996) but not placebo (Russell, &tapl, Feyerbend, Wiseman, &
Gustavsson, 1993).

1.4 Indirect Reinforcing Properties of Nicotine

Although accumulated evidence indicates that meois the component
of tobacco smoke that leads to addiction (Stoler&darvis, 1995), the means
by which nicotine produces addiction remain unc{&ping-Jordan, Watkins,
Koob, & Markou., 1998). Two models of “direct” réancement have been put
forward to explain the development and maintenari@ldiction. According to
the positive reinforcement model, drugs are seffiatstered because they
induce pleasure or positive affect. On the othedhaccording to the negative
reinforcement model of addiction, drugs are setfiuilstered because of the
state they alleviate, for example, aversive symgtassociated with withdrawal.
However, there is a third possibility of an “inditéaction of nicotine on other

types of rewards. Thus, nicotine may support degksg behaviour because it
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taps directly into brain mechanisms that mediabeiotypes of rewarding event.
These indirect reinforcing properties of nicotireesé been shown in animals
and in humans.
1.4.1 Animal Studies and Intracranial Self-Stimiglat

In 1954, Olds and Milner designed an experimemtet@rmine whether
the reticular formation might play a role in leargi They placed an electrode in
the brains of rats to stimulate electrically thieckdar formation. Because the
surgical procedure needed to implant the electroddse brain had been
developed only recently, it was not very accurttas, one of the electrodes
ended up in the wrong place: near the oppositeoétite brain, the septum. This
accident was a lucky one for the investigatorsthiear surprise, when the rat
received the brain stimulation, it sometimes satagked around, and sniffed,
as if reacting to a favourable stimulus. Furthemméine animal would return to
the corner of the enclosure where the electricausation had been applied. In
the words of Olds (1973): “By the time the thirédtical stimulus had been
applied the animal seemed indubitably to be ‘confiagk for more’ ” (p.81).
Realising that they had just seen something vepomant, Olds and Milner put
more electrodes in rats’ brains and allowed the tapress a lever that
controlled the current to the brain. The rats glyitdarned to press the lever at a
rate of over seven hundred presses per hour. Sudsestudies obtained
response rates of several thousand presses pef@ldsr 1958). It turned out
that the reinforcing effect of the electrical bratrmulation was very potent.
When given a choice between pressing the leveeandg, drinking, or
copulating, animals would choose the lever. Thenpheenon led to immediate

excitement and many investigators turned theinétie to the study of
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intracranial self-stimulation (ICSS) and the mecghkians of central
reinforcement (Olds & Frobes, 1981). ICSS in labmmaanimals was
demonstrated in numerous brain regions, includiegnucleus accumbens,
amygdala, hippocampus, hypothalamus, and many (fara review, see Olds
& Frobes, 1981). These areas became known as reeatdrs because animals
would work to obtain electrical stimulation of padf their brain (Olds &
Frobes, 1981). The effects of ICSS were demonstiata number of species,
including monkeys and dolphins (Lilly, 1958), cé®oberts, 1958), snails
(Balaban & Maksimova, 1993), and humans (BishogdeEl& Heath, 1963;
Mahl, Rothenberg, Delgado, & Hamlin, 1964; Sem-baen, 1976). Thus, the
generality of the phenomenon is not in question.

Soon after Olds and Milner’s (1954) observatiort thgs would
repeatedly perform a response in order to delileatical stimulation to parts
of their brain, Hess (1957) reported that feeddrmking, and sexual behaviour
could all be elicited by electrically stimulatinggicular brain sites. It seemed
likely that these neurons were also activated wiaarally occurring
behaviours were observed. Further research subsiyguelicated that natural
and ICSS rewards are mediated via the same cirdddgenson, 1971, 1973).
Furthermore, the same neuronal substrates thatitedtlie rewarding effects of
ICSS and natural reinforcers also mediate the rdwareffects of drugs of
abuse (Huston-Lyons, Sarkar, & Kornetsky, 1993).
1.4.1.1 Nicotine Increases Sensitivity to Reward

Interesting relationships have been identified leetwintracranial self-
stimulation (ICSS) and the positive reinforcingeetk of nicotine. Nicotine can

facilitate ICSS by reducing the threshold curresgaed to support it. Thus,
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nicotine can increase an animal’s sensitivity ®rgwarding impact of ICSS
(Bauco & Wise, 1994; Bespalov, Lebedev, Panchefcbyartau, 1999;
Huston-Lyons & Kornetsky, 1992; Huston-Lyons ef 4893; Ivanova &
Greenshaw, 1997). The ability of nicotine to faiaie ICSS correlates well
enough with its propensity to be self-administefgus increased sensitivity to
ICSS is regarded as a model of the hedonic imgabieacompound, that is,
drug-induced euphoria (Bespalov et al., 1999). falsethat nicotine produces
ICSS facilitation (i.e. stimulation-threshold lowsg) reflects the compound’s
intrinsic rewarding effect; therefore, its potehaddiction liability (Kornetsky,
Esposito, McLean, & Jacobson, 1979). Drugs thhaeoe the rewarding
effects of electrical brain stimulation are genlgralghly addictive, whereas
drugs that are not addictive usually fail to enteaelectrical brain stimulation.
Furthermore, this effect of nicotine on ICSS pr@dc measure of the
compound’s action on important brain reward systésae Section 1.4.1.3).
1.4.1.2 Withdrawal Decreases Sensitivity to Reward

Because nicotine, like other drugs of abuse, irrgeérain reward
function, as indexed by decreased ICSS threshaklddinence from nicotine
should have the opposite effect. Epping—Jordah ¢1998) investigated
whether the nicotine abstinence syndrome was cteaiized by decreases in
brain reward function, as measured by elevation€ 85 brain reward
thresholds. Rats with chronic bipolar stimulatitgc&odes demonstrated stable
baseline ICSS reward thresholds. They were prepaitcdbsmotic minipumps
containing either nicotine or saline. The minipunagse implanted in the
posterior lateral hypothalamus and delivered nigémper day nicotine

hydrogen tartrate salt dissolved in saline. Thisedmaintains stable plasma
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nicotine levels comparable to those reported bykersoconsuming 30
cigarettes daily (Benowitz, 1988). Minipumps wesenoved under anaesthesia
7 days later. ICSS reward thresholds were deterabheegular hour intervals
during chronic nicotine administration and oncdydafter pump removal.
Spontaneous nicotine withdrawal resulted in a ficamt decrease in brain
reward function, as measured by elevations in lneward thresholds. The
decrease peaked at 6 to 8 hours and exceeded H4i¥sedine values.
Thresholds of saline-treated rats did not diffgndicantly from baseline values
at any point. Mean thresholds for nicotine-treated returned to baseline levels
by the 5th day, and thresholds for all individuglatine-treated rats returned to
baseline levels within 16 days of minipump removal.

Chronic nicotine administration induced significahgvations in ICSS
reward thresholds similar to those observed dusittigdrawal from other
addictive drugs (Kuhar & Pilotte, 1996; Wise & Mumi®95). Decreased
function in brain reward systems during nicotinéhdrawal in the rat may be a
useful model of the affective aspects of nicotingdrawal in humans. The
profound perturbation within brain reward circwesiproduced by chronic
nicotine administration may contribute to nicotawliction.
1.4.1.3 Sensitivity to Reward and Dopamine

DA neurons constitute a critical link in the bramiatural reward system
that evolved to mediate the reinforcing effectaatural stimuli (e.g., food,
water, and sex). Electrical brain stimulation anggs of abuse activate the

natural reward system in the brain by interactinp \WA neurons and synapses.
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1.4.1.3.1 The brain dopamine system: effects 86lQicotine, and

natural rewards.

={rEEILIm

Figure 1.1 Brain dopamine pathways.

Retrieved fromwww.democrit.com/drugs/dopamine_pathways.jpg

Major developments in neurochemical mapping procesibave led to a
detailed delineation of DA distributions in the inoraTwo major dopaminergic
tracts were identified: the nigrostiatal pathwakhjeh is concerned with motor
control, and the mesolimbic and mesocortical pagtswb/ngerstedt, 1971),
which are strongly implicated in motivational re@grocesses (Fuxe &
Hokfelt, 1969). The cell bodies of these two sysemginate in two midbrain
regions: the substantia nigra (SN) and ventral tagal area (VTA),
respectively (see Figure 1.1). The DA cells of Mi&A and SN form a
continuous layer and project to adjacent and oppitay terminal fields. The
boundaries between these “systems” are not wahe@{Moal, 1995). The DA
cells of the VTA innervate the ventral striatum ¢laus accumbens) but also

adjacent areas, including the septum, amygdalahgpbcampus. This subset
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of efferents is known as the mesolimbic DA systéire DA cells in the medial
VTA that innervate the medial prefrontal cortex kmewn as the mesocortical
DA system. There is considerable overlap betweerViPA cells that project to
these various targets. The two systems are oftéectuoely referred to as the
mesocorticolimbic DA system (Civelli, 1995).

Two-deoxyglucose autoradiography showed that tha \éTone of the
chief regions metabolically activated during ICS$l@paminergic pathways
(Yadin, Guarini, & Gallistel, 1983). Electrodespted directly or near the
VTA elicited ICSS (Wise & Rompre, 1989). Stimulatiof rewarding sites in
the VTA augmented DA release in the nucleus accasfféorino, Coury,
Fibiger, & Phillips, 1993). Furthermore, destruatiof the mesoaccumbens
projections by neurotoxic diminished the potencyW®A electrodes to elicit
ICSS (Fibiger, LePiane, Jakubovic, & Phillips, 138JA antagonists and
compounds that interfere with DA synthesis andagfer(e.g., reserpine) mimic
the effects of decreasing the intensity of rewagdimain stimulation (for a
review, see Wise, 1996). Results from early studidsiot make clear whether
reduction in ICSS behaviour is due to a disruptbreward mechanisms or due
to deficits in performance caused by motor impaitner both. Many
compounds exert motoric effects that might stromglippence an animal’s bar-
pressing ability (Gerhardt & Liebman, 1981). Furthere, disruption to the
nigrostriatal DA pathway can cause motor defidiest tmay render animals
incapable of producing the movements required tainla rewarding stimulus
(Dews & Morse, 1961). Consequently, researchersdéd\several paradigms
that can dissociate motor deficits from alterationseward intensity (e.g., Bird

& Kornetsky, 1990; Esposito, Faulkner, & Kornetsk9,79; Esposito, Perry, &
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Kornetsky, 1980; Gallistel & Karras, 1984; Miliases Rompre, Laviolette,
Philippe, & Coulombe, 1986; Sinden & Atrens, 192arevics & Setler, 1979).
Results provided further support to the theory thatmesocorticolimbic DA
system is at least one of the brain pathways madittte rewarding effects of
ICSS.

Many studies demonstrated the effects of nicotméGSS. Thus,
repeated daily injections of nicotine on the VTArafs lowered the threshold
for rewarding brain stimulation (Bauco & Wise, 198&spalov et al., 1999;
Huston-Lyons & Kornetsky, 1992; Huston-Lyons ef 4893; Ivanova &
Greenshaw, 1997; Kenny & Markou, 2006). This effgaticotine was blocked
by the DA receptor antagonist naloxone, haloperidiotl pimozide and the
nicotine antagonist mecamylamine (Carboni, Bort@iea, & Di Chiara, 2000;
Huston-Lyons et al., 1993; lvanova & Greenshaw,7)9%hese reward-
enhancing actions of nicotine are mediated by casung DA transmission in
the shell sub-region of the nucleus accumbens {€togt al., 1996).
Specifically, nicotine increases DA levels in theleus accumbens (Benwell &
Balfour, 1992). That mechanism of action is simitathat of cocaine,
amphetamine, and morphine (Huston-Lyons et al.31P®9ntieri et al., 1996) as
well as to that of natural reinforcers, for exampbed and water (Fibiger,
Nomikos, Pfaus, & Damsma, 1992).

Thus, studies using in vivo microdialysis (measeptrof
neurotransmitters in the extracellular fluid of giie brain regions) showed that
ingestion of food, water, and sweet solutions,(pamary reinforcers) was
accompanied by increases in extracellular DA cotmagans in the nucleus

accumbens (Fibiger et al., 1992). This findingeef the activation of the VTA



39

pathway. Sexual stimuli (i.e., a mate) and makiagaviour were also
associated with marked increases in DA releaskeemucleus accumbens
(Damsma, Pfeus, Wenkestern, & Phillips, 1992).

1.4.1.3.2 Natural rewards versus artificial rewards.

Natural rewards (e.g., food) and “artificial” rewlar(e.g., nicotine and
ICSS) activate release of DA in the nucleus accurabdowever, certain
differences between these two kinds of rewards éxa might be critical for
the addictive properties of artificial rewards lierigs of abuse (Di Chiara,
2000).

First, drug rewards and ICSS can elevate nucletsnaloens DA levels
three to five times more than conventional rewdinds tend to elevate DA by a
factor of one and a half or two (Bassareo & Di @Cjd 999; Fiorino, Coury, &
Phillips, 1997). Therefore, natural rewards maybaist DA transmission as
much as atrtificial rewards do. In support of tlisimals prefer to choose self-
imposed starvation when forced to make a choioad®t obtaining food and
water or direct electrical stimulation of their im& (Routtenberg & Lindy,
1965).

Second, as Esch and Stefano (2004) suggestediretiis can be made
by the build-up of “appetence”: Natural rewardsetgbon a preceding build-up
of appetence (e.g., hunger) to develop their reamg potential fully (Small,
Zatorre, Dagher, Evans, & Jones-Gotman, 2001).ddatewards (such as food)
activate the DA system indirectly by stimulatingipberal sensory receptors.
Following ingestion of food, appetence decreasas {d satiety). Then it needs
a certain time span to return to its former lewélmtensity. During this time,

the same desirable experience may induce averSioal( et al., 2001). The
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results from sham-feeding experiments, where copsomis allowed to occur
normally, but the food is quickly drained from ttemach and does not enter
the intestine for absorption, showed that animatgl (humans) continue to eat,
for often more than 1 hour (Gibbs, Maddison, & Boll981). Therefore, the
smell, taste, and swallowing of food (i.e., the aedy do not produce satiety.
Instead, satiety is produced by food accumulatinipé stomach and entering
the intestine (Gibbs et al., 1981). This is not¢hse, however, with artificial
rewards, such as drugs of abuse and ICSS. Addidtivgs and ICSS activate
brain DA directly. They immediately build up highetence levels that are not
released completely, or they are released onlg &irort time after drug
consumption (Nestler, 2001). Consequently, althabgreffects of natural
rewards, such as food, are controlled by feedbamthamisms of satiety that
modulate the value of the reward (i.e., the rewalde of food), no such
mechanisms control the rewarding effects of adekatirugs or ICSS. Because
drugs of abuse (and ICSS) do not produce satiasaio natural rewards, drugs
(and ICSS) are capable of activating DA in the auslaccumbens in a manner
that is not limited by previous drug history butyhy drug availability.

Thus, the much more potent reward signal producélda brain by
drugs of abuse, as opposed to natural rewardseldasvthe fact that drugs of
abuse do not produce satiation may explain whysifagy., nicotine) become
addictive, whereas natural rewards usually do not.

DA release is associated not only with primaryfi@icing stimuli but
also with conditioned stimuli.

1.4.1.4 Dopamine and Conditioned Reinforcers
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DA may play an important role in learning aboutrstli predictive of
reward. For example, DA neurons in the VTA firedesponse to both primary
and conditioned reinforcers (Mirenowicz & Schult®96). That is, DA cells
increased their firing when a monkey was given spnoe (US) and after
hearing a sound (CS) that was followed by the juiceontrast, DA cells did
not increase their firing when a conditioned stinsutame on (light) that was
followed by an irritating puff of air (i.e., an agéve stimulus). Therefore,
midbrain DA neurons may code both natural rewardsenvironmental cues
that signal reward, but they are unlikely to coelrhed aversive stimuli
(Mirenowicz & Schultz, 1996). In humans, anticipatof increasing monetary
rewards elicited nucleus accumbens activation @A.release) but anticipation
of increasing punishment did not (Knutson, Adanmd; & Hommer, 2001).

In monkeys, midbrain DA neurons elicited a shotethay burst of firing
in response to unpredicted rewards (e.g., smattgyaof fruit juice to the
mouth; Schultz, Dayan, & Montague, 1997). Afteraated pairings of a cue,
for example, a tone (CS), with reward, the CS cotogsedict reward. DA
neuronal firing now occurs in response to the mtedi(CS). Reward itself does
not activate the neurons. However, if the rewaild ta occur, then
dopaminergic activity is depressed at exactly itne of the expected reward;
hence, reporting an error in the prediction of nelvaMidbrain DA activity
codes for expectations about external stimuli esarel, and it codes for errors
between predictors and actual reward timing andniade (Schultz, Tremblay,
& Hollerman, 1998). Moreover, DA release occurgenmbustly in the nucleus
accumbens during reward anticipation than durimgard consumption

(Berridge & Robinson, 1998; lkemoto & Panksepp, 999
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The DA system, which is critical for reward funetjdecomes
increasingly responsive to reward predictors amangegly unresponsive to the
reward “itself” (Mirenowicz & Schultz, 1996; Schalet al., 1997, 1998). This
raises the question whether DA is important forghegliction, rather than the
“receipt”, of reward. Although Wise (2002) acknoddged the fuzziness of the
distinction between receipt and prediction of redydwe argued that what might
tend to be designated as the receipt of rewardtmigine accurately be
designated as a more proximal predictor of rewldedsuggested that in the
human situation (e.g., the excitement of winning lthttery), reward is
experienced upon announcement of the winning numatleer than at the
receipt of the food that the money eventually bdysis, although money is a
reward, it is a conditioned reward, not a primang.oMoney is a reward
because it is associated with things to come (®gd, bigger house, better car).
It follows that stimuli that predict reward (CS)oshd activate the DA system as
much as, if not more than, unconditioned rewardé/dise, 2002).

Conditioned reinforcers (for food) increased tHease of DA in the
nucleus accumbens, whereas DA-depleting lesiotiseafiucleus accumbens
attenuated the effect of conditioned (learned)ntiges on behaviour (Robbins,
Cador, Taylor, & Everitt, 1989). Taylor and Robb{ti984) examined the
enhancement of conditioned reinforcement follownmgroinfusions of d-
amphetamine into the nucleus accumbens of raty, fblued that d-
amphetamine produced a significant dose-dependergase in responding on
the CR lever (presentation of light previously pdiwith food). There was no
significant increase in responding on the NCR léwerprogrammed

consequences). Therefore, the enhancement of mdisgdior a CS (i.e., light)
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with intra-accumbens d-amphetamine was behaviguspkcific. The lack of
concomitant increases in responding on the NCR léemonstrated that the
control over behaviour exerted by d-amphetaminemaisitained only by a
motivationally significant stimulus. The enhanceahizol over behaviour by a
CR with d-amphetamine demonstrated that stimulargsicould exaggerate the
effects of stimuli that predict reinforcers. Thenaf, one mechanism by which
drugs may come to control behaviour is by poteiniigthe effects of stimuli

that are predictive of other reinforcers (TayloR&bbins, 1984).

In support of this suggested mechanism, nicotimacbonly act as a
primary reinforcer, but it can also potentiate téforcing properties of other
reinforcing stimuli through nonassociative mecharsige.g., Chaudhri, 2005;
Chaudbhri et al., 2006; Donny et al., 2003).
1.4.1.5 The Reinforcement-Enhancing Effect obtiie

Nicotine can directly enhance behaviour maintaimgdalient
nonnicotine stimuli and does not require a contmgelationship between drug
administration and responding (Donny et al., 2@¥3audhri, 2005; Chaudhri et
al., 2006). For example, rats were allowed to aedever pressing for nicotine
paired with a visual stimulus (which has been showimave primary
reinforcing properties; Caggiula et al., 2002)jrsapaired with the visual
stimulus, nicotine alone, and saline alone. Ratghlf-administered
(contingent) nicotine paired with the visual stiomialso controlled the delivery
of nicotine infusions to a separate group of angngabncontingent nicotine) that
responded for the visual stimulus alone. Conting@idt noncontingent nicotine
increased response rates maintained by the vismallas compared with the

other conditions. Therefore, nicotine can enhahea¢inforcing value of, and
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therefore behaviour maintained by, an already oeaiig nonpharmacological
stimulus through nonassociative mechanisms (Dohay,,e2003). Associating
nicotine with the visual stimulus produced a syrstiggand not just an additive
enhancement of self-administration. That is, respaates generated by the
combination of visual stimulus and nicotine wererenthan twice the sum of
response rates produced by the visual stimulusalomicotine alone.
Furthermore, unlike nicotine, noncontingent delwvef food pellets did not
enhance responding for the visual stimulus comptréeler pressing for the
visual stimulus alone. Therefore, the increasegponse rates was a direct,
pharmacological action of nicotine and not a propef all reinforcers (Donny
et al., 2003).

In addition to unconditioned reinforcing stimulicatine can also
enhance behaviour maintained by conditioned reteis: For instance, a brief
tone-light stimulus was paired or not with sucrpa#ets. After training, two
separate levers were introduced. Responding ofmeorewas reinforced by the
stimulus in the absence of sucrose. Animals witlir@se-paired training
responded considerably more on the stimulus-retefibfever compared to the
nonreinforced lever or to rats in the sucrose-ugglacondition. Therefore, the
paired stimulus became a conditioned reinforceereds the unpaired stimulus
had only weak reinforcing strength. Subsequentiymals were divided into
three groups and were tested daily on a progresatiereinforcement
schedule. Lever pressing was reinforced by theustiswith contingent
nicotine, noncontingent nicotine, and noncontingatine. Rats with sucrose-
unpaired training demonstrated moderate resporfdimtpe stimulus (with

saline) compared to rats with sucrose-paired ngitinat responded at a
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significantly greater level for the stimulus (wghline). Therefore, prior pairing
of the stimulus with sucrose made it a comparatigaionger positive
reinforcer. More important, contingent nicotinewatd responding for the
stimulus equally in the sucrose-unpaired and seepasred groups.
Noncontingent nicotine more effectively increasesponding for the sucrose-
paired as opposed to the sucrose-unpaired stinff@hesudhri, 2005). Thus, if
the nonpharmacological stimulus possesses sonfen@ig strength prior to
nicotine exposure, then the reinforcement-enhaneifegt of nicotine (assessed
using noncontingent nicotine) is pronounced (Chauethal., 2005). The
evidence that noncontingent nicotine can enharsporaling for unconditioned
as well as conditioned reinforcing stimuli providegher support for the
reinforcement-enhancing actions of nicotine

Furthermore, in animal studies, nicotine increasetivation to obtain
food (Popke, Mayorga, Fogle, & Paule, 2000) an@ipited alcohol and
cocaine self-administration (Clark, Lindgren, BrepkVatson, & Little, 2001).
Likewise, in humans, smoking often occurs in confign with other reinforced
behaviour (e.g. drinking alcohol; Bien & Burge, D39Although these effects
are often interpreted as being pharmacologicakécsig (e.g., nicotine-alcohol
interactions), an alternative interpretation i thmaotine acts more broadly,
potentiating the effects of reinforcing stimuli. i&estent with that,
neurophysiological evidence suggests that nicdtagea more general effect:
The net GABAergic and glutamatergic influence oaitiDA systems may shift
towards a more excitable state following nicotirpasure (Mansvelder, Keath,

& McGehee, 2002).
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In sum, results from studies on animals providergjrsupport for the
reinforcement-enhancing actions of nicotine. Th¢gom@eurochemical
mechanism underlying these effects is enhancedselef DA in the nucleus
accumbens (Benwell & Balfour, 1992; Pontieri ef 8896). The results from
human studies support the animal data.

1.4.2 Human Studies and Reward Responsivity
1.4.2.1 Nicotine Enhances Release of Dopamine

Researchers reported increased DA activity in husmaokers relative to
nonsmokers (Salokangas et al., 2000; Stein €1298). In addition, there is
indirect evidence that smoking triggers DA reled3ws, the amount of nicotine
found in the blood of smokers was similar to thegguired to release DA in
experimental animals (Rowell, Carr, & Garner, 19&0rthermore, in an
attempt to compensate for the reduced reinforcificaey of nicotine, habitual
smokers increased their rate of nicotine consumptiben administered the DA
blocker haloperidol (Caskey, Jarvik, & Wirshing 989 Dawe, Gerada, Russell,
& Gray, 1995). On the other hand, administratiothef D2 DA agonist,
bromocriptine, was associated with a decreased isigoate (Caskey et al.,
1999). Further evidence linking nicotine with DAtigity comes from
pharmacological and neuroimaging studies. Womensuhoked had lower
prolactin concentrations than nonsmokers (BaroB86L®Because the usual
action of DA is to inhibit prolactin secretion, $Hinding is consistent with
nicotine-induced DA release. Furthermore, there avd8% decrease in MAO-B
levels (involved in the metabolism of DA) in theabms of smokers compared to
nonsmokers (Fowler et al., 1996). In a functidlaggnetic Resonance Imaging

(fMRI) study, injections of nicotine administeremidmokers were associated
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with increases in neuronal activity in a distrilmisystem of brain regions
congruent with DA circuitry, including the nucleascumbens (Stein et al.,
1998). In a later study, Positron Emission Tomphya(PET) techniques were
used to study DA activity in smoking and nonsmokmgnan participants in
vivo. DA activity was significantly higher in smolseecompared to nonsmokers
(Salokangas et al., 2000). Finally, PET was useatktermine the binding
potential (an indirect measure of DA release) antantral striatum regions
(including nucleus accumbens) of nicotine depengarticipants (10 smoked a
cigarette and 10 did not). The group that smoketignaater reductions in
receptor binding potential (indicative of increasd release) in the ventral
striatum compared to the group that did not smdke. magnitude of the
binding potential was comparable to that foundtidies that used similar
methods to examine the effects of other addictrugsl (Brody et al., 2004).
Thus, nicotine increases DA levels in the nuclexcsimbens of human
smokers. This effect of nicotine is mediated thitoagtivation of acetylcholine
receptors (Paterson & Nordberg, 2000). Nicotinenisigonist at the nicotine
acetylcholine receptors (nNAChRs) located in the Y&Ad nicotine induces DA
release partly by binding directly to nAChRs lochite the mesolimbic DA
system, especially within the VTA (Nisell, Nomikd& Svensson, 1994). Thus,
although direct infusions of nicotine in the VTAopiuced a long lasting
increase in DA release in the nucleus accumberse(Nit al., 1994), infusion
of a NAChR antagonist (dihydifp-erythroidine) directly into the VTA produced
a significant decrease in nicotine self-adminigtrabehaviour (Corrigal,
Cohen, & Adamson, 1994). Similarly, administratafrthe nAChR antagonist

mecamylamine blocked nicotine self-administratiothe rat, indicating that
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activation of nAChRs is involved in the reinforciagtions of nicotine
(Watkins, Epping-Jordan, Koob, & Markou, 1999).

In short, nicotine has an indirect excitatory effegon DA neurons in
the VTA; this increased activity in the mesocodiicbic DA system mediates
the reinforcing effects of nicotine (Gamberino &I1Gdl999).

1.4.2.2 Dopamine, Nicotine Withdrawal, and ChraNicotine Administration

Results from animal and human studies showed tbatine withdrawal
is associated with a depression of mesolimbic DétsRddicted to nicotine
showed reduced levels of DA in the striatum ané@ehsed number of D2 DA
receptors in the nucleus accumbens 24 hours attetime withdrawal relative
to baseline, that is, when they were receivingtmeo(Fung, Schmid,
Anderson, & Lau, 1996). This was paralleled bgduction in locomotor
activity. The nicotine receptor-antagonist mecammyee was used to induce
withdrawal in chronic nicotine-treated rats. Follogymecamylamine
microinjections DA levels in the nucleus accumband amygdale decreased
(Hildebrand, Nomikos, Hertel, Schilstrom, & Svenssb998; Panagis,
Hildebrand, Svensson, & Nomikos, 2000). In abstirsemokers of several
hours, the cerebrospinal levels of the DA metabdlamovanillic acid were
50% less than were those found in nonsmokers (@gratal., 1999). Itis
noteworthy that the smoking-cessation aid bupropfyban) acts, at least in
part, by inhibiting neuronal uptake of DA; thereleyhancing DA transmission
(Terry & Katz, 1997).

Reviewing an international symposium on this topitmann et al.
(1996) concluded that “withdrawal from various dsugf abuse is associated

with a reduction in DA transmission in the venstailatum (nucleus
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accumbens), an effect that is opposite to the campnoperty of drugs of abuse
to stimulate DA transmission” (p. 316).

The hypodopaminergic state observed during withdrdem nicotine
and other drugs of abuse is due, in part, to atlepsaoccurring at the cellular
level in DA neurons in the nucleus accumbens (&élestler, 1995). In
animals, chronic continuous administration of nie@tcan cause an overall
decrease in DA release compared to the effectudtadministration
(Grenhoff, Jannson, Svensson, & Fuxe, 1991; Layaker, Sershen, & Lajtha,
1989; Reilly, Lapin, Maker, & Lajtha, 1987). Amphetine and cocaine have
the same effects (Ginovart, Farde, Halldin, & Swdl#99;Graziella De
Montis, Co, Dworkin, & Smith, 1998). Furthermorecent human studies
provide support for the argument that chronic nir@administration may cause
an overall decrease in DA release and a concondtatntrbance in reward
responsivity. In one study, PET was used to med3Aresceptor density in 11
smokers and 18 nonsmokers. There was a reductiDA ireceptor density in
the ventral striatum (especially the nucleus acemspof smokers relative to
nonsmokers (Dagher et al., 2001). Therefore, theofimebic DA system may be
chronically underactive in smokers either as ae@dent or because of
addiction to cigarettes. Such a hypodopaminetgite snay play an important
role in sustaining nicotine self-administration aelour. Similar results were
reported in cocaine abusers (Volkow, Fowler, & Wa@02). PET was used to
investigate the differences between smokers andmokers in the activation of
brain regions involved in the processing of rewiafdrmation. The brains of
smokers reacted in a different way to reward coegbarith the brains of

nonsmokers. There were two conditions involvingmonetary reward or
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monetary reward with a baseline condition in wmomsense feedback was
presented. Regional cerebral blood flow (rCBF) wassured while
participants performed a pre-learned pattern reitogrtask. Monetary reward,
but not nonmonetary reward, activated typical dapangic regions, such as the
striatum, in nonsmokers but not in smokers. Smodtigksiot exhibit increased
rCBF in the striatum in either the monetary or nonetary reward conditions
(Martin-Soélch et al., 2001). These results werdicaped in a later study
(Martin-Soelch, Missimer, Leenders, & Schultz, 2D03e different patterns of
activation suggested that brain dopaminergic regiaight be underactive in
smokers probably because of tobacco smoking (M&diich et al., 2001). The
results of these studies (Dagher et al., 2001; iM&obelch et al., 2003; Martin-
Solch et al., 2001) led the authors to concludettiareinforcing effects of
drugs during self-administration create an envirentithat, if perpetuated,
triggers the neuronal adaptations that result thatidn. Therefore, addiction
results from the repeated perturbation of brairarelcircuitries—marked
increases in DA during drug administration followsdmarked DA decreases
during drug withdrawal. This results in disrupti@inDA function and a
concomitant disruption in ability to respond to eeds. If the development of
addiction is accompanied by a disruption in théitgiib experience reward,
then highly dependent smokers might be less al#gperience reward
compared with less dependent smokers. Howevegtathgre are no studies
comparing responsivity to reward in highly deperiderd less dependent
smokers. One objective of the current thesis wasake this comparison in

order to further examine the argument that increpkavels of dependency are
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associated with increasing disturbances in DA fioncand reduction in the
ability to experience reward.

DA function is implicated in the experience of red/and in the
capacity to experience the positive emotional stagsociated with rewards. If
nicotine withdrawal and dependence disturb DA fiomcaind reward
responsivity, then they might also disturb posiegwveotional states. In the
remaining part of this chapter, the link between, D&ward, and positive
emotional states is examined (see Section 1.4 Ph&)evidence that nicotine
withdrawal and dependence disturb reward respdgsand affect (see Section
1.4.2.4 and Section 1.4.2.5) provides a ratioraehfe research, which makes
up the body of this thesis.
1.4.2.3 Dopamine, Reward, and Pleasure

Before discussing the relationship between DA, rewand
pleasure/positive emotional states, some clariboatdf terminology may be
needed. The termeinforcemenandreward are often used interchangeably.
However, “reward is more often used to represemstimulus, whereas
reinforcement is used to refer to the processrehgthening specific responses
of the organism” (Stellar & Stellar, 1985, p. 3Burthermore, the term reward
denotes a positive, pleasant effect, whereas meifoent can be both positive
and negative. In distinguishing between rewardrantdorcement, Bozarth
(1991) stated:

Reward serves to elicit approach behaviourpgndesses that the subject
“seeks” to activate. Reward functions to dithe animal’s behaviour
toward whatever stimulus or response is nioshgly associated with

reward expectancy; reinforcement refers tgotleeess where these
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expectancies are developed, frequently thraurmiple contiguity (p. 306).
Thus, reward usually governs normal behaviour thinopleasurable experiences
(Bozarth, 1994). Pleasure is defined as “The camdidr sensation induced by
the experience or anticipation of what is felt é&ogwod or desirable, a feeling of
happy satisfaction or enjoyment, delight, sensuakaual gratification;
opposed to pain” (Soanes & Stevenson, 2005). How&r&ith (1993) pointed
out that, “Pleasure, like happiness, is imposdibldefine because every person
will have their own concept of experience” (p. 998)addition, Feibelman
(1964) wrote:

Pleasure is generally recognised as a quatityqualities are impossible to

describe; they are intelligible only to thageo have experienced them. All

we can hope to achieve is to tag the qualtity @escribe the nature of its

associations. (p. 257)

Thus, pleasure is a subjective phenomenon or gubat has been
associated with rewarding activities. Pleasugeadsmpetence or function of the
reward circuitries. Pleasure and reward systeme sftammon mechanisms and
morphological structures; thus, pleasure and rewaeditry are biologically
interconnected (Esch & Stefano, 2004). Howeverroitvestigators do not
regard the subjective state of pleasure as the baseinforcement (e.g.,
Robinson & Berridge, 1993; Tiffany & Carter, 1998).

Many investigators argue that the DA system, wilaiches from cell
groups located in the VTA of the midbrain and haggztions throughout the
cortex, is a key player in positive emotional statad reward responsivity.
Mesolimbic DA projections from the VTA of the braio reward-related

regions, such as the ventral striatum, the amygdale the orbitofrontal cortex,
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support a system critical to pleasant mood and netwnelated behaviour
(Spanagel & Weiss, 1999). In humans, the pleasai@béuphoric effects of
certain addictive drugs (e.g., heroin, cocaine, @ndtine) are renowned. These
drugs produce their rewarding effects by increaflAdevels. Thus,
investigators examined the relationship betweelestilse emotional
experience and DA release induced by administratfggsychostimulant drugs
(Drevets et al., 2001; Stein et al., 1998; Volkdvale 1999).

PET was used to correlate the change in endogddaw®ncentrations
following intravenous dextroamphetamine (AMPH) adistration (0.3 mg/kg)
with the associated affective response in healthgdn participants. The
magnitude of the DA release produced by administiaif AMPH correlated
positively with the affective (euphoric) responsef&AMPH (Drevets et al.,
2001). PET was also used to measure changes mD#Aaafter different doses
of intravenous methylphenidate (MP), a cocaine-ikgchostimulant, in 14
healthy participants. Furthermore, the relationsl@fween self-reported drug
effects and MP-induced changes in brain DA wassagsk The intensity of the
high induced by MP significantly correlated wittetlevels of released DA.
Thus, participants who had the greatest increases those who perceived the
most intense high. Furthermore, participants foomtMP did not increase DA
did not perceive a high (Volkow et al., 1999).

In an fMRI study, intravenous nicotine in 16 actoigarette smokers
induced a dose-dependent increase in neuronaltgativa distributed system of
brain regions congruent with DA circuitry (inclugithe nucleus accumbens,
amygdala, and frontal lobes). In addition, nicot@aninistration induced a

dose-dependent increase in self-reported feelihggb, rush, and drug liking
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(Stein et al., 1998). Moreover, PET was used tesssthe binding potential, and
thus release of DA, in the ventral striatum in fritbkers. Participants were
tested twice on separate days. In one conditiaticgEants smoked their usual
brand of cigarettes while in the scanner; in theeotondition, they remained
nicotine abstinent. On each day, participants nooedt the hedonic properties of
their experience, that is, elation and euphoriaol8ny produced a reduction in
receptor binding potential in the ventral striat(wich is proportional to the
increase in DA release), and it produced eupheoribedation. Among
participants experiencing an increase in elatiqriteda in response to smoking,
there was a significant (21.3%) decrease in bingimtgntial. Thus, pleasurable
drug experiences were associated with increasetr&®mission in the

striatum (Barrett et al., 2004).

Similar results were reported with alcohol too. flisanucleus
accumbens dopaminergic function correlated witimgatof intoxication and
high (Yoder et al., 2005). These results represkeair demonstrations that drug-
induced high, a mood descriptor that reflects mihg/rewarding effects of
drugs in humans, is associated with increasesaim A and that there is a
guantitative relationship between levels of DA asle and the intensity of the
high.

The dopaminergic system is associated with theningz aspect of
rewards; that is, it underlies the affective chapgeluced by rewards typically
experienced as an increase in pleasure or positiget (Di Chiara & North,
1992). In addition, enhanced DA release in theeushccumbens underlies
responsiveness to incentive or “reward responsiy@glamone, 1994). In other

words, DA release underlies both the capacity fmeernce pleasure associated
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with rewards and the ability to respond to rewanith the requisite behavioural
output.
1.4.2.4 Anhedonia

Rewards as well as the positive affect that theyaoe are mediated by
increased release of DA (e.qg., Barrett et al., 20D&ruption of the DA system,
on the other hand, is associated with an inaliitgterive pleasure from
situations and stimuli that usually induce pleastirat is described as a
syndrome of anhedonia (Tcheremissine & Krupitsig4).

Anhedonia, the reduced ability to experience plesseward, derives
from the Greek wordan, meaning without anledonemeaning pleasure.
Anhedonia is defined as lack of interest and pleaélicheremissine &
Krupitsky, 2004) and as the inability to deriveadare from normally
pleasurable stimuli (Koob & Weiss, 1992). The dffexcomponent of
anhedonia is characterised by symptoms of anxieigbility, tension, sadness,
nervousness, loss of interest in many aspectsesiday life, lack of
motivation, and disturbance of sleep (Tcheremis&i@upitsky, 2004). Thus,
anhedonia involves a general dampening in approeattvation, including
increased negative affect, reduced positive affauad, reduced responsivity to
rewarding stimuli (Bressan & Crippa, 2005). Anhedas a major symptom of
the withdrawal syndrome observed in abstinent smsol@arton, Jouvet, &
Widlocher, 1994; Carton, Le Houezec, Lagrue, & &miy2000; Powell,
Dawkins, & Davis, 2002; Powell, Pickering, Dawkingest, & Powell, 2004;
Richardson, Powell, & Curran, 2003). In additionhedonia is a cardinal

feature of depression (Markou, Kosten, & Koob, 1998
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In the animal model of anhedonia, researchers graglthe intracranial
self-stimulation (ICSS; Olds & Milner, 1954) proeegd to measure brain
reward thresholds (see Section 1.4.1). Results stidkat decreased function of
reward systems or anhedonia is a common elememtlndrawal from chronic
administration of several classes of abused dragkiding nicotine (e.g.,
Epping-Jordan et al., 1998). Because anhedon@de@eased reward
responsivity, is also a main feature of depres@itenriques & Davinson,
2000), investigators suggested that nicotine wahaid precipitates
symptomatology similar to depression (Markou et98; Markou & Kenny,
2002). Depressed smokers may use nicotine in ampttto self-medicate the
underlying lack of positive affect present in degzien (Markou et al., 1998).
Crucially, withdrawal enhances the incentive vadfiehe drug and suppresses
the incentive value of nondrug stimuli (Harrisomer, & Markou, 2001).
Thus, withdrawal, like clinical depression, prodsicéminished interest and
pleasure in response to a variety of rewardingudtiprobably because
withdrawal elevates thresholds for incentive preoes (Harrison et al., 2001).
Self-administration of the drug will not only angiate aversive withdrawal
symptoms; it will also restore the incentive vatienonpharmacological
incentives (Baker et al., 2004). As Baker et 8004 put it, “Drug self-
administration fills the world with potential reoricers” (p. 44).

The anhedonia associated with nicotine withdrawatiated to reduced
DA release in the mesocorticolimbic system (Salaend®994). Following a
period of constant exposure to nicotine, DA neuiartie nucleus accumbens
may become dependent upon nicotine to maintain aldevels of activity.

Reductions in plasma nicotine concentration afgeergod of chronic exposure
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may result in decreased DA function; thus, decrasesitivity of reward
circuits to stimulation by natural rewards. As Hitgd992) stated, “DA makes
the world a brighter place” (as cited in RobinsoB&rridge, 1993, p. 262).
Decreased DA function and the concomitant decrigas®vard sensitivity
during withdrawal might be synonymous to an anhexdstate (i.e., depressed
mood and lack of motivation) that smokers mighkgeeavoid by continuing to
smoke. In fact, anhedonia is an important facteolved in the transition from
recreational drug use to excessive drug taking (@dh& Koob, 1998) and in
relapse (Koob & Le Moal, 2005; Volkow, Fowler, WaidgGoldstein, 2002).
In support of these claims, anhedonic smokers {hese with chronically low
positive affect) reported a greater increase imingaduring nicotine withdrawal
than less anhedonic smokers did (Cook, Spring, Mcfire, & Hedeker, 2004).
Furthermore, anhedonia was associated with deaedorstinence; therefore, it
was implicated indirectly in smoking cessationdesl (Al'Absi, Hatsukami,
Davis, & Wittmers, 2004). On the other hand, higiels of positive affect at
baseline predicted greater likelihood of abstingimaan et al., 2006).
Anhedonia, as a major symptom of nicotine withddavgaalso a
symptom of nicotine dependence. Chronic smokersatatigk for the
development of depressive symptoms (or anhedosia)rasult of the
neuroadaptations brought about by chronic nicaises(Balfour & Ridley,
2000). Koob and Le Moal (1997, 2001, 2005), in aification on Solomon
and Corbit’s (1974, 1977) opponent-process thesuggested that dependence
may involve a change in hedonic set point thatides decreased function of
brain reward systems and recruitment of anti-revegsiems that drive aversive

emotional states (Koob & Le Moal, 2005). Acuteligatine produces a reward-
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facilitating effect and a mood-elevating effectatingh its actions on brain DA
and other neurotransmitter systems. These effemtddbe followed by
opposing reactions that would tend to slowly retilng system to the initial level
of hedonic responsivity (Koob, 1996). However, wathntinued increased drug
administration the opponent process would faiktoim the system to its
homeostatic level before drug taking would begiaiagthereby gradually
decreasing brain reward function and increasingestibe negative affect
(Koob & Le Moal, 2005). As a result, increased tirme intake would be
required to reach the desired level of stimulatiime neuroadaptations
proposed to occur with chronic nicotine use wouklthifest during abstinence as
decreased reward function and increased negafieetige consequences; thus,
contributing to the maintenance of nicotine depaecdgd Ahmed & Koob, 1998;
Koob & Le Moal, 1997, 2001, 2005). Over time, a Hewel of low reward
responsivity and high negative affect would repnése allostatic state (Koob
& Le Moal, 1997, 2001); that is, a chronic deviatmf the reward system from
its normal (homeostatic) operating level. This sgig that drug administration
would not return the system to its initial hometstkevel. Therefore, it is
possible that smokers would be constantly in saoma of withdrawal; in other
words, they would be constantly in a state of desed brain reward function
and increased negative mood. These disturbances Wweaome larger with
increased nicotine consumption and dependencactnd dose-response
relationship was found: Affective distress was agged more with heavy
smoking and nicotine dependence and less so wehmittent or nondependent

smoking (Breslau, Kilbey, & Andreski, 1994).
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In sum, nicotine withdrawal and nicotine dependetiseupt the
function of the DA system. This disruption can nfiest itself as reduced ability
to experience pleasure/reward (anhedonia) andcasaised affective distress
(i.e., increased negative affect and/or decreassitiye affect). However, affect
and reward may have rather complex relationshigsrasome cases appear to
behave independently (e.g., Hobbs, Remington, &fidg 2005). Therefore, to
study nicotine withdrawal (and dependence) in aencomprehensive way, the
effects of withdrawal and dependence on rewarditbahsand affect were
examined simultaneously (see chapter 8).
1.4.2.5 Tests of the Model

The observations presented in this section suglgestypothesis that, in
otherwise healthy individuals, smoking might becassted with alterations in
motivation as indexed by reward responsivity andieasures of goal-directed
behaviour. For instance, acutely, nicotine migttasrce reward responsivity;
used chronically, there may be neural adaptatioaisdould manifest during
withdrawal as impairments of motivation. These impants, seen during
abstinence, could be either temporary deficitsltesufrom reversible
neuroadapations or permanent deficits resultingp fimeversible neural
changes. Alternatively, disturbances of motivanaay predate and be redressed
by smoking and thus constitute a risk factor f@otine dependence.
In a naturalistic study, Al-Adawi and Powell (19%&plored whether nicotine
abstinence and consumption by chronic smokers ssxcated with alterations
in reward responsivity. They used the Card ArragdReward Responsivity
Objective Test (CARROT; Powell, Al-Adawi, Morgan, &eenwood, 1996), a

psychomotor test that measures responsivenessalbfsrancial incentive.
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They predicted that chronic smokers would showeaased reward responsivity
immediately after smoking relative to during abstioe. They assessed a sample
of smokers during a period of voluntary acute alestce observed for religious
reasons (Ramadan) and then immediately after thdysimoked a cigarette at
the end of this abstinence period. Smokers showgedfisantly lower reward
responsivity on the CARROT when they were testéel & hours of abstinence
(Group DAYQUIT) and after at least 10 days of afestice (RAMQUIT) than
when they were tested after smoking. In additiomyleers showed significantly
lower reward responsivity than a comparable grduppasmokers. Baseline
psychomotor speed did not differ between conditmmngroups.

The authors suggested that, when nicotine-depraedipgenous DA
function in smokers is downregulated. This mighider them less able to
respond to incentives in the normal way and rasudtiboptimal performance
on tests subserved by central DA activity. The a@iffect of smoking may be to
stimulate DA activity to higher levels; therefoneprove performance on these
tasks. These findings potentially have the impdrt¢dinical implication that
when smokers initially quit, they may experiencenidished responsiveness to
other environmental sources of pleasure or rewidrd.consequent
psychological state of being poorly motivated tgage in other enjoyable
activities could elevate the likelihood of relapse.

Although in the Al-Adawi and Powell study (1997etDAYQUIT and
RAMQUIT participants did not differ in reward resmvity when they were
satiated, the RAMQUIT group rated themselves asifsigntly less dependent.
They reported that they gained less stimulatiomfsmoking than did the

DAYQUIT group. This may suggest that smokers hawvelevels of
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dopaminergic function even prior to becoming degemdHowever, this has yet
to be established by an investigation into theedéhces in reward responsivity
between low and high dependence participants.

In a later study, Powell et al. (2002) replicated axtended the findings
of Al-Adawi and Powell (1997) of reduced CARROT w@d responsivity in
abstaining smokers. Twenty-six smokers in satiagioth withdrawal and 26
nonsmokers were tested on the CARROT (Powell £1886). Smokers
showed lower reward responsivity when abstinemnt thilaen they had just
smoked. To complement the experimental behavioneasure of reward
responsivity (i.e., the CARROT) the authors usedlgective measure, the
Snaith-Hamilton Pleasure Scale (SHAPS; Snaith.e1885). The SHAPS was
used to quantify respondents’ expectations of engpg range of naturalistic
reinforcers (e.g. social events, a favourite mé&at)okers showed low
responsiveness to normally pleasurable stimuli vatestinent and high
responsiveness to pleasurable stimuli after smoldbgtaining smokers, but
not recent smokers, showed reduced expectancas/eclo nonsmokers.
However, investigators have not examined yet tlagive progression of
alterations in these different neural systems tighdevelopment of
dependence. Such information would be useful greustanding the
mechanisms by which nicotine produces dependence.

1.4.3 Implications, Aims, and Hypotheses

The findings of Powell et al. (2002) replicated axtiended the earlier
findings (Al-Adawi & Powell, 1997) of reduced rewdaresponsiveness (as
measured by the CARROT) in abstaining smokers. Wewehe observed

effects of smoking on the CARROT may reflect a ngeaeral impact on
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arousal and thus on attentional processes. Thid aadirectly lead to
improvement in card-sorting performance over thieesef the CARROT trials
merely through practice (i.e., in the absence gfadranges in reinforcement
contingencies). In his early work, Thorndike (19#listinguished between
effect (reinforcement) and exercise (practice)ardmg both factors as
important but independent. The methodologies ofthdies that used the
CARROT (e.g., Al-Adawi & Powell, 1997; Powell et,a2002), described in
detail elsewhere (see Section 2.1.3.1), do nowvali® to distinguish between
practice effects and the effects of nicotine widtvdal on reward.

In the CARROT, participants have to sort cardsemrmhe of two
conditions: with and without reward. In the rewanndition, a small amount of
money is earned for every card sorted. This typiéatreases sorting speed.
Al-Adawi and Powell (1997) found that withdrawalcdeased reward
responsivity. This finding was later replicated \{fedl et al., 2002).

In published studies, the CARROT measure of rewasgonsivity was
based on the difference in performance betweenrdasaand nonrewarded
trials when a rewarded trial was placed betweenrnearmewarded trials in a
series of three trials (Al-Adawi & Powell, 1997;Wwell et al., 2002). Although
these experiments included a practice trial betfloeethree-trial series, it is
nevertheless possible that performance was stitoning across these trials as
a result of continued practice. Moreover, practi®y have had different effects
under conditions of withdrawal and satiation (esge Chapter 7 and Section
9.1.2). Thus, an apparent effect of withdrawal erfgrmance across the trial
series that make up the CARROT could be the rasdifferences in the

amount of improvement between adjacent trials entkinee-trial sequence. For
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example, suppose thafas a result of practice aloreard-sorting rate reached
an asymptote more slowly under withdrawal than usdéation. This could
produce an apparent effect of withdrawal on rewasgonsivity when it was
measured using as a difference score as descililose.a

To remove this potential confound, the researcbnted in the present
thesis used an adaptation of the CARROT that iraduad counterbalancing
procedure. This meant that rewarded and nonrewdr@dsl occurred equally
often in each position of a two-trial sequence @$ti)) and a four-trial sequence
(Study 2 and Study 3). This modification alloweda@svestigate whether
withdrawal might have an indirect effect on CARR@arformance independent
of reward.

Furthermore, the studies by Powell and colleagues Al-Adawi &
Powell, 1997; Powell et al., 2002) did not illumieaither the aetiology or the
time course of the observed deficits during smolabstinence. It is possible
that, in habitual smokers, nicotine reverses dsfievhich are the result of
neuroadapations that have taken place over thegoefichronic smoking (e.qg.,
Fowler et al., 1996). Alternatively, these defigitay be the result of
neuroadapations that antedated the initiation afkéng and potentially acted as
vulnerability factors for nicotine use (Volkow, Fas, Wang, & Goldstein,
2002; Volkow et al., 1999). These issues haveg/betexamined.

It is possible that the reward responsivity defs&éen in abstinent
smokers during withdrawal preceded the onset aflaegmoking; that is, it
represents a constitutional dopaminergic defidiisTmight have increased the
risk for regular smoking in the first place. Indloase, nicotine may have

possible clinical uses. Nicotinic agents with regtlitoxicity and few side
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effects could be developed to treat motivationdkcds. Such nicotinic agents
could prevent people from taking up smoking as amaef self-medication
because, in most cases, taking up smoking eveyteallls to loss of the
voluntary ability to control its use. On the otlwand, the reward deficit seen in
abstinent smokers may reflect a dopaminergic nelaation “unmasked”
during nicotine withdrawal. If so, then it would bricial to establish the point
in time when this neuroadaptation begins developmdyultimately “usurps”
normal behaviour and motivational processes. Ifotfget of dependence occurs
when avoidance or relief of withdrawal motivateagitaking behaviour, then
drug use before this point in time might be tarddétg dependence-prevention
interventions, whereas drug use after this poimgihtniequire pharmacological
treatment.

Therefore, the next step in this line of researchla be to extend the
findings of Powell and colleagues (e.g., Al-AdawP&well, 1997; Powell et
al., 2002) by (a) using a modified version of th®RIROT where the
presentation of the rewarded and nonrewarded tsaasunterbalanced in order
to control for possible practice effects and (b)rbyestigating the differences in
reward responsivity between high and low dependpadécipants in an attempt
to establish the point when recreational tobaceochezomes compulsive. Based
on the findings of Epping-Jordan et al. (1998) Rioavell and colleagues it was
hypothesised that:

a. There would be a main effect of smoking statuseward

responsivity (measured behaviourally). &atl smokers would
have higher reward responsivity scores caogthto abstinent

smokers.
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b. There would be an interaction effect. If highlypdadent smokers
experienced more severe withdtasempared to low dependence
smokers, then there would be a greater differeanceward
responsivity (measured behaviourally) in satiaaod withdrawal
for the highly dependent participants.

Furthermore, given the complex relationship betwesvard sensitivity
and affect and the fact that both are compromisethg nicotine withdrawal
(Hughes & Hatsukami, 1986; Powell et al., 2002) dedendence (Koob & Le
Moal, 2005), the effects of nicotine withdrawal atependence on reward
responsivity and affect were examined simultango{sse chapter 8). To my
knowledge, this has not been done before. It wastmgsised that:

c. There would be a main effect of smoking statusesvard sensitivity
(measured subjectively), positive affect, and negadffect. Satiated
smokers would have higher reward responsivity s;dngher
positive affect scores, and lower negative affeotes compared to
abstinent smokers.

d. There would be an interaction effect. If highlypdadent smokers
experienced more severe withdrawal compared tadiependence
smokers, then there would be a greater differemceward
sensitivity (measured subjectively), positive affend negative
affect in satiation and withdrawal for the highlgpndent

participants.
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CHAPTER 2
GENERAL METHODOLOGY: MEASURES, PARTICIPANTS,
PROCEDURE

In this research, | aimed to extend the findingeeaiuced reward
responsivity in abstaining smokers by using a cerlodlanced CARROT design
and by investigating the differences in reward oespvity between low and
high dependence participants. | also aimed to exanhie effects of smoking
status and dependence on affect.

This chapter presents a discussion of the genestiladology used and
indicates how this methodology relates to the afrthe research. The
description of each measure is followed by a disicusof the measure’s
psychometric properties and use in the field. Thal sections of the chapter
include information on participants, the generalgadure and designs used, and
data cleaning, assumptions checking, and transtamprocedures.

2.1 Measures
2.1.1 Smoking Status: Expired Carbon Monoxide (ECO)
2.1.1.1 Description of the Measure

Carbon monoxide (CO) is a derivative of incompleteacco
combustion. It is absorbed and disseminated throutgihe lungs upon
inhalation of tobacco smoke and is found in exhaledith. ECO indicates the
amount of CO carried in red blood cells. Therefoneasurement of ECO levels
biochemically verifies smoking status, that is, tiee smokers have recently
smoked or have abstained. Therefore, ECO is arecidineasure of nicotine

levels.



67

Researchers measure ECO levels using a breath @@omdhe
monitor is standardized and calibrated againsindérabgas as recommended by
the manufacturer. Participants are asked to intiedply, hold their breath for
15 seconds, and then to exhale slowly into a maetlepconnected to the
smokerlyzer aiming to empty their lungs. Once digeht sample is obtained,
the smokerlyzer shows a “parts per million” (ppnQ@& reading.

The half-life of CO is about 2 to 5 hours (Powelak, 2002). Thus,
there is a marked difference between the ECO lefedsnokers who just
smoked compared to smokers who remained abstiaentdre than 6 hours.
ECO levels are measured at the beginning of eatlséssion. Typically, the
difference in ECO levels between satiation andr afternight abstinence is
significant (Powell et al., 2002; Powell et al. 020 Richardson et al., 2003;
Smolka, Budde, Karow, & Schmidt, 2004; Zinser et H092).

Investigators consider ECO values equal to or greatin 10 ppm to be
an indicator of recent smoking (Attebring, HerliBerndt, Karlsson, &
Hjalmarson, 2001) and commonly accept them as ffyteints in the literature
(Hogle & Curtin, 2006; Powell et al., 2004; RuthN&aton, 1991; Smith et al.,
2003). However, some investigators used cut-ofiiggoof 15 ppm (Hutchinson,
LaChance, Niaura, Bryan, & Smolen, 2002; Richardscal., 2003). Some
others even accepted mean ECO levels during ahsera 20.7 ppm (Tidey,
Rohsenow, Kaplan, & Swift, 2005). If individualsdi in an environment that is
not smoke free (e.g., spent the night in a roomrevtieey had been smoking),
then their ECO levels during overnight abstineneg mot fall below 10 ppm.
Therefore, in this research, a cut-off point ofpjBn was used (except in Study

1 where a cut-off point of 10ppm was used).
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2.1.2 Dependence: The Fagerstrom Test for Nicddegendence (FTND)

2.1.2.1 Description of the Measure and Psychomé&uraperties

The FTND (Heatherton et al, 1991) is a shorteriammtoved version of
the Fagerstrom Tolerance Questionnaire (FTQ; Fagens1978), a self-report
method of dependency to nicotine. Scores on tieFiange from 0low
dependengeto 10 high dependengeThe items and scoring of the FTND are in
Appendix B. The FTND consists of six of the oridieght FTQ items.
“Nicotine yield” and “inhale” items were excludexi the FTND as they
lacked validity (Heatherton et al., 1991; KozlowdKeatherton, & Ferrence,
1989). Furthermore, the scoring for two of the iretd items was revised. Item
1, “time to first cigarette”, consisted of two cgteies in the FTQ< 30 versus >
30 minutes) but four categories in the FTND1Q, 11-20, 21-30; 31 minutes)
because more categories/finer distinctions cortigibto the item’s sensitivity
(Heatherton, Kozlowski, Frecker, Rickert, & Robingd989). Similarly, Item 4,
“number of cigarettes per day”, had three categariethe FTQ (1-15, 16-25,
26) but four categories on the FTNB 10, 11-20, 21-30z 31). These
modifications provided higher face and predictiadidity for the FTND
compared to the FTQ; thus, improving the scaleral quality (Heatherton et
al., 1991; Kozlowski, Potter, Orleans, Pope, & Heaton, 1994; Payne, Smith,
McCracken, McSherry, & Antony, 1994; Pomerleau, dhagzak, & Pomerleau,
1989; Pomerleau, Pomerleau, Majchrezak, Kloska,aakuti, 1990).

Although many investigators have used the FTND esrdginuous
measure, others have used FTND cut-off points. isagen et al. (1996)
suggested that a FTND score of 6 or higher migitify smokers with high

nicotine dependence. Others have used the FTNR2stomrssign their
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participants to several dependence groups (e.g.leer low, moderate, high,
and very high dependence; Horn, Fernandes, Dings#&a & Kalsekar, 2003).
However, owing to difficulties in obtaining largaraples of highly dependent
smokers, FTND cut-off points that investigatorsénaged to designate high
dependence versus low dependence are often atettiemor average of the
sample actually studied (e.g., AI'Absi et al., 2084-Adawi & Powell, 1997).
Powell et al. (2002) used the FTND to measure le’/dependency in their
sample. In the present research, | aimed to replead extend the findings of
Powell et al. with a modified procedure. Therefdrngsed the same dependency
measure, to allow for direct comparisons. In additfollowing other
investigators (e.g. Al'Absi et al., 2004; Al-Ada&iPowell, 1997; Powell et al.,
2002), in order to compare different levels of degence in my sample, |
defined smokers with FTND scores=08 as low dependence and the remainder
as high dependence (see Section 2.2). The FTNDftatore of 3 was based
on the median score of the sample recruited inystud hus, dependence was
considered as a two-level factor in the Analysegarfance that were used for
the main analyses throughout the thesis.

The FTND is significantly associated with several@pendent self-
report and biochemical indicators of nicotine defete in the expected
direction. Thus, the FTND was significantly relatedhe number of years
smoked (Burling & Burling, 2003; Haddock, Landogkges, Talcott, &
Renaud, 1999; John et al., 2003; Pomerleau, Cdrtdnke, Fressland, &
Pomerleau, 1994), to age of smoking onset (Buiirgurling, 2003), and to
number of smoking-related physical symptoms (ceughing, shortness of

breath, chest pain, being easily tired out, heagiaa@mnd problems with sense of
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smell and taste; Burling & Burling, 2003). It wdsarelated to cigarette brand.
That is, smokers of regular brand cigarettes hghdrinicotine dependence
scores compared to those who preferred light,ligrd, or had no usual brand
(Haddock et al., 1999). Furthermore, the FTND vedated to the Smoking
Withdrawal Questionnaire (SWQ); Shiffman & Jarvil®76) on the
craving/addiction subscale (Buckley et al., 200%) 8o biochemical markers of
nicotine, such as expired breath carbon monoxideKRy et al., 2005; Burling
& Burling, 2003; Yang, McEvoy, Wilson, Levin, & Res2003) and cotinine
levels (Burling & Burling, 2003). The FTND was alassociated with achieving
short-time smoking cessation (i.e., biochemica#lyified continuous abstinence
for at least 4 weeks postquit; Burling & Burling)@3). It was found to be
predictive of self-reported 48-hours quit atten(f@sbo, Lando, Walker, &
Mcllvain, 1996), of smoking cessation at 1-yeatdwatup assessments
(Haddock et al., 1999), and of long-term (i.e. g€ang) smoking abstinence
(Breslau & Johnson, 2000).

Internal consistency (i.e., the coefficient of tesbres or, put more
simply, the consistency of results across itemhbiwia single test) of the FTND
was reported to be reasonable for a six-item medgsur .56 - .68; Heatherton
et al., 1991; Payne et al., 1994; Pomerleau e1894). High FTND test-retest
correlations were reported in a number of studi8S:in a French sample (Etter,
Duc, & Permeger, 1999), .88 in an American samptar(erleau et al, 1994),
.78 in a study of schizophrenic smokers (Yang .e2803), and .82 in a study of
Post Traumatic Stress Disorder smokers (Buckley.e2005). The FTND was
used to estimate the accuracy of retrospectivertepbddependence (Hudmon,

Pomerleau, Brigham, Javitz, & Swan, 2005; Vink, [éfiisen, Beem, &
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Boomsma, 2005). Test-retest reliability was .66rfale ex-smokers and .71 for
female ex-smokers in an average interval of 1.8sybatween the two
measurements (Vink et al., 2005). In an interved &b 12 years, reliability was
.72 (Hudmon et al., 2005). Therefore, retrospebtimesessed FTND scores
yielded acceptable levels of accuracy and religbjiludmon et al., 2005; Vink
et al., 2005).

Some researchers reported a one-factor structuhe dfTND (Etter et
al., 1999; Wellman et al., 2006). However, in tha@anity of published studies,
researchers reported two factoegardless of the population studied, correlation
technique used, or rotated solution consideredKBycet al., 2005; Burling &
Burling, 2003; Haddock et al., 1999; Radzius et2003; Uysal et al., 2004).
The first factor assesses the degree of urgen@store nicotine levels to a
given threshold after nighttime abstinence. Th@sddactor reflects the
persistence with which nicotine levels are mairgdiat about that threshold
during waking hours (Radzius et al., 2003). Thaefthe FTND may assess
distinguishable self-reported pharmacological digh@ms of nicotine addiction;
thus, it may provide indirect assessment of a si®Kkiily nicotine intake
(Colby et al., 2000; Radzius et al., 2003).

There is a lack of concordance between the FTNDCSi
instruments. Thus, these instruments may assdeseatif aspects of the nicotine
addiction phenomenon (Breslau, et al., 1994; Bre&ldohnson, 2000;
Moolchan et al., 2002). Nicotine addiction cons@ftpharmacological and
nonpharmacological variables (Russell, Peto, &IP&8¥4). It is likely that the
FTND assesses nicotine addiction’s pharmacologicaénsions (Colby et al.,

2000; Radzius et al., 2003). Thus, the FTND mayidea stronger measure of
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physical dependence, whereas the DSM may tap ddmains, for example,
awareness of dependence, behaviours resultingtiratrawareness, and
psychiatric symptomatology (Moolchan et al., 2002)erefore, DSM measures
of dependency may be more suitable for use inadlrsettings, whereas the
FTND may be more suitable for use in smoking regdear
2.1.2.2 Studies using the FTND

The FTND is one of the most widely accepted measof@icotine
dependence (Fagerstrom et al., 1996). It has b&sohin research (AlI'Absi, et
al., 2004; Al-Adawi & Powell, 1997; Cinciripini etl., 2006; Hutcinson et al.,
2002; Powell et al., 2002) and in clinical settingth depressed smokers (John,
Meyer, Rumpf, & Hapke, 2004; Lerman et al., 1998)jizophrenic smokers
(Yang et al., 2003), Post Traumatic Stress Disosderkers (Buckley et al.,
2005), and brain-injured smokers (Richardson et2003). Furthermore, the
FTND was used in studies of smokers who abuse anugkohol (Bobo et al.,
1996; Burling & Burling, 2003; Clarke, Stein, Mc®gar& Cogieni, 2001,
Perine & Schare, 1999).

2.1.3 Reward Responsivity

In the current research, | measured reward respbnasing a
behavioural measure, the Card Arranging Reward étesyity Objective Test
(CARROT; Powell et al., 1996). To complement thiglso used a subjective
measure, the Snaith-Hamilton Pleasure Scale (SHSR&h et al., 1995). The

SHAPS measures responsivity to environmetal pleasward.
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2.1.3.1 Behavioural Measure: The Card Arranging BelwResponsivity
Objective Test (CARROT)

2.1.3.1.1 Description of the measure and psychaoetoperties.

The CARROT (Powell et al., 1996) is a simple psyobtor test that
measures responsiveness to small financial inazrttius, it measures a
motivational parameter. Participants are giveraaksof cards each of which has
five digits printed on it; one, and only one, ither a “1”, “2”, or “3” (see
Appendix D). They are required to sort the cardglaskly as possible between

three correspondingly numbered piles (see Figue 2.

Pile of cards Pile of cards Pile of cards
containing containing containing
number 1, e.g., number 2, e.g., number 3, e.g.,
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Stack of cards
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Figure 2.1 lllustration of the CARROT task.




74

The original or full version of this task involvésur trials (Trial 1 [T1]
= Baseline, Trial 2 [T2] = Nonrewarded trial, Tria[T3] = Rewarded trial,
Trial 4 [T4] = Nonrewarded trial) performed withsfua brief rest period
between each. After a short practice trial whemi@pants familiarise
themselves with the cards, the first trial (Bassliis used to establish baseline
speed for sorting exactly 60 cards. The CARROT fivasused with brain-
injured patients who are slow to initiate or resp@Rowell et al., 1996). Thus,
the purpose of the baseline trial (T1) was to talkubsequent trial times to be
adjusted to control for any sensory, motor, or aéggdeficits, which reduce
baseline speed” (p. 418). However, it is not clehether the baseline trial (T1)
would be necessary when examining responsivenesadt financial incentive
in a sample of healthy participants. Neverthel#gssjndividually determined
time to sort 60 cards in T1 is used as the fixegk tiimit for the following three
trials within each of which the number of cardéexhaustible and the total
number sorted is recorded. Participants are instduto sort as quickly and as
accurately as possible in all trials, but the Reledrtrial (R) differs from the
Nonrewared trials (N) in that participants are mifed that in R they will be
rewarded with 10 pence for every five cards sortains are placed on the
table in full view following every fifth correct cd. The average number of
cards sorted in R indexes rewarded speed, whdreasitmber of cards sorted in
the N indexes nonrewarded speed. Number of cartlsdso R can be
compared either with the average of the two sciarethe N trials, that is, R -
(N + N) /2, or with just the preceding N trial, thg, R - N, to estimate “reward

responsivity” (REWRESP), that is, accelerationortiag rate under reward.
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In order to extend the findings of reduced rewasponsivity in
withdrawal, as measured by the CARROT (e.g., Alaid& Powell, 1997;
Powell et al., 2002), the CARROT was used with alified procedure (the
reasons for this modification are discussed iniSed.4.3). Thus, instead of
presenting three CARROT trials (i.e., NRN), eitbae rewarded and one
nonrewarded or two rewarded and two nonrewardatstwere presented in
counterbalanced order; reward responsivity wasutatied as R - N.

In pilot work with healthy nonsmokers, there wasighly significant
enhancement in sorting rate in the rewarded cand(Pickering et al., 1997).
Neurological patients (nonsmokers) with severelgamed motivation in daily
life showed a virtual lack of response to finanangentive (Al-Adawi, Powell,
& Greenwood, 1998). Furthermore, reward responswds enhanced in 18
brain-injured smokers after a cigarette had beewksthcompared to when
abstinent (Richardson et al., 2003); thus, gersngliprevious findings from
noninjured participants (Al-Adawi & Powell, 1997¢oWwell et al., 2002).
Furthermore, in a study of 11 brain-injured pasentth motivational
impairments, CARROT performance and participatiothierapeutic activities
(an ecological measure of motivation) normalisadrafeatment with the DA
agonist bromocriptine (Powell et al., 1996). Fipalieavy drinkers displayed a
significant increase in responsivity to rewardpeesasured by the CARROT,
after exposure to alcohol (Kambouropoulos & Stgigénl).

2.1.3.1.2 Studies using the CARROT.

Investigators first used the CARROT to assess brgumed patients’

motivation before and after treatment with a DA igb(Powell et al., 1996).
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Since then, researchers have used this behavioeadure to assess
impairments in motivation during nicotine abstinenc

The CARROT was used to explore whether nicotindiradrsce and
consumption by chronic smokers was associatedaitghations in reward
responsivity in a within-participants design (Al-auli & Powell, 1997).
Although the CARROT consisted of four trials (Tbaseline, T2 =
nonrewarded, T3 = rewarded, and T4 = nonrewardiee)authors decided to
omit T4 when calculating REWRESP. Thus, they calmd REWRESP as T3 -
T2. They justified this by referring to unpublishéata where REWRESP
computed using the mean of both T2 and T4 cormlat@ost perfectly with the
computation using just T2. They predicted that olr@mokers would show
increased reward responsivity immediately afterlangpcompared to during
abstinence. Twenty-four Muslim smokers were eletdeabstain from smoking
either for the whole month of Ramadan (RAMQUIIT= 11; mean age = 26.7
years,SD=5.8; mean FTND score = 32D = 1.8) or during daylight hours
(DAYQUIT: n=13; mean age = 25.2 yea®f) = 5.0; mean FTND score = 7.9,
SD=1.8). Nonsmokers participated too (NOSMOKE: 12; mean age = 27.3
years,SD= 6.7). All groups were assessed on two occagidrsurs apart (Test
1 and Test 2). DAYQUIT participants had abstairadsf hours at Test 1 and
smoked a single cigarette prior to Test 2. RAMQgérticipants had abstained
for at least 10 days prior to Test 1 and remairesdi@ent at Test 2. NOSMOKE
and RAMQUIT participants ate a small snack priofést 2 to control for non-
specific consummatory effects. The three groupfopaed at similar levels in
the nonrewarded condition. There was little chamgany group across the two

test occasions. However, the NOSMOKE group wastanbally faster in the
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rewarded than the nonrewarded trial on both ocoaswhereas the DAYQUIT
group showed little effect of reward at Test 1 &dyronounced effect at Test 2.
The RAMQUIT group showed little effect of reward bath occasions. Thus,
smokers abstinent from nicotine for either a fewrnsdDAYQUIT) or over 1
week (RAMQUIT) were not impaired in the baselineeg of their motor
responses on a simple card-sorting task (CARRO®)vd¥er, by comparison
with nonsmokers, smokers showed significantly ses=seleration in response to
financial incentive (reward responsivity). Subsaguwmnsumption of a single
cigarette by DAYQUIT participants was effectivedlevating reward
responsivity to the normal range. By contrast,e¢heas negligible change in
reward responsivity after the same delay and afiesumption of a few biscuits
by either the RAMQUIT or NOSMOKE patrticipants (Aldawi & Powell,
1997).

In a later study, Powell et al. (2002) replicated axtended the findings
of Al-Adawi and Powell (1997) of reduced rewardpessivity in abstaining
smokers. Twenty-six smokers were tested twice, dkvepart, once after they
had abstained from smoking overnight and up tdithe of the test sessienat
least 10 hours in totatand once just after participants had smoked a eftgar
Half of the participants were randomly assigneth&order abstinence/cigarette
(Group AB/CIG: mean age = 26.2 yedf)= 7.4; mean FTND score = 39D
= 2.6) and half to the order cigarette/abstine@®(p CIG/AB: mean age =
21.8 yearsSD = 2.3; mean FTND score = 33D = 1.7). Twenty-six never-
smokers (mean age = 24.5 ye&B,= 7.2) were also tested twice to provide
normative data against which to compare the absdduels of performance of

the smoking groups on each occasion separately. FRESP was calculated as
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T3 - (T2 +T4) /2, that is, REWRESP =R - (N + [¥) 5mokers showed lower
reward responsivity when abstinent than when tleglyjhst smoked. Recent
smokers did not differ significantly from nonsmogén reward responsivity.
However, abstaining smokers showed significantiydioreward responsivity
than nonsmokers. Thus, on a simple card-sortirlg(tae CARROT), smokers
who smoked showed responsivity to financial incenthat was equivalent to
that of nonsmokers. By contrast, abstinence wascaged with significantly
lower responsivity. In the absence of financiakimitve, all groups (abstinent
smokers, recent smokers, and nonsmokers) sortachiddr rates. This
suggested that impaired reward responsivity dualmgfinence could not reflect
a generalised reduction in psychomotor speed oopkeation of a ceiling
effect. When the authors controlled for subjectivealted withdrawal symptoms,
the reward responsivity effect remained significdittus, according to Powell et
al., the reward responsivity effects were not sdaoynto the general malaise
associated with acute abstinence.

The findings of reduced reward responsivity dumngptine abstinence
(Al-Adawi & Powell, 1997; Powell et al., 2002) wereplicated in later studies
(e.g., Powell et al., 2004; Smolka et al., 2004REWRESP was calculated
by subtracting the mean of both nonrewarded tfral® the number of cards
sorted in the rewarded trial.

In the first study (Powell et al., 2004), the CARR®as used to assess
82 smokers (mean age = 31.0 ye&i3= 11.9; mean daily cigarette
consumption = 19.66D = 6.3) in two separate testing occasions. Thegsaesl
smokers abstinent overnight after administerint&m nicotine (4mg) or

placebo lozenges that looked and tasted similtré@ctive ones (order
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counterbalanced) in a double-blind placebo-cordgbbetween-participants
design. Researchers gave participants a lozentper@ictive or placebo) to start
sucking approximately 25 minutes before the commerant of testing and 1
hour after administration of the first lozenge. ¥lgave participants another
identical one to suck in order to achieve moreess|stable levels of blood
nicotine throughout the testing procedures. Ni@#administration was
associated with a near-significant increase inamse to financial incentive.
Sorting rates in the nonrewarded trials were sinidathe nicotine and placebo
conditions. Thus, nicotine administration reversegairments of incentive
motivation (as indexed by the CARROT). Furthermdhe,study used a
placebo-controlled design. Nicotine was administendozenge form. Thus, the
previously observed effectiveness of cigarettagwuersing these impairments
was due to their nicotine content rather than keoingredients or expectancy
effects.

In the second study, the CARROT was used to a83essiokers (mean
age = 24.9 year§D = 3.2; mean FTND score = 53D = 1.2) whilst smoking
(i.e., Test 1) and after abstaining overnight fdhburs (i.e., Test 2; Smolka et
al., 2004). A control group of 18 nonsmokers (mage = 27.1 year§D= 4.3)
was also examined twice. At Test 1, performandé@CARROT was similar
in smokers and nonsmokers. However, at Test 2in@in$tsmokers showed an
impaired response to financial incentive in the GX in comparison with
nonsmokers and in comparison with their own pertorae when they were
satiated (Test 1). The reduced capacity to imppmréormance in a simple
psychomotor task when reward was present indidatpdired incentive

motivation due to withdrawal from nicotine. This sva consequence of the
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disturbance in the central DA system induced byptme withdrawal. Decreased

DA secretion would prevent a normal response tdittancial incentive and

would cause an impaired outcome in the CARROT (Abi & Powell, 1997;

Powell et al, 2002).

2.1.3.2 Subjective Measure: The Snaith-Hamiltora8lee Scale (SHAPS)
2.1.3.2.1 Description of the measure and psychaoetoperties.

The SHAPS (Snaith et al., 1995) is a self-assesisstate designed to
assess anhedonia or the absence of hedonic teneh@ degree to which a
person is not able to experience pleasure/rewatigecanticipation of a
pleasurable/rewarding experience). It has been inseelalthy (e.g., Powell et
al., 2002, 2004) and psychiatric populations (ésglla et al., 2003; Tremblay,
Naranjo, Cardenas, Herrmann, & Busto, 2002). Thé&swnsists of 14 items
(see Appendix C) covering four domains of hedorjoegience:
interests/pastimes, social interaction, sensorgeapce, and food/drink.
Participants are instructed to indicate the degyeehich each item causes them
pleasure on a four-point scale: definitely agregee, disagree, strongly
disagree. Either of the “disagree” responses scbpsnt, and either of the
“agree” responses scores 0 points. Thus, the sange is 0 to 14. A cut-off
score of 2 provides the best discrimination betwaenmal” and “abnormal”
level of hedonic tone. A score of 2 or less inddsatormal hedonic tone,
whereas a score of above 2 indicates abnormal ettore and hence more
anhedonic symptoms (Snaith et al., 1995). The seateconstructed in a way
that cultural, social class, nationality, gended age biases were kept to a
minimum (Snaith et al., 1995). The items of thdescelate to experiences likely

to be encountered by most people (Snaith et 8519



81

Snaith et al. (1995) reported that the SHAPS hasl dace validity (i.e.,
it looks like it is going to measure what it is poped to measure). That rests
upon the wording of its items. Furthermore, theABIS has good content
validity (i.e., it represents all facets of hedotune, or lack of) because it is
based on a coverage of domains of pleasure (itergst/pastimes, social
interaction, sensory experience, and food/drinke €onvergent validity of the
SHAPS (i.e., its relation to what it should themraty be related to) is
supported by its correlations with the MontgomespArg Depression Rating
Scale (MADRS; Montgomery & Asberg, 1979) Hedonim&dtem (Gilbert,
Allan, Brough, Malley, & Miles, 2002) and the BeDlepression Inventory
(BDI; Beck, Ward, Mendelson, Mock, & Erbaugh, 196tanken, Rassin, &
Muris, in press). Its divergent validity (i.e., rslation to what it should not be
theoretically related to) is shown by negative elations between the SHAPS
and the Behavioural Activation Scale (BAS; CarveWaite, 1994; Gray, 1987)
Reward Responsiveness subscale (Franken et akse)pthe Positive and
Negative Affect Schedule Scales (PANAS Scales; Wat€lark, & Tellegen,
1988) Positive Affect Subscale (Gilbert et al., 20Branken et al., in press),
and the Satisfaction With Life Scale (SWLS; Dietfemmons, Larsen, &
Griffin, 1985). Furthermore, there was a lack cfasation between the SHAPS
and the MADRS Anxiety Items (Snaith et al., 19%gcause anhedonia is
defined as the absence of pleasurable feelingsainithe mere presence of
aversive emotions, such as anxiety, the lack af@ason between the SHAPS
and the MADRS Anxiety Items contributes to the d#yi of the SHAPS as a
pure measure of anhedonia (Franken et al., in préks internal consistency of

the SHAPS (i.e., consistency of results acrossdtena single test) was .91 in a
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nonpatient sample (Franken et al., in press),n@bmajor depression group
(Franken et al., in press), and .91 in a substdependent group (Janiri et al.,
2005). Thus, the SHAPS has good internal consigtenisoth healthy and
psychiatric samples. Lastly, the SHAPS has goderétsst reliability. Fifty
participants (undergraduate psychology studentspteted the SHAPS with an
interval of 3 weeks. The mean SHAPS scores onittste(22.4,SD = 4.8) and
second (22.45D = 4.8) occasions were not different (Snaith etl&95).

Overall, the SHAPS is a reliable and valid measfdifeedonic tone and
its absence, anhedonia. It was employed successhusdtudy the
neurophysiological correlates of anhedonia in dthgg@opulation (Franken,
Van Strien, & Nijs, 2006), which confirms furthes validity as an instrument
for measuring anhedonia.

2.1.3.2.2 Studies using the SHAPS.

Anhedonia or reduced reward responsivity is a majyarptom of the
withdrawal syndrome observed in abstinent smok@eston et al, 1994, 2000;
Powell et al, 2002; 2004; Richardson et al., 2008us, the SHAPS was used
to quantify smokers’ expectations of enjoying agewof pleasurable stimuli
(Powell et al., 2002, 2004). Smokers completedHAPS during abstinence
and in satiation. Nonsmokers also completed the BE5IASmokers showed low
responsiveness to pleasurable stimuli when abstarehhigh responsiveness to
pleasurable stimuli after smoking. Thus, abstaisimgkers rated themselves as
expecting significantly lower hedonia (pleasurertiuid those who had just
smoked. Abstaining smokers, but not recent smokasyed reduced
expectancies relative to nonsmokers. Thereforgaabng smokers showed

reduced ability to enjoy a range of normally pleable events, as indexed by
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the SHAPS, which correlated with abstaining smokessard responsivity, as
indexed by the CARROT (Powell et al., 2002). It study, participants
completed the SHAPS after receiving nicotine ocelo lozenges. Anhedonia
was significantly greater in the placebo conditiloan in the nicotine condition,
as indexed by the SHAPS and the CARROT (Powell €2@04). Thus,
abstinent smokers showed impairments in their éapee of environmental
pleasure that were reversed by nicotine.

The period since detoxification inversely corretbvgth anhedonia, as
measured by the SHAPS, in a study of detoxifie@ipialcohol, and multiple
substance-dependent participants (Janiri et @d5RFinally, the SHAPS was
used extensively to assess the anhedonia assowigltedepression (Tremblay
et al., 2002; Tremblay et al., 2005), schizophréNiathans-Barel, Feldman,
Berger, Modai, & Silver, 2005; Silver & Shlomo, Z)(Gtevens et al., 2002),
and Parkinson’s disease (Lemke, 2002; Lemke, Bré&adsster, Kraus, &
Reichmann, 2005; Lemke, Brecht, Koester, & Reichma006; Pluck &
Brown, 2002).

2.1.4 Mood: The Positive and Negative Affect Sclee@RANAS) Scales

Because emotional experience is an internal, stibgeevent,
researchers have widely used self-report to measgoaé a person is feeling.
Theorists described emotional experience or moadfective structure in
several different ways (see Figure 2.2). Althotlgdy used different words in
the construction of their affective models, whatasnmon between the different
descriptive structures/models of affect (Figure &2hat they include two
dimensions: pleasure and activation. Pleasurepladisure or valence is a

dimension of experience that refers to hedonic.t&aévation is a dimension
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that refers to a sense of mobilization or enerdpe Two dimensions have
proven influential in shaping the field’s thinkiagpout emotion and how it is
best conceptualised and measured (e.g., FeldmaatB&rRussell, 1999;
Watson & Tellegen, 1985). Pleasantness and aaivathve appeared in studies
of self-report feelings, in the semantics of affeddated words across many
cultures, and in ratings of facial expression ob&on (for reviews, see Russell,
1980, 1991). Furthermore, pleasantness and activate dimensions of

consciousness that have neurophysiological coe®l&teilman, 1997).

a. Russel (1980) b. Watson & Tellegen (1985)
AROUSAL Engagement
HIGH HIGH
Distress Excitement NEGATIVE POSITIVE
N Y AFFECT AFFECT
N\ 7
MISERY \‘/ PLEASURE Unpleasantne Pleasantness
4 RS
// \\ Low Low
Depression > Relaxation Negativ Positive
Affect Affect
SLEEP Disengagement
C. Larsen & Diener (199p d. Thayer (1989)
HIGH ACTIVATION Tense - Energy
Activated Activated
Unpleasan \\ Pleasant TENSION v ENERGY
N\ /s
\\ //
UNPLEASANT] X PLASANT Tensq Calm -
P AN Tiredness Energy
/s N\
Unactivated > Unactivated
Unpleasant Pleasant TIREDNESS CALMNESS
LOW ACTIVATION Calm — Tiredness

Figure 2.2 Four descriptive models of affect within a twaorginsional space.
Reprinted from Feldman Barrett and Russell (1998 structure of current
affect: controversies and emerging consenSusient Directions in
Psychological Science, 8.11. The focal dimensions are shown in capital
letters.
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In a series of studies, Feldman Barrett and colieagFeldman Barrett
& Russell, 1998; Yik, Russell, & Feldman Barret®99) integrated the four
different structures of affect (Figure 2.2). Whandom and nonrandom
measurement errors (e.g., acquiescence, extremenss style) were taken into
account and when the adjective checklists usedstedsof semantic opposites,
the two principal dimensions of affect (pleasansnesctivation) were bipolar
and almost fully independent of one another (Gr&aigdman, & Salovey,
1993; Green & Salovey, 1999; Yik et al., 1999).drRehn Barrett and colleagues
also demonstrated that other affective descrigags, thrilled, calm, distressed,
depressed) can be defined as combinations of val@md activation (see Figure
2.3). In other words, both pleasant and unpleasf#att words vary in the level
of activation versus deactivation they denote.dditton, words denoting
activation and deactivation vary in valence. Funtiere, the entire space can be
thought of as degrees of pleasantness or unpleessrand as degrees of
activation or deactivation. However, although there between 500 and 2,000
terms in English that have to do with emotion, tipaisition within the affective
space (Figure 2.3) has not been clearly establi@Ressell & Feldman Barrett,
1999). Nevertheless, each word in the affectivaezghas a bipolar opposite
180° away that is opposite on both components. Paiostbbgonal
(independent) dimensions also exist: For any dimenslaced at an angle,
another dimension exists, which is’@d therefore independent (see Figure
2.2.b). As Figure 2.2.b shows, the dimensions\tthatson and Tellegen (1985)
picked in the affective space to define Positiveeétf (PA) and Negative Affect

(NA) are about 90apart in the structure of affect; therefore, thes a
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independent, uncorrelated dimensions (e.g., EgIO®8; Tellegen, Watson, &

Clark, 1999; Watson & Tellegen, 1985).

FeldmamBett & Russell (1998)

ACTIVATION
tense alert
neus excited
stressed elated
upset happy
UNPLEASANT PLEASANT
sad contented
depressed serene
lathic relaxed
fatigued calm

DEACTIVATION

Figure 2.3 A schematic for the two-dimensional semanticctite of affect.
Reprinted from Feldman Barrett and Russell (199B& structure of current
affect: controversies and emerging consenSusient Directions in

Psychological Science, B.11.

As such, PA, according to Watson and Tellegen (},98%ot the set of
all positive affect states (the right half of Figu#.3) but a specific subset that
includes states that are both pleasant and adalivdM@ is not the set of all
negative affect states (the left half of Figure) @t a specific subset that
includes states that are both unpleasant and sadiv@herefore, PA is not the
bipolar opposite of NA or of negative affect in geal. NA is not the bipolar
opposite of PA or of positive affect in general. BAd NA do have bipolar
opposites: Opposite PA is a cluster of unpleasawtactivation items (e.qg.,
tired, bored), and opposite NA is a cluster of péed low activation items (e.g.,
relaxed, serene). Thus, Watson and colleaguesthegahrases Positive Affect

and Negative Affect in a highly specific way (Wais& Tellegen, 1985).
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2.1.4.1 Description of the Measure and Psychomé&uraperties

Based on the affect model by Watson and Telleg@85)1 Watson,
Clark, and Tellegen (1988) developed the Positiek Megative Affect
Schedule (PANAS) Scales (see Appendix G), a splitaneasure of affect,
that is, the tendency to experience positive amgitnee affects. According to
Watson et al., PA is a dimension that reflects stevel of pleasurable
engagement with the environment and representsxtieed to which a person
feels a zest for life. PA is most clearly defingddoich expressions of energy
and pleasurable engagement as active, delightiedested, enthusiastic, and
proud, with low PA characterised by sadness arhigly. NA is a general
factor of subjective distress and subsumes a lnareagke of negative mood
states, including upset, anger, guilt, fear, disgarsd worry, with low NA being
a state of calmness and serenity (Watson & Tellety@85; Watson, Clark, &
Tellegen, 1988).

The PANAS Scales consist of two 10-item mood scaes measuring
positive affect (PA) and the other measuring negatifect (NA). PA is
assessed with the following adjectives: interestadited, strong, enthusiastic,
proud, alert, inspired, determined, attentive, active. NA is assessed with the
adjectives: distressed, upset, guilty, scaredjlbostitable, ashamed, nervous,
jittery, and afraid. Participants are asked todatk the extend to which they
experience these particular mood states duringeaifggd time frame. Seven
different time frames can be used depending omalere of the investigation:
at the present moment (e.g., to what extend ydulieewayin the present
momeny, today, past few days, past week, past few weeds, year, and in

general, that is, on average. For the purposdssthesis, participants were
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asked to indicate to what extend they feel this viglyt now, that is, at the
present moment. Answers range fronvéry slightly or not at ajlto 5
(extremely. Thus, the scores for each PANAS subscale R4 subscale and
NA subscale) range from 10 to 50 and are sumsaresdrom the items
included in each subscale. The PANAS items areaahgdistributed
throughout the questionnaire

The PANAS Scales have good internal consistevitty alpha
coefficients in a student sample ranging from @®0 for PA and .84 to .87 for
NA across the seven time instructions (Watson,liC&rTellegen, 1988). In an
adult sample, alpha reliabilities were .86 for ARl a87 for NA (Watson, Clark,
& Tellegen 1988). In a more recent study in a repngative sample of UK
adults N = 1,003), researchers reported coefficients ofo8®A and .85 for
NA (Crawford & Henry, 2004). In a psychiatric ingatt sample, coefficients
were .85 for PA and .91 for NA with the generakinstions (Watson, Clark, &
Tellegen, 1988). Similar coefficient values weré¢amted in clinical and
nonclinical populations (Jolly, Dyck, Kramer, & Wing 1994; Roesch, 1998).
The measure shows good discriminate validity (CBen, Spector, & Jex,
1997; Mehrabian, 1998; Watson, Clark, & Tellege988). The correlation
between the PA and NA scales is low ranging frdifi to -.23. Thus, the two
scales share approximately 1% to 5% of their vaggiVatson, Clark, &
Tellegen, 1988). To compare the factorial validitfthe PANAS Scales with
those of other investigators, Watson, Clark, aniiedien correlated the PANAS
with other PA/NA measures, for example, the PA/NAlss developed by
Diener and Emmons (1984), Hedges, Jandorf, ancei®85), and McAdams

and Constantian (1983). Coefficients ranged frodnto7.92 suggesting good
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convergent validity. The PANAS Scales correlatethwneasures of distress
and psychopathology, such as the Hopkins Symptoecklist (HSCL,;
Derogatis, Lipman, Rickels, Uhlenhuth, & Covi, 19Ahich measures general
distress and dysfunction, and the Beck Depressioantory (BDI; Beck et al.,
1961), a self-report measure of depressive symptbary. For the HSCL,
correlations with NA ranged from .65 to .74, andrelations with PA ranged
from -.19 to -.29 across different time frames. tha BDI, correlations with NA
ranged from .56 to .58, and correlations with PAged from -.35 to -.36 across
different time frames. These findings confirmed ¢xéernal validity of the
PANAS Scales. Thus, the PANAS could be used to éemgnt more
traditional measures of depression with the adgntd providing measures for
two affective components (Watson, Clark, & Tellege®88). Test-retest
reliability of the PANAS Scales is acceptable. Tmonth retests of the PANAS
Scales in samples of 502 and 399 undergraduatdsiged coefficients of .70
and .64, respectively, for NA and .71 and .59, eeipely, for PA (Watson &
Clark, 1994). Among elderly rehabilitation patierdsefficients for PA and NA
were .79 and .93, respectively, in a 3-month rgiesbd (Ostir, Smith, Smith,
& Ottenbacher, 2005). Watson and Walker (199@jailty assessed participants
as undergraduates and re-tested those participaoisyears later. Initial scores
on the PANAS Scales correlated significantly wite PANAS scores obtained
several years later. Thus, the PANAS Scales wdrstantially stable even
across extended time spans (Watson & Walker, 1996).

Furthermore, researchers identified positive aféext negative affect, as
measured by the PANAS, across different sets afrgeers and response

formats and in both within- and between-particigaartalyses (Watson &
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Tellegen, 1985; Watson, 1988; Watson & Clark, 199Rg structure emerged
even in data sets compromised by methodologicdll@nas, such as
acquiescence bias and response forifvdetson & Tellegen, 1985; Watson,
1988). In later studies, researchers replicatedtitueture (Baker, Cesa, Gatz, &
Mellins, 1992; Crawford & Henry, 2004). Howeversearch on the
measurement and factorial validity of the PANASoasrcultures is lacking
(Crawford & Henry, 2004).

Positive and negative affect (measured by a numibdifferent scales)
have distinctive correlational patterns with othariables. Thus, only positive
affect is related to diverse measures of socialigac(Watson, Clark, &
Tellegen, 1988), exercise, and reports of pleasaents (Watson, Clark, &
Carey, 1988). Negative affect alone is correlatétl vealth complaints,
especially those of physical health (e.g., indigestsore throat, joint pain;
Watson & Pennebaker, 1989), perceived stress (\Wa@ark, & Carey, 1988),
poor coping (Kanner, Coyne, Schaefer, & Lazaru81),%and unpleasant events
(Clark & Watson, 1991). High levels of negativeea—but not positive
affect—are associated with anxiety, whereas low leve|sositive affect are
more important in depression (Clark & Watson, 19%htson, Clark, & Carey,
1988; Watson & Tellegen, 1985). Positive affedinked to the body’s
circadian cycle (Clark, Watson, & Leeka, 1989) &mdeasonal variations,
whereas negative affect shows no circadian paft@ark & Watson, 1991).
The experience of positive affective states has tiaked to the activation of
the Behavioural Activation System (BAS; Gray, 19B@wles, 1993), which
regulates response to rewarding stimuli, wheregatne affective states have

been linked to the activation of the Behaviourdlilbition System (BIS; Gray,
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1987), which regulates response to signals of pument. Finally, positive and
negative affect have different biological basesvibson, 1992). Thus, resting
levels of left prefrontal activation reflect thebgective experience of positive
affect, whereas resting levels of right frontalzdion reflect the subjective
experience of negative affect (Tomarken & Keen888). The bipolarity seen
in the affective space is not observed at the nEysiological level (Cacioppo,
Gardner, & Bernston, 1997). However, even if therakeprocesses of affect are
independent of one another, bipolarity is likelyetoerge in forming conscious
affective feelings (Feldman Barrett & Russell, 199k et al., 1999).
2.1.4.2 Studies using the PANAS Scales

The PANAS Scales were used to investigate thetsftddouproprion (a
monocyclic antidepressant) on affect during smolabgtinence (Dale et al.,
2002). Sixty-eight adult (age 18 years) smokeless tobacco (ST) users who
were motivated to stop using ST were enrolled iarmlomised, double-blind,
placebo-controlled pilot study of buproprion suséal release or placebo for 12
weeks. At baseline, half of the participants wesgigned to receive buproprion
(150 mg) by mouth in a specific dosing schedules dther half were assigned
to receive an identical-appearing placebo tableghersame dosing schedule.
Participants set a quit date 1 week after stattiegnedication. They returned
for assessments weekly during the first 8 weeksekly for the last 4 weeks of
the medication phase, and at weeks 15 and 24 dilmngost-medication phase.
The mean baseline PA scorés £ 30.9,SD= 7.2, for buproprionM = 30.5,SD
= 7.1, for placebo) and NA scordd € 15.0,SD= 4.8, for buproprionM =
15.3,SD= 6.1, for placebo) were similar between treatngeatips. At the end

of the first week following the target quit datetb groups had, compared to
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baseline, a decrease in PA scave<-2.1,SD = 5.8,p = .06, for buproprion;
M =-3.0,SD =5.7,p = .01, for placebo) and an increase in NA schte
2.8,SD =6.2,p =.02, for buproprionM = 3.6,SD=7.9,p = .02, for placebo).
PA and NA scores were not significantly differerdrh baseline for either
treatment group at any other period. At no timedlveas any evidence
suggesting that the change from baseline in PAAdNfered significantly
between treatment groups. The authors did not geoan explanation for the
observed effects on PA and NA after the first wek&bstinence. It may be that
after the first week of abstinence PA and NA scataged returning to
baseline. Nevertheless, 1 week’s abstinence pradsigaificant decreases in
PA and increases in NA despite the use of buprofale et al., 2002).

In a later study, the PANAS was used to examingaixitine’s (SSRI
inhibitor) effects on changes in PA and NA follogiquitting smoking (Cook,
Spring, McChargue, Borrelli, et al., 2004). Reskars randomised adult
smokers = 175; mean age = 428D =12.9; mean FTQ score = 68D =
1.8) without clinically significant depression omlauble-blind basis to receive
fluoxetine hydrochloride (30 or 60 mg daily) or gédoo for 10 weeks.
Participants quit smoking 14 days after the begigrf the medication phase so
that a therapeutic drug level could be achievedr o quitting. The researchers
postulated that fluoxetine would beneficially irdhce post-cessation changes in
PA and NA. Relative to placebo, thosex58) on 60 mg fluoxetine
experienced an increase in PA that grew acrossresdting in assessments of
PA that exceeded prequit levels. There were nafgignt differences between
30 mg 0 = 75) and placebm(= 60). Relative to placebo, those on 60 mg

fluoxetine experienced a decrease in NA. Howeva@nss time, this advantage
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appeared to diminish. There were no significarfed#éinces between 30 mg
fluoxetine and placebo. Those in the placebo cadéxperienced decreases in
PA levels and increases in NA levels compared ¢gjyot, which persisted for
more than 3 weeks. The fact that fluoxetine exestetbre sustained influence
on PA than on NA suggests that these two parametaffective responses are
partially independent (Cook, Spring, McChargue,rBldiy et al., 2004).

Finally, the PANAS was used to examine the relatgm between
cigarette consumption and affect (Becona, Vasdueentes, & Lorenzo, 1999).
Of the 1,615 participants selected randomly froepgbpulation, 63.7% were
nonsmokers (i.e., not smoking within the previoQsldys) and 36.3% were
smokers. The groups were divided by cigarette aopsion as 0 (nonsmoking)
and 1-15, 16-30, and 31 or more cigarettes/dayly&isaof variance of cigarette
consumption indicated that there were no significhffierences in PA.
However, there were significant differences in Nétvieen groups 1 tol5
versus 31 or more cigarettes/day. The group smdXingr more cigarettes/day
reported significantly higher NA compared to thewgy smoking 1 to 15
cigarettes/day. The results indicated a relatignbbiween cigarette
consumption and NA in smokers with a consumptioBlobr more cigarettes
daily (Becona et al., 1999).

In addition, because the PANAS has good psychomgtoperties, it
was used extensively in different lines of smokiegearch (e.g., Cinciripini et
al., 2006; Kenford et al., 2002; McChargue, Col& o0k, 2004; Niaura,
Shadel, Goldstein, Hutchinson, & Abrams, 2001;dtatin et al., 2003; Smith

et al., 2003; Wetter et al., 1994).



94

2.2 Participants

| used posted adverts (see Appendix A) and onddhwerts displayed in
the Department of Psychology electronic experimdmaking system to recruit
participants from the University of Southampton pahfor research into “the
experience of reward in nicotine dependence”. iétpants included both
students and staff members. Prior to Study 1, éégarticipants to fill in the
FTND (Heatherton et al., 1991) to screen themrimseof their level of
dependency. | classified participants as high erdependence according to a
median split on their FTND score. If their FTND seovas greater than the
median (3 >), then | classified them as high depand. If their FTND score
was equal or smaller than the mediarBJ, then | classified them as low
dependence. | used this classification in all eghsnt studies in this research.

Prior to each experimental session (studies 1, @nd 5), | randomly
assigned participants to two conditions: withdraarad satiation. In the
withdrawal condition, | asked participants to absteom smoking overnight or
for at least 8 hours during the day before testimghe satiation condition, |
asked them to smoke as usual before coming tatwedtory. In addition, in
the satiation condition | asked participants to kena cigarette immediately
before coming to the laboratory in order to enghat the difference between
the withdrawal and satiation conditions was maxauis

As mentioned at the end of chapter 1, in this ne$gd aimed to
replicate and extend the finding of Powell et 20(42) of reduced reward
responsivity in withdrawal using a modified CARR@iocedure. Therefore, |
conducted power analysis to determine the numbpaxicipants needed to

identify the large effect size reported by Powekle The effect size for the
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comparison of withdrawn and satiated participantsesvard responsivity in
Powell et al. was .58. According to Cohen (1992amaalphdevel of .05, |
need 393 participants in each group to detect & sfifect size ( = .20), 64
participants to detect a medium effect side (50), and 26 to detect a large
effect size @ = .80).

2.3 Procedure

Sessions were carried out on weekdays betweera@d@7.00 hours in
one of the Psychology Department laboratories.

When patrticipants initially arrived at the labonrgtd gave them an
information sheet and consent form to sign (seeefgdix E), if they agreed to
participate. | made them aware, both verbally amthe consent form, of their
right to terminate the test at any stage.

| verified participants’ smoking status by analygstheir expired carbon
monoxide (ECO) levels with a CO monitor (BedforddBMicro Il
Smokerlyzer, Bedford Scientific Instruments Ltd, KdUK). Satiation was
verified by ECO levels > 15 ppm, whereas overngjgtinence was verified by
ECO levels< 15 ppm. When patrticipants’ ECO levels were abdvedm in the
abstinence condition, | asked them to come backekimg on another day. |
rescheduled 3 participants. ECO levels of one adelparticipants were well
above 15 ppm the second time he came for testimgyrefore, this participant
was not allowed to complete the study.

After verifying participants’ smoking status, | &kthem to complete
the CARROT (Powell et al., 1996). The procedurthefCARROT varied
across studies. The CARROT procedure used in @¢adl s described in detail

in the “Measures and Apparatus” section of eactiystafter participants



96

completed the CARROT, | asked them to fill in tHe/AS (Snaith et al., 1995)
and lastly, | asked them to fill in the PANAS (Waits Clark, & Tellegen,
1988).

The procedure lasted on average 30 minutes adiadiss

After collecting the data, | made available to epahticipant a
debriefing statement (see Appendix F). | gave aftipipants the amount of
money they gained in the CARROT, which was on aye#b.00 per participant
across studies. Furthermore, participants earnd£8r their participation.
Psychology students earned credits (2 per 30 nshthat counted towards their
coursework grade.

2.4 Design

I measured reward responsivity behaviourally ushgCARROT task
in Study 1, Study 2, Study 3, and Study 4. In Stud$tudy 2, and Study 3, |
carried out the conditions of the reward respobgigst within-participants. In
Study 4, | manipulated the conditions both wittand between-participants. In
Study 5, | measured reward responsivity using atiu@naire measure of
responsivity to environmental pleasure/reward 8RAPS) under different
between-participant conditions.

In Study 1, Study 2, Study 4, and Study 5, | malamad smoking status
(withdrawal/satiation) between-participants, whereaStudy 3 smoking status
was manipulated within-participants.

The dependent variable in Study 1, Study 2, andyS8uvas sorting rate
(i.e., number of cards sorted divided by the titrteak to sort them) under
reward and no reward. In Study 4, the dependemblarwas reward

responsivity (REWRESP) calculated as mean sorategyunder reward minus
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mean sorting rate under no reward. In Study 5dépendent variable was
mean SHAPS score as well as mean positive and neggtive affect scores (as
measured by the PANAS).

2.5 Data Cleaning, Assumptions Checking, and Toansdtions

| used histograms, boxplots, and descriptive sietiso screen the data. |
detected incorrectly entered values and correttexht | checked the data for
outliers. | identified (and removed) one case witktreme scores (i.e., absolute
z-scores > 3.3; e.g., Field, 2005) on the PANAS measThe rest of the data
(i.e., absolute z-scores for every case) fell withie limits for a normal
distribution (e.g., Field, 2005).

Further checks were conducted to establish whétieedata met the
parametric assumptions (i.e., normal distributltomogeneity of variance,
interval data, and independence; Field, 2005).Aduative affect (PANAS-NA)
and the SHAPS variables were not normally distedui herefore, they were
transformed (square root transformation) beforadpentered into the analysis

(chapter 8).
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CHAPTER 3
STUDY 1.
REWRAD RESPONSIVITY (BEHAVIOURAL MEASURE) IN SATIATON
AND WITHDRAWAL AMONG LOW AND HIGH DEPENDENCE
SMOKERS
| aimed to extend previous findings of reduced CARReward
responsivity during withdrawal (e.g., Al-Adawi & Rell, 1997; Powell et al.,
2002) by including a counterbalancing CARROT pragecand dependence as
a factor. Powell and colleagues calculated rewasgansivity as the difference
in performance between a rewarded trial and twoewarded trials when the
former was placed second in a series of threest(itAdawi & Powell, 1997;
Powell et al., 2002). Because nicotine has beewsho improve task
performance (e.g., Sherwood, 1993), it is posshaé performance across the
trial series that make up the CARROT (i.e., pra&catfects) was improving
more under satiation than under withdrawal. Thighhshow up as an apparent
effect of withdrawal on reward responsivity whewagd responsivity was
calculated as a difference score. Therefore, | mybalanced the presentation of
the rewarded and nonrewarded trials in a two-s@gjuence to control for
effects of practice. It was necessary to validai® new procedure before
examining the effects of withdrawal and dependemcesward responsivity.
3.1 Method
3.1.1 Participants
Thirty-two people participated (11 males and 21d&8). Their mean
age was 26.7 years (minimum = 18 years, maximurh yeérs,SD = 6.39).

There were 19 low dependence smokers with a mgaendence score of 1.47
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(minimum = 0, maximum = 3D= 1.17) and 13 high dependence smokers with
a mean dependence score of 5.38 (minimum = 4, maxim8;SD = 1.50).

3.1.2 Measures and Apparatus
The Expired Carbon Monoxide (ECO) Monitor

| biochemically verified the participants’ smokistatus by analysing
carbon monoxide (CO) levels in an end-expiratoryafier asking participants
to hold their breath for 15 seconds. CO levels vesraysed using a breath CO
monitor (Bedford EC50 Micro Ill Smokerlyzer, Bedib&cientific Instruments
Ltd, Kent, UK).

The Fagerstrom Test for Nicotine Dependence (FTND)

The measure was used as described in chapter 3¢sten 2.1.2).
The Card Arranging Reward Responsivity Objectivet [EARROT)

The measure was used as described in chapter 3¢sten 2.1.3.1);
however, in the present study one rewarded (R)oaedhonrewarded (N) trial
was presented in counterbalanced order. Rewardmssfity was calculated as
R - N.

The Snaith-Hamilton Pleasure Scale (SHAPS)

The measure was used as described in chapter 3¢sden 2.1.3.2).
The Positive and Negative Affect Schedule (PANASES

The measure was used as described in chapter 3¢stden 2.1.4).

3.1.3 Procedure

The following procedures were carried out with s@reeptions (see
Section 1.2.5).

| randomly assigned participants to two conditiomghdrawal, where |

asked them to abstain from smoking overnight betieseéng, and satiation,
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where | asked them to smoke as usual before cotoitige laboratory.

Following that, | randomly assigned participantsireach smoking status
(satiation/withdrawal) group into two conditions:the first condition,
participants completed the rewarded trial (R) & @ARROT first, whereas in
the second condition they completed the nonrewatriEdN) of the CARROT
first. Then, | classified participants as high@wldependence on the basis of a
median split on their FTND scores.

| verified participants’ smoking status by analygstheir expired carbon
monoxide (ECO) levels. Satiation was verified by@E@vels > 10 ppm (parts
per million), whereas overnight abstinence wasfiegeliby ECO levels 10
ppm.

After biochemically verifying participants’ smokirggatus, | asked them
to complete the CARROT. After completing the CARR®&sked participants
to fill in the SHAPS and the PANAS.

The procedure lasted approximately 20 minutes.

After collecting the data, | gave all participatiie amount of money
they gained in the CARROT, estimated to be a mamimti£1.50 per
participant. In addition, most participants ear8db0 in return for their
participation. Psychology students, however, eaoredcourse credit in return
for participation.

3.1.4 Design and Analysis

lused 2 x 2 x 2 (Reward x Smoking Status x Depecg)efactorial
mixed design. The between-participants factorewependence with two
levels (high dependence or low dependence) andismetatus with two levels

(satiation or withdrawal/abstinence). The withimtapants factor was reward
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with two levels (nonrewarded trial [N] and rewardgadl [R]). The key
dependent variable was sorting rate (i.e., numbeamls sorted in R or N
divided by the time taken to sort them).

3.1.5 Some Exceptions to the Aforementioned Proesdu

| tested most participants in one of the PsychoDgpartment
laboratories; however, | tested 3 participantdgrmorning hours at their home.
Although | allocated 2 of those participants to Withdrawal condition, they
expressed doubts about managing to abstain frorkisgantil they came to
the laboratory. In order to ensure that they didaimm abstinent for the testing, |
visited them at their home were | carried out thecpdure in exactly the same
way as in the laboratory.

Of the total 32 participants, | tested 10 in sligldifferent conditions to
the remaining 22. The different conditions are dbsd below.

Initially, | decided to screen participants in artie check their level of
dependence and only test those smokers whose seeresess than 3ow
dependengeor more than 7hjgh dependengen the FTND. Thus, first, |
allocated participants to a high or low dependegroep. Then, | randomly
counterbalanced them to the satiation and withdrawmditions. | tested the
first 10 people under these conditions. Howevespdn became evident that it
was hard to find smokers with an FTND score abavEnérefore, | decided to
test every smoker without screening him/her. Thusndomly assigned the
remaining 22 participants to the satiation and erilval conditions first,
subject to constraint of equal numbers. Thendcalled participants
retrospectively to a high or low dependence grarqonaling to a median split.

This resulted in a final sample with 19 particigaimt low dependence (10 in
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withdrawal and 9 in satiation) and 13 participantbigh dependence (5 in
withdrawal and 8 in satiation).

Initially, | also decided that participants woukteive only the money
they earned in the CARROT (estimated to be a maxirati£1.50 per
participant) and no extra money for their partitipa However, due to the very
low rates of participation, | decided to pay papants £3.50 for their
participation in addition to the money they earimrethe CARROT. The first 10
participants received only the money they earngdlenrCARROT, whereas the
remaining 22 received an extra £3.50 for theiripigtion.

Furthermore, for 2 participants the assignmeni¢osatiation and
withdrawal conditions was not random. Although ket those 2 participants to
abstain from smoking before coming for testingytfeeled to do so. They
refused to try to abstain. As | did not want to sitiseir data, | tested those

smokers under satiation.
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3.2 Results
The withdrawal manipulation was successful. An pefelent samples
test showed that the ECO level of participantsatmtion M = 22.66; minimum
=12, maximum = 545D = 7.58;n = 17) was significantly higher than the ECO
level of participants in withdrawaM = 5.70; minimum = 2, maximum = 18D
=2.47;n=15),t (18.69) = 5.22p < .001 (Because Levene’s Test for Equality

of Variances was significant, equal variances weteassumed).

lused 2 x 2 x 2 (Reward x Smoking Status x Depece)erepeated
measures Analysis of Variance (ANOVA). The betwepanticipants factors
were dependence (low dependence/high dependertsjraoking status
(withdrawal/satiation). The within-participants facwas reward (nonrewarded

trial/rewarded trial). The dependent variable wasiisg rate.
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Figure 3.1. Mean CARROT sorting rate (+SE) in reward and no reward for low
dependence (W: n=10; S: n =9) and high dependence (W:n=5; S: n=28)
participants.
Figure 3.1 shows the mean CARROT sorting rate @ ed the
experimental conditions for low and high dependgranticipants. As Figure
3.1 shows, both high and low dependence particspacteased their CARROT
sorting rate in the rewarded trial but only in gagiation condition. In the
withdrawal condition, low dependence participatitghtly increased their
CARROT sorting rate in the rewarded trial, whereigh dependence

participants slightly decreased their CARROT sgrtiate in the rewarded trial.

The statistical analysis (Table 3.1) confirmed ¢hiespressions. The
results of the three-way ANOVA (Table 3.1) showieatf with an alpha level of

.05, there was a significant main effect of rewand a marginally significant
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Reward x Smoking Status interaction. There werether significant main

effects or interactions.

Table 3.1

Analysis of Variance for CARROT Sorting Rate

Source df F p

Between subjects
Smoking Status (S) 1 <1 .89
Dependence (D) 1 <1 .36
SxD 1 <1 .65
Error 28 (.03)

Within subjects

Reward (R) 1 5.17 .03
RxS 1 3.21 .08
R xD 1 <1 .80
RxSxD 1 <1 71
Error (R) 28 (.00)

Note Values enclosed in parentheses represent mearesguiors.
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Figure 3.2. Mean CARROT sorting rate (+SE) in reward and no reward
in withdrawal (n = 15) and satiation (n = 17).

Figure 3.2 shows the mean CARROT sorting ratesah ®f the
experimental conditions for all participants ardstrates the marginally
significant Reward x Smoking Status interactionefBhwas an effect of reward
under satiation but not under withdrawal (see FadliR). Thus, participants
increased their sorting rate in the rewarded wia¢n they were satiated but not
when they were withdrawn. Comparisons of the sgntates under satiation and
under withdrawal showed that there was a signifid#ference between the
sorting rates of the nonrewarded and rewarded tuatler satiation{(16) =
3.39,p < .01, but this effect did not approach significamnder withdrawal,

t(14) = .47 ns
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3.3 Discussion

In the present study, | adopted a counterbalan@d®ROT design to
investigate the hypothesis that abstinent smokkerw slecreased reward
responsivity compared to satiated smokers (e.gAdswi & Powell, 1997,
Powell et al., 2002). | also investigated theat#hces in reward responsivity

between high and low dependence participants.

There was a significant main effect of reward, ahtonfirmed the

validity of the counterbalanced CARROT procedure.

Moreover, there was a marginally significant Rewar@moking Status
interaction: Both high and low dependence partiipaignificantly increased
their mean CARROT sorting rates in the rewardea tnnder satiation but not
under withdrawal. The difference between the sgntates of the rewarded and
nonrewarded trials was significant under satiatfoowever, the effect did not
approach significance under withdrawal. This isststent with findings by Al-
Adawi and Powell (1997) and Powell et al. (2002pvitund that abstinent
smokers showed significantly less acceleratioregponse to financial incentive
compared with satiated smokers and nonsmokerseg§ubest consumption of a
cigarette was effective in elevating reward respotysto the normal range. It is
also consistent with findings by Epping-Jordanlef1®98) who showed that
spontaneous nicotine withdrawal in rats resultea significant decrease in
brain reward function, as measured by elevatiorsam reward thresholds,

which persisted for days.

Empirical evidence indicates that the mesocortmebic DA system

mediates, at least in part, the reinforcing propermf psychoactive drugs,
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including nicotine. Most psychoactive drugs inceedepaminergic transmission
within this system, especially in the nucleus adeens (Koob & LeMoal,

1997). Thus, the findings suggest that abstainmgkers may have impaired
dopaminergic function or, in other words, abstagsmokers show weakened
incentive motivation that may reflect low levelsadtivity in mesocorticolimbic
pathways. Therefore, smoking might be associatéd alierations in motivation
as indexed by reward responsivity. Support for teimes from findings that
showed that brain reward pathways are less activateicotine addicts

compared to healthy controls (e.g., Martin-Soelcal ¢ 2001).

It was expected that, because highly dependentamexperience more
severe withdrawal compared to low dependence smmplter difference in
reward responsivity in satiation and withdrawal Vdoloe greater for highly
dependent smokers. However, | found no evidensaipport this view. The
results indicated that the effects of withdrawakeward responsivity were the
same for the high and low dependence participdiis. suggests that
withdrawal effects are present even in low depeceamokers. Alternatively,

the high dependence sample was not dependent enough

In sum, | used a counterbalanced CARROT procecudaund a
Reward x Smoking Status interaction. Thus, paicip increased their mean
CARROT sorting rate when they were satiated butvien they were
withdrawn. However, the effect was marginally sfg@int. This result provides
weak support to previous findings (Al-Adawi & Polwdl997; Powell et al.,
2002). To overcome potential limitations of thegenet study, the aim of the
next study was to use a bigger sample and a bettenterbalanced again,

CARROT procedure. | needed 26 participants pergtolachieve a power of
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.80 at the .05 level of significance (Cohen, 199R¢cause | only had 32
participants in total, | increased the number afipigpants to 80, 40 in each
smoking status group. Moreover, | improved the CARRprocedure. Thus,
instead of giving participants 20 cards to somptice, | increased the number
of cards to 60. In addition, | added more rewaraled nonrewarded trials to the
CARROT. | made these modifications to the proceddithbe CARROT to

reduce measurement error.
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CHAPTER 4
STUDY 2
REWARD RESPONSIVITY (BEHAVIOURAL MEASURE) IN SATIATON
AND WITHDRAWAL AMONG LOW AND HIGH DEPENDENCE
SMOKERS REVISITED
4.1.1 Method
4.1.1.1 Participants

Eighty participants (40 males and 40 females) withean age of 24.06
years (minimum = 18 years, maximum = 45 ye8i3;= 5.32) took part. There
were 40 low dependence smokers with a mean FTNE sfdl.2 (minimum =
0, maximum = 3SD= 1.16) and 40 high dependence smokers with a mean
FTND score of 5.25 (minimum = 4, maximum =3) = 1.48).
4.1.1.2 Measures and Apparatus

Differences from Study 1 are noted.

The Card Arranging Reward Responsivity Objectivet (EARROT)

The CARROT consisted of five trials instead of th(8tudy 1), and the
practice trial involved sorting 60 cards instea@0f(Study 1). | made these
alterations in order to reduce measurement erugedl the first trial (baseline)
to establish baseline speed for sorting exactlga@s. Then, | used this
individually determined time as the fixed time lirfor the following four trials
that consisted of two rewarded and two nonrewatdald in counterbalanced
order. Thus, there were four orders to the tadke dresentation of the rewarded
(R) and nonrewarded (N) trials was as follows facreorder: Order 1: RNNR,

Order 2: NRRN, Order 3: RNRN, and Order 4: NRNR.
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4.1.1.3 Procedure

| randomly assigned participants from each deperelgroup (low/high)
to the two smoking status conditions: withdrawad aatiation. Following that, |
randomly counterbalanced withdrawn and satiatetiggaaints into the four
CARROT-order conditions described in Section 421..1.

| verified overnight abstinence by ECO level45 ppm. Next, | asked
participants to complete the CARROT. After thaasked them to fill in the
SHAPS and the PANAS.

The procedure lasted approximately 20 minutes.

After collection of the data, | made available dmefing statement to
each participant. | gave all participants the am@fimoney they gained in the
CARROT, estimated to be a maximum of £3.00 pengpant. In addition,
participants earned £2.50 in return for their ggsation. Psychology students
earned one course credit in return for participatio
4.1.1.4 Design and Analysis

lused 2 x 2 x 2 (Reward x Smoking Status x Depecg)efactorial
mixed design. The between-participants factors wependence (low/high) and
smoking status (satiation/withdrawal). The withisrgicipants factor was reward
(nonrewarded trials/rewarded trials). The key delgenvariable was sorting
rate. The presentation order of the nonrewarded@ndrded trials was

counterbalanced across participants.
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4.1.2 Results
The withdrawal manipulation was successful. An pefelent samples
test showed that the ECO level of participantsatmtion M = 16.22; minimum
=1, maximum = 51SD= 10.75;n = 40) was significantly higher than the ECO
level of participants in withdrawaM = 6.07; minimum = 1, maximum = 15D
=4.59;n=40),1(52.91) = 5.51p < 0.001 (Because Levene’s Test for Equality

of Variances was significant, equal variances werteassumed).

| employed 2 x 2 x 2 (Reward x Smoking Status xdDejgnce)
repeated measures Analysis of Variance (ANOVA). hésveen-participants
factors were dependence (low/high) and smokingist@tithdrawal/satiation).
The within-participants factor was reward (nonredeat trials/rewarded trials).

The dependent variable was sorting rate.
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Figure 4.1. Mean CARROT sorting rate (+SE) in reward and no reward
for low dependence (W: n = 20; S: n = 20) and high dependence

(W: n=20; S: n=20) participants.

Figure 4.1 shows the mean CARROT sorting ratesah ®f the

experimental conditions for low and high dependgrarticipants. Low

dependence participants increased their sortirgimahe rewarded condition,

whereas high dependence participants increasadsthréing rate in the

nonrewarded condition (see Figure 4.1).

The statistical analysis (Table 4.2) confirmed ¢hiaspressions. The

results of the three-way ANOVA (Table 4.2) showiedtf with an alpha level of

.05, there was a significant Reward x Dependertegaation but no other main

effects or interactions.
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Table 4.1

Analysis of Variance for CARROT Sorting Rate

Source df F p

Between subjects

Smoking Status (S) 1 <1 .66
Dependence (D) 1 <1 .78
SxD 1 <1 .99
Error 76 (.04)

Within subjects

Reward (R) 1 <1 .58
R xS 1 <1 .83
RxD 1 3.99 .05
RxSxD 1 <1 .88
Error (R) 76 (.00)

Note Values enclosed in parentheses represent mearesguiors.
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Figure 4.2. Mean CARROT sorting rate (+SE) in reward and no reward
for low dependence (n = 40) and high dependence (n = 40) participants.

Figure 4.2 shows the mean CARROT sorting ratekarréwarded and
nonrewarded trials for low and high dependencagypaints and illustrates the
significant Reward x Dependence interaction. L@pehdence participants
increased their rate of sorting in the rewardeal,twhereas high dependence
participants increased their sorting rate in therewvarded trial (see Figure 4.2).
Comparisons between the sorting rates in the readaadd nonrewarded trials
for low and high dependence participants showetithiesie was a significant
difference between the rewarded and nonrewardad for the low dependence
participantst(39) = 2.00p =.05; however, this effect did not approach

significance for the high dependence participad®) = .96,ns
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4.1.3 Discussion

There was a just significant Reward x Dependenegantion: Low
dependence smokers increased their sorting rakeirewarded condition
compared with high dependence smokers. The diftereetween the rewarded
and nonrewarded trials was significant for low degence participants. Highly
dependent smokers slightly increased their soratg in the nonrewarded trials;
however, the difference in sorting rate betweenr¢earded and nonrewarded
trials was not significant. This may suggest thghly dependent smokers are
not sensitive enough to the introduction of theaslv Compared with low
dependence smokers, highly dependent smokers nhdngmotivated to “work
harder” (i.e., sort the cards faster) in orderamgnore money. This impairment
in reward responsivity may reflect alterations iativation associated with
chronic nicotine administration. Although alteraisoin motivation, as indexed
by reward responsivity, would be expected to manifieiring withdrawal, this
was not the case. Highly dependent participantsddo respond to monetary
reward either they were withdrawn or satiated.

In this study, | did not replicate the main effe€reward that was found
in Study 1. Furthermore, there was no evidenceippart the first hypothesis;
reward responsivity scores were not higher in satiazompared to withdrawal.
This is not consisted with earlier findings (Study Because the sample size
was adequate to detect medium to large effectiplaha .05 with power > .80
(e.g., Cohen, 1992) and the withdrawal manipulatvas successful, failure to
replicate the effect of reward found in Study 1 ntige due to limitations in the
way the behavioural measure (CARROT) was admir@dtdfor example,

according to CARROT instructions, participants werguired to sort the cards
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as quickly and as accurately as possible into thiles. The sorting was based
on whether the numeral 1, 2, or 3 appeared onatte &t soon became evident
that there was great variability in the way thedsawere sorted. Some
participants would throw the cards onto each piimimising the movement of
their card-sorting hand; others would carefullyceléhe cards on top of each
pile, maximising precision at the expense of spé&éds inter-participant
variability was unsystematic and contributed tadi@n error. In addition,
although | asked participants to sort the cardguackly and as accurately as
possible, most of the participants compromised r@oyufor speed. That is, they
were more concerned with sorting the cards fakerahan sorting them
accurately. This, in turn, might have producedicgieffects in sorting rate that
could have masked any effect of reward.

Thus, the aim of the next two studies (Pilot 1 Rildt 2) was to address
these “key” problems in the look for an effect efvard. In the two pilot studies,
| examined whether a number of changes to the puweeof the task would
increase the task’s reliability. Thus, in Pilotl teduced the variability in the
way the cards were sorted by introducing cardbbaseks into which they had
to be placed with reasonable accuracy. Moreovatrdduced a monetary
penalty for mistakes in order to increase the tiaken to sort the cards. These
changes appeared to produce a slight improvemeheimeasure’s reliability.
In Pilot 2, | made a further change to the procediirthe CARROT: | increased
the time taken to complete each rewarded and na@mdad trial in an attempt to
increase the effort participants put in the rewdrdlials. This produced the
desired improvement in the measure’s reliabilitye Two pilot studies will be

presented next.
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4.2 Pilot 1: Improving the Reliability of the Behavi@iMeasure
4.2.1 Method

4.2.1.1 Participants

Twenty-four people (6 males and 18 females) toak pg&eir mean age
was 25.7 years (minimum = 19 years, maximum = 2ty&D = 3.07).
4.2.1.2 Measures and Apparatus

The Card Arranging Reward Responsivity Objectivet (EARROT)
The measure was used as described in Study 2; rowe\the present study,
participants had to sort 30 cards as practice eflacge the variability in the way
cards were sorted, | asked participants to plaeednds in cardboard boxes that
they could not move. The boxes were approximatéycéh wider and longer
than the cards and approximately 5 cm high. Théipof the boxes was
identical for all participants. | instructed paipants to place the cards in the
boxes carefully, making sure that they did not nthesboxes. Thus, the task
became more difficult because it required moreipesgovements. Moreovetr, |
asked that the cards be sorted both as quicklyaaratcurately as possible; |
stressed that accuracy should not be compromisespéed. | informed them
that for every mistake they made (including cardssing the box) they would
lose 10 pence from the money gained in the rewatritdd. | introduced this
monetary penalty to reduce error by increasing@péants’ attention at correct
card sorting. Additionally, the procedure redudeel possibility of ceiling
effects.
4.2.1.3 Procedure

The procedure was as described in Study 2; howavdre present

study, dependence and smoking status were not agdniihe procedure lasted
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approximately 10 minutes. After collection of thetal | gave participants the
amount of money they gained in the CARROT, estich&debe a maximum of
£3.00 per participant. Psychology students earmedcourse credit in return for
their participation.
4.2.1.4 Design and Analysis

Reward was manipulated within-participants. A pdsamples test was
employed. The variables were mean CARROT sortitgyirathe rewarded trials

and mean CARROT sorting rate in the nonrewardedktri
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4.2.2 Results
A paired samplestest was used to compare mean CARROT sorting rate
in the rewarded triald{ = .82,SD=.10) and nonrewarded trialgl = .81,SD=
.10). The results of thetest showed that, with an alpha level of .05, the
difference in mean CARROT sorting rate betweerré¢wearded and

nonrewarded trials was only marginally significa(23) = 1.92p = .07.
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4.2.3 Discussion

There was a main effect of reward; however, it masginally
significant. Thus, although changes in the prooedfithe CARROT did
improve the measure’s reliability, this improvemesats moderate. Since a
reliable reward effect was essential to furthes thvestigation, further changes
to the procedure of the task were made. The tas&dministered in Study 1 and
Study 2, was relatively short and easy. Particpardre sorting the cards as fast
as they could in every trial irrespective of théseence of reward. In fact, a lot
of them mentioned that in each successive trial there trying to “break their
own record”, that is, sort more cards than theyinlithe previous trial. If |
extended the time required to complete the taskdgasing the time taken to
complete each rewarded and nonrewarded trial, gheicipants might decide to
sort faster in the rewarded trials only. Thushé# time taken to complete each
trial was increased, then participants might detadeut more effort in sorting
the cards when their effort would be rewarded,eiathan try to sort as many
cards as they could in every successive trial.

Thus, the aim of the next pilot study (Pilot 2) wagxamine whether
attempting to affect the amount of effort put ie tlewarded trials, by increasing
the time taken to complete each rewarded and n@mdd trial, would increase

the measure’s reliability.
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4.2 Pilot 2: Improving the Reliability of the Behavi@liMeasure
4.3.1 Method

4.3.1.1 Participants

Twenty-eight people (5 males and 23 females) withean age of 21.4
years (minimum = 18 years, maximum = 34 ye8i3;= 3.81) took part.
4.3.1.2 Measures and Apparatus
The Card Arranging Reward Responsivity Objectivet (EARROT)

The measure was used as described in Pilot 1; heywemthe present
study, there was no baseline trial; each rewardeicdhanrewarded trial lasted 5
minutes. This time was the same for all participaBbrting rate was calculated
as the number of cards sorted divided by the 5 tegi took to sort them.
4.3.1.3 Procedure

The procedure was as described in Pilot 1; howeévéhne present study,
it lasted 40 minutes. After collection of the ddtgave participants the amount
of money they gained in the CARROT, estimated ta lbgaximum of £6.00 per
participant. Psychology students earned one caueskt in return for their
participation.
4.3.1.4 Design and Analysis

The design and analysis were as described in Pilot
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4.3.2 Results
A paired samplestest was used to compare mean CARROT sorting rate
in the rewarded triald{ = .78,SD = .08) and nonrewarded trialgl = .76,SD=
.07). The results of thetest showed that, with an alpha level of .05, the
difference in mean CARROT sorting rate betweerré¢wearded and

nonrewarded trials was significab27) = 2.20p = .04.
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4.3.3 Discussion

There was a significant main effect of reward ilof2: Sorting rate was
significantly higher in the rewarded trials commhte the nonrewarded trials.
Thus, the reliability of the behavioural measurdRROT) increased after a
number of changes were made to its procedure.

The changes were made in order (a) to reduce tibudy in the way
participants sort the cards, (b) to increase the taken to sort cards and
overcome possible ceiling effects, and (c) to iaflce the amount of effort that
participants put in completing the rewarded andrewarded trials.

| wanted to reduce the variability in the way tlaeds were sorted,;
therefore, participants were asked to place thaésdarcardboard boxes. As this
made the task more difficult, sorting times migatrbduced. In order to reduce
sorting times further and overcome possible ceidifigcts, participants were
required to pay more attention at correct cardrsgiriThey were informed that
for every mistake they made (including cards mggsine box) they would lose
10 pence from the money they earned in the rewardds. Lastly, in order to
influence the amount of effort that participants$ ijpucompleting the rewarded
and nonrewarded trials, | increased the difficoltyhe task by increasing the
time taken to complete each rewarded and nonrewadridd. The time taken to
complete each trial was increased to 5 minutes §880nds) as opposed to 68.5
seconds that was the average time it took partitgo® sort the cards in each
trial in the previous studies. After increasing timee to complete each trial to 5
minutes, instead of sorting the cards as faste&s¢buld irrespective of the
existence of reward, participants appeared to fueraffort in sorting the cards

when their effort was rewarded. In sum, the afor@imeaed changes to the
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procedure were successful at improving the measuveéability; therefore,
ensuring that the CARROT could be used to detectéferences in the effect
of withdrawal on reward responsivity between défarlevels of dependence.
Thus, the aim of the next study was to use this inggvoved CARROT
procedure to investigate the differences in rewasgponsivity between high and

low dependence smokers in satiation and after ayl@rabstinence.
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CHAPTER 5
STUDY 3:

REWARD RESPONSIVITY (BEHAVIOURAL MEASURE) IN SATIATON
AND WITHDRAWAL AMONG LOW AND HIGH DEPENDENCE
SMOKERS — REVISITED AGAIN
5.1 Method
5.1.1 Participants

Thirty-two smokers (5 males and 27 females) withean age of 24.41
years (minimum = 18 years, maximum = 41 ye8i3;= 6.53) took part. There
were 16 low dependence smokers with a mean FTNE sfdl.50 (minimum =
0, maximum = 3SD= 1.21) and 16 high dependence smokers with a mean
FTND score of 5.50 (minimum = 4, maximum =SD = 1.09).

5.1.2 Measures and Apparatus

Differences from Study 1 are noted.

The Card Arranging Reward Responsivity Objectivet (EARROT)

The measure was used as described in Pilot 2; heywemthe present
study, the practice trial lasted 2 minutes. | egl the time taken to complete
the practice trial in an attempt to influence fertithe effort put in the rewarded
and nonrewarded trials.

5.1.3 Procedure

The procedure was as described in Study 2; howavdre present
study, smoking status was examined within-participaParticipants were asked
to come to the laboratory twice: once after they &lastained from smoking
overnight (withdrawal condition) and once aftentiad smoked as usual

(satiation condition). | did this to control foogsible differences between the
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withdrawal and satiation groups that could maskedffgcts of reward. Half of
the participants took part in the satiation cowditiirst, whereas the other half
took part in the withdrawal condition first. Thetladrawal and satiation
conditions were counterbalanced to control for gyexarry-over effects. The
procedure lasted approximately 40 minutes.

After collection of the data, | gave participartie amount of money
they earned in the CARROT, estimated to be a maxiro£6.00 per
participant. Psychology students earned three eawreglits in return for their
participation.

5.1.4 Design and Analysis
The design and analysis were as described in St@cgept smoking

status was manipulated within-participants.
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5.2 Results

Once again, the withdrawal manipulation was sudakds paired
sampleg test confirmed that the ECO level of participantsatiation 1 =
19.28; minimum = 1, maximum = 53D = 12.70) was significantly higher than
the ECO level of participants in withdrawdl & 4.81; minimum = 0, maximum
= 15;SD=4.01),t(31) = 8.33p < 0.001.

I employed 2 x 2 x 2 (Reward x Smoking Status xdDejgnce)
repeated measures Analysis of Variance (ANOVA). hésveen-participants
factor was dependence (low/high). The within-pgvtats factors were smoking
status (withdrawal/satiation) and reward (nonrewdrttials/rewarded trials).

The dependent variable was sorting rate.
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Figure 5.1. Mean CARROT sorting rate (+SE) in reward and no reward
for low dependence (W/S: n = 16) and high dependence (W/S: n = 16)
participants.
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Figure 5.1 shows the mean CARROT sorting rate oh ed the
experimental conditions for low and high dependgrarticipants. As Figure
5.1 shows, both low and high dependence particgpanteased their sorting
rate under reward in withdrawal and satiation. tik@nmore, for both low and
high dependence participants, sorting rate in treewarded and rewarded
trials was higher in satiation compared to withdeh(gee Figure 5.1).
Moreover, both low and high dependence participentt®ased their sorting
rate from the nonrewarded to the rewarded trialeenaoder withdrawal than
under satiation. Therefore, there was no indicditan the effect of reward was

larger under satiation. Finally, it looks like higependence smokers had



130

higher sorting rates in all experimental conditicospared with low
dependence smokers.

The statistical analysis (Table 5.1) confirmed ¢hi@spressionslhe
results of the three-way ANOVA showed that, withadypha level of .05, there
was a significant main effect of reward, a sigmfitmain effect of smoking
status, and a marginally significant Reward x Smgktatus interaction. The

main effect of dependence fell short of statist&gghificance.
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Analysis of Variance for CARROT Sorting Rate
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Source df F p
Between subjects
Dependence (D) 1 3.12 .09
Error 30 (.03)
Within subjects
Reward (R) 1 16.83 .00
R xD 1 <1 .69
Error (R) 30 (.00)
Smoking Status (S) 1 4.10 .05
SxD 1 <1 .78
Error (S) 30 (.00)
RxS 1 3.58 .07
RxSxD 1 <1 g7
Error (R X' S) 03 (<.00)

Note Values enclosed in parentheses represent mearesguiors.

There was a significant main effect of reward (€dhll). Thus,

CARROT sorting rate was significantly higher in tieevarded trialsNI = .73,

SD=.10) compared to the nonrewarded tridds<.70,SD = .09). Moreover,

there was a significant main effect of smokingusdiable 5.1). Thus,

CARROT sorting rate was significantly higher inigaon M = .73,SD=.10)

compared to withdrawaM = .71,SD=.09).
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Figure 5.2. Mean CARROT sorting rate (+SE) in reward and
no reward in withdrawal (n = 32) and satiation (n = 32).

Figure 5.2 shows the mean CARROT sorting rate @h ed the
experimental conditions and illustrates the maigireagnificant Reward x
Smoking Status interaction (Table 5.1). As Figudhows, there was a main
effect of reward: Mean CARROT sorting rate was bigh the rewarded trials
in withdrawal and satiation compared with the mEARROT sorting rate in
the nonrewarded trials in withdrawal and satiatioreover, there was a main
effect of smoking status (see Figure 5.2). Thusatesl smokers had higher
mean CARROT sorting rates in the rewarded and neamaged trials compared
with withdrawn smokers. Figure 5.2 also shows thateffect of reward was
more pronounced under withdrawal than under satiafihat is, participants

increased their sorting rate in the rewarded tridien they were withdrawn



133

more than they did when they were satiated. Coisgas showed that the
difference between the sorting rates of the nonréachand rewarded trials was
significant under withdrawat(31) = 4.68p = .00, and it was also significant
under satiationy(31) = 2.56p = .02. However, the difference between the
sorting rates of the nonrewarded and rewarded twak bigger under

withdrawal. This is in direct contrast to the finds of Study 1.
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5.3 Discussion

There was a strong main effect of reward: Sortatgs were
significantly higher under reward than under noasl Therefore, the
modifications that were made to the procedure @ GARROT improved the
measure’s reliability. However, there was no evageto support the first
hypothesis. Reward responsivity scores were ndtgnign satiation compared to
withdrawal. Although this could be due to the féwt strong reward effects
might be less vulnerable to the impact of withdria@wanarginally significant
Reward x Smoking Status interaction was found. H@arat was opposite to
the predicted direction: Reward responsivity scevese higher in withdrawal
compared to satiation. This was in contrast tditieings of Study 1. There was
no evidence to support the second hypothesis. fteeathce in reward
responsivity between satiation and withdrawal watsgneater with higher levels
of dependence. This result did not replicate thdifigs of Study 2. However,
there was a main effect of smoking status, witfatad smokers showing higher
sorting rates compared to smokers in withdrawal.

| did not replicate the Reward x Smoking Statusrenttion reported in
the literature (e.g., Powell et al., 2002) and tbimStudy 1. It is unlikely that
failure to replicate the interaction was due totations in the way |
administered the behavioural measure for two readeirst, the changes that
were made to the procedure of the CARROT incretsadieasure’s reliability;
thus, a strong main effect of reward was foundhegresent study. Second, the
withdrawal manipulation was successful. In an afteto find out why | failed
to replicate the Reward x Smoking Status interaatgported in the literature,

the methodology | used in the studies of the prethasis was examined and
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compared to the methodology used in the studiesenthe interaction was

reported (e.g., Powell et al., 2002). This willdecussed in the next section.
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CHAPTER 6
INTERIM DISCUSSION AND ADDITIONAL ANALYSES

In the studies of the present thesis, the presentat the rewarded and
nonrewarded trials was counterbalanced. REWRESR&laslated as mean
sorting rate in R minus mean sorting rate in Nt thaREWRESP =R — N. I did
not replicate the Reward x Smoking Status intevaateported in the literature
(Powell et al., 2002). Powell et al. used a NRNglesvhere REWRESP was
calculated as R — (N + N) /2 and reported a Rewa8thoking Status
interaction: The difference between nonreward @&whrd was pronounced
under satiation but not under withdrawal. PoweHlletlid not use a control
condition in which no reward was used throughobieréfore, their results
might reflect the different global effects of séitba and withdrawal on
performance over the three trials of the CARROTK {as., practice effects)
rather than the different effects of satiation amtthdrawal on CARROT reward
responsivity (i.e., reward effects). Because wilhl can produce attentional
deficits, and nicotine can improve attentional parfance (Koelega, 1992),
performance might have improved more across thessef the three trials
when participants were tested under satiation i@ tested under
withdrawal.

Recall that Powell et al. calculated reward respatysas a difference
score in performance between the average of thiedind third trial and the
second (i.e., T2 —[T1 + T3] /2). This measure dadnfound the practice and
reward effects of smoking status. For exampletatpce in satiation led to a
rapid asymptote in sorting performance, whereastiogin withdrawal led to

only gradual improvement between trials, then te@asare would show an
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apparent reward responsivity effect even if nonisted. However, practice
effects can be controlled by counterbalancing shahrewarded and
nonrewarded trials occur equally often in eachtpmsiof a two- or four-trial
series. Reward responsivity would then be calcdlatethe average
performance in the rewarded trials minus the awepggformance in the
nonrewarded trials. This revised design alloweeétamhination of whether
impaired performance in the CARROT during nicotivithdrawal should be
properly characterised as an effect of withdrawateward responsivity.

I looked at practice effects in the data of Study 8rder to examine
whether improvement in performance over a seri¢gai$ (i.e., practice
effects) was different under satiation and undéhavawal. | carried out
2 x 2 (Trial x Smoking Status) repeated measuregyais of Variance
(ANOVA) using CARROT sorting rate as the dependeamtable. The within-
participants factors were smoking status (withdtésa#iation) and trial (trials 1-
4). Table 6.1 shows the results of the two-way ANMOW can be seen that, with
an alpha level of .05, there was a significant neddact of trial and a marginally

significant main effect of smoking status.
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Table 6.1

Analysis of Variance for CARROT-Trial Sorting Rate

Source df F p

Between subjects

Error 31 (.07)

Within subjects

Trial (T) 3 20. .00
Error (T) 93 (.00)

Smoking Status (S) 1 3.69 .06
Error (S) 31 (.01)

TxS 3 1.17 .32
Error (T x S) 93 (.00)

Note Values enclosed in parentheses represent mearesguiors.

There was a significant main effect of trial (Tabl&). Table 6.2 shows
the mean CARROT sorting rate §b) in each of the four trials. Participants’

increased their sorting rate with each successizie t
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Table 6.2
CARROT Sorting Rate in Each of the Four Trials (823

CARROT sorting rate Trial1  Trial2 Trial 3 Trial 4

Mean .69 g1 72 (4

Standard Deviation .10 .09 .10 .10

Moreover, there was a marginally significant méfe& of smoking
status (Table 6.1). Thus, CARROT sorting rate vigusifscantly higher in

satiation M = .73,SD=.10) compared to withdrawadli(= .71,SD= .09).

0.78 -
—&— WITHDRAWAL _
—O— SATIATION
0.76 -
@ 074 -
LLl
=
= 072
)
a)
%
S 0.70 -
0.68 + + T1=TRIAL1 (N + R /2)
T2=TRIAL2 (N+R /2)
1 T3=TRIAL3 (N+R/2)
T4=TRIAL 4 (N + R /2)
0.66 : : : :

T1 T2 T3 T4

Figure 6.1. Sorting rate during the four trials of the CARROT task in
withdrawal (W) and satiation (S). Points represent the mean CARROT
sorting rate, that is, the average sorting rate under reward (R) and no
reward (N) in each of the four trials in W and S; vertical lines depict
standard errors of the means.
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Figure 6.1 shows the mean CARROT sorting rate ah ed the four
trials in withdrawal and satiation. It illustratéee significant main effect of trial
(Tables 6.1 and 6.2) and the marginally significaain effect of smoking status
(Table 6.1). As Figure 6.1 shows, participantsathbwithdrawal and satiation
increased their sorting rate with successive trigiais, there was a practice
effect: Participants’ performance improved acrbssderies of the four trials.
That is, participants got faster at card sortingrdie series of the four trials.
Furthermore, satiated smokers had higher sortiteg @cross all trials compared
to withdrawn smokers (see Figure 6.1). AlthoughThal x Smoking Status
interaction was not significant (Table 6.1), comgams between the sorting
rates in each trial showed that the differenceomirsg rates between withdrawal
and satiation was significant in Trialt231) = 2.71p = .01. This suggests that
satiated smokers increased their sorting rate ffdai 1 to Trial 2 more than
withdrawn smokers did. Thus, satiated smokers eghteir maximum sorting
rate faster than withdrawn smokers did. This, m tprovides some indication
that practice effects differ in withdrawal and atitin: Practice effects appear to
be stronger under satiation than under withdralmadther words, participants’
performance improved over the series of the tidden they were satiated but
not when they were withdrawn.

The pattern in Figure 6.1, where the design iy fatunterbalanced,
suggests that practice effects that are differadeuwithdrawal and satiation
may have an impact on REWRESP when REWRESP islatdduas T2 - (T1
+ T3) /2 (where T1 = Nonrewarded trial, T2 = Redt trial and T3 =

Nonrewarded trial). Figure 6.2 is a hypotheticar of mean sorting rates
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under withdrawal and satiation in a NRN design,clihs the one used by

Powell et al. (2002).

7 —o— WITHDRAWAL
-0 SATIATION

Mean sorting rate

] T1=TRIAL 1 - NO REWARD
T2 =TRIAL 2 - REWARD
T3 =TRIAL 3 - NO REWARD

| | |
Tl T2 T3

Figure 6.2. Hypothetical graph of CARROT sorting rate in withdrawal
(W) and satiation (S) in T1 (Trial 1), T2 (Trial 2), and T3 (Trial 3). Points
represent the mean CARROT sorting rate in each of the three trials in
W and S.

Looking at Figure 6.2, it was hypothesised thair#ctice effects for
satiated smokers are stronger compared to praffieets for withdrawn
smokers, then satiated smokers would increasedbsing rate from Trial 1 to
Trial 2 more than withdrawn smokers would. Satiaetbkers would reach
their maximum sorting rate in the rewarded Triahfer that, their sorting rate
would either remain the same or decrease in Tridll@wever, if practice
effects were weaker under withdrawal compared tiatgan, then withdrawn
smokers would increase their sorting rate from|Trito Trial 2 less than

satiated smokers would. Withdrawn smokers wouldreath their maximum
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sorting rate in Trial 2. Their sorting rate woutdl sncrease from Trial 2 to Trial
3; they would either reach their maximum sorting fia Trial 3 or not. If
practice effects asymptote later under withdralWwahtunder satiation, then this
could produce an impression of a withdrawal efetREWRESP under a T2 —
(T1 + T3) /2 design (Figure 6.2).

In order to investigate this hypothesis, | requesie data that were not
available in the published article by Powell et(2002). The data were kindly
provided for re-analysis. Powell et al. (2002) uaedRN design but no control
group. They calculated REWRESP as T2 - (T1 + T3Uitdera T2 - (T1 + T3)
/2 design, they found a significant Reward x Smgkatatus interaction:
Satiated smokers increased their sorting rateanmaivarded trial (T2)
significantly more than withdrawn smokers did. Theetiated smokers were
able to respond to reward, whereas withdrawn snsokere not. However,
when | examined practice effects (i.e., improvememerformance) for satiated
and withdrawn smokers across the three trials wdicet al.’s data, | found that
practice effects differed for satiated and withdnasmokers.

Table 6.3 shows the results of the 2 x 2 (Trialmo8ing Status)
ANOVA. The within-participants factors were smokisigitus
(withdrawal/satiation) and trial (trials 1-3). THependent variable was
CARROT sorting rate. It can be seen (Table 6.3) thdh an alpha level of .05,
there was a significant main effect of trial ansignificant Smoking Status x

Trial interaction.
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Analysis of Variance for CARROT-Trial Sorting R@®ewell et al., 2002 data)

Source df F p
Between subjects
Error 25 (.15)
Within subjects
Trial (T) 2 22.55 .00
Error (T) 50 (-00)
Smoking Status (S) 1 <1 .68
Error (S) 25 (.03)
TxS 2 5.12 .01
Error (T x S) 05 (.00)

Note Values enclosed in parentheses represent mearesguiors.

There was a significant main effect of trial (Tabl8). Table 6.4 shows

the mean CARROT sorting rate &b) in each of the three trials. Participants

increased their sorting rate with each successiaie t
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Table 6.4
CARROT Sorting Rate in Each of the Three Trialsy@bet al., 2002 data)

CARROT sorting rate Trial 1 Trial 2 Trial 3

Mean 1.25 1.30 1.32

Standard Deviation A7 8.1 A7

Note N = 26

1.38 -
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1.20 T T T

T1 T2 T3

Figure 6.3. CARROT sorting rate in withdrawal (W) and satiation (S)
in T1 (Trial 1), T2 (Trial 2), and T3 (Trial 3)--Powell et al., 2002 data.
Points represent mean CARROT sorting rate in each of the three
trials in W and S; vertical lines represent standard errors of the
means.

Figure 6.3 shows the mean CARROT sorting rate thdvawal and
satiation in each of the three trials and illugtsahe significant Smoking Status
x Trial interaction (Table 6.3). As Figure 6.3 slsmpractice effects differed in

withdrawal and satiation. That is, improvement @mfprmance (or increase in
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sorting rate with successive trials) differed betwevithdrawal and satiation. In
Trial 1 and Trial 2, sorting rate was higher unsiatiation, whereas in Trial 3,
sorting rate was higher under withdrawal (see FE@uB). Comparisons of the
sorting rates between withdrawal and satiatiorewh trial showed that the
difference in sorting rate between withdrawal aatiasion was not significant in
any of the three trials. Furthermore, as can be @&gure 6.3), withdrawn
smokers increased their sorting rate from Triad Trial 2 and from Trial 2 to
Trial 3. Satiated smokers increased their sortatg from Trial 1 to Trial 2, but
their sorting rate decreased from Trial 2 to TBaComparisons of the sorting
rates between the three trials under withdrawaluartier satiation showed that
for withdrawn smokers the difference between Ttiahd Trial 2 was not
significant,t(25) = 2.21p = .04, but the difference between Trial 2 and Trial 3
was significantf(25) = 4.01p = .00. For satiated smokers, the difference
between Trial 1 and Trial 2 was significat{25) = 5.89p = .00, but the
difference in sorting rate between Trial 2 and [T3iavas notf(25) =.75ns
Baseline CARROT sorting rate is not shown in Figau® However, satiated
smokers had slightly lower mean CARROT sorting edtbaseline (1.20)
compared with withdrawn smokers (1.21). Satiatedksars increased their
CARROT sorting rate with each successive trial @athed their maximum
sorting rate at Trial 2, after which their sortiraje decreased. Withdrawn
smokers increased their sorting rates with suceessals less than satiated
smokers did; they reached their asymptote at Bral Trial 4 (if the latter was
included). Therefore, withdrawn smokers reached thaximum sorting rate

later than satiated smokers did.

“significance;_px .01
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Thus, the withdrawal effect on REWRESP under a T2+ T3) /2
design appears to be, at least in part, due ttattte¢hat practice effects
asymptote later under withdrawal than under sanafThat is, sated smokers
improve their performance in the CARROT task arathetheir asymptotic
level (i.e., maximum sorting rate) faster than withwn smokers do. However,
it is also possible that the increase in sortirtg nathe rewarded trial (Trial 2)
reflects a combination of reward-induced plus pcaebased speeding.

This was investigated in the next study. | usedigfdRN (where the
second of the three trials was rewarded) and loakelde effect of reward under
a T2 — (T1 + T3) /2 within-participants design &eifitate comparisons with
Powell et al. (2002). The dependent variable wésutated as T2 — (T1 + T3) /2
for group NRN. In order to examine whether withdaawight interact with
practice effects, | used group NNN (where all thtresds were nonrewarded) as
control. The dependent variable was calculated2as (IT1 + T3) /2 for groups
NRN and NNN. Finally, | examined the effect of red/an a between-
participants design (groups NNN and RRR) to avoattice artefacts. Reward
respoonsivity was calculated as the average ahttee rewarded trials (group

RRR) minus the average of the three nonrewardals {igroup NNN).
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CHAPTER 7
STUDY 4:

REWARD RESPONSIVITY (BEHAVIOURAL MEASURE) IN SATIATON
AND WITHDRAWAL AMONG LOW AND HIGH DEPENDENCE
SMOKERS — AN EXAMINATION OF REWARD AND PRACTICE

EFFECTS
7.1 Method
7.1.1 Participants

Sixty-six people (29 males and 37 females) took Jdreir mean age
was 22.65 (minimum = 18 years, maximum = 40 yeais+ 4.78). Low
dependence smokens £ 36) had a mean FTND score of 1.08 (minimum = 0,
maximum = 3;SD=.94), whereas high dependence smokers30) had a
mean FTND score of 4.97 (minimum = 4, maximum S$B= 1.27).

7.1.2 Measures and Apparatus

Differences from Study 1 are noted.

The Card Arranging Reward Responsivity Objectivet (EARROT)

The practice trial involved sorting cards for 2 otes. Each of the three
nonrewarded and rewarded trials lasted 5 minutestelwere three CARROT
groups. In Group 1, participants completed threearded trials (R) of the
CARROT (i.e., RRR). In Group 2, they completed ¢hmenrewarded (N) trials
of the CARROT (i.e., NNN). In Group 3, they compiethree trials of the
CARROT: The first was a nonrewarded trial, the selcovas a rewarded trial,
and the third was a nonrewarded trial (i.e., NRMe three different CARROT
groups were used to examine reward responsivity;(RESP) as a within- and

a between-participants factor.
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7.1.3 Procedure

The procedure was as described in Study 2. Howevére present
study participants were randomly counterbalanctmtime three CARROT
groups described in Section 7.1.2.

After completing the CARROT, participants filledtime SHAPS and the
PANAS.

The procedure lasted approximately 40 minutes.

After collection of the data, | gave participartie amount of money
they earned in the CARROT, estimated to be a maxiroLi£7 per participant.
Psychology students earned two course creditgunrréor their participation.

7.1.4 Design and Analyses

Three analyses were carried out. The design emglioyeach was as
follows:

(@) A 2 x 2 (Smoking Status x Dependence) mixetbfad design. The
between-participants factors were dependence (Ighyland smoking status
(withdrawal/satiation). The dependent variable t@sT2 — (T1 + T3) /2
measure of reward responsivity. Rewarded and nardad trials were
manipulated within-participants (i.e., group NRN).

(b) A2 x 2 x 2 (Group x Smoking Status x Dependé¢naixed factorial
design. The between-participants factors were sngosiatus
(withdrawal/satiation), dependence (low/high), gnolup (group NNN = all
three trials nonrewarded/group NRN = first triahnewarded, second trial
rewarded, third trial nonrewarded). The dependantble was the T2 — (T1 +
T3) /2 measure of reward responsivity. Rewardedraomdewarded trials were

manipulated within-participants.
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(c) A2 x2x2x2(Trial x Group x Smoking Statu®ependence)
mixed factorial design. The within-participantstf@cwas trial (trials 1 — 3). The
between-participants factors were smoking statuth@nawal/satiation),
dependence (low/high), and group (group NNN =lak¢ trials
nonrewarded/group RRR = all trials rewarded). Thpathdent variable was
calculated as the average of the three rewardad {group RRR) minus the

average of the three nonrewarded trials (group NNN)
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7.2 Results

The withdrawal manipulation was successful. An pefelent samples
test showed that the ECO level of participantsatiesion M = 18.33,SD =
10.58, minimum = 3, maximum = 4B;= 33) was significantly higher than the
ECO level of participants in withdrawdli(= 5.73,SD= 3.62, minimum =1,
maximum = 14n = 33),t (39.37) = 6.47p < 0.001 (Because Levene’s Test for
Equality of Variances was significant, equal vaceswere not assumed).

7.2.1 Group NRN

In order to look at the effect of reward under aT@ 1 + T3) /2 within-
participants analysis to facilitate comparisondwiAbwell et al. (2002), | used
the T2 — (T1 + T3) /2 measure of reward responsastthe dependent variable.
| carried out 2 x 2 (Smoking Status x Dependenoejaniate ANOVA for
group NRN. The between-participants factors wereksng status
(withdrawal/satiation) and dependence (low/highable 7.2 shows the results
of the two-way ANOVA. It can be seen that, withapha level of .05, there
was a marginally significant main effect of smokstgtus but no other

significant main effects or interactions.
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Table 7.1

Analysis of Variance for CARROT Reward Respoggi@&toup NRN)

Source df F p

Between subjects

Smoking Status (S) 1 3.86 6.0
Dependence (D) 1 <1 .96
SxD 1 <1 .36
Error 18 (<.00)

Note Values enclosed in parentheses represent mearesguiors.
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T2- (T1 + T3) /2 mean CARROT sorting rate (s)

Figure 7.1. T2 - (T1 + T3) /2 mean CARROT sorting rate (+SE) in
withdrawal (n = 33) and satiation (n = 33) in group NRN.



152

Figure 7.1 shows the T2 — (T1 + T3) /2 mean sontatg in withdrawal
and satiation in NRN and illustrates the marginaitnificant main effect of
smoking status (Table 7.1). As Figure 7.1 showsjgigants in withdrawal
showed lower reward responsivity than participavite were satiated,
consistent with Powell’s publications.

Thus, in a within-participants NRN design where aewresponsivity
was calculated as T2 — (T1 + T3) /2 there appetarée a withdrawal effect on
reward responsivity, such that the difference betweward and no reward was
smaller under withdrawal than under satiation.

7.2.2 Groups NNN-NRN

Given that withdrawal might interact with the piaeteffects that were
observed in Study 3 and given the re-analysis oféi® (2002) data, | assessed
the effect of withdrawal on reward responsivityngsgroup NNN as control. |
calculated the dependent variable as T2 — (T1 42 &)r both groups. | carried
out 2 x 2 x 2 (Group x Smoking Status x Dependenojariate ANOVA. The
between-participants factors were group (NRN/NNS¥)pking status
(withdrawal/satiation), and dependence (low/hidiable 7.2 shows the results
of the three-way ANOVA. It can be seen that, withadpha level of .05, there
was a significant main effect of group and a maatiyrsignificant main effect

of smoking status but no other significant maireet$ or interactions.
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Table 7.2

Analysis of Variance for CARROT Reward Respoggi@&toups NNN-NRN)

Source df F p

Between subjects

Group (G) 1 12.03 .00
Smoking Status (S) 1 3.93 .05
Dependence (D) 1 <1 .55
GXS 1 <1 73
G XD 1 <1 .59
SXD 1 1.10 .30
GXSXD 1 <1l .95
Error 36 (.00)

Note Values enclosed in parentheses represent mearesguiors.

Thus, the effect of smoking status on reward respdy did not differ
in the NNN and NRN groups (i.e., the Group x Smgkatatus interaction was

not significant).
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Figure 7.2. T2 - (T1 + T3) /2 mean CARROT sorting rate (+SE) in
groups NNN (n = 22) and NRN (n = 22).
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Figure 7.3. T2 - (T1 + T3) /2 mean CARROT sorting rate (+SE) in
withdrawal (n = 22) and satiation (n = 22) in groups NNN and NRN
combined.
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Figure 7.2 illustrates the main effect of grouplfle 7.2): Reward
responsivity was higher in NRN compared to NNN.Ufgg7.3 illustrates the
main effect of smoking status (Table 7.2): Rewasponsivity was higher in
satiation compared to withdrawal. These resultgatd that reward did indeed
have an effect, resulting in bigger T2 — (T1 + T3yalue in group NRN, and
that the T2 — (T1 + T3) / 2 measure was lower ithdrawal. However, these
two effects were independent, that is, there waGmoup x Smoking Status
interaction.

In order to determine whether the smoking statfecetould be
interpreted as an effect of practice, | used patyiab contrasts to examine the
trends in sorting rate across the three trials.

| carried out 2 x 2 x 2 (Trial x Group x Smokin@gfsis) repeated
measures ANOVA. The within-participants factor wal (trials 1-3). The
between- participants factors were group (NNN/NRNJ smoking status
(withdrawal/satiation). The tests for the trendsndérest are given in Table 7.4.
As can be seen (Table 7.3), there was a signifigaatiratic contrast for the
Trial x Smoking Status interaction and a signiftcqumadratic contrast for the

Trial x Group interaction.
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Table 7.3

Analysis of Variance for Linear and Quadratic Taen(Groups NNN-NRN)

Source df F p

Trial x Smoking Status

Linear 1 1.45 .23
Quadratic 1 5.68 .02
Trial x Group
Linear 1 3.70 .06
Quadratic 1 12.20 .00

Thus, in the case of the smoking status effectetfext was primarily
due to participants reaching their asymptotic sgrtate significantly more
quickly when they were sated. However, this effeas independent of that

produced by introducing a reward in Trial 2.
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Figure 7.4. CARROT sorting rate across the three trials in withdrawal
(W) and satiation (S) in groups NNN and NRN combined. Points
represent mean CARROT sorting rate in each of the three trials in W
and S; vertical lines represent standard errors of the means.

Figure 7.4 shows the mean CARROT sorting rate thdvawal and
satiation and illustrates the significant quadratiatrast (Table 7.3), that is, the
levelling-off of performance across trials. As daseen (Figure 7.4), further
increase in sorting rate after T2 was less marnkeshiiation compared to
withdrawal. This suggests that satiation pushetirgprates to a faster
adaptation compared to withdrawal and producedjgebidifference between
T2 (reward) and (T1+ T3) /2 (no reward) compareditbdrawal. However,

this effect was identical for groups NNN and NRN.
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Figure 7.5. CARROT sorting rate across the three trials in groups
NNN and NRN. Points represent mean CARROT sorting rate in
each of the three trials in groups NNN and NRN; vertical lines
represent standard errors of the means.

Figure 7.5 shows the mean CARROT sorting rate adiesthree trials
for groups NNN and NRN and illustrates the mardinsiignificant linear
contrast (i.e., the upward trend in performancestrials) and the significant
guadratic contrast (Table 7.3). As can be seetingaiate increased across the
three trials for both groups; however, the incraassorting rate after T2 was
less pronounced for group NRN. Thus, the effecewfard in T2 in NRN
produced a bigger increase in sorting rate fromol' L2 for NRN compared to
NNN. However, removal of the reward in T3 preverdgesignificant increase in
sorting rate from the rewarded T2 to the nonrewaim® The difference
between T2 and T3 was significant for NNN whereamlwvas constantly
absent. Therefore, the presence of reward in TERN pushed sorting rates to a

faster adaptation (i.e., to the asymptotic or maxmsorting rate) and produced
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a bigger difference between T2 (reward) and (T1}/Z3no reward) for group
NRN compared to NNN. This effect was independersgnebking status.

Looking at the patterns in Figure 7.4 and Figuke if.can be seen that
sorting rate across the three trials under satiatias similar to sorting rate
across the three trials under reward (i.e., groBRNN Similarly, sorting rate
under withdrawal was similar to sorting rate unadereward (i.e., group NNN).
The presence of reward in Trial 2 pushed sortibgsrto a faster adaptation
irrespective of smoking status. Similarly, satiatmushed sorting rates to a
faster adaptation irrespective of the presencewérd. On the other hand, a fast
adaptation was prevented by withdrawal irrespeaivthe presence of reward
In addition, a fast adaptation was prevented witereward was introduced
irrespective of smoking status. Thus, satiation@uehrd produced a similar
pattern of sorting rate across the three trialatT$) participants reached their
asymptote faster when they were satiated or whreward was introduced in
Trial 2. Withdrawal and the absence of reward alsmluced a similar pattern of
sorting rate across the three trials: Participdidsiot reach their asymptote as
fast when they were withdrawn or when there wasem@rd introduced in Trial
2.

In other words, practice effects were strongelatnion compared to
withdrawal and stronger under reward compared tenard. Thus, the T2 —
(T1 + T3) /2 value was increased in satiation; haavethat increase was
independent of group. The T2 — (T1 + T3) /2 vakaes also increased by
reward; however, that increase was independemhokig status.

For both groups (NNN and NRN), adaptation was fasteler satiation

than under withdrawal. When group NRN only was exach under a T2 —
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(T1+ T3) /2 design, there was an effect of withdabean reward responsivity,
consistent with the results reported by Powell ¢2@02). However, when a
control condition was included, the effect of withdial was similar either
reward was present or absent. Thus, withdrawahdidffect reward
responsivity. Rather, withdrawal interacted withgirce effects and produced
an impression of a withdrawal effect on reward oesvity under a NRN
design.
7.2.3 Groups NNN-RRR

In order to investigate the effect of reward inedeen-participants
design without practice artefacts, | calculatedarlwresponsivity as the average
of the three rewarded trials (group RRR) minusaherage of the three
nonrewarded trials (group NNN). I carried out 2 x 2 x 2 (Trial x Group x
Smoking Status x Dependence) repeated measures AN@\groups RRR
and NNN. The within-participants factor was trialgls 1-3). The between-
participants factors were group (RRR/NNN), smolstafus
(withdrawal/satiation), and dependence (low/hidlable 7.4 shows the results
of the four-way ANOVA. It can be seen that, withapha level of .05, there
was a significant main effect of trial and a sigraht main effect of smoking

status but no other significant main effects oenattions.
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Table 7.4

Analysis of Variance for CARROT Reward Respongi@&tgups NNN-RRR)

Source df F p

Between subjects

Group (G) 1 <1 60.
Smoking Status (S) 1 7.50 .01
Dependence (D) 1 <1 .83
GxS 1 <1 g1
GxD 1 1.09 .30
SxD 1 <1 .95
GxSxD 1 <1 .96
Error 36 (.03)

Within subjects

Trial (T) 2 42.49 .00
TxG 2 <1 .49
TxS 2 1.58 21
TxD 2 <1 .86
TxGxS 2 1.47 24
TxGxD 2 1.21 .30
TxSxD 2 1.54 22
TxGxSxD 2 1.09 34
Error (T) 72 (-00)

Note Values enclosed in parentheses represent mearesguiors.
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and satiation (n = 22) in groups NNN and RRR combined.
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Figure 7.6 illustrates the main effect of triabfle 7.4): Mean CARROT
sorting rate increased with successive trials. Tmean CARROT sorting rate
increased from Trial 1 to Trial 243) = 4.71p = .00, and from Trial 2 to Trial
3, 1(43) = 6.60p =.00. Figure 7.7 illustrates the main effecswofoking status
(Table 7.4): Satiated smokers had higher meamsgpréite compared to
withdrawn smokers.

Although a main effect of group was expected inkdbiveen-
participants design where reward responsivity vedsutated as (average sorting
rate in RRR) — (average sorting rate in NNN), theas not one. That is,
participants who completed rewarded trials didheote significantly higher
sorting rates compared with participants who cotepl@onrewarded trials. The
main effect of reward was significant only when aegvand no reward were
manipulated within-participants. This suggests thagas the contrast between

reward and no reward that produced the rewardteffec
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7.3 Discussion

There was an effect of withdrawal on reward respityan the within-
participants NRN design where reward responsivig walculated as T2 — (T1
+ T3) /2. Thus, the difference between reward amdeward was smaller under
withdrawal than under satiation. However, whendfiect of withdrawal on
reward responsivity-calculated as T2 — (T1 + T3)+2was assessed using
group NNN as control, the main effect of withdrawalreward responsivity
disappeared. There was a main effect of smokirtgstand a main effect of
group. Therefore, satiated smokers had higher ekvesmponsivity scores
compared to withdrawn smokers. Moreover, rewargaesivity scores were
higher in group NRN compared to group NNN. Howeteese two effects were
independent of one another. In other words, thecetif smoking status was
similar either reward was present (i.e., group NIRNabsent (i.e., group NNN);
the effect of group (or reward) was the same epplagticipants were sated or
withdrawn. Thus, practice effects were strongesatiation compared to
withdrawal and stronger under reward compared teen@rd. However, the
effects of practice and reward did not interactaftlig, the T2 — (T1 + T3) /2
value was greater in satiation compared to withdfalnowever, this effect was
independent of the presence of reward in Triahaddition, the T2 — (T1 + T3)
/2 value was greater in group NRN compared to gidhNipl; however, this
effect was independent of smoking status. Thereforhe case of the smoking
status effect, this was due to participants rearctheir maximum sorting rate
faster when they were satiated compared to whenvtleee withdrawn;
however, this effect was independent of that predughen reward was

introduced in Trial 2. The fact that the effecwathdrawal on reward
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responsivity was found only when group NRN was exachunder a T2 — (T1
+ T3) /2 design, but this effect was similar eith@wvard was present or absent
when group NNN was included as control, suggéstswithdrawal does not
impact reward responsivity. Withdrawal interactshwpractice effects to
produce an impression of a withdrawal effect onarelwresponsivity under a
NRN design.

When the effect of reward was examined in a betweeticipants
design (i.e., groups NNN and RRR) to avoid practitefacts, reward
responsivity was calculated as the average ofiitee trewarded trials (group
RRR) minus the average of the three nonrewardals {igroup NNN). There
was a main effect of trial: Mean CARROT sortingeratcreased with
successive trials. Furthermore, there was a mésctedf smoking status:
Satiated smokers had higher mean sorting rate caupa withdrawn smokers.
However, the effect of group (i.e., reward) was sighificant. That is,
participants who completed rewarded trials didheote significantly higher
sorting rates compared with participants who cotepl@onrewarded trials.
This stands in contrast to earlier results (Studyilbt 2, and Study 3) where a
reliable effect of reward was found. It seems lkblat this discrepancy is due
to the different sensitivities of the within- anetlwveen-participants designs. The
main effect of reward was significant only when reamard and reward were
manipulated within-participants. Perhaps it wasdbmtrast between nonreward
and reward that produced the reward effect in titleinvparticipants design.
When that contrast was removed in the betweenggaatits design (NNN —

RRR), the effect of reward did not approach staassignificance.
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In sum, the results of the present study did nafico the hypothesis
that reward responsivity is reduced in withdravwaitthermore, there was no
evidence that the difference in reward responssaiyres between satiation and
withdrawal was bigger with higher levels of depamde Thus, there was no
evidence in support of the indirect reinforcing pedies of nicotine in humans.
However, it may be that these effects do existbathard to measure with the
procedures available due to nicotine’s effects ycpomotor performance and

attention.
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CHAPTER 8
STUDY 5:

SUBJECTIVE MEASURES: REWARD RESPONSIVITY, POSITNAND

NEGATIVE AFFECT

Reward sensitivity and affect are compromised dunicotine
withdrawal (e.g., Epping-Jordan et al., 1998; HisgkeHatsukami, 1986;
Powell et al., 2002) and in nicotine dependencegBw et al., 1994; Koob &
Le Moal, 2005). Given the complex relationshipsi@stn reward responsivity
and affect (e.g., Esch & Stefano, 2004, Robinsdefridge, 1993), | decided
to look at the effects of smoking status and depeod on reward sensitivity

and affect simultaneously. This would provide a enefficient examination.
8.1 Method

In Study 1, Study 2, Study 3, and Study 4, pardctp filled in the
Fagerstrom Test for Nicotine Dependence (FTND) Shaith-Hamilton
Pleasure Scale (SHAPS), and the Positive and Negatfect Schedule
(PANAS). This chapter examines the effects of smglstatus and dependence
on these measures.

8.1.1 Participants

Data from 209 smokers was examined. There wererlés. The
average age of the sample was 24 years (minimugyedrs, maximum = 45
years;SD=5.55). Low dependence smoketrs=(111) had a mean FTND score
of 1.28 (minimum = 0, maximum = $D = 1.10), whereas high dependence
smokersii = 98) had a mean FTND score of 5.19 (minimum mdximum = 9;

SD= 1.34).
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8.1.2 Measures and Apparatus

The Expired Carbon Monoxide (ECO) Monitor, the &atyctm Test for
Nicotine Dependence (FTND), the Snaith-HamiltoreBiee Scale (SHAPS),
and the Positive and Negative Affect Schedule (PAIN#Were used as described

in Study 1.
8.1.3Procedure

Participants attended the laboratory as describ&iudy 1, Study 2,

Study 3, and Study 4 and filled in the SHAPS amdRANAS questionnaires.
8.1.4 Design anchlises

A 2 x 2 between-participants factorial design wsesdi The two
independent variables were smoking status (withdiaatiation) and
dependence (low/high). Because there were six digpevariables (the four
SHAPS subscales [i.e., Sensory Experience, Foat{P8ocial Interaction, and
Interests/Pastimes], the PANAS-Positive Affect [P&jd the PANAS-Negative
Affect [NA]), Multivariate Analysis of Variance (MNOVA) was used, as
outlined by Field (2005). Significant effects frahe overall MANOVA were
followed up with univariate ANOVAs to determine tbentribution of

individual variables.
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8.2 Results.

The withdrawal manipulation was successful. An pefelent samples
test showed that the ECO level of participantsatmton M = 17.61; minimum
=1, maximum = 52SD= 10.69;n = 106) was significantly higher than the
ECO level of participants in withdrawdW(= 5.79; minimum = 0, maximum =
15;SD=3.99;n=103),t(207) = 10.52p < .001 (Because Levene’s Test for

Equality of Variances was significant, equal vaceswere not assumed).

With an alpha level of .05, the 2 x 2 MANOVA yieltlsignificant main
effects of smoking status(6, 200) = 2.13p = .05, and dependendg6, 200)
= 2.86,p = .01. The Smoking Status x Dependence interagtemnot
significant,F(6, 200) = 1.09ns In order to determine which variables were
responsible for the significant MANOVA tests, thagere followed up by
univariate ANOVAs on all of the dependent variabk®8onferroni correction
was applied to the subsequent ANOVAs. Significdeegel after Bonferroni

correction was .01.

Table 8.1 shows the results of the ANOVAs. As carséen, with an
alpha level of .01, there was a significant mafeafof smoking status on
PANAS-PA, a significant main effect of dependenneS¢tiAPS-Social
Interaction, and a significant main effect of degmce on SHAPS-
Interests/Pastimes. Although significant with gohal value of .05, the effect of
dependence on PANAS-NA did not reach significarsiagiBonferroni

corrected alpha.
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Table 8.1

Multivariate Analysis of Variance for ResponsiviyEnvironmental
Pleasure/Reward (i.e., SHAPS Subscales: Food/D8eksory Experience,
Social Interaction, Interests/Pastimes), Positivieét (PANAS-PA), and
Negative Affect (PANAS-NA)

Source DV df F p

Between subjects effects

Smoking Status Food/Drink 1 <1 .90
Sensory Experience 1 <1 91
Social Interaction 1 1.79 .18
Interests/Pastimes 1 <1 .53
PANAS-PA 1 11.29 .00
PANAS-NA 1 <1l .66
Dependence Food/Drink 1 1.73 19.
Sensory Experience 1 <1 .83
Social Interaction 1 7.51 .00
Interests / Pastsm 1 7.04 .00
PANAS-PA 1 <1l .63
PANAS-NA 1 4.87 .03
Error Food/Drink 205 (.06)
Sensory Experience 205 (.08)
Social Interaction 205 (.04)
Interests/Pastimes 205 (.09)
PANAS-PA 205 (.39)
PANAS-NA 205 (.22)

Note Values enclosed in parentheses represent mearesguiors.
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Figure 8.1. Mean positive affect score (+SE) in withdrawal (n = 103)
and satiation (n = 106).

Figure 8.1 shows the mean PANAS-Positive Affecteco withdrawal
and satiation and illustrates the significant neffiect of smoking status (see
Table 8.1). As can be seen (Figure 8.1), parti¢geeported significantly
higher levels of positive affect when they were emshtiation compared to

when they were under withdrawal.
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Figure 8.2. Mean SHAPS-Social Interaction subscale score (+SE)
in low dependence (n = 111) and high dependence (n = 98).

Figure 8.2 shows the mean SHAPS-Social Interactidoscale score in
low and high dependence and illustrates the siamti main effect of
dependence (see Table 8.1). As can be seen (Bd)renigh dependence
participants had significantly higher SHAPS-Sodméraction subscale score
compared with low dependence participants. Thdtigd dependence
participants reported significantly higher anhedawr lower ability to
experience pleasure/reward associated with theialsimteractions compared to

low dependence participants.
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Figure 8.3. Mean SHAPS-Interests/Pastimes subscale score (+SE)
in low dependence (n = 111) and high dependence (n = 98).

Figure 8.3 shows the mean SHAPS-Interests/Passoiescale score in
low and high dependence and illustrates the siamti main effect of
dependence (see Table 8.1). As can be seen (@)renigh dependence
participants had significantly higher SHAPS-Intés#3astimes subscale score
compared with low dependence participants. Thdtigd dependence
participants reported significantly higher anhedawr lower ability to
experience pleasure/reward associated with thigrasts and pastimes

compared to low dependence participants.
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Figure 8.4. Mean negative affect score (+SE) in low dependence
(n =111) and high dependence (n = 98).

Figure 8.4 shows the mean PANAS-Negative Affects@o low and
high dependence and illustrates the main effedependence, which, although
significant at the .05 level (see Table 8.1), ditl reach significance using
Bonferroni corrected alpha. As can be seen (Figutg high dependence
participants reported higher levels of negativeetftompared to low
dependence participants.

In sum, satiated smokers reported higher levefsitive affect
compared to withdrawn smokers. Moreover, high ddpeoe smokers reported
higher levels of negative affect compared to loweatelence smokers. In
addition, high dependence smokers were less albespmnd to pleasure/reward
associated with their interests/pastimes and sot&lactions compared to low

dependence smokers.
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8.3 Discussion

There was a significant main effect of smokingustain the positive
affect measure: Satiated smokers reported significhigher levels of positive
affect compared to withdrawn smokers. This meaasdhe of the reasons
smokers self-administer nicotine is to obtain amrease in positive affect;
however, this effect did not vary with level of @sglency. That is, there was no
Smoking Status x Dependence interaction. Both logviagh dependence
participants reported experiencing similar levdlpasitive affect in withdrawal.
This might be because withdrawal disturbs affemilarly in low and high
dependence smokers. Alternatively, the low and dgfrendence samples of the
present study were not different enough to detegceater effect of withdrawal
on positive affect in high dependence participants.

Moreover, there was a main effect of dependenab@negative affect
measure: High dependence smokers reported highads lef negative affect
compared to low dependence smokers. Although fieetedf dependence was
significant at the .05 level, it did not reach stital significance using
Bonferroni corrected alpha. Furthermore, the mé#eceof dependence on the
negative affect measure was not moderated by smakatus. This might be
because the negative affect measure (i.e., PANASINAcale) was not
sensitive to smoking status. Alternatively, it ntighe that the affective distress
that smokers experience during abstinence is ddedreases in positive affect
rather than to increases in negative affect.

The overall SHAPS measure of reward sensitivity m@tssensitive to
smoking status. That is, there was no indicatiat withdrawn smokers show

reduced ability to experience environmental pleaseward compared to
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satiated smokers. Furthermore, the effect of sngp&iatus was the same for
low and high dependence patrticipants. Powell 2802, 2004) reported
reduced ability to experience environmental pleaseward in withdrawal in
their sample of smokers. This is not consistent wie results of this research
(potential reasons for this discrepancy are disaligs Section 9.1.1.2).

There was a significant main effect of dependemcevo out of the four
SHAPS subscales: the Interests/Pastimes subsahlb@ocial Interaction
subscale. Thus, highly dependent participants tegaignificantly less ability
to experience pleasure/reward associated with tfteirests/pastimes and social
interactions compared to low dependence particgdritis may suggest that
impairments in responsivity to environmental pleageward develop with
chronic nicotine administration. Deficits in enviraental pleasure/reward were
not observed among the low dependence particip@his.could be because
deficits in sensitivity to environmental pleasuesyard are too small to observe
among the low dependence smokers. Alternativelyh sieficits have not
started developing yet.

Although it was expected that the difference irlighio experience
environmental pleasure/reward between withdrawdlsatiation would be
bigger in highly dependent smokers, this was netctse. This might be
because the present dependence sample had mediomlavels of
dependency. If disturbances in reward sensitivetyatop with chronic nicotine
administration, then a more dependent sample ti@orne of the present
research would be more appropriate.

In sum, although smokers self-administered nicatingrder to increase

their levels of positive affect, with the developmef dependence higher levels
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of negative affect were reported. Moreover, highdpendent smokers were less
able to experience pleasure/reward associatedtmethsocial interactions and
interests/pastimes compared to low dependence smdkas provides some

support for nicotine’s indirect reinforcing proges.
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CHAPTER 9
GENERAL DISCUSSION
9.1 Key Results and Implications
9.1.1 Reward Responsivity
9.1.1.1. Behavioural Measure: CARROT

One of the reasons smoking is maintained is beaaiaseéne has
reward-enhancing actions. That is, nicotine carease responsivity to reward
(e.g., Chaudhri et al., 2006). Consistent with,thesults from animal studies
have shown that nicotine can lower the threshalddwarding brain stimulation
(Bauco & Wise, 1994; Bespalov et al., 1999; Hudtyons & Kornetsky, 1992;
Huston-Lyons et al., 1993; lvanova & Greenshaw,7199ds & Miner, 1954),
whereas abstinence from nicotine produces elevatiorewarding brain
stimulation (Epping-Jordan et al., 1998). Furthemeaicotine can enhance
responding for a reinforcing nonnicotine stimulG@hé&udhri, 2005; Chaudhri et
al., 2006; Donny et al., 2003; Popke et al., 200M¥re specifically, nicotine can
enhance behaviour maintained by unconditioned (P@&tml., 2003) and
conditioned reinforcers (Chaudhri, 2005). Howeteese studies (i.e.,
Chaudbhri, 2005; Donny et al., 2003) did not asties®ffect of withdrawal on
the behaviour maintained by other reinforcers.

In humans, the effect of smoking status on the réveahancing
properties of nicotine was assessed in four sty@dieAdawi & Powell, 1997;
Powell et al., 2002, 2004; Smolka et al., 2004)ebtigators in all four studies
used the CARROT (Powell et al., 1996) to measurare responsivity. The
results they reported were consistent: Abstinerdk&rs showed reduced reward

responsivity compared to satiated smokers. Resei@ cloncluded that, in
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humans, nicotine administration increases sensitigireward, whereas
nicotine withdrawal decreases sensitivity to rewatdwever, the results of the
present research suggest that human studies @fféiogs of nicotine on reward
responsivity, measured behaviourally using the CARRask (e.g., Al-Adawi
and Powell, 1997; Powell et al., 2002, 2004; Smelkal., 2004), are limited
due to the methodology they employed. Thus, whatden reported as an
effect of withdrawal on reward responsivity is adlyian impression of a
withdrawal effect. It is produced because praatitects (i.e., improvements in
performance over time or over successive CARRGCiS)rare stronger in
satiation compared to withdrawal. That is, cardisgrperformance across a
series of three CARROT trials improves faster ursdgiation compared to
under withdrawal. This was not evident in the psitid studies (e.g., Al-Adawi
& Powell, 1997; Powell et al., 2002, 2004; Smolkale 2004) because a
control condition was not employed. In this reshavenen | used a control
group (i.e., all trials non-rewarded) to examineetiter practice effects might
interact with reward effects, | found that the efteof reward and practice (i.e.,
smoking status) were independent of one anothethéumore, when |
examined reward responsivity between-participants/bid practice artefacts,

the effect of reward did not approach statistigghidicance.

In addition, although highly dependent smokers khexperience more
severe withdrawal compared to low dependence smmpk&thdrawal effects on
reward responsivity were the same for low and lighbendence participants.
This suggests that withdrawal effects are presest e low dependence
smokers. Alternatively, the high dependence sanmvpkenot dependent enough;

most FTND scores were at the low (1-3) and middiege (3-6).



180

Overall, there was no evidence to support the thgsis that reward
responsivity (measured behaviourally) is comprochidering nicotine
withdrawal. The results showed that withdrawal etifd task performance
independent of reward responsivity. Thus, the tesaflthis research do not
provide support to the view that nicotine has iadimeinforcing properties in
humans (as measured by the CARROT task).
9.1.1.2 Subjective Measure: SHAPS

In the present research, | used the SHAPS to congplethe
behavioural measure of reward responsivity (CARR@Westigators reported
that withdrawn smokers show reduced ability to egpee environmental
pleasure/reward (i.e., elevated scores on the ShiAB¥8pared with satiated
smokers (e.g., Powell et al., 2002, 2004). Thushis research, the aim was to
replicate the finding of reduced ability to expege environmental
pleasure/reward under withdrawal and to investigageadifferences in ability to
experience environmental pleasure/reward in witlvdland satiation between
low and high dependence participants.

The overall SHAPS measure of reward responsivity ma sensitive to
smoking status. That is not consistent with thdifigs of Powell et al. (2002,
2004) who reported that withdrawn smokers showcedwability to experience
environmental pleasure/reward (i.e., elevated sconethe SHAPS). This is
unlikely to be due to a difference in the levetlependence (and hence
withdrawal severity) in the present sample bec#lusenean FTND score of the
present sample is comparable to that of Powell’'st(@002). The discrepancy
between the findings reported by Powell et al. @Ghd the results of the

present research might be due to potential diffte¥emn the characteristics of
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the sample that were not accounted for. For exarppéeexisting depressive
symptoms in the sample of Powell et al. might haeen exacerbated during
nicotine withdrawal; thus, they contributed to re€ld responsivity to
environmental pleasure/reward. There is no infoinategarding the FTND
score of participants in the study by Powell e(2004). Therefore,
comparisons cannot be made. Clearly, the effestmufking status on SHAPS
reward sensitivity reported by Powell et al. (20B204) requires replication.
There was a significant main effect of dependemcevo out of the four
SHAPS subscales: the Interests/Pastimes subsahlb@ocial Interaction
subscale. Thus, highly dependent participants tegaignificantly less ability
to experience pleasure/reward associated with titeirests/pastimes and social
interactions compared to low dependence particgpdintight be that deficits
in sensitivity to environmental pleasure/rewardtagesmall to observe among
the low dependence smokers. Alternatively, sucktidehave not started
developing yet. The fact that, unlike low dependesimokers, highly dependent
smokers were not able to respond to pleasure/ref@asibciated with their
interests/pastimes and social interactions) prevalgport to the argument that
impairments in responsivity to environmental pleageward develop with
chronic nicotine administration. An interestingding is that dependence had an
effect only on the two SHAPS subscales that tapherconstruct of motivation
(i.e., the Interests/Pastimes and Social Interacidscales). Dependence had
no effect on the other two SHAPS subscales thasureasensory gratification
(i.e., the Food/Drink and Sensory Experience subsktaAgain, this provides
support to the argument that normal motivationatpsses are compromised in

nicotine addiction.
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The effect of dependence on the Interests/PasaméSocial Interaction
subscales was not moderated by smoking status.ig ltae difference in the
two SHAPS subscales scores between withdrawalaratisn was not greater
with higher levels of dependence. This could beabee the high dependence
sample of the present research was not dependengleri.e., mean FTND
score greater than 7). If disturbances in rewasgaoasivity (as measured by the
SHAPS subscales) develop with chronic nicotine adstration, then a more
dependent sample would be more appropriate to eathe differences in
environmental pleasure/reward in satiation and dvétval between low and

high dependence participants.

In sum, although there was no evidence that respibynto reward (as
measured by the SHAPS) was compromised in withdranthat the difference
in reward responsivity between satiation and wilagil was higher with higher
levels of dependency, the main effects of deperelendhe Interests/Pastimes
and Social Interaction subscales provide some stifgranicotine’s indirect
reinforcing properties.

9.1.2 Satiation and overall CARROT Sorting Rates

Satiated smokers increased their sorting rate sipesdtrial to trial
more than withdrawn smokers did. In addition, satlssmokers had
significantly higher overall CARROT sorting ratesngpared to withdrawn
smokers. Given the nature of the CARROT task, mett effects on arousal,
and thus on psychomotor performance and attentiayht explain the effect of
smoking status on CARROT sorting rates.

The arousing effects of smoking include heightereadiovascular

activity and electroencephalography (EEG) indidelseightened arousal
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(Knott, Bosman, Mahoney, llivitsky, & Quirt, 199%rousal increases when
nicotine is given to deprived smokers, whereastmealeprivation generally
leads to decreased arousal (Parrott, 1998). Becduiseeffects on arousal,
smoking, in comparison with continued abstinenerds to increase task
performance; thus, sated smokers generally shawrkiask performance than
deprived smokers do (Heishman, Taylor, & Hennidfi@994; Parrott &
Roberts, 1991; Sherwood, 1993). Through its effentarousal, nicotine may
improve performance by improving psychomotor spgézllinan, Pritchard, &
Robinson, 1996) and/or by improving ability for @ma efficient allocation of
attentional resources (Knott, Kerr, Hooper, & LiMdKekelsen, 1995).
Psychomotor performance can be assessed by meaatheifinger-
tapping rate of participants. That is, participaagsa key on a computer
keyboard with a finger of their preferred or norfpreed hand. The number of
key taps in a particular amount of time (or theditaken to make a certain
number of key taps) is taken as a measure of paystor performance.
Administration of nicotine (in the form of cigare$tor nasal spray) increased
finger-tapping rate compared with no smoking, sisamoking, or placebo nasal
spray in smokers who were deprived of nicotine ftbto 12 hours (Perkins et
al., 1990; Roth & Battig, 1991). In a study of ifir@-fighter recruits, successful
job performance was assessed by looking at theHeridime (in minutes)
required to complete five different job-relatedksasTasks were performed
sequentially in the same order without pausing eiéaring full protective
gear and demand-breathing apparatus. Smokergl8) and nonsmokera €
75) did not differ significantly in performance tasks that required mostly

upper arm strength in a relatively stationary stafecg., raising a ladder).
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However, nonsmokers took significantly less timantlsmokers did to carry a
standpipe hose load up four flights of stairs. &bmer, nonsmokers required
less time than smokers did to complete the simdilegscue of a dummy from
the fifth floor of a building. Participants did $etasks sequentially. The
smokers took about 27% longer than did the nonsmsdkeperform all tasks.
Because smokers were not allowed to smoke durmgpks, it is possible that
they were in some form of withdrawal that sloweelitiperformance (Fowler,
1989). These results illustrate the stimulant astiof nicotine on psychomotor
performance. Because the CARROT requires speearthsorting, nicotine-
induced increases in psychomotor activation coelthterpreted as enhanced
performance in the CARROT.

CARROT performance also requires sustained attergtiigilance) to
detect and respond to changes in the numbersgpataon the cards and
selective attention in order to attend to the tangenber on the card while
simultaneously ignoring the irrelevant or distragtnumbers. Accurate card
sorting meant quick card sorting. Participants werplired to correct mistakes
in card sorting (when they realised they made thgyrplacing the cards in the
correct boxes. Thus, insufficient attention to tloenbers on the cards during
card sorting and subsequent inaccuracy decreasgdading speed.

Nicotine has been shown to reliably reverse atieat deficits
associated with withdrawal (e.g., Mancuso et &99 Sherwood et al., 1992).
For example, nicotine administration reversed depion-induced deficits in
vigilance, and subsequent doses maintained notmatibning (Hasenfratz &
Battig, 1993; Foulds et al., 1996; Mancuso etl#&199; Sherwood et al., 1992;

Waller & Levander, 1980; Warburton & Mancuso, 1998study examining
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the effects of nicotine on overnight performancevetd that nicotine prevented
the natural fatigue-related decreases in vigilargkthus in attentional
performance (Parkin, Fairweather, Shamsi, Stadldyyindmarch, 1998).
Similarly, nicotine administration to deprived sneok reversed withdrawal-
induced deficits in performance in measures ofcéele attention, such as the
Stroop task (e.g., Hasenfratz & Béttig, 1993; Lasax al., 1992) and letter
search tasks (e.g., Parrot & Roberts, 1991; Sn§déenningfield, 1989).
Finally, in smokers who were abstinent for 1 haunpking increased the
suppression of distracting information, thus enledrattentional performance,
compared to sham smoking (Rodway et al., 2000).

Overall, the evidence suggests that nicotine carease arousal and
reverse psychomotor and attentional deficits aasediwith withdrawal. In
addition, nicotine can prevent fatigue-related dases in psychomotor and
attentional performance. Consistent with this,aéatl smokers had significantly
higher overall CARROT sorting rates compared tddniawn smokers and
increased their sorting rate speed from trial ied more than withdrawn
smokers did.

These findings might be due to three reasons obowtions of those.

First, this result might be consistent with negatiginforcement theories
of addiction (e.g., Siegel, 1983; Wikler, 1948).cAading to these theories,
drugs are self-administered because of the stagealteviate, in this case
psychomotor and attentional deficits associatetd withdrawal. Nicotine may
be initially self-administered for its positivelginforcing properties, that is, for
an absolute enhancement in psychomotor perform@ige Tucha & Lange,

2004;West & Jarvis, 1986). However, the fact that widwin smokers had
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significantly lower sorting rates compared to gdatlssmokers may suggest that
psychomotor and attentional performance were comised during

withdrawal. Thus, it may be that, with the devel@mt of dependence, smokers
self-administer nicotine primarily in order to rese deficits in performance
associated with nicotine withdrawal.

Second, it may be that the present sample of sradiggt inherent
deficits in psychomotor and attentional performandach increased the risk of
taking up smoking in the first place. In this casalf-administration of nicotine
would also be negatively reinforcing because it \d@erve to reverse inherent
deficits. Because there is no information regargiagicipants’ psychomotor
and attentional performance before they initiatedlang, it is difficult to
determine whether nicotine was self-administereorder to reverse inherent
deficits or withdrawal-induced deficits in perforncz.

Finally, it may be that increases in performancgeobed among satiated
smokers were absolute; that is, smokers’ psychanpaidormance increased
with every cigarette smoked. In that case, nicaselé-administration would be
positively reinforcing. However, unless researchessed satiated smokers’
psychomotor performance every time smokers hadlditi@nal cigarette and
found that psychomotor performance increased hars to draw conclusions
about whether nicotine administration is positivedinforcing.

In sum, the fact that satiated smokers had highdRROT sorting rates
compared to withdrawn smokers may be either dunctatine’s positive or

negative reinforcing properties, or both.
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9.1.3 Smoking Status and Positive Affect

Satiated smokers reported significantly higher leweé positive affect
compared to withdrawn smokers. This means thatonsequence of smoking
Is an elevation in affect; thus, smokers might welf-administer nicotine in
order to obtain this effect. This finding is in agment with the results of studies
that showed that low levels of positive affect ntaim smoking behaviour by
increasing nicotine craving during withdrawal (e@ook, Spring, McChargue,
Borrelli, et al., 2004); thus, decreasing the likebd of nicotine abstinence
(e.g., Al'Absi et al., 2004). The effect of smokistatus on positive affect did
not vary with level of dependency. In other wortth®, affective distress that
smokers experienced during nicotine withdrawal natsgreater for the highly
dependent participants of the present sample.stlggests that, at least in the
present dependence sample, withdrawal disturbedtafimilarly whether
participants were highly dependent or not. It mightthat decreases in positive
affect are an aspect of nicotine withdrawal th&s geearly in a smoker’s career
and does not progress further with time (i.e., wittreasing levels of nicotine
use). Alternatively, it might be that the low andhhdependence samples of the
present study were not different enough to detegeater effect of withdrawal
on positive affect in the high dependence samgie.mean FTND score of the
high dependence participants in this study was.3.B8 mean FTND score of
the low dependence participants was 1.28. ScoréseoRTND range from 0
(low dependengeo 10 high dependengelf a high dependence sample had a
mean FTND score higher than 7, then it might besibdes to detect a greater
difference in levels of positive affect betweenhatawal and satiation for the

highly dependent sample. However, this has yeetexamined.
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The finding that smokers self-administer nicotioericrease feelings of
pleasure might be consistent with the positivefoeegagement theory of addiction
(e.g., Stewart et al., 1984, Wise & Bozarth, 19&&cording to this theory,
drugs are self-administered because of the stateitiluce, that is, pleasure or
positive affect. Nicotine, like other psychostimtlarugs, increases DA release
in the nucleus accumbens. This mediates the remgpitoperties of the drug,
which reinforce its self-administration (Wise & Baoih, 1987). Furthermore,
increased stimulation of DA receptors is associatigla increased incentive
learning or the attribution of increased incensadience to the cues associated
with acquisition and delivery of the drug (e.g.|iBar, Wright, Benwell, &
Birrell, 2000). In addition, the mood-elevatingexfts of drugs are due to their
reward-enhancing effects (Ahmed & Koob, 2005). Tlaesording to positive
reinforcement theories of addiction, drugs are-adthinistered for their
primary reinforcing effects (i.e., increases ingslere or positive affect).

The finding that satiated smokers reported sigaifity higher positive
affect compared to withdrawn smokers does not pesupport to the notion of
addiction as proposed by Robinson and Berridge3)L9%hey argue against a
pleasure-seeking interpretation of drug self-adstiation. They believe that it
is not the pleasure or liking associated with dalgng that motivates continued
drug use but sensitisation-induced excessive wauthiat is independent of
liking. Although this distinction was not testedtims thesis, the finding of
higher positive affect among satiated smokers sstgdkat nicotine self-
administration occurs, at least in part, becausetime is liked, that is, it

produces pleasure or positive affect.
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Because administration of nicotine relieves sympstafwithdrawal
(e.g., dysphoria and depressed mood), it is pastilalt smokers self-administer
nicotine to increase feelings of pleasure (i.esifpee affect) that are
compromised during drug withdrawal. This would basistent with negative
reinforcement theories of addiction (e.g., Siet)@B3; Wikler, 1948).

According to these theories, drugs are self-adit@resl not because of the state
they induce (i.e., pleasure/positive affect) butchese of the state they alleviate,
that is, depressed mood associated with withdramalor other non-drug
aversive states (e.g., pre-existing depression).

Other theories have explained drug administrat®arainterplay
between both positive and negative reinforcememt ekample, Solomon and
Corbit (1974, 1977), in their opponent process mhedaimed that drugs initiate
an a-process that is experienced as drug pleasctieation of the a-process
results in initiation of a b-process that oppo$esa-process. This serves to
counteract the effect of the drug and return thdyio homeostasis. The sum
result of those two opposing processes is the stilgehedonic state
experienced by the individual. These hedonic state®ither positively
reinforcing A-states (pleasurable) or negativelpfgcing B-states (aversive),
according to the strength of the a- and b- prosalomon and Corbit also
posited that repeated drug use strengthens thedegs and, as a result,
tolerance to the pleasurable effects of the druvgld@s. Thus, with repeated
drug use, higher drug doses are required to gaisdame pleasurable drug
experience as was initially experienced. With répearug use, the b-process

becomes so strong that it results in withdrawalgpms when the drug is
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discontinued. Thus, drug use is maintained bo#rctoeve a pleasurable A-state
and to avoid an unpleasant B-state.

In sum, it is difficult to determine whether theyher positive affect
reported by satiated smokers (as compared to vardsmokers) is positively-
or negatively-reinforced behaviour. A comparisoeskls of positive affect
between satiated smokers, withdrawn smokers, ansimokers might shed
further light on this question. For example, if sorokers reported lower
positive affect compared to satiated smokers, themght be argued that
smoking behaviour is positively reinforced. If, e other hand, nonsmokers
reported higher or similar levels of positive affas satiated smokers did, it
might be argued that smoking behaviour is negatikehforced. However, the
fact that smokers and nonsmokers differ on a wadegenetic, personality, and
environmental factors (Gilbert, 1995) suggests tinadtine may differentially
affect these groups. This might limit interpretasaf results when comparing
smokers with nonsmokers. Ideally, researchers wale to measure the
positive affect levels of smokers before and &ftely took up smoking in order
to draw some conclusions as to whether their sngols@haviour is positively or
negatively reinforced.

9.1.4 Dependence, Responsivity to Environmental PleaRexweéard,
and Negative Affect

High dependence participants reported reducedyatnliexperience
pleasure/reward derived from their interests/passiand social interactions.
The fact that high dependence smokers differedfgigntly from low
dependence smokers on aspects of motivation anohnaspects of sensory

gratification (i.e., food/drink and sensory exprae) provides support to the
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argument that normal motivational processes arepcomised with increasing

levels of dependency.

In addition, high dependence participants repadnigter levels of
negative affect. This result is consistent withdiimgs from previous research
(e.g., Becona et al., 1999; Breslau et al., 1994the study by Becona et al.,
dependence was measured by daily cigarette coneumpifect was measured
using the PANAS. The sample of smokers in Becora. 'ststudy was divided
into four groups according to their daily cigarettmsumption: 0O (honsmoking),
1to 15, 16 to 30, and 31 or more cigarettes/dagrd were significant
differences in negative affect between groups I5twersus 31 or more
cigarettes/day. The group smoking 31 or more cttgsklay reported
significantly higher levels of negative affect coangd to the group that smoked
1 to 15 cigarettes/day. Although in the presamtyst different dependence
measure was used (i.e., FTND score), the resuttsegbresent study are similar
to those by Becona et al. These findings proviggstt to the argument that
higher levels of dependency are associated withemitgvels of negative affect.
Furthermore, the main effect of dependence on negatfect is consistent with
the results of a study by Breslau et al. (1994gyTound that affective distress
was associated more with heavy smoking and nicol@pendence and less so
with intermittent or nondependent smoking. The nedfact of dependence on
negative affect was not moderated by smoking stdius might suggest that
the negative affect measure (i.e., PANAS-NA suleoahs not sensitive to
smoking status. It might be that the affectivereéss that smokers experience
during abstinence is due to decreases in positfieetaather than to increases in

negative affect.
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The main effects of dependence on the SHAPS sudssaald on the
negative affect measure fit in well with Koob anel Moal’s (1997, 2001, 2005)
model of addiction. According to this model, negatieinforcement
mechanisms operate in the maintenance of nicodde#on. Koob and Le
Moal (2005), in a modification on Solomon and C8gh{1974, 1977)
opponent-process theory, suggested that dependeghbeinvolve a change in
hedonic set point that includes decreased rewansitaaty and increased
aversive emotional states. The acute reward-enh@cid mood-elevating
effects of nicotine would be followed by opposimgctions that would tend to
return the system to its initial level of hedonapacity (i.e., homeostasis).
However, with continued increased drug self-adntiai®n the opponent
process would fail to return the system to homeostaefore drug taking began
again. This chronic deviation of the reward systeom its homeostatic level
would manifest as decreased reward sensitivityileer@ased negative affect;
that is, an allostatic state. Because the all@ssstite described by Koob and Le
Moal would be a result of chronic increased drugagministration, the
disturbances in reward sensitivity and mood wowddme larger with
increasing levels of nicotine dependency. Consistéth this, highly dependent
smokers reported significantly higher levels of atage affect and reduced
ability to experience environmental pleasure/rewamehpared to low
dependence smokers.

In sum, the main effect of dependence on respdgdivisome aspects of
environmental pleasure/reward provides only wegdpstt for the indirect

reinforcing properties of nicotine. The main effe€dependence on negative
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affect and on responsivity to environmental pleasaward is consistent with a
negative reinforcement model of addiction (e.g.pK& Le Moal, 2005).

9.2 Limitations and Further Research

9.2.1 Behavioural Measure: CARROT

What has been reported as an effect of withdrawatward
responsivity in humans (measured behaviourallygugie CARROT task; e.g.,
Al-Adawi & Powell, 1997; Powell et al., 2002, 20@molka et al., 2004) is an
impression of a withdrawal effect. It is producest@use improvement in card-
sorting performance over a series of three CARR®@ist(i.e., practice effects)
Is faster in satiation compared to withdrawal. Tdhags not necessarily mean
that an effect of withdrawal on reward responsidibes not exist in humans. It
may exist, as the animal data suggest, but thenpsyator effects of nicotine
may mask it. In animal studies of ICSS, the effettsicotine on performance
were dissociated from its effects on reward (&g@llistel & Karras, 1984;
Miliaressis et al., 1986; Zarevics & Setler, 197R)erefore, procedures that
discriminate between drug-induced performance tffand drug-induced
reward effects need to be employed in human studiesvard sensitivity.

One way towards dissociating nicotine’s effectgpepchomotor
performance from its effects on CARROT reward respaty might be to give
participants extended practice trials. This mggft learning from an action-
outcome (A-O) form to a stimulus-response (S-Rhabit” one. In the S-R
form of learning (i.e., habit), attentional processre not engaged. Therefore,
nicotine’s effects on attentional performance migbit interfere with nicotine’s

effects on reward responsivity.



194

In recent years, the view that learning can takefiimdamentally
different forms has become increasingly populan(&iKnowlton, 2006). The
S-R habit learning (Hull, 1943) is one in which tieeurrence of a stimulus
automatically elicits a response without any apttion of the consequences.
That is, behaviour is not guided by outcome expexstait is controlled by
antecedent stimuli (Everitt & Robbins, 2005). Aatiag to the S-R theory of
learning, the occurrence of the stimulus will aaterza response in an automatic
way, that is, without requiring attention. Furthene, the outcome is not part of
the S-R association but merely strengthens or wesik€Robbins & Everitt,
1999; Yin & Knowlton, 2006). The other form of leang is the A-O one
whereby knowledge is stored in the form of an etgdean that can be recalled
as needed to plan behaviour. For example, bothasiamd humans can encode
the casual relationships between their actionglamdutcome. Moreover, both
animals and humans can control their actions aaugtd their anticipation of,
and desire for, the outcome. Thus, A-O learningpistrolled by the
consequences or outcomes of actions (Dickinsor;19®& & Knowlton,

2006).

Extensive research showed that the amount of trguoir practice (in
particular the number of rewarded responses) isi@at factor in determining
the shift from A-O to S-R control over behaviodrat is, habit formation (Yin
& Knowlton, 2006). Therefore, overtraining or extieal practice tends to
promote habit formation (Adams, 1982; Colwill & Resla, 1988; Dickinson,
Balleine, Watt, Gonzalez, & Boakes, 1995). In otlwerds, extended practice
can transform an action into a simple habit thagliatively autonomous of the

value of its original goal (Dickinson, 1985; Eve#t Robbins, 2005). As
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Dickinson observed, during extended practice, thimal no longer experiences
a correlation between variations in performance\ardtions in the associated
consequences. This is because, with extended ggatiie animal tends to
respond in a consistently high rate; thus, expegstiittle change in the rate of
reward. As a result, responding becomes habitiralleé8ly, and for example,
interval schedules (where a response is rewardedatertain time interval has
elapsed) tend to promote habit formation becauseairelation between
response rates and reward rates is low (Dickins®85; Yin & Knowlton,
2006). On the other hand, ratio schedules (whees@onse results in a certain
probability of reward with more responses yieldmgre rewards) produce goal-
directed actions controlled by the A-O contingenyis is because ratio
schedules set up a strong correlation between mespates and reward rates
(Dickinson, 1985; Yin & Knowlton, 2006). In sum, Bgckinson argued, a well-
documented account of habit formation is that:
Instrumental behaviour, which starts out asetion controlled by
knowledge about its relation to the goal, wepeated practice becomes a
response, autonomous of the current valubeo§oal and simply triggered
by the stimuli in whose presence it has bepeatedly performed. (p. 72)
One simple example of the above in human behavsailne learning of
motor skills, such as driving. At first, learne®vie to pay close attention to
what they are doing. However, with practice, thevements become automatic
or habitual. That is, the learner can drive withihiriking about it and can even
carry on a conversation at the same time. Simi&mation or habit formation
occurs in perceptual learning. For example, intiad letter-identification tasks,

participants responded slowly and found it diffidiel concentrate on more than
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one targets presented simultaneously. With pradticeever, participants’
performance improved substantially. Eventuallyytbeuld carry out the task
automatically or habitually without any decremeinttheir performance when
multiple targets were presented (Schneider & Shift977). The authors
concluded that with extended practice strong aasioass are formed between
the perception of a letter and the response Wliken these associations become
sufficiently strong, the process occurs automdtical habitually at great speed
and without conscious attention.

The above observations suggest that giving paantgpextended
practice trials on the CARROT task might make tland-sorting behaviour
habitual. That is, with extended practice trialgtipgpants might reach a point
where they sort the cards to their correspondifes @utomatically or
habitually. The aim would be to give enough praetitals so that both satiated
and withdrawn participants reach their asymptatitisg rate. If card sorting
became habitual and attentional processing wasnget required to sort the
cards, then it might be possible to examine whetieimntroduction of reward
during the CARROT task would increase participaststing rates from
asymptote. If introduction of the reward increaseding rates above the
asymptote, then it might be argued that there waeffact of reward that was
not confounded by practice effects. It would beested that sorting rate under
reward would increase more for satiated smokers ithaould for withdrawn
smokers. However, researchers still have to exathige

Another possible way to bring out the effects aotine on reward
responsivity might be to increase the reward, igyahe amount of money given

to participants. The CARROT measures reward responby measuring
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responsiveness to financial incentive. Because gnien@ conditioned
reinforcer, according to results from animal stedi@cotine (as opposed to
abstinence) should enhance responding for thativomeld reinforcer.
Furthermore, the impact of the reinforcement-enimaneffects of nicotine
should lessen with stimuli of decreasing reinfogcatrengths (e.g., Chaudhri,
2005). In other words, operant responding shoutuledese as the reinforcing
value of the operant that supports responding dsere As Herrnstein (1970)
put it in his theory of response strength, whicbame known as the matching
law, the absolute rate of any response is propulito its associated
reinforcement. Thus, if participants received géaramount of money, then
they would increase their card-sorting rate marehé present research,
participants received 10 pence for every five caatted accurately. Failure to
find an effect of reward in the between-particigatésign and failure to
reproduce the Reward x Smoking Status interacgponted in the literature
might be because the amount of money participatsived in the rewarded
trials was not large enough. As such, it did nadpice significant increases in
sorting rate under reward or a significant diffexem reward responsivity
between satiated and withdrawn smokers. Thus turduesearch using the
CARROT, the value of the monetary reward couldrimeaased. This monetary
increase might make the effect of reward appafanthermore, it might make
the measure more sensitive to the impact of withdr@n reward sensitivity.

Moreover, alternative measures of motivation, sagkhe progressive
ratio (PR) procedure, might be used. The PR pureeidivolves responding on
a button in order to obtain a reinforcer (e.g.acgjtes or money) under a

progressively increasing work requirement (i.efivé responses are required
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for the first reinforcer, then the response requast doubles for every
subsequent reinforcer). The point at which theigpent stops working to
obtain an increasingly infrequent reinforcer isrted “the breaking point”
(Hodos, 1961) and provides a measure of motivatisinangth. Hodos argued
that this procedure could measure reward strengglsing that better rewards
would lead to higher breaking points. It was algguad that the PR procedure is
sensitive to changes in dopaminergic tone (Carcay& De Krahne, 2004). As
such, the PR may be a good measure for assessotnais effects on reward
motivation. If reward responsivity is compromisadidg withdrawal, then it
might be expected that withdrawn smokers’ breakioigt would be much
lower that that of satiated smokers. Because wathidrsmokers might not
perceive the reward as “good enough” or “rewarditigéy might stop
responding for it sooner that satiated smokers eoul

Thus, if an effect of withdrawal on reward respweitgidoes exist in
humans, then the use of alternative proceduresraasgures might be necessary
in order to detect it. Once the effect is detectieeln researchers could examine
whether or not the reward responsivity disturbagesn in abstinent smokers
reflects a symptom of withdrawal. It could equakypresent a deficit that
preceded onset of regular smoking.

Smokers who have low reward sensitivity priorgking up smoking
might initiate smoking in an attempt to normaliseit inherited deficit in
reward sensitivity. For example, there is genetidence that low levels of
dopaminergic function (and hence reward respongipitior to becoming
highly nicotine dependent is a vulnerability facthioble, 1997; Noble, Jeor, &

Ritchie, 1994). Prospective studies are neededderdo clarify whether the
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observed deficits during smoking abstinence deeglajuring chronic smoking
or preceded the onset of smoking.

If the deficits during withdrawal are due to chmsmoking, then it
could be assumed that chronic nicotine consumatentially leads to neural
adaptations that manifest during withdrawal as immpants of motivation. To
test the hypothesis that disturbances in motiva@snindexed by reward
responsivity) develop with time, it would be ne@yggo examine differences in
reward responsivity between withdrawal and satmaitoboth low and high
dependence participants. Such an investigationdvagjuire samples of
smokers with high levels of dependency. Alternagivdisturbances in reward
function may be established early in smokers’ gaaed do not progress further
with time. This would suggest that, to detect aiffecences in the effect of
withdrawal on reward responsivity between differentls of dependence (and
possibly the point at which the underlying dopangnedisturbance becomes
manifest), the most appropriate comparison woultddiereen smokers who
have only recently taken up smoking and long-teszw dependence smokers.

Establishing an effect of withdrawal on reward @sgvity (measured
behaviourally) and examining the time course of #ffect are crucial steps in
research into the indirect reinforcing propertiégsiootine in humans.

9.2.2 Subjective Measure: SHAPS

There was no indication that responsivity to envinental
pleasure/reward was reduced in withdrawal. Thiisconsistent with previous
findings where, compared with satiated smokerdidvéwn smokers showed

reduced ability to experience environmental pleaseward (e.g., Powell et al.,
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2002, 2004). This inconsistency might be due tepival differences in the
characteristics of the sample that were not cdetidbr (see Section 9.1.1.2).

In addition, it might be that failure to find arfexdt of withdrawal on the
SHAPS measure was due to the measure’s respomsatfdrhe original
SHAPS was designed primarily as a diagnostic mdligcriminate normal from
abnormal hedonic tone and uses a categorical gcecimeme for each item.
There are 14 items in the SHAPS. A cut-off poinRa$ used to provide the
discrimination between normal and abnormal levédextonic tone. A score of 2
or less indicates normal hedonic tone, whereasi@ sif above 2 indicates
abnormal hedonic tone. This categorical scoringsehmakes the measure
insensitive to variations in the general populatiéor example, data from
Snaith et al. (1995) indicated that out of a sanopk&2 people from the general
population, 68 (82%) scored maximum. Therefordutare studies using the
SHAPS, researchers could modify the response faimratikert-scale type in
order to improve the measure’s sensitivity. MacLaaod Conway (2005), for
example, modified the response format of the SHAPS 7-point Likert scale,
where 1 = not very enjoyable and 7 = extremely yaipe. The authors reported
good internal reliabilityq = .86) and good test-retest reliability over ad24-
week period (= .85). Therefore, in future research assessiagfttects of
smoking status and dependence on responsivitymards (as measured by the
SHAPS), use of a Likert-scale response formatiferSHAPS items would
improve the measure’s sensitivity.

Additionally, measures of reward motivation, sushlae Behavioural
Activation Scale (BAS; Carver & White, 1994), colld used in conjunction

with behavioural and other subjective measuregward responsivity (e.g., the
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SHAPS). The BAS measures sensitivity to signalewfard (or reward
responsivity) and pursuit of appetitive goals. ktigators suggested that
anhedonic symptoms are especially likely to be @ased with a deficiency in
incentive responsiveness or low BAS strength (Bex&eVeyer, 2002;
Harmon-Jones & Allen, 1997). Thus, the BAS couldibed to assess a
potential deficiency in reward responsivity and aegvmotivation during
nicotine abstinence and nicotine dependence.

9.2.3 Affect Measure: PANAS Scales

There was a main effect of smoking status on tlsgtipe affect measure
(i.e., PANAS-PA subscale); however, this effect dad vary with level of
dependency. Furthermore, there was a main effed¢@éndence on the
negative affect measure (i.e., PANAS-NA subscdle)yever, this effect was
not moderated by smoking status. The lack of aifsignt Smoking Status x
Dependence interaction on the PANAS measure ottafiéght be due to the
sensitivity of the measure (for alternative reasss®es Section 9.1.4).

The PANAS-PA subscale is not equivalent to posiéiffect in general
but includes only items that are pleasant and imgicttivation. Similarly, the
PANAS-NA subscale is not equivalent to negativeetfin general but includes
only items that are unpleasant and high in actwatin other words, the PA and
NA scales of the PANAS do not cover all affectivperience but only a part of
it. In fact, Watson and Tellegen (1985) suggedtedl lbw activation states (e.g.,
depressed and serene) should not be considerdig¢ctsva states, even if they
are valenced. Clearly, such a view of affect isrieisve. Thus, any possible
conclusions about the effects of smoking statusdependence on the PANAS

measure of affect may be limited.
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Measures of affect with greater sensitivity couddused in future
research on the effects of smoking status and diegmee on affect. For
example, the International Affective Picture Syst@APS; Lang, Bradley, &
Cuthbert, 2005) was developed to provide a setanidardised, internationally
accessible stimuli (i.e., colour photographs) far €xperimental investigation of
emotion. The IAPS assesses three dimensions aftiaifeexperience: valence
(pleasure-displeasure), activation or arousal (kigiivation-low activation), and
dominance or control (high dominance/in control-ld@minance/dominated),
that is, feelings of being in control, importamtfluential, and dominant when
viewing a particular picture. Using affect measusgs finer distinctions of
affective experience would provide more detailddrmation about the effects
of nicotine withdrawal and dependence on affect.

9.2.4 Additional Limitations and Suggestions fotUfa Research

Although the main effect of dependence on negatifect did not reach
statistical significance after Bonferroni correctiohe effect was significant at
the .05 level. Moreover, there was a significanimedfect of dependence on
two of the SHAPS subscales: the Interests/Pastsuiescale and the Social
Interaction subscale. Given these results andelagionships that exist between
reward sensitivity and affect, researchers couldstigate a potential mediation
function of reward sensitivity or affect. For exdmpt might be that
dependence influences responsivity to rewards giras effects on negative
affect. Alternatively, dependence might increasgatige affect through its
effects on reward responsivity. Such an investogathight require a more

dependent sample than the one of the present cbsaad more reliable and
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sensitive measures of reward sensitivity (e.g. 3HAPS with an improved
response format).

Furthermore, in future research, more reliable sentsitive measures of
reward sensitivity and affect could be used to @rarthe relationship between
reward sensitivity and affect. Reward sensitivitigit be measured using the
CARROT task with an improved procedure, the pragjuesratio procedure, the
BAS, and/or the SHAPS with an improved responsmé#br Affect could be
measured using the IAPS. The purpose of suchwvastigation would be to
identify the affective impact of the indirectly néorcing properties of nicotine.

In addition, the effects of smoking status and deece on reward
responsivity (measured behaviourally) and affecid¢de examined
simultaneously (as in chapter 8). In the presesgarch, such an investigation
was not possible because the methodology of theREARmeasure was
different in every study. Therefore, the differéiata sets could not be treated as
one in order to increase the sample size and hbegeower to detect
significant effects.

9.3 Concluding Remarks

There was an effect of withdrawal on improvemergenformance on
the CARROT task over a series of trials and analveffect of withdrawal on
CARROT performance. The effect of withdrawal onfpenance was
independent of that produced by introducing a parémce-contingent reward.
Therefore, | did not replicate results from humatad Furthermore, there was
no evidence that the difference in reward respatysscores between satiation
and withdrawal was bigger in higher levels of defety. However, there was

a main effect of dependence on some aspects abemvental pleasure/reward.
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Moreover, | found reduced positive affect in withehal and increased negative
affect in high dependence. These results providekwsapport for nicotine’s
indirect reinforcing properties in humans (measw@oiectively). The results
suggest that nicotine’s direct reinforcing propstmay be more important in
the development of dependence. It is concluded itharder to observe
nicotine’s effects on reward sensitivity in humansgstigators need to
empirically separate nicotine’s effects on rewaspionsivity from its effects on

arousal and attention.



205

References

Adams, C. D. (1982). Variations in the sensitivafyinstrumental responding to
reinforcer devaluatiorQuarterly Journal of Experimental Psychology,
34B, 77-98.

Ahmed, S. H., & Koob, G. F. (1998). Transition fronoderate to excessive
drug intake: change in hedonic set poB8tience, 282298-300.

Ahmed, S. H., & Koob, G. F. (2005). Transition gl addiction: a negative
reinforcement model based on an allostatic decri@assvard function.
Psychopharmacology, 18873-490.

Al'Absi, M., Hatsukami, D., Davis, G. L., & Wittmer L. E. (2004).
Prospective examination of effects of smoking aiestce on cortisol and
withdrawal symptoms as predictors of early smokilgpseDrug and
Alcohol Dependence, 7267-278.

Al-Adawi, S., & Powell, J. (1997). The influence sshoking on reward
responsiveness and cognitive functions: a naaxjaérimentAddiction,
92(12), 1773-1782.

Al-Adawi, S., Powell, J. H., & Greenwood, R. J. 8). Motivational deficits
after brain injury: A neuropsychological approading new assessment
measuredNeuropsychology, 1215-124.

Altmann, J., Everitt, B. J., Glautier, S., Markdu, Nutt, D., Oretti, R. et al.
(1996). The biological, social andhidal bases of drug addiction:
Commentary and debd@sychopharmacology, 12385-345.

American Psychiatric Association, 20@iagnostic and Statistical Manual of
Mental Disorders(4" ed.), Text Revision (pp. 244-247). Washington,

DC: American Psychiatric Association.



206

Ashton, H., & Stepney, R. (1982). The importanceiobtine. In H. Ashton &
R. Stepney (Eds.pmoking: Psychology and pharmacoldgp. 18-41).
London: Tavistock Publications Ltd.

Attebring, M. F., Herlitz, J., Berndt, A. K., Kagsn, T., & Hjamarson, A.
(2001). Are patients truthful abouit their smokimapits? A validation of
self-report about smoking cessation with biochemmtarkers of
smoking activity amongst patients with ischaemiarhdiseaselournal
of Internal Medicine, 249145-151.

Baker, D. (1994). Reasons for tobacco use and ymgof nicotine withdrawal
among adolescent and young adult tobacco usersted Btates.
Morbidity and Mortality Weekly Report, 4345-750.

Baker, L. A, Cesa, I. L., Gatz, M., & Mellins, (1992). Genetic and
environmental influences on positive and negatiiecta support for a
two-factor theoryPsychology and Aging, 158-163.

Baker, T. B., Piper, M. E., McCarthy, D. E., MajeskMV. R., & Fiore, M. C.
(2004). Addiction motivation reformulated: an atige processing
model of negative reinforcemeitsychology Review, 1133-51.

Balaban, P. M., & Maksimova, O. A. (1993). Positared negative brain zones
in the snailEuropean Journal of Neuroscience,8-774.

Balfour, D. J., & Ridley, D. L. (2000). The effeai§nicotine on neural
pathways implicated in depressi®harmacology, Biochemistry and
Behaviour, 66(179-85.

Balfour, D. J., Wright, A. E., Benwell, M. E., & Bell, C. E. (2000). The

putative role of extra-synaptic mesolimbic dopamm#he neurobiology

of nicotine depnedne8ehavioural Brain Research, 1133-83.



207

Baron, J. A. (1986). Cigarette smoking and prateict women. British
Medical Journal, 293482-483.

Barrett, S. P., Boileau, I., Okker, J., Pihl, R, &Dagher, A. (2004). The
hedonic response to cigarette smoking is propatitmdopamine
release in the human striatum as measured by pogEtnission
tomography and‘fCJraclopride Synapse, 5465-71.

Bassareo, V., & Di Chiara, G. (1999). Modulatiorfedding-induced activation
of mesolimbic dopamine transmission by appetitivadli and its
relation to motivational stat&uropean Journal of Neuroscience, 11
4389-4397.

Bauco, P., & Wise, R. A. (1994). Potentiation défal hypothalamic and
midline mesencephalic brain stimulation reinforceatr®y nicotine:
examination of repeated treatmene Journal of Pharmacology and
Experimental Therapeutics, 27294-301.

Beck, A. T., Ward, C. H., Mendelson, M., Mock, &.Erbaugh, J. (1961). An
inventory for measuring depressidrchives of General Psychiatry, 4
561-571.

Becona, E., Vazquez, F. L., Fuentes, M. J., & LeogiM. C. (1999). Anxiety,
affect, depression and cigarette consumptarsonality and Individual
Differences, 26113-119.

Beevers, C. G., & Meyer, B. (2002). Lack of pogtexperiences and positive
expectancies mediate the relationship between B&fansiveness and
depressionCognition and Emotion, 1%649-564.

Benowitz, N. L. (1988). Pharmacological aspectsigérette smoking and

nicotine addictionNew England Journal of Medicine, 318818-1330.



208

Benwell, M. E. M., & Balfour, D. J. K. (1992). Tteffects of acute and repeated
nicotine treatment on nucleus accumbens dopanmicdiéogomotor
activity. British Journal of Pharmacology, 10849-856.

Berridge, K. C., & Robinson, T. E. (1998). Whathe role of dopamine in
reward: hedonic impact, reward learning or incentalienceBrain
Research Reviews, 2809-369.

Bespalov, A., Lebedev, A., Panchenco, G., & Zvarlay1999). Effects of
abused drugs on thresholds and breaking pointgratranial self-
stimulation in ratsEuropean Neuropsychopharmacology397-383.

Bien, T. H., & Burge, R. (1990). Smoking and drimdgd a review of the
literature.International Journal of the Addictions, 26429-1454.

Bird, M., & Kornetsky, C. (1990). Dissociation dfe attentional and
motivational effects of pimozide on the threshadrewarding brain
stimulation.Neuropsychopharmacology, 33-40.

Bishop, M. P., Elder, S. T., & Heath, R. G. (19468jracranial self-stimulation
iIn man.Science, 140394-396.

Bobo, J. K., Lando, H. A., Walker, R. D., & McllvgiH. E. (1996). Predictors
of tobacco quit attempts among recovering alcokaliournal of
Substance Abuse, 831-443.

Bozarth, M. A. (1991). The Mesolimbic Dopamine ®&ys as a Model Reward
System. In P. Willner & J. Scheel-Kruger (Ed3.he mesolimbic
dopamine system: From motivation to actifpp.301-330). John Wiley

& Sons Ltd.



209

Bozarth, M. A. (1994). Pleasure systems in therbrai D. M. Warburton (Ed.),
Pleasure: The politics and the realifgp. 5-14) New York: Wiley &
Sons.

Brandon, T. H., & Baker, T. B. (1991). The smoksunsequences
guestionnaire: the subjective expected utilityrabking in college
students.Psychological Assessment, 3@34-491

Breslau, N., & Johnson, E. O. (2000). Predictingkimg cessation and major
depression in nicotine-dependent smokAmaerican Journal of Public
Health, 90 1122-1127.

Breslau, N., Kilbey, M., & Andreski, P. (1992). iine withdrawal symptoms
and psychiatric disorders: findings from an epia#ogic study of
young adultsAmerican Journal of Psychiatry, 148964-4609.

Breslau, N., Kilbey, M. M., & Andreski, P. (19949SM-I11I-R nicotine
dependence in young adults: prevalence, corredatésssociated
psychiatric disorderddiction, 89 743-754.

Bressan, R. A., & Crippa, J. A. (2005). The rolelopamine in reward and
pleasure behaviour — review of data from preclinieaearchActa
Psychiatrica Scandinavica, 1114-21.

Brody, A. ., Olmstead, R. E., London, E. D., Fardh Meyer, J. H., Grossman,
P., et al. (2004). Smoking-induced ventral striatlopamine release.
American Journal of Psychiatry, 161211-1218.

Buckley, T. C., Mozley, S. L., Holohan, D. R., Wal«., Beckham, J. C., &
Kassell, J. D. (2005). A psychometric evaluationhaf Fagerstrom Test
for Nicotine Dependence in PTSD smokekddictive Behaviours, 30

1029-1033.



210

Buczek, Y., Le, A. D., Wang, A., Stewatrt, J., & 8ha, Y. (1999). Stress
reinstates nicotine seeking but not sucrose solgseking in rats.
Psychopharmacology, 14483-188.

Burling, A. S., & Burling, T. A. (2003). A compans of self-report measures of
nicotine dependence among male drug/alcohol-depectgarette
smokersNicotine & Tobacco Research, &25-633.

Cacioppo, J. T., Gardner, W. L., & Bernston, G(1®97). Beyond bipolar
conceptualisations and measures: The case ofdatsitand evaluative
spacePersonality and Social Psychology Revien3-B5.

Caggiula, A. R., Donny, E. C., White, A. R., ChaddN., Booth, S., Gharib,
M. A., et al. (2001). Cue depnednecy of nicotinéaeministration and
smoking.Pharmacology, Biochemistry and Behaviour, 305-530.

Caggiula, A. R., Donny, E. C., White, A. R., ChaddN., Booth, S., Gharib,
M. A., et al. (2002). Environmantal stimuli promake acquisition of
nicotine self-administration in rat8sychopharmacology, 16330-237.

Carboni, E., Bortone, L., Giua, C., & Di Chiara, (@000). Dissociation of
physical abstinence signs from changes in extraleeltlopamine in the
nucleus accumbens and in the prefrontal cortexaottine dependent
rats.Drug and Alcohol Dependence, (8&), 93-102.

Carr, K. D., Vaca, S. C., & De Krahne, L. L. (200A)progressive ratio
schedule of self-stimulation testing in rats resgabfound
augmentation of d-amphetamine reward by food k&gin but no effect
of a ‘sensitising’ regimen of d-amphetamiRsychopharmacology, 175

106-113.



211

Carton, S., Le Houezec, J., Lagrue, G., & Jouwen{2000). Relationships
between sensation seeking and emotional symptoogataluring
smoking cessation with nicotine patch therapgdictive Behaviours, 25
653-662.

Carton, S., Jouvent, R., & Widlocher, D. (1994)ciine dependence and
motives for smoking in depressiaiournal of Substance Abuse,67-
76.

Carver, C. S., & White, T. L. (1994). Behaviounahibition, behavioural
activation and affective responses to impendingardvand punishment:
the BIS/BAS Scaleslournal of Personality and Social Psychology, 67
319-333.

Caskey, N. H., Jarvik, M. E., & Wirshing, W. C. @9. The effects of
dopaminergic RPstimulation and blockade on smoking behaviour.
Experimental and ClinicaPsychopharmacology, 72-78.

Chaudhri, N. (2005). Complex interactions betweeontme and
nonpharmacological stimuli reveal a novel roleriaotine in
reinforcement. Retrieved July"52007, from
http://gradworks.umi.com/31/88/3188934.html

Chaudbhri, N., Caggiula, A., Donny, E. C., Booth,&harib, M. A., Craven, L.,
et al. (2005). Sex differences in the contributedmicotine and
nonpharmacological stimuli to nicotine self-admiragon in rats.
Psychopharmacology, 18258-266.

Chaudbhri, N., Caggiula, A., Donny, E. C., Palmathr I., Liu, X., & Sved, A.

F. (2006). Complex interactions between nicoting an



212

nonpharmacological stimuli reveal multiple roles macotine
reinforcementPsychopharmacology, 18353-366.

Chausmer, A. L., Smith, B. J., Kelly, R. Y., & Giihs, R. R. (2003). Cocaine-
like subjective effects of nicotine are not blocksdthe D1 selective
antagonist ecopipam (SCH 3916Bghavioural Pharmacology, 1411-
120.

Chen, P. Y., Dai, T., Spector, P. E., & Jex, S(M97). Relation between
negative affectivity and positive affectivity: efts of judged desirability
of scale items and respondents’ social desirabdiyrnal of
Personality Assessment,,@83-198.

Cinciripini, P. M., Robinson, J. D., Carter, B. Lam, C., Wu, X., De Moor, C.,
et al. (2006). The effects of smoking deprivation aicotine
administration on emotional reactivitjlicotine & Tobacco Research, 8
379-392.

Civelli, O. (1995). Molecular biology of the dopameireceptor subtypes. In E.
Borroni & D. J. Kupper (Eds.)sychopharmacology: The forth
generation of progres@pp. 155-161)New York: Raven Press Ltd.

Clark, A., Lindgren, S., Brooks, S. P., Watson,R\.& Little, H. J. (2001).
Chronic infusion of nicotine can increase operafftadministration of
alcohol.Neuropharmacology, 4108-117.

Clark, L. A., & Watson, D. (1991). Tripartite Modet Anxiety and Depression:
Psychometric Evidence and Taxonomic Implicatidkesirnal of
Abnormal Psychology, 100 (3$16-336.

Clark, L. A., Watson, D., & Leeka, J. (1989). Diafwariation in the positive

affects.Motivation and Emotion, 13205-234.



213

Clarke, J. G., Stein, M. D., McGatrry, K. A., & Gogni, A. (2001). Interest in
smoking cessation among injection drug us&rmserican Journal on
Addictions, 10159-166.

Coffey, S. F., & Lombardo, T. W. (1998). Effectssmhokeless tobacco-related
sensory and behavioural cues on urge, affect aegsfExperimental
and Clinical Psychopharmacology, 6(4)06-418.

Cohen, J. (1992). A power primésycological Bulletin, 11,2155-159.

Colby, S. M., Tiffany, S. T., Shiffman, S., & NiayrR. S. (2000). Measuring
nicotine depenednec among youth: a review of albkalapproaches and
instrumentsDrug and Alcohol Dependence, 5£8-39.

Colwill, R., & Rescorla, R. A. (1988). The role msponse-reinforcer
associations increases throughout extended instrahteaining.Animal
Learning and Behaviour, 1405-111.

Cook, J. W., Spring, B., McChargue, D., Borrelli, Bitsman, B., Niaura, R., et
al. (2004). Influence of fluoxetine on positivedamegative affect in a
clinic-based smoking cessation triegsychopharmacology, 17353-
1509.

Cook, J. W., Spring, B., McChargue, D., & Hedekzr(2004). Hedonic
capacity, cigarette craving and diminished posithaod.Nicotine &
Tobacco Research, 6(139-47.

Corrigal, W. A., & Coen, K. M. (1989). Nicotine nmaains robust self-
administration in rats on a limited-access schedule

Psychopharmacology, 98473-478.



214

Corrigall, W. A., Coen, K. M., & Adamson, K. L. (29). Self-administered
nicotine activates the mesolimbic dopamine systewugh the ventral
tegmental aredBrain Research, 653278-284.

Costello, E. J., Erkanli, A., Federman, E., & ArmjoA. (1999). Development of
psychiatric comorbidity with substance abuse inestents: effects of
timing and sexJournal of Clinical Child Psychology, 2298-311.

Crawford, J. R., & Henry, J. D. (2004). The Positand Negative Affect
Schedule (PANAS): Construct validity, measuremeopprties and
normative data in a large non-clinical sam@atish Journal of Clinical
Psychology, 43245-265.

Dagher, A., Bleicher, C., Ashton, J. A., Gunn, R.Glarke, P. B., & Cumming,
P. (2001). Reduced dopamine D1 receptor bindirigarventral striatum
of cigarette smoker§ynapse, 4248-53.

Dale, L. C., Ebbert, J. O., Schroeder, D. R., Camgh. T., Rasmussen, D. F.,
Trautman, J. A., et al. (2002). Buproprion for treatment of nicotine
dependence in spit tobacco users: a pilot stNotine & Tobacco
Research, 4267-274.

Damsma, G., Pfaus, J. G., Wenkstern, D., & PhilljsG. (1992). Sexual
behaviour increases dopamine transmission in tbhkeasi accumbens
and striatum of male rats: comparison with novalig locomotion.
Behavioural Neuroscience, 10681-191.

Dar, R., Kaplan, R., Shaham, L., & Frenk, H. (20@0)phorian effects of
nicotine in smokers: fact or artefad@®ychopharmacology, 19203-

210.



215

Davidson, R. J. (1992). Anterior cerebral asymmatrg the nature of emotion.
Brain and Cognition, 20(1)125-151.

Dawe, S., Gerada, C., Russell, M. A., & Gray, J(1®95). Nicotine intake in
smokers increases following a single dose of realdpl.
Psychopharmacology, 11710-115.

Della Casa, V., Hofer, I., Weiner, 1., & Feldon(1998). The effects of
smoking on acoustic prepulse inhibition in healttgn and women.
Psychopharmacology, 13362-368.

Derogatis, L. R., Lipman, R. S., Rickels, K., Utleth, F. H., & Covi, L.
(1974). The Hopkins Symptom Checklist (HSCL): d-sebort symptom
inventory.Behavioural Science, 19-15.

Dews, P. B., & Morse, W. H. (1961). Behaviourabphacology.Annual
Reviews of Pharmacology, 145-174.

Di Chiara, G. (1995). The role of dopamine in dalgise viewed from the
perspective of its role in motivatioBrug and Alcohol Dependence,,38
95-137.

Di Chiara, G. (2000). Role of dopamine in the betianal actions of nicotine
related to addictiorEuropean Journal of Pharmacology, 3295-314.

Di Chiara, G., & North, R. A. (1992). Neurobiolog{opiate abusélrends in
Pharmacological Sciences, ,1835-193.

Dickinson, A. (1985). Actions and Habits: The deypghent of behavioural
autonomyPhilosophical Transactions of the Royal Societiarfdon,

Series B, Biological Sciences, 3@&3-78.



216

Dickinson, A., Balleine, B., Watt, A., Gonzalez, & Boakes, R. A. (1995).
Motivational control after extended instrumentalning. Animal
Learning and Behaviour, 23(2), 197-206.

Diener, E., & Emmons, R. A. (1984). The indepen@enicpositive and negative
affect.Journal of Personality and Social Psychology, #705-1117.

Diener, E., Emmons, R. A, Larsen, R. J., & Griffth (1985). The Satisfaction
With Life Scale.Journal of Personality Assessment, 49-75.

DiFranza, J., Rigotti, N.,McNeil, A., Ockene, Jav@geau, J., Cyr, D., et al.
(2000). Initial symptoms of nicotine dependencadolescentslobacco
Control, 9 13-3109.

Donny, E. C., Chaudhri, N., Caggiula, A. R., Evafatin, F. F., Booth, S.,
Gharib, M. A., et al. (2003). Operant respondingdwisual reinforcer
in rats is enhanced by noncontingent nicotine: icagions for nicotine
self-administration and reinforcemeRtsychopharmacology, 1668-76.

Doran, N., Spring, B., Borrelli, B., McChargue, Blitsman, B., Niaura, R., et
al. (2006). Elevated Positive Mood: A Mixed Blegsior Abstinence.
Psychology of Addictive Behaviours, 20@39-43.

Dozois, D. N., Farrow, J. A., & Miser, A. (1995)m8king patterns and
cessation motivations during adoleseeimternational Journal of
Addiction, 301), 1485-1498.

Drevets, W. C., Gautier, C., Price, J. C., Kupkr,)., Kinahan, P. E., Grace, A.
et al. (2001). Amphetamine-induced dopamine releakeman ventral
striatum correlates with euphoriiological Psychiatry, 4981-96.

Edwards, G. (1990). Withdrawal symptoms and alcaoleplendence: fruitful

mysteriesAddiction, 85 447-461.



217

Egloff, B. (1998). The independence of positive aedative affect depends on
the affect measur@ersonality and Individual Differences, ,2BL01-
11009.

Eissenberg, T. (2004). Measuring the emergencebaicco dependence: the
contribution of negative reinforcement modéiddiction, 99 5-29.

Epping-Jordan, M. P., Watkins, S. S., Koob, G., &rkbu, A. (1998). Dramatic
decreases in brain reward function during nicotutedrawal.Nature,
393 76-79.

Erschler, J., Leventhal, H., Fleming, R., & Gly#n,(1989). The quitting
experience of smokers in sixth through twelfthdg=Addictive
Behaviours, 3365-378.

Esch, T., & Stefano, G. B. (2004). The neurobiolofpleasure, reward
processes, addiction and their health implicatibleiroendocrinology
Letters, 25235-251.

Esposito, R. U., Faulkner, W., & Kornetsky, C. (29 7Specific modulation of
brain stimulation reward by haloperid&lharmacology, Biochemistry
and Behaviour, 10937-940.

Esposito, R. U., Perry, W., & Kornetsky, C. (198Bifects of d-amphetamine
and nalaxone on brain stimulation rewdPdychopharmacology, 69
187-191.

Etter, J. F., Duc, T. V., & Perneger, T. V. (199@alidity of the Fagerstrom
Test for Nicotine Dependence and of the HeavinéSsymking Index

among relatively light smokeraddiction, 94 269-281.



218

Everitt, B. J., & Robbins, T. W. (2005). Neural s&yras of reinforcement for
drug addiction: from actions to habits to compuisidNature
Neuroscience, 8)1481-1489.

Fagerstrom, K. O. (1978). Measuring degree of dégecy to tobacco smoking
with reference to individualization of treatmeAtldictive Behaviours,,3
235-241.

Fagerstrom, K. O., Kunze, M., Schoberberger, ResBiu, N., Hughes, J. R.,
Hurt, R. D., et al. (1996). Nicotine dependencesusrsmoking
prevalence: comparisons among countries and cagsguafrsmokers.
Tobacco Control, 552-56.

Feibelman, J. K. (1964). A philosophic analysiplefasure. In R. G. Heath
(Ed.), The Role of Pleasure in Behavigipp. 256-267). New York:
Harper & Row.

Feldman Barrett, L., & Russell, J. A. (1998). Indegence and bipolarity in the
structure of current affeciournal of Personality and Social Psychology,
74, 967-984.

Feldman Barrett, L., & Russell, J. A. (1999). Theisture of current affect:
controversies and emerging conseng§lisrent Directions in
Psychological Science, 80-14.

Fergusson, D. M., Goodwin, R. D., & Horwood, L(J003). Major depression
and cigarette smoking: results of ay2ar longitudinal study.
Psychological Medicine, 33357-1367.

Fibiger, H. C., LePiane, F. G., Jakubovic, A., &lRs, A. G. (1987). The role
of dopamine intracranial self-stimulation of thentral tegmental area.

Journal of Neuroscience, 3888-3896.



219

Fibiger, H. C., Nomikos, G. G., Pfaus, J. G., & Bana, G. (1992). Sexual
behaviour, eating and mesolimbic dopamidknical
Neuropharmacology, 1556A-567A.

Field, A. (2005)Discovering Statistics using SP&ed.). London: Sage
Publications.

File, S. E., Fluck, E., & Leahy, A. (2001). Nicatilnas calming effects on
stress-induced mood changes in females, but enbagcgessive mood
in males.The International Journal of Neuropsychopharmacyg|oy
371-376.

Fiorino, D. F., Coury, A., Fibiger, H. C., & Phits, A. G. (1993). Electrical
stimulation of reward sites in the ventral tegna¢atea increases
dopamine neurotransmission in the nucleus accusniietine rat.
Behavioural Brain Research, 5531-141.

Fiorino, D. F., Coury, A., & Phillips, A. G. (1997pynamic changes in nucleus
accumbens dopamine efflux during the Coolidge éffemale rats.
Journal of Neuroscience, 14849-4855.

Foulds, J., Stapleton, J. A., Bell, N., SwettenhdmJarvis, M. J., & Russell,
M. A. H. (1997). Mood and physiological effectssafbcutaneous

nicotine in smokers and never smokerag and Alcohol Dependence,
44105-115.

Foulds, J., Stapleton, J., Sweetenham, J., BelMWNSorley, K., & Russell,

M. A. H. (1996). Cognitive performance effectssobcutaneous nicotine
in smokers and never-smokePsychopharmacology, 1231-38.
Fowler, J. S., Volkow, N. D., Wang, G. J., Pappas,Logan, J., MacGregor,

R., et al. (1996). Inhibition of momoime oxidase B



220

in the brains of smokeklature, 379733-737.

Fowler, R. L. (1989). Smoking and performance onusated firefighting tasks.
Perceptual and Motor Skills, 68302.

Fowles, D. C. (1993). Biological variables in psgphathology: a
psychobiological perspective. In P. B. Sutker &34 Adams (Eds.),
Comprehensive handbook of psychopathol@fyed., pp. 57-82). New
York: Plenum.

Franken, I. H. A., Rassin, E., & Muris, P. (in mesThe assessment of
anhedonia in clinical and non-clinical populatiohsther validation of
the Snaith-Hamilton Pleasure Scale (SHAR8SWurnal of Affective
Disorders

Franken, I. H. A., Van-Strien, J. W., & Nijs, |. M. (2006). Effect of hedonic
tone on event-related potential measures of cagnitrocessing.
Psychiatry Research, 14233-239.

Fung, Y. K., Schmid, M. J., Anderson, T. M., & La(,S. (1996). Effects of
nicotine withdrawal on central dopaminergic systeltermacology,
Biochemistry and Behaviour, &3, 635-640.

Fuxe, K., & Hokfelt, T. (1969). Catecholamineghe hypothalamus and the
pituitary gland. In W. F. Ganong & L. Martini (EdisErontiers in
neuroendocrinologypp.47-94), New York: Oxford University Press.

Gallistel, C. R., & Karras, D. (1984). Pimozide ardphetamine have opposing
effects on the reward summation functi®harmacology, Biochemistry

and Behaviour, 2073-77.



221

Gamberino, W. C., & Gold, M. S. (1999). Neurobiofarf tobacco smoking
and other addictive disorders. TRsychiatric Clinics of North America,
22, 301-312.

Geracioti, T. D., Scott, A., West, M. D., Baker, G., Hill, K. K., Ekhator, N.
N., et al. (1999). Low CSF concentration of a dopenmetabolite in
tobacco smoker&merican Journal of Psychiatry, 15630-132.

Gerhardt, S., & Liebman, J. M. (1981). Differentdlects of drug treatments on
nose-poke and bar-press self-stimulatPhnarmacology, Biochemistry
and Behaviour, 15767-771.

Gibbs, J., Maddison, S. P., & Rolls, E. T. (198)e satiety role of the small
intestine in sham feeding rhesus monkdgsirnal of Comparative and
Physiological Psycholog®5, 1003-1015.

Gilbert, D. G. (1995)Smoking: Individual Differences, Psychopathology a
Emotion.Washington, DC: Taylor & Francis.

Gilbert, P., Allan, S., Bough, S., Melley, S., &8, J. N. V. (2002).
Relationship of anhedonia and anxiety to sociagk rdefeat and
entrapmentJournal of Affective Disorders, 7141-151.

Gilbert, D. G., Meliska, C. J., Williams, C. L., &nsen, R. A. (1992).
Subjective correlates of cigarette-kimg-induced elevation of
peripheral beta-endorphin and cortiBsi/chopharmacology, 106
275-281.

Gilbert, D. G., & Spielberger, C. D. (1987). Effecf smoking on heart rate,

anxiety and feelings of success during sociaraugon Journal of

Behavioural Medicine, 1329-638.



222

Ginovart, N., Farde, L., Halldin, C., & Swahn, C. (&999). Changes in striatal
D2 receptor density following chronic treatmenthwétmphetamine as
assessed with PET in nonhuman primasgsiapse, 31154-162.

Goldberg, S. R., Spealman, R. D., & Goldberg, P(281). Persistent
behaviour at high rates maintained by intravenelfsagiministration of
nicotine.Science, 214573-575.

Gray, J. A. (1987)The psychology of fear and stre€ambridge University
Press, Cambridge.

Graziella De Montis, M., Co, C., Dworkin, S. I.,8mith, J. E. (1998).
Modifications of D1 receptor complex in rats salffr@nistering cocaine.
European Journal of Pharmacology, 36215.

Green, D. P., Goldman, S. L., & Salovey, P. (1988asurement error masks
bipolarity in affect ratingsJournal of Personality and Social
Psychology, 641029-1041.

Green, D. P., & Salovey, P. (1999). In what semeeasitive and negative
affect independent?sychological Science, 1804-306.

Grenhoff, J., Jannson, A. M., Svensson, T. H., &FWA. (1991). Chronic
continuous nicotine treatment causes decreasetfhtirgy of nigral
dopamine neurons in rats partially hemitransectédeameso-
diencephalic junctionBrain Research, 562347-351.

Haddock, C. K., Lando, H., Klesges, R. C., Talcéft, & Renaud, E. A.
(1999). A study of the psychometric and predicpveperties of the
Fagerstrom Test for Nicotine Dependence in a pajonlaf young

smokersNicotine & Tobacco Research, 39-66.



223

Hall, S. M., Munoz, R. F., Reus, V. I., & Sees,lK(1993). Nicotine, negative
affect and depressiodiournal of Consulting and Clinical Psychology,
61, 761-767.

Harmon-Jones, E., & Allen, J. J. B. (1997). Behaxab activation sensitivity
and resting frontal EEG asymmetry: covariation wigpive indicators
related to risk for mood disordetdournal of Abnormal Psychology, 1,06
159-163.

Harrison, A. A., Liem, Y. T. B., & Markou, A. (2001Fluoxetine combined
with serotonin-1A receptor antagonist reversed rdwi&ficits observed
during nicotine and amphetamine withdrawal in rats.
Neuropsychopharmacology, ,256-71.

Harvey, D. M., Yasar, S., Heishman, S. J., Panliliov/., Henningfield, G. E.,
& Goldberg, S. R. (2004). Nicotine serves as aaatiife reinforcer of
intravenous drug-taking behaviour in human cigarsthokers.
Psychopharmacology, 17534-142.

Hasenfratz, M., & Battig, K. (1993). Effects of skirag on cognitive
performance and psychophysiological parametersfascéion of
smoking stateHuman Psychopharmacology, 3835-344.

Hatsukami, D., Hughes, J. R., & Pickens, R. W. B)9€haracterization of
tobacco abstinence: Physiological and subjectifexctd. In J. Grabowski
& B. Hall (Eds.),Pharmacological adjuncts in the treatment of tolmacc
dependencépp. 56-57) Monograph series of the National Institute on

Drug Abuse Research, 53.



224

Heatherton, F. T., Kozlowski, T. L., Frecker, C, & Fagerstrom, K. O. (1991).
The Fagerstrom Test for Nicotine Dependence: simvof the
Fagerstrom Tolerance Questionnakddiction, 86 1119-1127.

Heatherton, F. T., Kozlowski, T. L., Frecker, C.R¢kert, W. S., & Robinson,
J. (1989). Measuring the heaviness of smoking usatfgreported time
to the first cigarette of the day and number ohogjtes smoked per day.
British Journal of Addiction, 8§4791-800.

Hedges, S. M., Jandorf, L., & Stone, A. A. (1988ganing of daily mood
assessmentdournal of Personality and Social Psychology, 438-434.

Heilman, K. M. (1997). The neurobiology of emotibaaperienceJournal of
Neuropsychiatry, 9439-448.

Heishman, S. J., Snyder, F. R., & Henningfiel&.}1993). Performance,
subjective and physiological effects of nicotinenonsmokersDrug and
Alcohol Dependence, 341-18.

Heishman, S. J., Taylor, R. C., & HenningfieldEJ(1994). Nicotine and
smoking: a review of effects on human performagogerimental and
Clinical Psychopharmacology, 345-395.

Henriques, J. B., & Davinson, R. J. (2000). Deadagsponsiveness to reward
in depressionCognition and Emotion, 1411-724.

Herbert, M., Foulds, J., & Fife-Schaw, C. (2001 &ffect of cigarette smoking
on attention or mood in non-deprived smoké&wdiction, 96 1349-
1356.

Herrnstein, R. J. (1970). On the law of effeldurnal of the Experimental

Analysis of Behaviour, 1243-266.



225

Hess, W. R. (1957)The functional organization of the diencephaldew
York: Grune and Stratton.

Hildebrand, B. E., Nomikos, G. G., Hertel, P., $&thdm, B., & Svensson, T. H.
(1998). Reduced dopamine output in the nucleusnalbbens but not the
medial prefrontal cortex in rats displaying a megkmine-precipitated
nicotine withdrawal syndrom@&rain Research, 77214-225.

Hindmarch, I., Kerr, J. S., & Sherwood, N. (199Bifects of nicotine gum on
psychomotor performance in smokers and nonsmokers.
Psychopharmacology, 10835-541.

Hobbs, M., Remington, B., & Glautier, S. (2005)s8nciation of wanting and

liking in humans: a test of the inceatsensitisation theory.
Psychopharmacology, 17893-499.

Hodos, W. (1961). Progressive ratio as a measureward strengthScience,
134, 943-944.

Hogle, J. M., & Curtin, J. J. (2006). Sex differesan negative affective
response during nicotine withdrawBlkychophysiology, 4344-356.

Horn, K., Fernandes, A., Dino, G., Massey, C., 8d¢&ar, 1. (2003).
Adolescent nicotine dependence and smoking cessatittomes.
Addictive Behaviours, 2§69-776.

Houlihan, M., Pritchard, W., & Robinson, J. (1996he time course effects of
smoking on stimulus evaluation and response seledwurnal of
Psychophysiology, 1310-318.

Hudmon, K. S., Pomerleau, C. S., Brigham, J., 2akit, & Swan, G. E. (2005).
Validity of retrospective assessments of nicotiapehdence: a

preliminary reportAddictive Behaviours, 3®13-617.



226

Hughes, J. R., Gulliver S. B., Fenwick, J. W., \éa#, W. A., Cruser, K.,
Pepper, S., et al. (1992). Smoking atess among self-quittersiealth
Psychology, 1831-334.

Hughes, J. R., & Hatsukami, D. (1986). Signs andmpms of tobacco
withdrawalArchives of General Psychiatry, 4339-294.

Hull, C. L. (1943) Principles of behavioulNew York: Appleton-Century-
Crofts.

Huston-Lyons, D., & Kornetsky, C. (1992). Effecfsnicotine on the threshold
for rewarding brain stimulation in raBharmacology, Biochemistry and
Behaviour, 41755-7509.

Huston-Lyons, D., Sarkar, M., & Kornetsky, C. (1998icotine and brain-
stimulaton reward: interactions with morphine, &eamine and
primozide.Pharmacology, Biochemistry and Behaviour, 463-457.

Hutchinson, K. E., LaChance, H., Niaura, R., Bryan,& Smolen, A. (2002).
The DRD4 VNTR Polymorphism Influences Reactivity3moking
Cues.Journal of Abnormal Psychology, 111(134-143.

Ikemoto, S., & Panksepp, J. (1999). The role oflewsaccumbens dopamine in
motivated behaviour: a unifying interpretation wshecial reference to
reward-seekingBehavioural Brain Research, 3&-41.

Isella, V., lurlaro, S., Piolti, R., Ferrarese, Exattola, L., Appollonio, I., et al.
(2003). Physical anhedonia in Parkinson’s diseksarnal of
Neurology, Neurosurgery and Psychiatry, 7308-1311.

Ivanova, S., & Greenshaw, A. J. (1997). Nicotindticed decreases in VTA
electrical self-stimulation thresholds: blockagehaloperidol and

mecamylamine but not scopolamine or ondasetron.



227

Psychopharmacology, 13487-192.

Jaffe, J. (1985). Drug addiction and drug abuseA. Goodman Gilman, L. S.
Goodman, T. W. Rall, & F. Murad (EdsGpodman and Gillman’s The
pharmacological basis of therapeuti(d" Ed.), New York: McMillan
Publishing Co.

Janiri, L., Martinotti, G., Dario, T., Reina, D.aparello, F., Pozzi, G., et al.
(2005). Anhedonia and substance-related symptormstoxified
substance-dependent subjects: a correlational .study
Neuropsychobiology, 537-44.

Jarvis, M. J., Raw, M., Russell, M. A. H., & Fey&ibend, C. (1992).
Randomised controlled trial of nicotecteewing gumBritish Medical
Journal, 285 537-540.

John, U., Meyer, C., Hapke, U., Rumpf, H. J., ScAom A., Adam, C., et al.
(2003). The Fagerstrom Test for Nicotine Dependemé¢&o adult
population samples — potential influence of lifegimmount of tobacco
smoked on the degree of dependeireg and Alcohol Dependence,
71, 1-6.

John, U., Meyer, C., Rumpf, H. J., & Hapke, U. (2D(Belf-efficacy to refrain
from smoking predicted by major depression andtmeadependence.
Addictive Behaviours, 2857-866.

Jolly, J. B., Dyck, M.J., Kramer, T. A., & Wherrd, N. (1994). Integration of
positive and negative affectivity and cognitive tnt specificity:
improved discrimination of anxious and depressimaoms.Journal

of Abnormal Psychology, 10344-552.



228

Jones, H. E., & Griffiths, R. R. (2003). Oral cafie maintenance potentiates
the reinforcing and stimulant subjective effectsntfavenous nicotine in
smokersPsychopharmacology, 16380-290.

Kalman, D., & Smith, S. S. (2005). Does nicotinevdtat | think it does? A
meta-analytic review of the subjective effects iabtine in nasal spray
and intravenous studies with smokers and nonsmakerstine and
Tobacco Research, 317-333.

Kambouropoulos, N., & Staiger, P.K. (2001). Thduahce of sensitivity to
reward on reactivity to alcohol-related cu@ddiction, 96 1175-1185.

Kandel, D. B., Chen, K., Warner, L. A., Kessler,@r, & Grant, B. (1997).
Prevalence and demographic correlates of symptdhast year
dependence on alcohol, nicotine, marijuana, acdine in the U.S.
populationDrug and Alcohol Dependence,,21.1-216.

Kanner, A. D., Coyne, J. C., Schaefer, C., & LagaR1 S. (1981). Comparison
of two models of stress measurement: daily hassidauplifts versus
major life eventsJournal of Behavioural Medicine, 4-39.

Kassel, J. D. (1997). Smoking and attention: aeweand reformulation of the
stimulus-filter hypothesilinical Psychology Reviews, 1451-478.

Kassel, J. D., & Shiffman, S. (1997). Attentionaddration of cigarette
smoking’s effect on anxietydealth Psychology, 1@59-368.

Kenford, S. L., Smith, S. S., Wetter, D. W., Jongrd. E., Fiore, M. C., &
Baker, T. B. (2002). Predicting relapse back toldang contrasting
affective and physical models of dependedoeirnal of Consulting and

Clinical Psychology, 7(®16-227.



229

Kenny, P. J., & Markou, A. (2006). Nicotine selfraithistration acutely
activates brain reward systems and induces a lastgify increase in
reward sensitivityNeuropsychopharmacology, 31203-1211.

Kerr, J. S., Sherwood, N., & Hindmarch, I. (1998¢parate and combined
effects of the social drugs on psychomotor perforcea
Psychopharmacology, 10413-119.

Kessler, D. A., Natanblut, S. L., Wikenfield, J, Borraine, C. C., Mayl, S. L.,
Bernstein, I. B. G., et al. (1997). Nicotine addin, a paediatric disease.
Journal of Paediatrics, 13(b18-524.

Killen, J. D., Robinson, T. N., Haydel, K. F., Hagxd, C., Wilson, D. M.,
Hammer, L. D., et al. (1997). Prospexstudy of risk factors for the
initiation of cigarette smokindpurnal of Consulting and Clinical
Psychology, 63011-1016.

Kinnunen, T., Doherty, K., Militello, F. S., & Gaay, A. J. (1996). Depression
and smoking cessation: characteristics of depdess®kers and effects
of nicotine replacement therapipurnal of Consulting and Clinical
Psychology, 64791-798.

Knott, V., Bosman, M., Mahoney, C., Llivitsky, \&, Quirt, K. (1999). Single
dose effects on mood, EEG, performance and ev&tedepotentials.
Pharmacology, Biochemistry and Behaviour, 833-261.

Knott, V., Kerr, C., Hooper, C., & Lusk-Mikkelse8, (1995). Cigarette
smoking and event-related brain electrical poté{ERP) topographies
associated with attentional distractive procedses. Domino (Ed.),
Brain imaging of nicotine and tobacco smok{pg. 191-121). NPP

Books, Ann Arbor.



230

Knutson, B., Adams, C. M., Fong, G. W., & Hommer,(B001). Anticipation
of increasing monetary reward selectively recraitsleus accumbens.
The Journal of Neuroscience,,ZIE5.

Koob, G. F. (1996). Drug addiction: the yin and gari hedonic homeostasis.
Neuron, 16893-896.

Koob, G., & LeMoal, M. (1997). Drug abuse: Hedohameostatic
dysregulationScience, 2782-58.

Koob, G. F., & LeMoal, M. (2001). Drug addictionystegulation of reward and
allostasisNeuropsychopharmacology, ,2%/7-129.

Koob, G. F., & Le Moal, M. (2005). Plasticity ofward neurocircuitry and the
‘dark side’ of drug addictiorNature Neuroscience, 8442-1444.,

Koob, G. F., & Weiss, F. (1992). Neuropharmacolofjgocaine and ethanol
dependencdrecent Developments in Alcoholism, 201-233.

Kornetsky, C., Esposito, R. U., McLean, S., & Jamwh J. O. (1979).

Intracranial self-stimulation thresti&l A model for the hedonic effects
of drugs of abusarchives of General Psychiatry, 3839-292.

Kozlowski, L. T., Heatherton, T. F., & Ferrence,(R989). Pack size, reported
cigarette smoking rates and the heaviness of srgo&isnadian Journal
of Publick Health, 80266-270.

Kozlowski, L. T, Porter, C. Q., Orleans, C. T., Bopl. A., & Heatherton, T.
(1994). Predicting smoking cessation with self-régd measures of
nicotine dependence: FTQ, FTND and HIBug and Alcohol
Dependence, 3£211-216.

Kuhar, M. J., & Pilotte, N. S. (1996). Neurochenhiciaanges in cocaine

withdrawal. TIPS, 17 260-264.



231

Kumari, V., Checkley, S. A., & Gray, J. A. (199&)fect of cigarette smoking
on prepulse inhibition of the acoustiartle reflex in healthy male
smoker$2sychopharmacology, 1284-60.

Kumari, V., Cotter, P. A., Checkley, S. A., & Graly,A. (1997). Effect of acute

subcutaneous nicotine on prepulse inhibition ofabeustic startle reflex
in healthy male nonsmokemsychopharmacology, 13389-395.

Lam, T. H., Li, Z. B., Ho, S. Y., Chan, W. M., H, S., Li, M. P., et al. (2004).
Smoking and depressive symptoms in €darelderly in Hong-Kong.

Acta Psychiatrica Scandinavia, 1,1195-200.

Landers, D. M., Crews, D. J., Boutcher, S. H., 8&mJ. S., & Gustafsen, S.
(1992). The effects of smokeless tobacco on pedaoa and
psychological respons®ledicine and Science in Sports and Exercise,
24, 895-903.

Lang, P. J., Bradley, M. M., & Cuthbert, B. N. (B)Onternational affective
picture system (IAPS): Instruction manual and ditecratings(Tech.
Rep. A-6). University of Florida, Center for Resgam
Psychophysiology

Lapin, E. P., Maker, H. S., Sershen, H., & Lajtha(1989). Action of nicotine.
European Journal of Pharmacology, 1&3-59.

Larsen, R. J., & Dienner, E. (1992). Promises anthlpms with the circumplex
model of emotion. In M. S. Clark (BdReview of personality and social
psychology: EmotiofVol. 13, pp. 25-59). Newbury Park, CA: SAGE.

Lemke, M. R. (2002). Effects of reboxetine on dspien in Parkinson’s

diseaseJournal of Clinical Psychiatry, 6300-304.



232

Lemke, M. R., Brecht, H. M., Koester, J., & ReichmaH. (2006). Effects of
the dopamine agonist pramipexole on depressiorgdarhia and motor
functioning in Parkinson’s diseaskurnal of the Neurological Sciences,
248 266-270.

Lemke, M. R., Brecht, H. M., Koester, J., KrausHP,..& Reichmann, H.
(2005). Anhedonia, depression and motor functiomngarkinson’s
disease during treatment with pramipexdlaurnal of Neuropsychiatry
and Clinical Neuroscience, 1214-220.

Lerman, C., Audrain, J., Orleans, C. T., Boyd,®ld, K., Main, D., et al.
(1996). Investigation of mechanismgilig depressed mood to nicotine
dependencAddictive Behaviours, 2B-19.

Levin, E. D., Conners, C. K., Silva, D., Canu, \& March, J. (2001). Effects of
chronic nicotine and methylphenidate in adultdwaittention
deficit/hyperactivity disordeExperimental and Clinical
Psychopharmacology(®), 83-90.

Lilly, J. C. (1958). Some considerations regardiagic mechanisms of positive
and negative types of motivatiosmerican Journal of Psychiatry, 115

498-504.

MacLeod, A. K., & Conway, C. (2005). Well=being atie anticipation of
future positive experiences: the role of incomejametworks and
planning ability.Cognition and Emotion, 1857-374.

Madden, P. A. F., Bucholz, K. K., Dinwiddie, S. Blutske, S. W., Bierut, J. L.,
Stathan, J. D., et al. (1997). Nicotine withdramalvomen.Addiction,

9%7), 889-902.



233

Mahl, G. F., Rothenberg, A., Delgado, J. M. R., &tplin, H. (1964).
Psychological responses in the human to intracarebectrical
stimulation.Psychosomatic Medicine, 2837-368.

Mancuso, G., Andres, P., Ansseau, M., & Tirelli(E999). Effects of nicotine
administered via transdermal delivery system orange: a releated
measure study’sychopharmacology, 1428-23.

Mansvelder, H. D., Keath, J. R., & McGeehe, D.2D0). Synaptic
mechanisms underlie nicotine-induced excitability@in-reward areas.
Neuron, 33905-919.

Markou, A., & Kenny, P. J. (2002). Neuroadaptatitmshronic exposure to
drugs of abuse: relevance to depressive symptoawptaleen across
psychiatric diagnostic categori@¢eurotoxicity Research, 297-313.

Markou, A., Kosten, T. R., & Koob, G. F. (1998).Nebiological similarities
in depression and drug dependence: a self-medichyipothesis.
Neuropsychopharmacology, 18(285-174.

Marlatt, G. A., Baer, J. S., Donovan, D. M., & Kavlan, D. R. (1988).
Addictive Behaviours: Etiology and Tme&nt.Annual Review of
Psychology, 3223-252.

Martin, W. R., & Sloan, J. W. (1977). Neuropharmagy and neurochemistry
of subjective effects, analgesia, tahee and dependence produced by
narcotic analgesics. In: Martin, W.R. (EdDyug Addiction I(Vol. 45/1,
pp. 43-157). Heidelberg: Springer-Verlag.

Martin-Soelch, C., Leenders, K. L., Chevalley, A. Missimer, J., Kunig, G.,
Magyar, S., et al. (2001). Reward mechanismserbtiain and the role

of dependence: evidence from neuromhgygical and neuroimaging



234

studieBrain Research Reviews,,3639-149.

Martin-Soelch, C., Missimer, J., Leenders, K. L.S&hultz, W. (2003). Neural
activity related to the processing of increasingietary reward in
smokers and nonsmokeEuropean Journal of Neuroscience, 580-
688.

Martin-Solch, C., Magyar, S., Kinig, G., Missimér, Schultz, W., & Leenders,
K. L. (2001). Changes in brain activation assocdatgh reward
processing in smokers and nonsmokers. A positraaseom tomography
study.Experimental Brain Research, 13278-286.

McAdams, D. P., & Constantian, C. A. (1983). Intoyiand affiliation motives
in dalily living: an experience sampling analysisurnal of Personality
and Social Psychology, 4851-861.

McChargue, D. E., Cohen, L. M., & Cook, J. W. (2R0Zhe influence of
personality and affect on nicotine dependence amuadg colledge
studentsNicotine & Tobacco Research, B87-294.

McEvoy, J. P., & Lindgren, J. (1996). Smoking aotizophreniaDrug
Development Research,,383-266.

McNeill, A. P., West, R. J., Jarvis, M., Jackson,&Bryant, A. (1986).

Cigarette withdrawal symptoms in adoéed smokers.
Psychopharmacology, 9633-536.

Mehrabian, A. (1998). Comparison of the PAD and R&Nas models for

describing emotions and for differentiating anxigym depression.

Journal of Psychopathology and Behavioural Assessmé§ 331-357.



235

Miliaressis, E., Rompre, P. P., Laviolette, P. liBpe, L., & Coulombe, D.
(1986). The curve-shift paradigm in self-stimulatiBhysiology &
Behaviour, 3785-91.

Mirenowicz, J., & Schultz, W. (1996). Preferentiativation of midbrain
dopamine neurons by appetitive rather than avestinauli. Nature,
379, 449-451.

Moal, M. L. (1995). Mesocorticolimbic dopaminergieurons functional and
regulatory roles. In E. Borroni & D. J. Kupper (Edls
Psychopharmacology: the forth generation of prog(ep. 283-294)
New York: Raven Press Ltd.

Mogenson, G. J. (1971). Stability and modificatadrconsummatory behaviours
elicited by electrical stimulation of the hypothalas. Physiology &
Behaviour, 6255-260.

Mogenson, G. J. (1973). Hypothalamic limbic mecs@as in the control of
water intake. In A. N. Epstein, H. Kissileff, & Btellar (Eds.)The
neuropsychology of thirgpp. 119-142). New York: Winston.

Montgomery, S. A., & Asberg, M. (1979). A new degs®n scale designed to
be sensitive to changBritish Journal of Psychiatry, 13882-389.

Moolchan, E. T., Radzius, A., Epstein, D. H., UBI, Gorelick, T. A., Cadet, J.
P., et al. (2002). The Fagerstrom Test for Nicobependence and the
Diagnostic Interview Schedule. Dothey diagnosestimae smokers?
Addictive Behaviours, 27201-113.

Murray, C. J. L., & Lopez, A. D. (1997). Alternagiyprojections of mortality

and disability by cause 1990-2020bgldourden of disease studyhe

Lancet, 349498-1504.



236

Nathans-Barel, I., Feldman, P., Berger, B., Mota& Silver, H. (2005).
Animal-assisted therapy ameliorates anhedoniahizgphrenia patients.
Psychotherapy and Psychosomatics, 3435.

Nestler, E. J. (2001). Molecular basis of long¥tgrasticity underlying
addiction.Nature Reviews Neuroscience 129-128.

Newhouse, P. A., Sunderland, T., Narang, P. K.]J&¥elA. M., Fertig, J. B.,
Lawlor, B. A., et al. (1990). Neuroendocrine, ploysgic and
behavioural responses following intravenous ni@itmnon-smoking
healthy volunteers and in patients with Alzheimeli'sease
Psychoneuroendocrinology, 1%71-484.

Niaura, R., Shadel, W., Goldstein, M., Hutchindén,& Abrams, D. (2001).
Individual differences in responses to the firglacette following
overnight abstinence in regular smok&gotine & Tobacco Research,
3, 37-44.

Nisell, M., Nomikos, G. G., & Svensson, T. H. (199%hfusion of nicotine in
the ventral tegmental area or the nucleus accumifethe rat
differentially affects accumbal dopamine rele&garmacology and
Toxicology, 75348-352.

Noble, E. P. (1997). Phenotypic expression of tBedDpamine receptor: a
reinforcement or reward genBtlogical Psychiatry, 42295S.

Noble, E. P., Jeor, S. T., & Ritchie, T. (1994).-8&amine receptor gene and
cigarette smoking: a reward gend@dical Hypothesis, 4257-260.

Olds, J. (1958). Satiation effects in self-stimwalatof the brain. Journal of
Comparative and Physiological Psychology, 51, 678-1n J.W. Kalat

(Ed.Biological Psychology(8" ed., p.452). Thompson, Wadsworth.



237

Olds, J. (1973). Commentary. In N.R. Carlson (Bébyndations of
Physiological Psycholog$rd ed., p. 360). Simon & Schuster
Company: Needman Heights, Massachsisett

Olds, J., & Milner, P. (1954). Positive reinforcam@roduced by electrical
stimulation of the septal area and other regidrikerat brain. In J. W.

Kalat (Ed.)Biological Psychology8™ ed., p. 360). Thompson,
Wadsworth.

Olds, M. E., & Frobes, J. L. (1981). The centradibaf motivation: intracranial
self-stimulation studie®Annual Review of Psychology,, 23-574.

Ostir, G. V., Smith, P. M., Smith, D., & Kenneth, @Q005). Reliability of the
Positive and Negative Affect Schedule (PANAS) indical
rehabilitation.Clinical Rehabilitation, 19767-769.

Panagis, G., Hildebrand, B. E., Svensson, T. HNa&nikos, G. G. (2000).
Selective c-fos induction and decreased dopamieage in the central
nucleus of amygdala in rats displaying a mecamyianpirecipitated
nicotine withdrawal syndromeSynapse, 35,5-25.

Parkin, C., Fairweather, D. B., Shamsi, Z., Stanky & Hindmarch, I. (1998).
The effects of cigarette smoking on overnight penfance.
Psychopharmacology, 13672-178.

Parrott, A. C. (1998). Nesbitt's paradox resolv&tiess and arousal modulation
during cigarette smokindiddiction, 93 27-39.

Parrott, A. C. (1999). Does cigarette smoking cafisesssAmerican

Psychologist, 54817-820.



238

Parrott, S., Godfrey, C., Raw, M., West, R., & MdN@. (1998). Guidance for
commissioners on the cost-effectiveness of smokasgation
interventionsThorax, 53 1-38S.

Parrott, A. C., & Roberts, G. (1991). Smoking deation and cigarette
reinstatement: effects upon visual attentigournal of
Psychopharmacology, 304-409.

Paterson, D., & Nordberg, A. (2000). Neuronal nitotreceptors in the human
brain.Progress in Neurobiology, 6¥5-111.

Patterson, F., Benowitz, N., Shields, P., KaufmahnJepson, C., Wileyto, P.,
et al. (2003). Individual differences in nicotimtake per cigarette.
Cancer Epidemiology Biomarkers & Prevention, 488-471.

Patton, G. C., Carlin, J. B., Coffey, C., Wolfe, Ribbert, M., & Bowes, G.

(1998). Depression, anxiety and smokmigation: a prospective study
over 3 yeardimerican Journal of Public Health, 88518-1522.
Patton, G. C., Hibbert, M., Rosier, M. J., CarlinB., Caust, J. C., & Bowes, G.
(1996). Is smoking associated with atyxand depression in teenagers?
American Journal of Public Health, 8825-230.

Payne, T. J., Smith, P. O., McCracken, L. M., MagheV. C., & Antony, M.
M. (1994). Assessing nicotine dependence: a cosganf the
Fagerstrom Tolerance Questionnaire (FTQ) with thgefstrom Test for
Nicotine Dependence (FTND) in a clinical sampddictive
Behaviours, 19307-317.

Perine, J. L., & Schare, M. L. (1999). Effect oliosellor and client education
in nicotine addiction on smoking in substance alsigeldictive

Behaviours, 24443-447.



239

Perkins, K. A., Epstein, L. H., Stiller, R. L, Sert J. E., Debski, T. D., &
Jacob, R. G. (1990). Behavioural performance effethicotine in
smokers and nonsmokeRharmacology, Biochemistry and Behaviour,
37, 11-15.

Perkins, K. A., Grobe, J. E., Epstein, L. H., Cadggi A., Stiller, R. L., & Jacob,
R. G. (1993). Chronic and acute tolerance to stivge effects of

nicotinePharmacology, Biochemistry and Behaviour, 835-381.

Perkins, K. A., Grobe, J. E., Fonte, C., & Breus,(1892). “Paradoxical”
effects of smoking on subjective stress versusiaaadcular arousal in
males and femaleBPharmacology, Biochemistry and Behaviour, 42
301-311.

Perkins, K. A., Grobe, J. E., Fonte, C., GoettlelCaggiula, A. R., Reynolds,
W. A., et al. (1994). Chronic and acute toleramcsubjective,
behavioural and cardiovascular effects of nicotmleumansThe
Journal of Pharmacology and Experimental Therapeyt270 628-638.

Perry, M. G. (1985). Self-change strategies forcetrol of smoking, obesity
and problem drinking. In S. Shiffman & T. A. Wil{gds.),Coping and
substance us@@p. 295-317). New York: Academic Press.

Piazza, P. V., Deminiere, J. M., Le Moal, M., & $m H. (1990). Stress- and
pharmacologically-induced behavioural sensitizaticreases
vulnerability to the acquisition of amphetaminé-selministration.

Brain Research, 5142-26.

Piazza, P. V., & Le Moal, M. (1997). Gluccocortidsias a biological substrate

for reward: physiological and pathophysiologicaplioations.Brain

Research Reviewg5, 359-372.



240

Piazza, P. V., & Le Moal, M. (1998). The role afests in drug self-
administrationTIPS, 19 67-74.

Pickering, A. D., Corr, P. J., Powell, J. H., Kuma&t., Thornton, J. C., & Gray,
J. A. (1997). Individual differences in reactiong¢inforcing stimuli are
neither black nor white. To what extend are thegy@rin: H. Nyborg
(Ed.), The Scientific Study of Human Nature: Tribute tonsld. Eysenck
at Eighty(pp. 36-67). Oxford: Pergamin.

Pluck, G. C., & Brown, R. G. (2002). Apathy in Piadon’s diseaselournal of
Neurology, Neurosurgery and Psychiatry, 836-642.

Pomerleau, C. S., Carton, S. M., Lutzke, M. L.sBland, K. A., & Pomerleau,
O. F. (1994). Reliability of the Fagerstrom TolerarQuestionnaire and
the Fagerstrom Test for Nicotine DependeAaidictive Behaviours, 19
33-39.

Pomerleau, C. S., Majchrezak, M. I., & Pomerleaui-(@1989). Nicotine
dependence and the Fagerstrom Tolerance Questienadrief review.
Journal of Substance AbuseAT71-477.

Pomerleau, C. S., & Pomerleau, O. F. (1992). Euphbeffects of nicotine in
smokersPsychopharmacology, 10812-518.

Pomerleau, C. S., Pomerleau, O. F., Majchrezall,,Mloska, D. D., &
Malakuti, R. (1990). Relationship betmenicotine tolerance
guestionnaire scores and plasma cetidddictive Behaviours, 153-

80.

Pomerleau, O. F., & Pomerleau, C. S. (1984). Neguators and the
reinforcement of smoking: towards a biobehavioeragdlanation.

Neuroscience and Behavioural ReviewH@3-513.



241

Pomerleau, O. F., & Pomerleau, C. S. (1994). Euphbeffects of nicotine.
Tobacco Control, 3374.

Pontieri, F. E., Tanda, G., Orzi, F., & Di Chiafa, (1996). Effects of nicotine

on the nucleus accumbens and simjltzithose of addictive drugs.
Nature, 382255-257.

Popke, E. J., Mayorga, A. J., Fogle, C. M., & PadleG. (2000). Effect of
acute nicotine on several operant behaviours g P&iarmacology
Biochemistry and Behaviour, 6847-254.

Poulos, C. X., Hinson, R. E., & Siegel, S. (198)e role of Pavlovian

processes in drug tolerance and degyexad Implications for treatment.
Addictive Behaviours, €05-211.

Powell, J. (1995). Conditioned responses to driafed stimuli: is context
crucial?Addiction, 90 1089-1095.

Powell, J., Al-Adawi, S., Morgan, J., & Greenwo®d,J. (1996). Motivational
deficits after brain injury: effects of bromoctipe in 11 patients.
Journal of Neurology, Neurosurgery and Psychiaf,416-421.

Powell, J., Dawkins, L., & Davis, R. E. (2003moking, reward responsiveness
and response inhibition: Tests of an Incentive Maitonal Model.
Biological Psychiatry, 51151-163.

Powell, J. H., Pickering, A. D., Dawkins, L., WeRt, & Powell, J. F. (2004).
Cognitive and psychological correlates of smokibgtimence, and
predictors of successful cessatidwldictive Behaviours, 29407-1426.

Radzius, A., Gallo, J. J., Epstein, D. H., Golelid. A., Cadet, J. L., Uhl, G.
E., et al. (2003). A factor analysis of the Fagérst Test for Nicotine

Dependence (FTNDNicotine & Tobacco Research, 265-260.



242

Reilly, M. A., Lapin, E. P., Maker, H. S., & LajthA. (1987). Chronic nicotine
administration increases binding of [3H]domperidaneat nucleus
accumbensJournal of Neuroscience Research, 681-625.

Repetto, P. B., Caldwell, C. H., & Zimmerman, M.(2005). A longitudinal
study of the relationship between dsgiree symptoms and cigarette use
among African-American adolescehrtsalth Psychology, 24209-219.

Richardson, M., Powell, J. H., & Curran, V. (300Effects of cigarette smoking
on reward responsivity and cognitive function iaibrinjured

individualsNeuropsychological Rehabilitation, 1365-378.

Robbins, T. W., Cador, M., Taylor, J. R., & Evert J. (1989). Limbic-striatal
interactions in reward-related proces$ésuroscience and
Biobehavioural Reviews, 1355-162.

Robbins, T. W., & Everitt, B. J. (1999). Drug adtha: bad habits add up.
Nature, 398567-570.

Roberts, W. W. (1958). Both rewarding and punislaffgcts from stimulation
of posterior hypothalamus of cat with same eledratdsame intensity.

Journal of Comparative and Physiological Psycholdsfly 400-407.

Robinson, T. E., & Berridge, K. C. (1993). The raddrasis of drug craving: an
incentive-sensitization theory of addicti@rain Research Reviews,,18
247-291.

Rodway, P., Dienes, Z., & Schepman, A. (2000). dtfects of cigarette
smoking on negative primingxperimental and Clinical

Psychopharmacology, 804-111.



243

Roesch, S. C. (1998). The factorial validity ofttpgositive affect scores:
confirmatory factor analyses of unidimensional amdtidimensional
models.Educational and Psychological Measurement, 41-466.

Rojas, N. L., Killen, J. D., Haydel, K. F., & Rolsion, T. N. (1998). Nicotine
dependence among adolescent smokerhives of Paediatrics and
Adolescent Medicine, 15251-156.

Roth, N., & Battig, K. (1991). Effects of cigaretmoking upon frequencies of
EEG alpha rhythm and finger tappirRgychopharmacology, 10%86-
190.

Routtenberg, A., & Lindy, J. (1965). Effects of tneailability of rewarding
septal and hypothalamic stimulation on bar prestkinfpod under
conditions of deprivationlournal of Comparative and Physiological
Psychology, 60158-161.

Royal College of Physicians (200R)icotine Addiction in BritainA Report of

the Tobacco Advisory Group of the Rdyallege of Physicians.

Rowell, P. P., Carr, L. A., & Garner, A. C. (198%}imulation of dopamine
release by nicotine in rat nucleus accumbéasrnal of Neurochemistry,
49, 1449-1454.

Russell, J. A. (1980). A circumplex model of affeliturnal of Personality and
Social Psychology, 39161-1178.

Russell, J. A. (1991). Culture and the categoosatif emotionsPsychological
Bulletin, 110 426-450.

Russell, J. A., & Feldman Barrett, L. (1999). Caffect, prototypical emotional
episodes and other things called emotion: dissgttia elephant.

Journal of Personality and Social Psychology, 865-819.



244

Russell, M. A. H., Peto, J., & Patel, U. A. (1974)he classification of smoking
by factorial structure and motivéournal of the Royal Statistical
Society, 137313-346.

Russell, M. A. H., Stapleton, J., Feyerbend, Cséffian, S. M., & Gustavsson,
G. (1993). Targeting heavy smokersaneagal practice: randomised
control trial of transdermal nicotinatghesBritish Medical Journal,
3061308-1312.

Ruth, K. J., & Neaton, J. D. (1991). Evaluatiortwb biological markers of

tobacco exposur@reventive Medicine, 26,74-589.

Salamone, J. D. (1994). The involvement of nuckaeimbens dopamine in
appetitive and aversive motivatiddehavioural Brain Research, 61
117-113.

Salokangas, R. K., Vilkman, H., llonen, T., Taimnd&., Bergman, J.,
Haaparanta, et al. (2000). High levels of dopanaktevity in the basal
ganglia of cigarette smoke®smerican Journal of Psychiatry, 15832-
634.

Schneider, B. A., & Shiffrin, R. M. (1977). Contiedl and automatic human
information processing: I. Detection, search amergibn.Psychological
Review, 841-66.

Schultz, W., Dayan, P., & Montague, P. R. (199%)neural substrate of
prediction and rewardScience, 2751593-1599.

Schultz, W., Tremblay, L., & Hollerman, J. R. (199&eward prediction in
primate basal ganglia and frontal cortéeuropharmacology, 3421-

429.



245

Schuster, C. R., & Johanson, C. E. (1973). Behasl@nalysis of opiate
dependence. In S. Fisher, A. M. Freedman, V. Wh3din, & Sons
(Eds.),Opiate addiction: Origins and treatmefgp. 77-92).
Washington: Winston.

Self, D. W., & Nestler, E. J. (1995). Molecular rhanisms of drug
reinforcement and addictioAnnual Reviews Neuroscience, 483-
495.

Sem-Jacobsen, C. W. (1976). Electrical stimulasiod self-stimulation with
chronic implanted electrodes: interpretation arithlié of results. In A.
Wauquier & E. T. Rolls (Eds.Brain stimulation rewardpp. 505-520).
Amsterdam: Elsevier-North Holland.

Sherwood, N. (1993). Effects of nicotine on humanghomotor performance.
Human Psychopharmacology, B565-184.

Sherwood, N. (1995). Effects of cigarette smokingoerformance in a
simulated driving taskNeuropsychobiology, 3261-165.

Sherwood, N., Kerr, J. S., & Hindmarch, 1. (19923ychomotor performance in
smokers following single and repeated doses oftimeagum.
Psychopharmacology, 10832-436.

Shiffman, S. (1993). Assessing smoking patternsnaotives.Journal of
Consulting and Clinical Psychology, 6432-742.

Shiffman, S. M., & Jarvik, M. E. (1976). Smokingtharawal symptoms in two
weeks of abstinenc@sychopharmacology, 585-39.

Siegel, S. (1983). Classical conditioning, drugtahce and drug dependence.

In Y. Israel, F. B. Glaser, H. Kalant, R. E. Poph&wh Schmidt & R. G.



246

Smart (Eds.)Research advances in alcohol and drug probléms 7,
pp. 207-246). New York: Plenum Press.

Silver, H., & Shlomo, N. (2002). Anhedonia and gdphrenia: how much is in
the eye of the beholde€@omprehensive Psychiatry, 435-68.

Simonson, E., & Enzer, N. (1941). Measurement sioiu frequency of flicker
as a test for fatigue of the central nervous systdiservations on
laboratory technicians and office workelsurnal of Industrial Hygiene
and Toxicology, 2383.

Sinden, J. D., & Atrens, D. M. (1982). Dopaminergitd noradrenergic
inhibition of hypothalamic self-stimulation: diffentiation of reward and
performance effect&€uropean Journal of Pharmacology, &87-246.

Small, D. M., Zatorre, R. J., Dagher, A., Evans(A. & Jones-Gotman, M.
(2001). Changes in brain activity relating to egtimocolate: from
pleasure to aversioBrain, 124 1720-1733.

Smith, J. M., & Misiak, H. (1976). Critical flickdrequency (CFF) and
psychotropic drugs in normal human subjects: aexvi
Psychopharmacology, 4175-182.

Smith, S. S., Jorenby, D. E., Leischow, S. J., Blidé. A., Rennard, S. 1.,
Johnston, A., et al. (2003). Targeting smokers@ateiased risk for
relapse: treating women and those with a histoigepiressionNicotine
& Tobacco Research, 99-109.

Smith, T. A., House, R. F., Croghan, I. T., GauvinR., Colligan, R. C.,
Offord, K. P., et al. (1996). Nicotipatch therapy in adolescent

smoker$aediatrics, 98659-667.



247

Smolka, M. N., Budde, H., Karow, A., & Schmidt, G. (2004).
Neuroendocrinological and neuropsychological cates of
dopaminergic function in nicotine dependerfégychopharmacology,
175 374-381.

Snaith, P. (1993). Anhedonia: a neglected sympmibpsychopathology.
Psychological Medicine, 2357-966.

Snaith, R. P., Hamilton, M., Morley, S., Humayan, Aargreaves, D., &
Trigwell, P. (1995). A Scale for the Assessmentietionic Tone: The
Snaith-Hamilton Pleasure Scalxitish Journal of Psychiatry, 16 BD9-
103.

Snyder, F. R., & Henningfield, J. E. (1989). Efteof nicotine administration
following 12h of tobacco deprivation: assessment@mputerized
performance task&®sychopharmacology, 917-22.

Soanes, C., & Stevenson, A. (2008xford Dictionary of EnglistfRev. ed.).
Oxford, UK.

Solomon, R. L., & Corbit, J. D. (1974). An oppong@nbcess theory of
motivation, I: temporal dynamics éfieat. Psychological Review, 81
119-145.

Solomon, R.L., & Corbit, J.D. (1977). An opponemnbgess theory of acquired
motivation, Il: cigarette addictiafournal of Abnormal Psychology,
81158-171.

Soria, R., Stapleton, J. M., Gilson, S. F., SamgSone, A., Henningfield, J. E.,
& Jomdinn, E. D. (1996). Subjectivelaardiovascular effects of
intravenous nicotine in smokers aadsmokers.

Psychopharmacology, 12821-226.



248

Spanagel, R., & Weiss, F. (1999). The dopamine thgsis of reward: past and
current statu$§rends in Neurosciences, , Z21-527.

Spilich, G. J., June, L., & Renner, J. (1992). Gage smoking and cognitive
performanceBritish Journal of Addiction, 8§71313-1326.

Stanton, W. R. (1995). Tobacco dependence andrgudtring late
adolescenceédddictive Behaviours, 2695-603.

Stein, E. A., Pankiewicz, M. D., Harsch, H. H., CBoK., Fuller, S. A,,
Hoffmann, R. G., et al. (1998).cbline-induced limbic cortical
activation in the human brain: Aétional MRI study.American
Journal of Psychiatry, 155)09-1015.

Stellar, J. R., & Stellar, E. (1985)he neurobiology of motivation and reward
Springer-Verlag New York, Inc.

Stevens, A., Schwarz, J., Schwarz, B., Ruf, |.t&oIT., & Czekalla, J. (2002).
Implicit and explicit learning in schizophrenicedted with olanzapine
and with classic neuroleptid@sychopharmacology, 16299-306.
Stewart, J., De-Wit, H., & Eikelboom, R. (1984).I&of conditioned and
unconditioned drug effects in self-admiratn of cocaine and
Stimulantd®2sychological Review, 9251-268.
Stolerman, 1. P., & Jarvis, M. J. (1995). The stifencase that nicotine is
addictiveRsychopharmacology, 112-10.
Stroop, J. R. (1935). Studies of interference makgerbal reactionslournal of
Experimental Psychology, 683-661.
Strug, P. L., Priadarsini, S., & Hyman, M. M. (198®itroduction. In P. L.

Strug, S. Priadarsini, & M. M. Hyman (EdsAJcohol interventions:



249

Historical and sociocultural approaché€pp. 1-22). New York:
Haworth.

Tate, J. C., & Stanton, A. L. (1990). Assessmerthefvalidity of the reasons
for smoking scal@ddictive Behaviours, 139.29-135.

Taylor, J. R., & Robbins, T. W. (1984). Enhancetawoural control by
conditioned reinforcers following microinjectionadramphetamine into
the nucleus accumber@sychopharmacology, 8405-412.

Tcheremissine, O. V., & Krupitsky, E. M. (2004). Webiological approach to
treatment of addictiorAddictive Disorders and their Treatment43-
49.

Tellegen, A., Watson, D., & Clark, L. A. (1999). @re dimensional and
hierarchical structure of affedsychological Science, 1297-303.

Terry, P., & Katz, J. L. (1997). Dopaminergic meiia of the discriminative
stimulus effects of buproprion in raBsychopharmacology, 13201-
212.

Thayer, R. E. (1989 he biopsychology of mood and activatibiew York:
Oxford University Press.

Thorndike, E. L. (1911)Animal IntelligenceNew York: Macmillan.

Tidey, J. W., Rohsenow, D. J., Kaplan, G. B., & BWR. M. (2005). Subjective
and physiological responses to smoking cues in snsokith
schizophreniaNicotine & Tobacco Research, 421-429.

Tiffany, S. T. (1992). A critique of contemporarsge and craving research:
Methodological, psychometric and theoretical issAelvances in

Behavioural Research and Therapy, 123-139.



250

Tiffany, S. T., & Carter, B. L. (1998). Is cravitige source of compulsive drug
use?Journal of Psychopharmacology,,123-80.

Tiffany, S. T., & Drobes, D. J. (1991). The devetmmnmt and initial validation of
a questionnaire of smoking urg&sitish Journal of Addiction, 86
1467-1476.

Tipper, S. P. (1985). The negative priming effadtibitory priming by ignored
objectsThe Quarterly Journal of Experimental Psychologg;, 57 1-

590.

Tomarken, A. J., & Keener, A. D. (1998). Frontahibrasymmetry and
depression: a self-regulatory perspecCognition and Emotion, 12
387-420.

Tremblay, L. K., Naranjo, C. A., Cardenas, L., theann, N. H., & Busto, U. E.

(2002). Probing brain reward system function inonaepressive
disorderArchives of General Psychiatry, 5809-416.

Tremblay, L. K., Naranjo, C. A., Graham, S. J.,id&ann, N., Mayberg, H. S.,
Havenor, S., et al. (2005). Functional neuroamatal substrates of
altered reward processing in majordgsgive disorder revealed by
dopaminergic probérchives of General Psychiatry, 6P228-1236.

Tucha, O., & Lange, K. W. (2004). Effects of nicmtichewing gum on a real-
life motor task: a kinematic analysirandwriting movements in
smokers and nonsmokétsychopharmacology, 1739-56.

UNDCP / WHO Informal Expert Committee éme Craving Mechanism
Report (1992)United Nations International Drug Control Prograenm
and World Health Organisation technreglort series (No.V.92-

54439T).



251

Ungerstedt, U. (1971). Stereotaxic mapping ofrttemoamine pathways in the

rat brainActa Physiologica Scandinavica, 3a@748.

United States Department of Health and Human Ses\jt988)The Health
Consequences of Smoking: Nicotine AddictloReport of the Surgeon
General, DHHS Publication no. CDC 88-8406. WastiongDC:
Government Printing Office.

United States Department of Health and Human Ses\it994a)Preventing
Tobacco Use Among Young PeopldReport of the Surgeon General.
Atlanta, GA: US Department of Health and Humarvigses, Public
Health Service, Centers for Disease Control aegdéhtion, National
Center for Chronic Disease Prevention and HealtmBtion, Office on
Smoking and Health.

United States Department of Health and Human Ses\it994b). Reasons for
tobacco use and symptoms of nicotine withdrawalragradolescent and
young adult tobacco users — United Statésrbidity and Mortality
Weekly, 4345-750.

Uysal, M. A., Kadakal, F., Karsidag, C., Bayram,®, Uysal, O., & Yilmaz,
V. (2004). Fagerstrom Test for Nicotine Dependenekability in a
Turkish sample and factor analysigiberkiloz ve Toraks Dergisi, 52
115-121.

Vink, J. M., Willemsen, G., Beem, A. L., & Boomsnia, |. (2005). The
Fagerstrom Test for Nicotine Dependence in a Dsghple of daily

smokers and ex-smokeisddictive Behaviours, 3&75-579.



252

Volkow, N. D., Fowler, J. S., & Wang, G. J. (200Rple of dopamine in drug
reinforcement and addiction in humans: results frmaging studies.
Behavioural Pharmacology, 1355-366.

Volkow, N. D., Fowler, J. S. Wang, G.J., & GoldsteR. Z. (2002). Role of
dopamine, the frontal cortex and memory circuitdmng addiction:
insights from imaging studiebleurobiology of Learning and Memory,
78, 610-624.

Volkow, N. D., Wang, G., Fowler, J. S., Logan,G@atley, S. J., Wong, C., et al.
(1999). Reinforcing effects of psychostimulanthiimans are associated
with increases in brain dopamine and occupancy.atbeptorsThe
Journal of Pharmacology and Experimental Therapeyt291 409-415.

Wachtel, P. L. (1967). Conceptions of broad andavaattention.
Psychological Bulletin, 68417-429.

Wada, J. A., Matsuda, M., Jung, E., & Hamm, A.1270). Mesencephalically
induced escape behaviour and avoidance performBrperimental
Neurology, 29215-220.

Waller, D., & Levander, S. (1980). Smoking and hagce: the effects of
tobacco smoking on CFF is related to personalitysanoking habits.
Psychopharmacology, 7231-136.,

Warburton, D. M., & Arnall, C. (1994). Improvemernsperformance withouit
nicotine withdrawalPsychopharmacology, 11539-542.

Warburton, D. M., & Mancuso, G. (1998). Evaluatmirthe information
processing and mood effects of a transdermal megtatch.

Psychopharmacology, 13305-310.



253

Watkins, S. S., Epping-Jordan, M. P., Koob, G&Markou, A. (1999).
Blockade of nicotine self-administration with nita antagonists in rats.

Pharmacology, Biochemistry & Behaviour,, @23-751.

Watson, D. (1988). The vicissitudes of mood measerg: effects of varying
descriptors, time frames and response formats @sunes of positive
and negative affecfiournal of Personality and Social Psychology, 55
128-141.

Watson, D., & Clark, L. A. (1994Manual for the Positive and Negative Affect
Scheduldexpanded form Unpublished manuscript, University of lowa,
lowa City.

Watson, D., & Clark, L. A. (1997). Measurement amgémeasurement of mood:
recurrent and emergent issudsurnal of Personality Assessment, 68
267-296.

Watson, D., Clark, L. A., & Carey, G. (1988). Postand negative affect and
their relation to anxiety and depressive disord&yarnal of Abnormal
Psychology, 9,7346-353.

Watson, D., Clark, L. A., & Tellegen, A. (1988). Bdopment and validation of
brief measures of positive and negative affectRA&IAS scales.
Journal of Personality and Social Psychology, 5d@63-1070.

Watson, D., & Pennebaker, J. (1989). Health comtdastress and distress:
exploring the central role of negative affectiviBsychological Review,
96, 234-254.

Watson, D., & Tellegen, A. (1985). Toward a consahstructure of mood.

Psychological Bulletin, 98219-235.



254

Watson, D., & Walker, L. (1996). The long-term sliépand predictive validity
of trait measures of affectournal of Personality and Social
Psychology, 70567-577.

Wellman, R. J., Savageau, J. A., Godiwala, S., §aa N., Friedman, K.,
Hazelton, J., et al. (2006). A comparison of thekéx on Nicotine
Checklist and the Fagerstrom Test for Nicotine Dejeace in adult
smokersNicotine and Tobacco Research535-580.

Wesnes, K., & Revell, A. (1984). The separate adhined effects of
scopolamine and nicotine on human information psicey.
Psychopharmacology, 858-11.

West, R. J. (1993). Beneficial effects of nicotifeet or fiction?Addiction, 88
589-590.

West, R. J., & Jarvis, M. J. (1986). Effects ofatine on finger tapping rate in
nonsmokersPharmacology, Biochemistry and Behaviour, 287-731.

Wetter, D. W., Smith, S. S., Kenford, S. L., Jorgrb. E., Fiore, M. C., Hurt,
R. D., et al. (1994). Smoking outcome expectandator structure,
predictive validity and discriminant validityournal of Abnormal
Psychology, 103301-811.

White, H., & Levin, E. D. (1999). Chronic four wealcotine skin patch
treatment effects on cognitive perfongegin Alzheimer’s disease.
Psychopharmacology, 14358-165.

Wikler, A. (1948). Recent progress in researchhenrteuropsychological basis
of morphine addictioAmerican Journal of Psychiatry, 10529-338.

Wise, R. A. (1996). Neurobiology of addictidbognitive Neuroscience, 843-

251.



255

Wise, R. A. (2002). Brain reward circuitry: insigiftom unsensed incentives.

Neuron, 36229-240.

Wise, R. A., & Bozarth, M. A. (1987). A psychomogimmulant theory of
addictionPsychological Review, 9469-492.

Wise, R. A., & Munn, E. (1995). Withdrawal from cimic amphetamine
elevates baseline intracranial setfigtation thresholds.
Psychopharmacology, 11730-136.

Wise, R. A., & Rompre, P. P. (1989). Brain dopanand rewardAnnual
Review of Psychology, 4091-225.

Yadin, E., Guarini, V., & Gallistel, C. R. (1983)nilaterally activated systems
in rats self-stimulating at sites in the mediaktmain bundle, medial
prefrontal cortex or locus coerulelrain Research, 2669-50.

Yang, Y. K., McEvoy, J. P., Wilson, W. H., Levin, B., & Rose, J. E. (2003).
Reliabilities and intercorrelations of reported atjective measures of
smoking in patients with schizophren&chizophrenia Research,,6D
12.

Yik, M. S. M., Russell, J. A., & Feldman Barrett, (1999). Structure of self-
reported current affect: integration and beyalalirnal of Personality
and Social Psychology, 7600-619.

Yin, H. H., & Knowlton, B. J. (2006). The role df¢ basal ganglia in habit
formation.Nature Reviews Neuroscience 464-476.

Yoder, K. K., Kareken, D. E., Seyoum, R. A., O'ConrS. J., Wang, C.,
Zheng, Q., et al. (2005). Dopamine D2 receptorlaldity is associated

with subjective responses to alcohol: neurobiolalgisehavioural, and



256

environmental relations to drinkinglcoholism: Clinical and
Experimental Research, 2965-970.

Zarevics, P., & Setler, P. E. (1979). Simultane@ts-independent and rate-
dependent assessment of intracranial self-stinmmaévidence for the
direct involvement of dopamine in brain reinforcermechanisms.
Brain Research, 16%99-512.

Zinser, M. C., Baker, T. B., Sherman, J. E., & GamrD. S. (1992). Relation
between self-reported affect and drug urges aadray in continuing
and withdrawing smokedurnal of Abnormal Psychology, 1@},

617-629.



257

Appendix A

Recruitment Poster

SMOKERS WANTED

For a Psychology experiment looking at:
The experience of reward in nicotine dependence

You can come for testing either after having abst@ifrom smoking overnight
or after having smoked as usual. You will be ast@domplete a task that
consists of three trials and involves sorting candis piles. In one of the trials
you will be given the opportunity to gain some mpiig0 pence for every five
cards sorted).

You will also be asked to fill in three short queshaires.

The session will last 20 minutes.

Payment: £3.5plus the money earned in the card task

(or 2 credits for Psycholagydents)

Please email me ak100@soton.ac.ukif you have any queries, or if you

would like to take part.

You can also log on thttp://www.psychobook.psy.soton.ac.ulkand book a

slot for the experiment ‘reward and nicotine depauz’.

Thank you for your time

Natasha Kalamboka
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Items and scoring for Fagerstrom Test for NicotindDependence (FTND)

Questions Answers

1.

How soon after you wake up Within thates
do you smoke your first cigarette?  -30Bminutes
31-60 minutes

After 60 minutes

Do you find it difficult to refrain Yes

from smoking in places where it No

is forbidden (e.g., in church, at the

library, in cinema, etc.)?

Which cigarette would you hate Tingt one in the morning

most to give up? All others

How many cigarettes/day do you 18

smoke? 11-20
21-30
31or more

Do you smoke more frequently Yes

during the first hours after waking No
than during the rest of the day?

Do you smoke if you are so ill Yes
that you are in bed most of the No

day?

Points

3

2

1
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Appendix C
Items and Scoring for the Snaith — Hamilton Pleasug Scale (SHAPS) and
SHAPS Subscales
This questionnaire is designed to measure yolityata experience pleasure at

the present moment, that is, right ndtns important to read each statement

carefully. Tick oneof the boxes to indicate how much you agree or disagree
with each statement
Agree / Strongly agree = 0

Disagree / Strongly disagree = 1

1. | would enjoy my favourite television programme:
Strongly agree 0
Agree 0
Disagree 0

Strongly disagree  [J

2. | would enjoy being with my family or close friends:
Strongly agree 0
Agree O
Disagree 0

Strongly disagree  [J

3. | would find pleasure in my hobbies or pst times:
Strongly agree 0
Agree 0
Disagree 0

Strongly disagree ]

4. | would be able to enjoy my favourite meal:
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Strongly agree 0
Agree 0
Disagree 0

Strongly disagree  [J

| would enjoy a warm bath or refreshing shower:

Strongly agree 0
Agree 0
Disagree 0

Strongly disagree ]
| would find pleasure in the scent of flowers othe smell of a fresh

sea breeze or freshly baked bread:

Strongly agree 0
Agree 0
Disagree 0

Strongly disagree  [J

| would enjoy seeing other people’s smiling fase

Strongly agree 0
Agree 0
Disagree 0

Strongly disagree  [J

| would enjoy looking smart when | have made aeffort with my

appearance:
Strongly agree 0
Agree 0

Disagree 0



10.

11.

12.

13.
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Strongly disagree  [J

| would enjoy reading a book, magazine or newspper:

Strongly agree 0
Agree 0
Disagree 0

Strongly disagree ]

| would enjoy a cup of tea or coffee or my faugite drink:

Strongly agree 0
Agree 0
Disagree 0

Strongly disagree  [J
I would find pleasure in small things, e.g. bght sunny day, a

telephone call from a friend:

Strongly agree 0
Agree 0
Disagree 0

Strongly disagree  [J

I would be able to enjoy a beautiful landscaper view:

Strongly agree 0
Agree 0
Disagree 0

Strongly disagree [
I would get pleasure from helping others:
Strongly agree 0

Agree 0
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Disagree 0

Strongly disagree ]

14. I would feel pleasure when | receive praise fro other people:
Strongly agree 0
Agree 0
Disagree 0

Strongly disagree  [J

Snaith-Hamilton Pleasure Scale Subscales
1. Sensory Experience Items:
5. | would enjoy a warm bath or refreshing shower.
6. | would find pleasure in the scent of flowerdtoe smell of a fresh

sea breeze or freshly baked bread.

7. | would enjoy seeing other people’s smiling face

8. | would enjoy looking smart when | have madestiart with my
appearance.

11. I would find pleasure in small things, e.gghtisunny day, a

telephone call from a friend.
12. | would be able to enjoy a beautiful landscapeiew.
2. Food/Drink Items:
4. | would be able to enjoy my favourite meal.
10. | would enjoy a cup of tea or coffee or my faxte drink.
3. Social Interaction ltems:
2. | would enjoy being with my family or close friés.
13. | would get pleasure from helping others.

14. I would feel pleasure when | receive praisenfther people.



4. Interests /Pastimes ltems:

1.

3.

| would enjoy my favourite television programme.
I would find pleasure in my hobbies asptimes.

| would enjoy reading a book, magazine or newspa
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Examples of CARROT Cards
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Appendix E

Information Sheet and Consent Form

The experience of reward in nicotine dependence

Consent Form for Research Participants

Information sheet

| am Natasha Kalamboka, an MPhil/PhD student ircRslpgy. | am requesting
your participation in a study looking at the expeage of reward in nicotine
dependence. This will involve you coming to thie éather after you have been
asked to abstain from smoking overnight or aftefifgasmoked as usual. Once
in the lab, you will be asked to take part in artask which consists of three
trials. For each trial you will be asked to sonngocards as quickly as possible
between three piles. In one of these trials youlvélgiven the opportunity to
gain some money by sorting as many cards as pegdiblpence for every five
cards sorted). Finally, you will be asked to fillshort questionnaires. The
session will last 30 minutes maximum.

Personal information will not be released to ormwad by anyone other than
researchers involved in this project. Results of $tudy will not include your
name or any other identifying characteristics. Yparticipation is voluntary
and you may withdraw your participation at any tifigzou are a student in the
Psychology Department and you choose not to ppatieithere will be no
consequences to your grade or to your treatmeatsigdent in the department.
If you have any questions please ask them nowpmtact me, Natasha

Kalamboka, ahk100@soton.ac.uk

Name: Natasha Kalamboka Date:
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Statement of Consent

[ have read the above informed consent.

participants name]
I understand that | may withdraw my consent andafiinue participation at
any time without penalty or loss of benefit to mfiskeunderstand that the data
collected as part of this research project wiltdeated confidentially, and that
published results of this research project will mt@n my confidentiality. In
signing this consent letter, | am not waiving mgdkclaims, rights or remedies.
A copy of this consent letter will be offered to.me
(Circle Yes or No)

| give consent to participate in the above study Yes No

Signature Date

Name[participants name]

| understand that if | have questions about mytsi@s a participant in this
research, or if | feel that | have been placedsét t can contact the Chair of the
Ethics Committee, Department of Psychology, Unitgisf Southampton,
Southampton, SO17 1BJ.

Phone: (023) 8059 3995.
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Appendix F

Debriefing Statement

The experience of reward in nicotine dependence.

Debriefing Statement

Theoretical background

The aim of this research was to investigate theeapce of reward in nicotine
dependence. It was expected that level of depeedenwell as abstinence
would affect your experience of reward.

Previous animal and human research has shownitwdine withdrawal affects
sensitivity to reward. More specifically, smokemswithdrawal show diminished
interest or pleasure in rewarding stimuli. Theredssiderable evidence
suggesting that dopaminergic activity in the nuslaocumbens is disrupted in
nicotine dependence; during withdrawal dopaminestrassion is
downregulated and this results in impaired motaraind negative mood. Your
data will help our understanding of some of the ma@tsms that are responsible

for the development of nicotine dependence.

The following references provide more informatidioat this topic:

Al-Adawi, S. & Powell, J. (1997). The influence sshoking on reward responsiveness
and cognitive functions: a natural experimeéxddiction, 92(12), 1773-1782.
Epping-Jordan, M., P., Watkins, S., S., Koob, M.&MMarkou, A. (1998). Dramatic
decreases in brain reward function during nicowtdrawal.Nature, 393 76-79.
Hughes, J., R. & Hatsukami, D. (1986). Signs amdgpms of tobacco withdrawal.
Archives of General Psychiatry, 4339-294.

Salamone, J., D. (1994). The involvement of nuckaeimbens dopamine in appetitive

and aversive motivatioBehavioural Brain Research, 6117-123.
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Methodology

The main dependent variable was sorting rate,ishéte increase in sorting
speed on the introduction of the incentive in tAedesorting task. The main
independent variables were level of dependencé/big), smoking status

(withdrawal/satiation) and test order.

Once again results of this study will not includriyname or any other
identifying characteristics. The research didus# deception. You may have a
copy of this summary if you wish.

If you have any further questions please contacNatasha Kalamboka at

nk100@soton.ac.uk

Thank you for your participation in this research.

Name: Natasha Kalamboka Date:

If you have questions about your rights as a ppgit in this research, or if you
feel that you have been placed at risk, you mayambnhe Chair of the Ethics
Committee, Department of Psychology, Universityotithampton,

Southampton, SO17 1BJ.Phone: (023) 8059 3995.
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Appendix G
Items and scoring for the Positive and Negative Afict Schedule (PANAS)
Scales
This Scale consists of a number of words that desclifferent feelings and
emotions. Read each item and then mark the appte@nswer in the space
next to the word. Indicate to what extend you faed way at the present

moment, that is, right nowJse the following scale to record your answers.

1 2 3 4 5

very slightly a little maagely quite a bit  extremely

or not at all
interested irritable
distressed alert
excited ashamed
upset inspired
strong nervous
guilty determined
scared attentive
hostile jittery
enthusiastic active
proud ichfra

Thank you for your time and participation.




